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HAREKET TEKRARLI ORNEK iSLERDE ERGONOMIK RISK
DEGERLENDIRMESI: OCRA YONTEMI
Tugce ORAL*, Riistii UCAN?
1{skiidar University, Faculty of Health Science, Department of Occupational Health and Safety, 34662, Istanbul, Tiirkiye

Ozet: Calisanlarda karsilasilan kas ve iskelet sistemi (KIS) hastaliklarimin temelinde ergonomik uygunsuzluklar yatmaktadir. Bu
¢alismada, ¢alisma alani sinirlarindaki tehlike ve riskler géz 6niinde bulunduruldugunda ‘az tehlikeli’ olarak nitelendirilen isyerlerinde
istihdam edilen calisanlarin giinliik is saatleri icerisindeki tekrarli hareketlerine bagh olarak ergonomik risk degerlendirilmesi
yapilmistir. Bu amagla, genel olarak faaliyet alanina bakilmaksizin tiim isletmelerde ortak gereksinime yonelik is akisinda yer alabilen;
servis soforleri, yemek dagitiminda veya zincir marketlerde kasada goérevi bulunan ¢alisanlarin ergonomik risk diizeyi belirlenmistir.
Arastirma da kullanilan OCRA ydntemi ile ii¢ sektore ait her is istasyonu i¢in yapilan tiim islerin etkisi ayr1 ayr1 dikkate alinarak, OCRA
indeksi hesaplanmistir. Servis soforleri icin OCRA indeksi 6,015; kasa gorevlileri i¢in 8,163; yemek dagitiminda gorevli ¢calisanlar igin
4,2 olarak bulunmustur. Bu ii¢ sektore ait OCRA indeks degerleri ‘Kirmizi Bolge’ olarak bulunmustur. Bu durum servis soforleri,
kasiyerler ve yemek dagitimi gorevlileri icin ergonomik agidan yiiksek risk altinda oldugu saptanmistir. is saghgi ve giivenligi agisindan
her is kolu i¢in is istasyonlarindaki mevcut ¢alisma kosullarinin iyilestirilmesi gerekliligini ortaya koymaktadir.

Anahtar kelimeler: Ergonomi, Kasiyerler, OCRA yontemi, Servis soforleri, Yemek dagitimi gorevlileri

Ergonomic Risk Assessment in Repetitive Motion Sample Works: OCRA Method

Abstract: Ergonomic inconveniences lie in the basis of musculoskeletal system (CIS) diseases encountered in employees. In this study,
ergonomic risk assessment was made depending on the repetitive movements of the employees employed in the workplaces described
as 'less dangerous' considering the dangers and risks in the working area boundaries. For this purpose, regardless of the field of
activity in general, all businesses can take part in the workflow for a common need; Ergonomic risk level of employees working in food
distribution or cash registers in chain markets was determined. With the OCRA method used in the research, the OCRA index was
calculated by taking into account the effect of all the work done for each workstation belonging to the three sectors. The OCRA index
for shuttle drivers is 6.015; 8.163 for cashiers; it was found to be 4.2 for employees working in food distribution. The OCRA index
values of these three sectors were found as the 'Red Zone'. This situation was found to be at high ergonomic risk for service drivers,
cashiers and food delivery attendants. In terms of occupational health and safety, it reveals the necessity of improving the current
working conditions at workstations for each business line.

Keywords: Ergonomics, Cashiers, OCRA method, Service drivers, Food delivery officers
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1. Giris

Calisanlarda karsilagilan kas ve iskelet sistemi (KIS)
hastaliklarinin  temelinde ergonomik uygunsuzluklar
yatmaktadir. Ergonomi, ¢alisanlarin yaptiklari islere bagh
olarak fiziksel zorlanmalarin1 engellemek, bedensel ve
ruhsal biitinliigiini koruyarak ise devam edebilmelerini
saglayarak dolayli olarak is verimliligini arttirmayi
amaglayan bilim dal
tanimlanabilmektedir.

Bu calismada, calisma alani sinirlarindaki tehlike ve

multidisipliner bir olarak

riskler gbéz oOniinde bulunduruldugunda ‘az tehlikeli’
isyerlerinde istihdam
calisanlarin giinliilk is saatleri icerisindeki tekrarh
hareketlerine bagh

olarak nitelendirilen edilen

olarak ergonomik risk
degerlendirilmesi yapilmistir. Bu amagla, genel olarak
faaliyet alanina bakilmaksizin tiim isletmelerde ortak

gereksinime yonelik is akisinda yer alabilen; servis
soforleri, yemek dagitiminda veya zincir marketlerde
kasada gorevi bulunan c¢alisanlarin ergonomik risk
dizeyi hesaplanmistir.

Servis soforleri, calisma pozisyonlar: ergonomic olarak
gozlemlendiginde, calisma siireleri icerisinde oturma
pozisyonunda kisitll ve tekrarli hareketleri yapmalarina
bagh olarak zamanla bel iistii eklemlerinde daralmalarin
olusmasina maruz kalabilmektedir. Ozellikle sik sik
tekrarlanan hareketler veya sinir sikismasina neden olan
olarak kiibital
sendromu adi verilen KIS hastaligl olusabilmektedir
(Keener, 2015; Yilmaz ve ark., 2021). Ayrica, tekrarlayan
el aktiviteleri veya bilegin bikiili oldugu durumlar
karpal icindeki
olmaktadir. Bu durumda karpal tiinel sendromu olarak

dirseklerin egilmesine bagh tiinel

tiinel basincin artmasina neden
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ifade edilmektedir (Lacginer ve Yavuz, 2013). Araba
kullanma pozisyonuna bagli olarak titresimi direksiyonu
ile aktaran arabalarin kullanilmasida boyun ve omuz
agrilarinin artmasina zemin hazirlamaktadir (Lagattuta
ve Falco, 1996). Bu duruma engel olmak i¢in direksiyon
simidinin yumusak malzemeyle kaplanmasi dnleyici bir
is glivenligi uygulamasi olarak degerlendirilebilir.

Zincir marketler, toptan veya perakende satis segcenekleri
ile ozellikle gen¢ yastaki Kkisilerin istihdam edilmesine
olanak saglayan genis bir aga sahip sektordiir. Ozellikle
zincir marketlerde kasada gorevli ¢alisanlar, isin geregi
miisterilerin alisveris siirecini tamamlama siirecine dahil
olduklar: evrede yer almakla birlikte hizli ve koordineli
calismaya bagh olarak tekrarh hareketler nedeniyle KiS
acisindan risk altinda bulunmaktadir. Boyundan kola
giden damarlar ile sinirlerin go6giis kafesi cikisinda
sikismasina bagl olarak kolun i¢ kisminda agr1 veya
uyusukluk hissedilmesine bagl olarak torasik ¢ikis
sendromu gelisebilmektedir (Seckiner ve Kurt, 2013;
Firat ve ark,, 2013). Uzun siiren fakat isin geregi kiiciik
ve tekrar eden el hareketleri, uygun olmayan ergonomik
kosullar, ¢alisan ve is istasyonu arasindaki uyumsuzluk
nedeniyle olusan hatali duruslar bu
olusmasina zemin hazirlamaktadir (Segkiner ve Kurt,
2013).

Yemekhane hizmetleri, insanlarin beslenme ihtiyaclarini
gidermek icin talepte bulunduklar1 yerlerde gida
triinlerinin tiiketime hazirlanmasi, sunulmasi veya servis
edilmesi siirecini kapsamaktadir. Bu stirecte, isin geregi
uzun siireli ayakta ¢alismaya bagh olarak tekrar eden
hareket veya uygunsuz durus pozisyonlar1 KIS
hastaliklar1 olusumuna neden olabilmektedir. Ozellikle,
hazirlanan  gidalarin/yemeklerin edilmesi
esnasinda gorevli ¢alisanlar; durus bozukluklarina bagh

sendorumun

servis

olarak ergonomik risk altindadir.

Ug farkh sektérde de tekrarll minimal hareketlere bagl
olarak  gelisebilecek  boyun-omuz  agrilarn  da
gelisebilmektedir. Yapilan bir arastirma da ise yasanan
boyun agrilarinin kadinlarda goériilme sikligt %13 iken,
erkeklerde ise %9 olarak saptanmistir (Lagattuta ve
Falco, 1996). Yine ayni arastirma da ise bagh yasanan
boyun agrilarinin ¢alisanlarin kotii postiir duruslarindan,
calisirken tekrarlayici
hareketlerin neden olabilecegi vurgulanmistir (Lagattuta
ve Falco, 1996).

Bu c¢alismanin mevcut bilimsel literatiire en onemli

harcadiklar1  kuvvet ve

Tablo 1. Postiir degeri (Occhipinti, 1998)

katkis1 bu 6rnek sektorlerde isin yapisi geregi ozellikle
minimal hareketlerle isi gergeklestirilen ¢alisanlar igin
OCRA ergonomik  ac¢idan
degerlendirme yapilmasiyla ilktir. Boylece, gelecekte
arastirma yapilacak ¢alisma alanlar1 se¢imi ile ilgili

yontemi  kullanilarak

farkindalik yaratmasi beklenmektedir.

2. Materyal ve Yontem
2.1. OCRA Yontemi

OCRA yontemi, is ile ilgili zaman igerisindeki
performansin karsilastirilmast ve verimlilik analizi
problemlerinin ¢ozlimiinde yaygin olarak
kullanilmaktadir.

OCRA yontemi ile belirli bir is istasyonunda yapilan tiim
islerin etkisi dikkate alinarak ortak bir OCRA indeksi
degeri hesaplanmaktadir (Baykasoglu ve Demirkol Akyol,
2014). Bu yontem ile ozellikle el, bilek, dirsek, boyun ve
omuz gibi bel isti calisma duruslarina bagh olarak
hesaplanmaktadir. OCRA indeksi, isin geregi tekrarh
hareketlerin sayisinin, Onerilen sikliga béliinmesiyle
hesaplanmaktadir (Esitlik 1) (Baykasoglu ve Demirkol
Akyol, 2014).

OCRA indeksi = (Teknik Hareket
(THS))/(Onerilen Siklik (0S))

Siklig1
(1

Bir is icin bir dakikada gergeklestirilen (tutma,
doéndiirme, egilme vb.) toplam hareket sayis1 THS olarak
tanimlanmaktadir (Esitlik 2).

Onerilen Siklik=SS*P*T*K*ERF*DP*TIS (2)

SS= sabit siklik, P= postiir, T= tekrarlilik, K= kuvvet, ERF=
ek risk faktorleri, DP= yetersiz dinlenme periyodu, TiS=
tekrarli islerin siiresi.

Burada verilen parametreler arasinda, SS degeri 30
hareket olarak sayilarak sabit bir deger olarak hesaba
katilmaktadir (Otto ve Scholl, 2011). Diger tiim degerler
(0-1) arasinda deger 1 degerine
ergonomik uygunlugu ifade

almaktadir ve
yaklastik¢a olarak
etmektedir.

Postiir, isin geregi calisanin yaptig1 teknik hareketlere
bagh olan calisma durusu olarak bilinmektedir. Onerilen
siklik degerinde hesaba katilan P degeri; hafif ve ciddi
olmak iizere ikiye ayrilmaktadir. P degerini hesaplarken,

Tablo 1’ den faydalanilmaktadir.

Uygunsuz Durus

Cevrim Stresi Yiizdesi

1-24% 25-50% 51-80% >%80
Uygunsuz Durus (260°)
g Bilegi ice veya disa biikme (245°) 1 07 06 05
3 Elle kistirarak veya kenarindan/ sapindan veya
avugla tutma
ZE; Dirsekten dondiirme veya biitkme /uzanma (260°) 1 1 0,7 0,5
T
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Tablo 2. Kuvvet ¢carpani deger tablosu (Occhipinti, 1998)

Ortalama Harcanan 5 10 20 30 40 =250

Kuvvet

Borg Degeri 0,5 1 2 3 4 =5

Deger Cok Cok Zayif  Cok Zayif Zay1f Orta Biraz Kuvvetli Kuvvetli/Cok Kuvvetli
Kuvvet Carpani 1 0,85 0,65 0,35 0,2 0,01

OCRA indeks Degeri

Yesil Ergonomik olarak uygundur ve ergonomik
Bolge riskler kabul edilebilir seviyededir.
Duslk risk seviyesinde ergonomik riskler vardir
2,2-3,5ise SariBolge ve minimal degisikliklerile kabul edilebilir
seviyededir.

>3,5 ise- Ergonomik olarak yliksek risk seviyesindedir

Sekil 1. OCRA indeks degerleri yorumlama (Demirkol Akyol, 2022).

<2,2 ise

Tekrarlilik Carpani ise ¢alisanin vardiya stiresi igerisinde
ayni teknik hareketleri yapmasi
tanimlanmaktadir. Onerilen siklik degeri hesaplanirken,

durumu olarak
T degeri ¢evrim siiresinin 15 saniyeden biiyik olmasi
durumunda yiiksek tekrarhilik olarak, kiigilk olmasi
durumunda ise digsiik tekrarlilik olarak ifade edilir.
Diigtik tekrarhlik ise T degeri 1, yiiksek tekrarhlik
durumunda ise T degeri 0,7 olarak alinmaktadir.

Kuvvet Carpanit degeri, is icin gerekli hareketi
gerceklestirmek i¢in harcanan fiziksel giiclin karsihgidir.
Fiziksel gii¢ yani dolayli olarak kuvvet carpani arttik¢a K
degeri 0’a yaklasmaktadir. Kuvvet carpani hesaplanirken,
Tablo 2’ den faydalanilmaktadir.

Ek Risk Faktorleri degeri ise isin geregi siirekli olmayan
fakat nadiren ortaya ¢ikan riskleri ifade etmektedir. ERF
degeri belirlenirken, ¢evrim siiresi referans alinarak
hesaplanmaktadir. Eger ERF degeri cevrim siiresinin
%?25’inden kiiciikse 1, %?26-50’si arasindaysa 0,95,
%380’inden fazlaysa 0,80 olarak alinmaktadir.

DP ve TIS degerleri ise calisma sartlarina gore
belirlenmektedir. Calisma sartlar1 icerisinde 8 saatlik is
stiresince dilizenli mola ve ara dinlemeleri verebiliyorsa
ideal calisma ortami s6z konusu olmaktadir. Bu durumda
DP* TIS degeri 1 olarak, aksi durumda ise 0,6 olarak
hesaba katilmaktadir.

Elde edilen Ocra indeks degeri yorumlanirken Sekil 1’ de
verilen referans araliklari baz alinmaktadir ve buna gore
calisma istasyonunun ergonomik uygunlugu kirmizi, sar1
veya yesil bolge olarak degerlendirilmektedir.

3. Bulgular

OCRA yo6ntemine gore her bir is kolu icin hesaplanan
degerler asagidaki gibi verilmistir.

3.1. Servis Soférleri icin OCRA indeks Degeri

OCRA indeksi icin gerekli parametreler hesaplanirken,
ornek bir servis soforiiniin is yogunlugunun en fazla
oldugu sabah 06:00-08:00 saatleri arasindaki vardiyasi
secilmistir.

izlem sonucuna gore, soférlerin en fazla direksiyon
kullanim1 ile el-bilek biikiilmesine maruz kaldigi, es

zamanli olarak vites degistirme ve uyar1 isaretleri
kullanimi  igin hareketlerde
gozlemlenmistir.

Ornek olarak izlenen sofériin bir dakikalik siire
icerisinde; toplam 12 kere vites degistirme veya uyari

tekrarh bulundugu

isaretleri  kullandigi, direksiyon tutulmasi veya
déndiirme igin 10 kez teknik hareket yaptig1
saptanmustir. Bir dakikallk c¢evrim siiresi igerisinde
toplam 22 teknik hareket yapmistir.

Postiir degeri hesaplarken, soforiin durus ve direksiyon
pozisyonlar1 dikkate alinmistir. Sofériin
direksiyon kavradiginda 450’den fazla biikiilme,
dirseginde 600’den fazla doniislerin oldugu saptanmstir.
Teknik olarak bu hareketi yapma siliresi 12 saniye ve
cevrim siiresinin %20’sine karsilik gelmektedir. P degeri
ise Tablo 1’den 1 olarak okunur.

kavrama

Tekrarhilik carpani ise ayni tip hareketlerin ¢evrim siiresi
icerisinde %50’sinden fazla tekrarlanmasina bagl olarak,
yliksek tekrarlilik yani 0,7 olarak alinmstir.

Kuvvet carpani ise direksiyon ¢evirme ve uyar1 isaretleri
veya vites degistirme gibi islemlerin bir arada
degerlendirilmesi ile %25’lik bir kuvvet uygulandigi
kabul edilmistir. Bu durumda, K degeri Tablo 2’den
okunurken, ara deger olmasi nedeniyle interpolasyon
yapilarak 0,5 olarak hesaplanmustir.

ERF degeri soforler icin diizensiz sehir ici trafigi hesaba
katilarak, ¢evrim siiresinin %26-50’si arasinda oldugu
kabul edilmis ve 0,95 olarak kabul edilmistir.

Servis soforleri icin is periyot siliresinin baslangi¢c ve
bitisinin belirli bir diizende olmasi nedeniyle ¢alisma
sartlar1 optimal olarak kabul edilmis ve TIS ile birlikte
carpimi 1 olarak alinmistir.

Tiim bu degerlere gére soférler icin Oneri Sikhik formiilii
kullanilarak OCRA indeksi hesaplanmistir (Esitlik 3 ve 4):

Soférler icin 0S= 30%1*0,7%0,5%0,95*1= 9,975 (3)
OCRA indeksi = 60/9,975= 6,015 (4)

3.2. Zincir Marketlerde Kasa gorevlileri icin OCRA
indeks Degeri
OCRA indeksi i¢in gerekli parametreler hesaplanirken,
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ornek bir kasa gorevlisinin is yogunlugunun en fazla
oldugu hafta sonuna denk gelen is vardiyasindaki ¢calisma
sekli gozlenmistir.

Izlem sonucuna gére, kasiyer olarak gérev yapan kisilerin
el-bilek biikiilmesi, uygunsuz postiir ve es zamanh olarak
Uriinlerin gramajina bagl olarak barkod okutmasi
esnasindaki fiziksel gii¢ gereksinimi nedeniyle tekrarl
hareketlerde bulundugu saptanmistir.

Ornek olarak bir minimum diizeydeki ahgverisin
kasadaki islem siiresi ortalama 2  dakikada
tamamlanmaktadir. Bu silire igerisinde Kkasiyerin

ortalama 16 teknik hareket icermektedir. Bir dakikalik
cevrim slresi icerisinde toplam 8 teknik hareket
yapmaktadir.

Postiir degeri hesaplarken, kasiyerin barkod okutma
siirecindeki durus pozisyonu, miisteri ile maddi alisveris
stireci, paketleme siireci dikkate alinmistir. Kasiyerin
ozellikle barkod okuturken 450’den fazla egilme,
dirseginde 600’den fazla déniislerin oldugu saptanmistir.
Teknik olarak bu hareketi yapma siiresi 4 saniye ve
¢evrim siiresinin %6,7’sine karsilik gelmektedir. P degeri
ise Tablo 1’den 1 olarak okunur.

Tekrarlilik ¢carpani ise ayni tip hareketlerin ¢evrim siiresi
icerisinde %50’sinden fazla tekrarlanmasina bagh olarak,
yliksek tekrarlilik yani 0,7 olarak alinmistur.

Kuvvet carpani ise minimal driinlerin barkodlarinin
okutulmasi ve paketlenmesi gibi islemlerin bir arada
degerlendirilmesi ile %30’luk bir kuvvet uygulandigi
kabul edilmistir. Bu durumda, K degeri Tablo 2’den 0,35
olarak hesaplanmstir.

ERF degeri kasiyerler i¢in ¢evrim siiresinin %25’inden
kiiciik oldugu kabul edilmis ve 1 olarak alinmistir.
Kasiyerler i¢in is periyot siiresinin baslangi¢ ve bitisinin
belirli bir diizende olmasi nedeniyle ¢alisma sartlar
optimal olarak kabul edilmis ve TiS ile birlikte carpimi 1
olarak alinmistir.

Tiim bu degerlere gére soférler icin Oneri Siklik formiilii
kullanilarak OCRA indeksi hesaplanmistir (Esitlik 5 ve 6):

Kasiyer icin 0S= 30*1*0,7*0,35*1*1=7,35 (5
OCRA indeksi = 60/7,35= 8,163 (6)

3.3. Yemek Dagitinu gorevlileri icin OCRA indeks
Degeri:

OCRA indeksi i¢in gerekli parametreler hesaplanirken,
ornek bir yemek dagitimi gorevlisi is yogunlugunun en
fazla oldugu o6glen yemegine denk gelen 12:00-14:00
saatleri arasindaki is vardiyasindaki c¢alisma sekli
gozlenmistir.

izlem sonucuna gére, yemek dagitiminda gérev yapan
kisilerin el-bilek biikiilmesi, egilmeye bagl uygunsuz
postiir nedeniyle tekrarli hareketlerde bulundugu
saptanmistir.

Ornek olarak gézlenen yemek dagitim goérevlisinin bir
servis sliresi igerisinde tabagin alinmasi, tabaklara
aktarilmasi ve servis edilmesi ile toplam 10 kere teknik
stiresinin

hareket yaptifi saptanmistir. Bir servis

ortalama 1,5 dakikaya karsilik gelmektedir. Bir dakikalik

cevrim siiresi icerisinde toplam 8 teknik hareket
yapmaktadir.

Postiir degeri hesaplarken, gorevlinin tabaklara aktarma
ve servis etme pozisyonlar1 dikkate alinmistir. Gérevlinin
bu hareketlerine bagl olarak 450°den fazla biikiilme,
dirseginde 600’den fazla dénme oldugu saptanmistir.
Teknik olarak bu hareketi yapma siiresi 5 saniye ve
cevrim siiresinin %8,33’line karsihk gelmektedir. P
degeri ise Tablo 1'den 1 olarak okunmustur.

Tekrarhilik carpani ise ayni tip hareketlerin ¢evrim siiresi
icerisinde %50 ‘sinden fazla tekrarlanmasina bagh
olarak, yiiksek tekrarlilik yani 0,7 olarak alinmistir.
Kuvvet carpani ise yemek servis siirecinde tabagin belli
alinmasi, yemegin
sunulmasi gibi islemlerin bir arada degerlendirilmesi ile
%10’luk bir kuvvet uygulandigi kabul edilmistir. Bu
durumda, K degeri Tablo 2."den 0,85 olarak okunmustur.
ERF degeri yemek dagitimi gorevlileri icin maske, bone,
eldiven kullanimina bagh olarak c¢evrim siiresinin
%80’inden fazla oldugu kabul edilmis ve 0,80 olarak

bir konumdan aktarilmasi ve

kabul edilmistir.

Yemek dagitimi gorevlileri icin is periyot stliresinin
baslangi¢ ve bitisinin belirli bir diizende olmasi nedeniyle
calisma sartlar1 optimal olarak kabul edilmis ve TiS ile
birlikte ¢arpimi 1 olarak alinmistir.

Tiim bu degerlere gére soférler icin Oneri Sikhik formiili
kullanilarak OCRA indeksi hesaplanmistir (Esitlik 7 ve 8):

Yemek dagitimi gorevlileri icin, 0s= )
30*1*0,7*0,85*0,8*1=14,28
OCRA indeksi = 60/14,28= 4,20 (8)

Servis soforleri, zincir marketlerde calisan kasiyerler ve
yemek dagitiminda gorevlendirilen kisilerin bir is
vardiyasindaki yapildigl
hesaplamalara gore OCRA indeksi ii¢ farkli sektor igin

sirecinin  gozlemlenerek,
Tablo 3’de verildigi sekilde bulunmustur.

Tablo 3. OCRA indeksi degerleri

OCRA Indeksi

Servis Soforleri 6,015
Kasiyerler 8,163
Yemek Dagitimi Gorevlileri 4,2
4. Tartisma

Ulkemizde servis soférleri ve yemek dagitiminda gérevli
kisilerin her sektdérde yer alabildigi diisiiniiliirse, genis
bir potansiyele sahip oldugu séylenebilmektedir. Bu iki
sektore ek olarak, insanlarin hayati ihtiyaclarim
karsilamaya yonelik talepleri marketlerin
genis  bir katki

zincir
olusmasina ve
saglamaktadir.

Ozellikle, siklikla  yapildig1
isyerlerinde ergonomik risklerin diizeyinin belirlenmesi,

yaylim agina

tekrarli  hareketlerin
alinacak oOnleyici veya diizeltici faaliyetler i¢in rehber
niteligi tagimaktadir. Ergonomik risklerin 6nlenmesinde
calisma ortamindaki fiziksel kosullarin goérevlendirilen
kisilere uygun hale getirilmesi veya gorevli Kkisilere
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yonelik risk degerlendirme ydntemleri ile durumlarin
tespitinin yapilmasi gerekmektedir.

Bu calismada, her ii¢ sektdrdeki gorevli calisanlarin
calisma kosullar1 kendi sinirlarinda ve bireysel olarak
degerlendirilerek OCRA yoéntemi uygulanmistir. Bu
yontem sonucuna gore her li¢ sektor icin mevcut ¢alisma

kosullarmin  kabul edilemez seviyede oldugu
belirlenmistir. Diizeltici faaliyetler kapsaminda her {i¢
sektor icin asagidaki iyilestirmelerin  yapilmasi

onerilmektedir.

1. Calisanlarin viicut oOlgiilerine gore is istasyonlarinin
diizenlenmesi gerekmektedir. Servis soforleri i¢in
verilecek ergonomi egitimleri ile ara¢ kullanimi
esnasinda siirticii  koltuklarinin viicut o6lgiilerine
uygun sekilde ayarlanmasinin gerekliligi, el-bilek
biikiilmelerini hakkinda
bilgilendirilmesi gerekmektedir.

2. Kasiyer olarak calisanlar icin uygun postiirde
kalmalarini saglayacak sekilde is tezgahinin uzanip,
egilmeye gerek kalmayacak sekilde tasarlanmasi

onleyici  pozisyonlar

gelecek miihendislik ydntemleri stirecine dahil
edilebilir. Ek olarak, barkod icin sabit noktaya
okutma yapilmasi yerine, calisanlarin oturduklari
yerden  kablolu  bir ulastirip
okutabilecekleri sekilde olmasi mevcut riskleri

sistem ile

minimize edecegi diisiiniilmektedir.

3. Yemek dagitiminda gorevli ¢alisanlar icin ¢alisma
tezgahlarinin bel seviyesinde diizenlenmesi ile
servis rotasyonlarin saglanmasi ile

kisaltilarak, ergonomik

zorlanmalari teknik olarak dnlenebilir.

siirecinde
maruziyet suresi
Yukarida siralanan diizeltici ve dnleyici uygulamalar ile
lic sektdr icinde calisma ortami ergonomik olarak
iyilestirilerek, calisanlarin KiS hastaliklarina yakalanma
olasiligl da minimize edilebilir.

5. Sonug

Servis soforleri, zincir marketlerde ¢alisan kasiyerler ve
yemek dagitiminda gorevlendirilen kisilerin bir is
vardiyasindaki gozlemlenerek, yapildigl
hesaplamalara gore OCRA indeksi ii¢ farkl sektor igin
hesaplanmis ve Tablo 3’e gore bu ii¢ sektore ait OCRA
indeks degerleri ‘Kirmiz1 Bélge’ olarak bulunmustur. Bu
durum servis soforleri, kasiyerler ve yemek dagitimi
gorevlileri icin ergonomik ac¢idan yiiksek risk altinda
oldugu saptanmustir. Is saghg ve giivenligi agisindan her

stirecinin

is kolu i¢in is istasyonlarindaki mevcut c¢alisma
kosullariin iyilestirilmesi gerekliligini ortaya
koymaktadir.

Diizeltici faaliyetlerin mutlaka kendi is kosullar1 goz
oniinde bulundurularak yapilmasi gerekmektedir. Aksi
takdirde, ii¢c sektdrdeki cahsanlarda KIS hastaliklar:
ortaya ¢ikmasi muhtemeldir.

Bu c¢alismada uygulanan OCRA yontemi ile servis
soforleri, zincir marketlerdeki kasiyerler ve yemek
dagitimi gorevlileri i¢cin c¢alisma kosullar1 ergonomik
acidan degerlendirilmistir. Literatirde bu alanlarda
yapilmis kisith ¢alisma olup, arastirmanin yapildigl is

istasyonu ile ilgili mevcut duruma farkindalk
yaratmamaktadir. Bu sektdrlerdeki is istasyonlarindaki
duruma dikkat g¢ekilmesi amaglanarak, gelecekte farkli
yontemler ile arastirmalarin yapilmasi énerilmektedir.
Ozellikle Tiirkiye’de yogun ve dinamik bir is agi olan
Servis Soforleri icin tekrarl hareket gozlemlerinin daha
uzun bir periyot icerisinde, ¢alisma istasyonu teknik
kosullar1 detaylandirilarak farkl yontemler ile yapilmasi
Onerilmektedir. Zincir market c¢alisanlar1 ve yemek
dagitim gorevlileri icin is istasyonu diizenlenmesine
dayali yenilik¢i miihendislik ¢ozlimleri {retilmeli ve
etkinligi ile ergonomik risk degerlendirme
yontemlerinden faydalanilmalidir. Kisaca,
ekonomisinde o6nemli bir yer tutan, az tehlikeli ve
minimal beden giicii ihtiyaci ile 18 yasini dolduran yeterli
donanima sahip herkesin istihdam edilebildigi bu is
istasyonlarinda c¢alisan saghgr ve istihdam devamlilig
icin diizeltici 6nlemler alinmahdir.

tlkemizin

Katki Orani Beyani
Yazar(lar)in katki ytlizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

T.O. R.U.
K 70 30
T 70 30
Y 50 50
VTI 50 50
VAY 50 50
KT 70 30
YZ 70 30
KI 50 50
GR 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= Kkritik inceleme, GR= gonderim ve
revizyon.

Catisma Beyani
Yazarlar bu ¢alismada hig¢bir ¢ikar iligkisi olmadigini
beyan etmektedirler.

Etik Onay Beyani

Bu arastirma ile ilgili Uskiidar Universitesi Girisimsel
Olmayan Arastirmalar Degerlendirme Kuruluna basvuru
yapimis, gerekli incelemeler sonrasinda etik acidan
uygun gorillmistir (onay tarihi: 04 Nisan 2024, onay
kodu: 04/24). Ayrica, 6rnek isletmelere ait gorevlilerin
arastirmaya dahil edilmesi konusunda gerekli izinler
alinmustir.
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Abstract: This study focuses on the investigation of Evapotranspiration (ET) processes under the climatic and geographical
characteristics of Tiirkiye. ET refers to the process by which plants transfer water vapor to the atmosphere and is an important part of
the water cycle. This research analyzes ET in Tiirkiye using imagery data from NASA Global Land Data Assimilation System Version 2
(GLDAS-2), MODIS, TerraClimate, SMAP Level-4, and Penman-Monteith-Leuning ET V2 (PML_V2). Surface Soil Moisture (SSM) data for
Tiirkiye between 2016 and 2022 and Land Surface Temperature (LST) data between 2000 and 2022 were obtained from MODIS
images. In the study, regression analyses were performed with ET values and SSM and LST data. The best result was a moderate
correlation (R 0.57) between ET produced from SMAP Level-4 data and LST. A high correlation (R 0.59) was observed with SSM.
Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) 1981 and 2023 precipitation data and 1981 and 2023 Surface
Pressure (PS) data were obtained from MERRA image. Regression analyses were performed between ET data and PS and precipitation
values. A moderate relationship (R 0.37) was observed between ET and PS produced from MOD16A2 V105 data. A moderate
relationship (R 0.50) was observed between ET and precipitation obtained from TerraClimate data. This study aims to contribute to
the development of strategies to effectively manage water resources and improve agricultural sustainability by analyzing ET in various

regions of Tiirkiye.
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1. Introduction

Starting in the 1970s, remote sensing techniques have
been used to determine parameters such as surface
turbulent energy fluxes and soil water content. This
method was initially adopted by geologists to level out
mineral deposits and later by meteorologists to estimate
the surface. Some geologists have used remote sensing
techniques to detect ore deposits. They developed
remote sensing methods to study turbulent energy flows
at the surface and to determine soil water content. These
studies were among the first examples where remote
sensing techniques were used to determine soil
properties. Later, meteorologists adopted this method
and developed remote sensing techniques to measure
and predict surface parameters. Researchers such as
Price (1980), Soer (1980), Carlson et al. (1981), Price
(1982), Wetzel et al. (1983) and, Carlson et al. (1984)
used remote sensing techniques to determine important
parameters such as surface turbulent energy fluxes and
soil water content. Throughout the 1990s, this trend
continued, and many papers were published on this
topic.

ET, in conjunction with precipitation and runoff, plays a
pivotal role in determining water availability and the
distribution of turbulent energy fluxes across the Earth's

surface (McCabe and Wood, 2006). The utilization of
satellite remote sensing for observing surface fluxes and
soil water content has evolved across various spatial and
temporal scales, especially following the recognition of
the appeal and functionality of thermal infrared remote
sensing in the 1980s (Kalma et al., 2008). This evolution
has led to the development of diverse modeling schemes,
each with its distinct mechanisms and levels of
complexity.

ET, combining both evaporation and transpiration,
involves the absorption of water by plants from their
root zones (Brooks et al, 2003). ET not only tracks the
amount of water essential for
management but also contributes to the surface energy
balance (Bogawski and Bednorz, 2014). As water
efficiency improves globally and locally, preserving water
in irrigation planning becomes more challenging
(Krishna, 2019). ET can be used to measure plant water
stress since the rates of water uptake by vegetation cover
due to

efficient water

are uniform. Decreased water resources
inadequate allocation can negatively impact harvests and
jeopardize food security. Optimizing the
management system and accurately predicting ET are
crucial in this context.

Precise estimation of ET is vital to understanding

uncertainties in the behavior of the hydrological cycle in

water

BS] Eng Sci / Nehir UYAR

616

@ This work is licensed (CC BY-NC 4.0) under Creative Commons Attribution 4.0 International License



Black Sea Journal of Engineering and Science

response to climate change by identifying factors
influencing ET and measuring it accurately. Reliable ET
predictions, based on strong foundations, are essential to
regulating irrigation system components, considering
factors like the size and power of channels, reservoirs,
and pumps, as ET plays a significant role in the water
balance at all scales, from individual land plots to global
land systems (Kharrou et al,, 2021; Hao et al., 2022).
Studies combining remote sensing and ground methods
to estimate ET over large areas, including agricultural
regions, rangelands, and natural ecosystems, were
applied in the review by Glenn et al. (2007). Different
methods have been developed and applied to estimate
evaporation from remote sensing data, ranging from
SVAT models to complex methods based on the
assimilation of remote sensing data in Cour et al. (2005).
Huang et al. (2024), aimed to perform analyses on a
global scale using machine learning algorithms to
accurately simulate ET in agricultural areas. The results
constitute a valuable resource for agricultural water
management and sustainable agriculture practices.

Deng et al. (2024), focused on evaluating the integration
of remotely sensed ET into hydrological models in basins
in CONUS. The performance of ET assimilation of various
satellite data and its impact on different aspects of flow
conditions were analyses and the influence of
representative catchment characteristics on flow
simulations was investigated in detail.

Du et al. (2024) investigated the important input factors
that determine daily ET in different climate zones and the
applicability of four different machine learning models,
evaluated the accuracy of these models, and investigated
the most appropriate model for each climate zone.

An important difference of this paper is that it utilises
different satellite data in the process of determining ET.
These data include factors such as LST, rainfall and
pressure. Using these multiple data sources, the paper
explores in detail how ET can be determined by remote
sensing methods and how these determinations can be
related to various environmental factors. In this way, it is
aimed to obtain valuable information that will shed light
on issues such as agricultural water management and
sustainable development.

2. Materials and Methods

In recent decades, remote sensing technology has
enabled the development of models for mapping ET and
surface fluxes across large regional scales (Mu et al,
2007). These models rely on surface variables like
albedo, leaf area index, and surface temperature from
remote sensing products. However, achieving both high
temporal and spatial resolutions remains a challenge for
these products.

Different satellite products offer unique advantages.
Landsat provides imagery at a high spatial resolution of
30 meters, albeit at a temporal resolution of 16 days.
Meteosat Second Generation (MSG) excels in high
temporal resolution (approximately every 15 minutes)

but with coarse spatial resolution (Anderson et al., 2011).
MODIS satellites, with a 1-kilometer spatial resolution,
conduct daily scans and capture a wide spectral range,
making them extensively used for regional-scale ET
mapping (Huete et al., 2002).

GLDAS_NOAHO025_3H_2.1 operates using the Noah land
surface model v.3.6, a widely accepted Land Surface
Model integrated into the Global Forecast System model
by NCEP (Rodell et al, 2004; Beaudoing and Rodell,
2020). TerraClimate merges monthly climatic water
balance and climate variables from various datasets and
uses a modified Thornthwaite-Mather climatic water-
balance model for calculating actual ET (Abatzoglou et al,,
2018).

SMAP Level-4 Soil Moisture (L4_SM) provides global 9-
kilometer resolution soil moisture data using an
ensemble Kalman filter technique integrating SMAP Tb
observations into the NASA Catchment land surface
model (Reichle et al, 2017; Reichle et al, 2019). The
model incorporates observed precipitation, surface
radiation, air temperature, humidity, and wind data from
global weather analysis (Lucchesi, 2018).

Estimating ET is crucial for water resource planning, but
direct measurement is challenging. Hence, methods rely
on analyzing measurable meteorological variables over
time (Granata, 2019). This study thoroughly analyzed ET
patterns across Tiirkiye using data from GLDAS-2,
MODIS, TerraClimate, SMAP Level-4, and PML_V2.
Leveraging diverse datasets allowed a comprehensive
examination of ET dynamics and trends in different
Turkish regions. A graph for Tiirkiye between 2016 and
2022 was created from SSM data. Graphs were created
from LST data for Tiirkiye between 2000 and 2022. SSM
and LST data were obtained from MODIS images. In the
study, regression analyses were performed with ET
values and SSM and LST data. CHIRPS precipitation data
between 1981 and 2023 and PS data between 1981 and
2023 were obtained from the MERRA image. Regression
analyses were performed between ET data and PS and
Precipitation values.

2.1. Study Area

In Figure 1, Google Earth image of Tiirkiye is given. The
relationships  between  ET, precipitation, and
Atmospheric Pressure (AP) play an important role in
Tirkiye's climate and water resource management.
Tiirkiye's geographical location has various effects on ET,
precipitation, and atmospheric pressure due to its
different climatic zones. The relationship between ET and
precipitation varies in different regions of Tirkiye. In
coastal areas, rainfall is generally higher, and this
provides access to more water to meet the water needs of
plants. On the other hand, the reduced amount of
precipitation in inland areas creates equilibrium where
ET is usually higher than precipitation.
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Figure 1. Google Earth image of Tiirkiye.

AP generally influences the general characteristics of
climate systems. High atmospheric pressure is generally
associated with generally sunny and dry weather
conditions, which can affect ET. Atmospheric pressure
changes in different regions of Tiirkiye have an impact on
wind patterns and air masses, which can have significant
effects on precipitation and water resources. The
analyses conducted in this study and the use of satellite
data is important for understanding these variations and
developing strategies for sustainable water resource
management.

A visual of Tiirkiye's climate according to Aydeniz is
given in Figure 2. Image was obtained from the Turkish
State Meteorological Service website. Tirkiye exhibits
significant climatic variations due to its diverse

geographical location and topographic features.

Particularly, the Mediterranean climate is characterized
by hot and dry summers, and mild and rainy winters.
These seasonal changes influence the ET process; while
the evaporation rate increases during hot and dry
summer months, the water loss of plants decreases
during the mild and rainy winter months. The Black Sea
climate, on the other hand, remains rainy throughout all
seasons, primarily due to the influence of the sea,
facilitating the transfer of abundant water vapor into the
atmosphere. Inland areas with semi-arid and continental
climates are notable for their temperature differences,
experiencing hot and dry summers, and cold winters.
This diversity plays a crucial role in various sectors
ranging from agricultural production to tourism
potential. ET, influenced by these climatic variations,
shapes the water loss and water cycle of the region.

vAs @s 0 78 0 526 00

Climate Classifications of Turkey By Aydeniz Method

Aydeniz dry coefficient

Kks=11(Y"Nn"Np){(S"Gs+16)
I 012-025 Very humid
[ 026-050 Humid

[ Jos51-075 Semihumid
[ |o76-100 semidry
[ J101-150 Dry

[ 151-260 Verydry
Sensoy.5,2007, TSMS,

Figure 2. Climate of Tiirkiye according to Aydeniz. (added English version of the map)

3. Results

ET is a significant component in the global water cycle
and provides a critical link between water, carbon, and
surface energy on land. However, measuring and
predicting ET, especially at large scales, is a challenging

process. Remote sensing provides a suitable tool to
overcome this challenge and is used to estimate ET at
regional and global scales. Over the past thirty years,
numerous studies have been conducted on remote
sensing-based ET estimation (Zhang et al., 2016).
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In this study, a comparison and analysis of ET data
obtained from different satellite platforms were
conducted. The measurement techniques, sensitivity
levels, and coverage areas of different satellite systems
vary. Therefore, this study aims to evaluate how these
differences affect ET predictions. A comparative analysis
was performed using ET data obtained from different
satellite platforms. The characteristics of the data
provided by each satellite platform were thoroughly
examined, and the potential advantages and limitations
of these data in ET predictions were identified.
Additionally, methods for integrating and analyzing
different satellite data were developed. These methods
were designed to ensure consistent and comprehensive

ETGLDAS
4.0

evaluation of ET even when data are obtained at different
time intervals or resolutions. The results demonstrate
how different satellite platforms may produce varying
results in ET predictions under specific conditions. This
study aims to establish a foundation for more effective
use of satellite data and to achieve more accurate results
in the remote sensing and prediction of ET.

Figure 3a shows the ET values for Tiirkiye between 2000
and 2023 from GLDAS-2 images. ET values between 1.2
and 1.5 were observed on average. The highest year was
2014, while the lowest year was 2000. The map of
average ET values between 2000 and 2023 is given in
figure 3b. It has been observed that the ET value is more
intense in coastal regions.
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Figure 3. ET values of GLDAS-2 image during 2000 and 2023 (a), Map of average ET values in 2000 and 2023 (b).

Figure 4a shows the ET values for Tiirkiye from
MOD16A2 product images between 2000 and 2014.
Between 0.9 and 1.1 values were observed. Looking at
the annual average values, 2011 was the highest and
2008 was the lowest. Figure 4b shows the map of average
ET values in 2000 and 2015. It was observed that the ET
value was more intense in the southeastern Anatolia
region.

Figure 5a shows the ET values for Tiirkiye between 2001
and 2023 from MOD16A2 Version 6.1 images. In 2018, it
reached the highest average value, and in 2001, it
reached the lowest average value. Figure 5b shows the
map of average ET values between 2001 and 2023. It was
observed that the ET value was more intense in the
Aegean Sea and Mediterranean coastal regions.

Figure 6a shows the ET values for Tiirkiye between 1958
and 2022 from TerraClimate images. It was observed that
the average was between 1 and 1.5. While 2018 had the
highest average, 1973 had the lowest average. Figure 6b
shows the map of average ET values in 1955 and 2024. It
has been observed that the ET value is more intense in
coastal regions.

Figure 7a shows the ET values for Tiirkiye between
2015-2023 from the SMAP Level-4 images. It remained
between 1.2 and 1.7. The highest average value was
observed in 2015, and the lowest was observed in 2022.
Figure 7b shows the map of average ET values in 2015
and 2024. It was observed that the ET value was low in
the Central Anatolia and Eastern Anatolia regions.
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Figure 4. ET values of the MOD16A2 V105 product 2000 and 2014 (a), Map of average ET values in 2000 and 2015 (b).
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Figure 6. ET values of the TerraClimate image between 1955 and 2022 (a), Map of average ET values in 1955 and 2024
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Figure 7. ET values of the SMAP Level-4 image in 2015 and 2023 (a), Map of average ET values in 2015 and 2024 (b).

BS] Eng Sci / Nehir UYAR 621



Black Sea Journal of Engineering and Science

Figure 8a shows the ET values for Tiirkiye between 2000
and 2022 from PML_V2 images. Vegetation transpiration
(Ec) reached the highest value in 2020 and the lowest
value in 2008. Soil evaporation (Es) reached the highest
value in 2014 and the lowest value in 2019. Interception
from vegetation canopy (Ei) reached the highest value in
2007 and the lowest value in 2000. Figure 8b shows the
map of average ET values in 2000 and 2021. It was
observed that the ET value was high in all coastal regions
except the Black Sea.

Graphs were generated utilizing SSM data for Tiirkiye
between the years 2016 and 2022, extracted from MODIS
images in Figure 9a. These graphical representations
offer a detailed overview of the temporal trends and
spatial distribution of soil moisture levels across various
regions of Tiirkiye during the specified timeframe. Figure
8 shows the surface soil moisture graphs between 2016
and 2022. SSM was highest in January 2019 and lowest in
August 2021. It is observed that soil moisture in Tiirkiye
is particularly intense in the Eastern Black Sea region.
The lowest value of soil moisture was observed in 2019.
In 2022, it was observed that soil moisture increased in
the Eastern Black Sea region and the Eastern Anatolia
region. Figure 9b shows the map of average SSM values
in 2016 and 2022. It was observed that the ET value was
high in the Black Sea region.

Graphs were created from LST data for Tirkiye between
2000 and 2022 extracted from MODIS images in Figure
10a. These visualizations provide a comprehensive
depiction of the temporal patterns and spatial
distribution of LST across different regions of Tiirkiye
during the specified period. 22-year LST values are given
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in the figure. It was created by averaging the monthly
average values. It was observed that the highest average
was reached in 2000, and the lowest average was
reached in 2011. A map of the average LST values in
2000 and 2022 is given in Figure 10b. It was observed
that the ET value was high in the Black Sea and Eastern
Anatolia regions.

CHIRPS provide high-resolution precipitation data
between 1981 and 2023 in Figure 11a. This dataset offers
valuable information to researchers, policymakers, and
various  stakeholders for analyzing long-term
precipitation patterns, assessing drought conditions, and
monitoring water resources. Figure 10 shows the
precipitation values between 1981 and 2023. The highest
precipitation value was observed in 2009, and the lowest
precipitation value was observed in 1989. Figure 11b
shows the map of average precipitation values in 1981
and 2023. It was observed that the ET value was high on
the coasts of Antalya and Mersin provinces.

PS data between 1981 and 2023 were acquired from
MERRA image, providing a comprehensive record of
atmospheric pressure variations over this period. This
dataset, combination of satellite
observations and atmospheric models, offers valuable
information for studying atmospheric dynamics, weather
patterns, and climate variability. Figure 12a shows the PS
values between 1981 and 2023. The highest PS value was
observed in 1989, and the lowest PS value was observed
in 1981. A map of the average PS values between 1981
and 2023 is shown in Figure 12b. It was observed that
the ET value was high in coastal regions.
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Figure 8. ET values of the PML_V2 image in 2000 and 2022 (a), Map of average ET values in 2000 and 2021 (b).
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4. Discussion

This study is based on combining major satellite data
sources such as GLDAS-2, MODIS, TerraClimate, SMAP
Level-4, and PML_V2 to provide a comprehensive
analysis of ET patterns in various regions of Tiirkiye. To
accurately estimate ET, different algorithms and models
are used to synthesize these data sources. This synthesis
was done to gain a deeper understanding of the factors

affecting ET in Tirkiye. These factors include climate
variability, topographical differences, soil composition,
and vegetation typology.

This article highlights an important difference in the use
of various satellite data in the determination of ET. Using
various data sources such as LST, precipitation and
pressure, the paper explores in detail how ET can be
determined by remote sensing methods and how these
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determinations relate to environmental factors. The aim
of this study is to provide valuable information on issues
such as agricultural water management and sustainable
development. Direct ET values were calculated for
products such as GLDAS-2, MODIS, TerraClimate and
SMAP Level-4. On the other hand, for ET calculations in
the PML_V2 product, separate analyses of plant
transpiration, soil evaporation and water from
vegetation were performed. The resulting average ET
values are as follows: 1.4 for GLDAS-2, 1 for MOD16A2
V105, 1 for MOD16A2 Version 6.1, 1.1 for TerraClimate,
and 1.4 for SMAP Level-4. PML_V2 analyses revealed
average values of 0.6 for plant transpiration, 0.6 for soil
evaporation, and 0.05 for water from vegetation.

Regression analysis between parameters is given in
Table 1. All analyzes were made in the SSPS program by
taking the average annual values of all data. A moderate

Table 1. Regression analysis between parameters

correlation (R 0.42) was observed between LST and ET
generated from GLDAS-2 data. A moderate correlation (R
0.45) was observed with SSM. Moderate correlation (R
0.43) between LST and ET generated from MOD16A2
V105 data. A moderate correlation (R 0.34) was observed
between LST and ET generated from MOD16A2 Version
6.1 data. A moderate correlation (R 0.33) was observed
between the ET created from MOD16A2 Version 6.1 data
and SSM. Low correlation (R 0.21) between LST and ET
generated from TerraClimate data. A moderate
correlation (R 0.59) was observed with SSM. Moderate
correlation (R 0.57) between LST and ET generated from
SMAP Level-4 data. A moderate correlation (R 0.39) was
observed with SSM. A moderate correlation (R 0.54, R
0.37) was observed between Ec and SSM generated from
Ei and PML_V2 data. Statistical analyses were performed
by taking the mean values of each year.

Image Cor. with PS Cor. with LST Cor. with Precipitation Cor. with SSM
GLDAS-2 0.21 0.42 0.43 0.45
MOD16A2 V105 0.37 0.43 0.33 -
MOD16A2 Version 6.1 0.06 0.34 0.17 0.33
TerraClimate 0.05 0.21 0.50 0.59
SMAP Level-4 0.07 0.57 0.52 0.39
PML_V2 (Ec) 0.06 0.11 0.04 0.54
PML_V2 (Ei) 0.07 0.19 0.36 0.37
PML_V2 (Es) 0.14 0.22 0.30 0.27

Cor= correlation, SP= surface pressure, LST= land surface temperature, SSM= surface soil moisture.

When the relationship between ET and soil moisture was
analyzed by regression, which is a statistical analysis, a
moderate relationship was observed. A moderate
relationship means a situation where soil moisture level
decreases as ET increases or, conversely, soil moisture
level increases as ET decreases. This indicates that there
is a balance between the absorption of water by plants
and its release back to the atmosphere. These regression
analyses can be used to understand the impacts of
agricultural practices, water resource management, and
climate change. A moderate relationship can be an
important indicator for developing appropriate
strategies for water resource management and plant
growth.

Medium level (R 0,43) between ET and precipitation
generated from GLDAS-2 data. A low-level relationship
was observed with PS. Medium level (R 0,33) between ET
and precipitation generated from MOD16A2 V105 data. A
moderate relationship (R 0.37) was observed with PS. A
low-level relationship was observed between ET and
precipitation generated from MOD16A2 Version 6.1 data,
and a low-level relationship was observed with PS. There
was a moderate relationship (R 0.50) between ET and
precipitation generated from TerraClimate data and a
low relationship with PS. There is a moderate
relationship (R 0.52) between ET and precipitation

generated from SMAP Level-4 data. A low-level
relationship was observed with PS. ET generated from
PML_V2 data showed a moderate relationship between Ei
and precipitation (R 0.36) and a low relationship with PS.
Statistical analyzes were made by taking the average
values of each year.

The relationship between ET and precipitation generally
shows a moderate relationship. As the amount of
precipitation increases, the amount of water in the soil
and the water absorption capacity of plants increase. This
means that plants evaporate more water, which leads to
increased ET. This intermediate relationship represents a
balance point of the plants' need for water and the return
of water to the atmosphere.

On the other hand, the relationship between ET and PS is
low. Surface pressure refers to the pressure exerted by
the air masses in the atmosphere on the earth's surface.
Increased ET usually does not directly affect the surface
pressure since this process mostly involves the passage
of water vapor into the atmosphere. High ET is not
usually associated with low surface pressure, as these
two parameters refer to different processes in the
atmosphere.
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5. Conclusion

As aresult, the intermediate relationship between ET and
precipitation forms part of the water cycle, while the low
relationship between ET and surface pressure reflects
the complexity of atmospheric conditions. Understanding
these factors is important in understanding the
variability affecting climate systems and water resources.
Among the expected outcomes of this study is a better
understanding of spatio-temporal ET patterns specific to
Tirkiye. Furthermore, combining, and comparative
analysis of data from these different satellite sources
aims to improve the understanding of ET dynamics and
drivers. The results of this study can help formulate
effective water resource management strategies and
facilitate ecosystem monitoring in the Turkish context.
The predicted results of this study include a detailed
understanding of ET patterns in different geographical
regions of Tirkiye. Furthermore, combining and
analyzing data from these different satellite sources aims
to provide a deeper understanding of the dynamics and
influencing factors of ET. These results can make
important contributions to the development of Tiirkiye's
water resources management strategies and sustainable
monitoring of ecosystems.
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Ozet: Organik materyallerin oksijensiz ortamda ¢iiriitiilmesi sonucu elde edilen biyogaz, yenilenebilir enerji kaynaklarindan biridir.
Giiniimiizde hem ¢evre Kkirliligini 6nlemede hem de dogaya zarar vermeden temiz enerji liretiminde tercih edilen biyogaz teknolojisi,
popiilerligini artiran ve hizla yayginlasan bir yontemdir. Tiirkiye’nin niifusu her gecen giin artmakta ve buna bagh olarak tarimsal iiriin
iretimi ve enerji tilkketimi de artmaktadir. Enerji konusunda kendi kendine yetemeyen iilkemizin mevcut kaynaklarimi en iyi sekilde
degerlendirmesi bir gerekliliktir. Tiirkiye’de artan niifusun et ihtiyacinin karsilanabilmesi i¢cin mevcut ¢iftlik hayvani sayis1 da buna
bagh olarak yiikselmektedir. Buna paralel olarak ciftliklerde olusan taze giibre miktari, kesimhanelerde olusan kan ve iskembe
icerikleri de artmaktadir. Bu ¢alismada 2022 yili verileri kullanilarak kesilen ciftlik hayvanlarinin kan ve iskembe iceriklerinden elde
edilebilecek biyogaz miktarlar1 ile mevcut ciftlik hayvanlarinin taze giibre miktarindan elde edilebilecek biyogaz miktarlari
hesaplanmistir. Calisma sonucuna gore kesimhane atiklar ve ¢iftlik hayvanlarinin giibrelerinden elde edilebilecek biyogaz miktari
yillik olarak 24,495 milyar m3 ve bu miktardaki biyogazdan elde edilebilecek elektrik enerjisi miktar1 4,41x1010 kWh’dir.
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clean energy without harming nature, is a method that is increasing its popularity and rapidly spreading. Turkiye's population is
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that can be obtained from the blood and rumen contents of slaughtered livestock and the amount of biogas that can be obtained from
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1. Giris

Giinlimiizde diinyanin en énemli sorunlarindan bir tanesi
kiiresel 1sinmadir. Kiiresel 1sitnmaya bagh olarak olusan
iklim degisiklikleri ve bozulan dogal denge, tim
insanhigin ve diinyamizdaki tim canlilarin gelecegini
tehdit etmektedir. Kiiresel 1sinmay1 hizlandiran baslica
etmenlerin basinda fosil kokenli yakitlarin kullanilmasi
gelmektedir. Sera gazlari olarak bilinen ve fosil yakitlarin
yakilmast  sonucu  biiylilk  miktarlarda  olusan
karbondioksit (CO2), metan (CH4) ve azot oksit (N20)
gazlar1 kiresel 1sinmada biiylik paya sahiptir. Sera

gazlarinin diinya ytlizeyinden yansiyan 1s1y1 ¢evreleyerek
kiiresel 1sinmada belirleyici bir faktér oldugu, COz'nin en
yiiksek katkis1 (%60) ve CH4'lin daha az etkisi oldugu iyi
bilinmektedir (Williams ve ark., 2012; Hosseini ve ark,
2013; Hosseini ve Wahid, 2014; Rahimnejad ve ark,
2015; Abdeshahian ve ark. 2016). Normal kosullarda
CH4'lin etkisi COz'nin etkisinin 25 katidir. Fakat fosil
kokenli enerji kaynaklarinin yogun kullanimindan dolay1
CO; salimmi ¢ok fazladir. Bu sebeple tim diinyada
kiiresel miicadele i¢in CO2z saliniminin azaltilmasi {izerine
plan ve programlar yapilip hedefler belirlenmektedir.
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Fosil kokenli yakitlarin rezervlerinin sinirh olusu ve
cevresel etkileri, bilim insanlarin1 yenilenebilir enerji
kaynaklarinin daha verimli ve yaygin kullanimi ile diger
alternatif enerji kaynaklarinin kullanimi konularinda
itmektedir. Biyogaz organik maddelerin
oksijensiz bir ortamda mikroorganizmalar tarafindan
parcalanmasi sirasinda TUretilir; buna genel olarak
anaerobik fermantasyon adi verilir (Mata-Alvarez ve ark,,
2000; Christy ve ark., 2014; Li ve ark., 2014; Cremiato ve
ark, 2018). Anaerobik fermantasyon, belediye kati
atiklari, gida atiklari, endiistriyel atiklar, kanalizasyon
¢amuru, hayvan giibresi ve tarimsal kalintilar gibi ¢esitli
organik atiklarin aritilmasi yoluyla atik malzemelerin
enerji kaynaklarina doniistiiriilmesine yonelik biyolojik
bir siire¢ olarak bulunmustur (Gebrezgabher ve ark,
2010; Celik ve Demirer, 2015; Huang ve ark., 2015;
Nitsos ve ark. 2015; Shen ve ark, 2015; Yong ve ark,
2015). Biyogaz, ¢ogunlugu (%60) ve
karbondioksitten (%35-40) olusan, cevresel agidan
avantajli bir enerji kaynagidir. Ayrica biyogaz, amonyak
(NH3s), hidrojen siiFlfiir (H2S), hidrojen (Hz), oksijen (02),
azot (N2) ve karbon monoksit (CO) gibi diger gazlar da
diisiik miktarda igerir (Chasnyk ve ark., 2015; Sun ve ark.,
2015). Biyogazin enerji olarak degerlendirilmesi yaninda
fermentasyon kalan organik atik

arayiglara

metan

sonucunda geri
maddelerin koku problemi ve icerdikleri zararl patojen
problemleri de ortadan kaldirilmis olur. Ayrica tarimsal
atiklarin fermantasyonu sonucunda, icerigi daha zengin,
zararli patojen icermeyen bir organik giibre elde edilir ve
tarimsal liretimde rahatlikla kullanilabilir.

Tirkiye toplam 783.561 km? alana sahip bir iilkedir.
Ulkemizin niifusu 2023 yili verilerine goére 85.372.377
kisidir (TUIK, 2024a). Ulkemizin 2023 istatistiklerine
gore; 38.559.000 hektar alaninda tarimsal faaliyetler
yiiriitilmektedir. (TUIK, 2024b). Yillar icinde artan
bitkisel ve hayvansal gida ihtiyacinin
giderilebilmesi icin tarimsal faaliyetlerde artmaktadir.
Buna bagh olarak tarimsal faaliyetlerden dolay1 agiga
cikan organik atik miktar1 da artmaktadir. Temel gida

niifusun

maddelerinden olan kirmizi ve beyaz et ihtiyacinin
karsilanabilmesi i¢in ¢iftlik hayvanlar1 sayisinda ve
hayvan sayisinda dogal bir artis
gozlemlenmektedir. Kesilen hayvan sayilarinda ve
yetistirilen hayvan sayilarindaki artisla birlikte agiga

kesilen

cikan kesimhane atiklari ile taze giibre miktarlarn da
yildan yila artmaktadir. Hayvansal atiklarin (kesimhane
ve taze giibre) diizenli bir sekilde kontrol edilememesi ve
bu atiklarin bilingsizce tarim alanlarina, meralara ve
akarsulara birakilmasi, atmosferin, toprak ve su
kaynaklarinin kirlenmesine neden olmaktadir.

Ulkemiz hem enerji konusunda hem de giibre
hammaddesi konusunda diga bagimh bir iilkedir. Bu
sebeple mevcut Kkaynaklarin en verimli gsekilde
degerlendirilmesi ~ gerekmektedir. Bu  ¢alismada

ilkemizde olusan kesimhane atiklar ve giibre atiklari
2022 verilerine gore
edilebilecek biyogaz miktari, bu gazin yakilmasi sonucu
elde dilebilecek 1sil deger ve biyogazin elektrige

miktari belirlenerek elde

cevrilmesi sonucu elde edilebilecek elektrik enerjisi
miktar1 hesaplanmistir.

2. Materyal ve Yontem

Biyogaz potansiyelinin tespiti i¢cin 6ncelikle mevcut ¢iftlik
hayvanlar1 sayilar ele alinmistir. Ciftlik hayvanlarindan
et ihtiyaci i¢in kesilen cesitlerin verisi kullanilarak yillik
olarak elde edilebilecek kesimhane atiklar1 miktar:
bulunmustur. Tim ¢iftlik hayvanlarinin sayisi temel
almmarak yillik ftretilen taze giibre ve bundan elde
edilecek miktar hesaplanmistir. Bu veriler 1s181nda diger
calismalarda temel alinan veriler kullanilarak
uretilebilecek biyogaz, 1s11 deger ve elektrik miktar:
bulunmustur.

2.1. Tiirkiye’'nin Hayvan Varhgi

Ulkemizdeki tarimsal isletmelerin yapisina baktigimiz
zaman isletmelerin ¢cogunun hem hayvansal hem bitkisel
birlikte yaptigini  gdrmekteyiz.  Yapilan
istatistiklere gore {iilkemizdeki tarimsal isletmelerin
%37,2’si sadece bitkisel iiretim, %0,2’si sadece hayvansal

iretim ve %62,3'i hem hayvansal hem bitkisel {iretim

uretimi

yapmaktadir (TUIK, 2008). Kisaca tarimsal isletmelerin
biiytik hayvancilik faaliyeti
yiiriitilmektedir. Ulkemizdeki ciftlik hayvanlari sayisi
2022 yih verilerine gére 438.131.400’diir (TUIK, 2024c).
Ciftlik hayvanlarinin cinsine ve sayilarina ait ayrintilar
Tablo 1’de goriilmektedir.

¢ogunlugunda

Tablo 1. Tiirkiye'nin 2022 yih ¢iftlik hayvanlar1 sayisi
(TUIK, 2024c)

Hayvan tiiri Hayvan sayisi (adet)

Sigir 17.023.791
Domuz 1.648
Koyun 44.687.888
Keci 11.577.862
Hindi 3.669.726
At 74.359
Et tavugu 251.289.799
Yumurta tavugu 109.806.327
Genel Toplam 438.131.400

2.2. Kesimhane Atik Miktarlarinin Belirlenmesi

Kesimhane atiklar1 olarak kan ve iskembe atiklari
hesaplanmis ve hesaplamalarda s6z konusu olusan bu
atiklarin tamaminin herhangi bir kayba ugramadan elde
edilecegi varsayillmistir. Yapilan calismalarda kesim
sonrast olusan kan miktari, hayvanin canl agirhginin
belirli bir orani olarak kabul edilmistir. Bu oran kesilen
biliyiikbas hayvanlarda canli agirhgin %8,4’ti, kesilen
kiigtikbas hayvanlarda canh agirhigin %7’si olarak kabul
edilmistir (Abdeshahian ve ark., 2016; Khalil ve ark,
2019). Kesilen kanatlilarda bu oran canl agirhgin %3’
olarak kabul edilmistir (Afazeli ve ark., 2014). Burada
kesim icin getirilen hayvanlarin canli agirliklar1 énem
kazanmaktadir ve kesim i¢in getirilen hayvanlarin belli
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bir agirhiga ve irilige ulasmis olmasi gereklidir. Kesilen
hayvanlarin canh agirhklarinin  tespitinde kesilen
hayvanlardan elde edilen et miktari, kesilen hayvan
sayisina bolinmiistiir. Kesilen biiyiikbas ve kiigiikbas
hayvanlarin canl agirliklarinin yaklasik olarak %55’
karkas et olarak kabul edilmistir (Akcan ve ark. 1989;
Anonim, 2024a). Buna gore kesilen biiyiikbas hayvan
agirhgl ortalama olarak 520 kg, koyun agirhig1 41 kg ve
keci agirlign 34 kg olarak kabul edilmistir. Kanathlarda
kesilen hayvanlarin canli agirhklarinin yaklasik olarak
%71,5'1 karkas et olarak kabul edilmistir (Anonim,
2024b). Buna gore ortalama tavuk agirhigr 2,5 kg, hindi
agirhgn 13,4 kg olarak kabul
hayvanlarin canl agirliklar: ile ilgili hesaplama Tablo
2’de verilmistir. Kesilen hayvanlarin canli agirliklarinin
ortalama degerlerden biiyiik ya da kii¢liik olmasi, etin
tazeligi ve tiiketim aligkanliklarina baglanabilir. Ozellikle

edilmistir. Kesilen

biiyiikbas ve kegilerde hayvan yaslandik¢a agirlig:

artmasina ragmen eti sertlesir ve tercih edilme orani
diiser. Kiimes hayvanlarinda ise et veriminin yiiksek
olmasi istenir. Yapilan hesaplamaya goére 2022 yilinda
kesilen ciftlik hayvanlarindan elde edilebilecek kan
miktar: 421.871,452 tondur. Kesilen ciftlik
hayvanlarindan elde edilebilecek kan miktarlar1 Tablo
3’te verilmistir.

biiylikbas,  kiigciikbas  iskembe  atiklarn
hesaplanirken biiylikbaglarda canl agirhgin %12’si,
kiigiikbaslarda %25’i kabul edilmistir (Abdeshahian ve
ark., 2016; Khalil ve ark., 2019). Kiimes hayvanlarinin i¢
bir organi
hayvanlarindan elde
edilebilecek iskembe icerigi hesaplanmamistir. Bu veriler
1s1g8inda 2022 yilinda kesimhanelerde olusan iskembe
atigr miktar1 kuru madde bazinda 72.262,223 tondur.
Kesilen ciftlik hayvanlarindan elde edilebilecek iskembe
atiklar1 miktarlar1 Tablo 4’te verilmistir.

Kesilen

organlarinda iskembe sindirim

bulunmadigindan

diye
kiimes

Tablo 2. Tiirkiye'nin 2022 yilinda kesilen hayvanlarin sayisi, karkas et miktar1 ve tahmini canli hayvan agirliklari

Biiyiikkbas Koyun Keci Tavuk Hindi
Kesil h
esren WV 5542774 21.563.828* 6.112.179*  1347.727.000%  5593.000%*
sayisi (adet)
Karkas Et (ton) 1.586.333 489.354,4 115.937,8 2.417.995,11 53.645,73
Karkas orani 55% 55% 55% 71,50% 71,50%
Kesilen hayvan
b h 1
agina - hesapianan 520,361 41,261 34,488 2,509 13,415
ortalama canli
agirlik (kg)
Hesaplamalarda
kabul edilen canh 520 41 34 2,5 13,4
agirlik (kg)
* TUIK, 2023, **TUIK, 2024d
Tablo 3. Tiirkiye'nin 2022 yilinda kesimhanelerde olugsan kan miktarlari
Sigir Koyun Keci Tavuk Hindi
Kesilen Hayvan Sayis1 5.542.774* 21.563.828* 6.112.179* 1.347.727.000** 5.593.000**
Canlh agirlik (kg) 520 41 34 2,5 13,4
Kan Yiizdesi 8% 7% 7% 3% 3%
Kan miktari (t) 242.108,4 61.888,2 14546,9 101.079,6 2.248,4
Toplam 421.871,5
*TUIK, 2023, **TUIK, 2024d
Tablo 4. Tiirkiye’nin 2022 y1linda kesimhanelerde olusan iskembe atig1 miktarlar (TUIK, 2023)
Sigir Koyun Keci
Kesilen Hayvan Sayisi 5.542.774 21.563.828 6.112.179
Canl agirlik (kg) 520 41 34
iskembe icerigi (%) 12% 25% 25%
iskembe icerikleri (ton) 345.869,1 221.029,2 51.953,5
Toplam 618.851,9

2.3. Toplam Biyogaz Potansiyelini Hesaplanmasi

Ciftlik hayvanlarinin atiklarindan iretilen biyogaz

Abdeshahian ve ark.,, 2016). Atigin toplam kati madde
orany, ciftlik hayvanlarinin atiklardan biyogaz iiretimi

miktari, besleme rejimi, hayvan tiirdi, viicut agirhg, icin 6nemli bir faktordir. Farkh ciftlik hayvani
toplam kat1 madde orani ve atik bulunabilirligi gibi farkl atiklarindaki  toplam katt madde oranlar1 ve
faktorlerden etkilenir (Avcioglu ve Tirker, 2012; uretilebilecek  biyogaz = miktarlar1  Tablo  5'te
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goriilmektedir (Omrani, 1996; Deublein ve Steinhauser,
2011; Avcioglu ve Tiirker, 2012; Afazeli ve ark., 2014;
Abdeshahian ve ark., 2016).

Teorik biyogaz potansiyeli hesaplanirken elde edilebilir
atik miktari, bu atifin kabul edilen kuru madde orani ve
birim kuru madde basina liretecegi kabul edilen biyogaz
miktari ¢arpilarak hesaplanir. Bu hesaplama i¢in Esitlik 1
kullanilmistir:

TBP = M x KM X Byy (1)

Bu esitlikte TBP, teorik olarak elde edilecek biyogaz
miktarini (m3/y1l), M ele alinan atigin elde edilebilir
miktarim (kg/y1l), KM kullanilan atigin kuru madde
oranini (% km), Bxum ele alinan atigin kuru madde bazinda
lretebilecegi biyogaz miktarini (m3/ kg km) ifade
etmektedir.

Bu c¢alismada ciftlik hayvanlarinin giibrelerinin kuru

Tablo 5. Ciftlik hayvanlar atiklarinin biyogaz potansiyelleri

madde igerikleri, kuru madde basina {iretilebilecek
biyogaz miktarlar1 ile kan ve iskembe iceriklerinden
uretilebilecek biyogaz miktarlar1 baz alinirken benzer
calismalardaki degerler kullamilmistir (Afazeli ve ark,
2014; Abdeshahian ve ark., 2016; Khalil ve ark., 2019).
Bu calismalarda kabul edilen ve makalelerde sunulan
ciftlik hayvanlarinin atiklarinin biyogaz potansiyelleri ile
ilgili bilgiler Tablo 5’te goriilmektedir. Kuru madde orani
biiylikbas ve kiigiikbas hayvanlarin taze giibreleri i¢in
%25, hayvanlar1  i¢in %29  alinmistir.
Uretilebilecek biyogaz miktarlar biiyiikbas hayvanlar
icin 0,6 m3/kg km, kiiciikbas hayvanlar i¢in 0,4 m3/kg km
ve kiimes hayvanlar i¢in 0,8 m3/kg km degerleri
alinmistir. Kan ve iskembe igerikleri icin iiretilebilecek
biyogaz miktar1 ise her kg taze atik i¢in 0,3 m3 olarak
alinmustir.

kiimes

Atik cesidi Kuru madde (%) Biyogaz (m3/kg kuru madde)
Biiytlikbas taze glibresi 25-30 0,6-0,8
Kiiglikbas taze giibresi 18-25 0,3-0,4
Kiimes hayvanlari taze giibresi 10-29 0,3-0,8
Kan 18 0,3-0,6*
iskembe icerigi 12-16 0,3-0,6*
*Biyogaz (m3/kg madde)

2.4. Metan igeriginin ve Uretilebilecek Elektrik
Miktarinin Saptanmasi

Yapilan  ¢alisma  sonuglarina  gore
fermentasyon sonucu biiytikbas hayvanlarin giibresinden

anaerobik

elde edilen biyogazin metan icerigi %50-70 arasinda
degismektedir (Omar ve ark. 2008; Nasir ve ark., 2012;
Ounnar ve ark. 2012; Nasir ve ark., 2013; Abdeshahian
ve ark., 2016). Kiiciikbas hayvanlarin giibresinden elde
edilen biyogazin metan icerigi %40-50 arasinda
degismektedir (Abdeshahian ve ark., 2016). Kiimes
hayvanlarin giibresinden elde edilen biyogazin metan
icerigi %50-70 arasinda degismektedir (Nasir ve ark,
2012; Noorollahi ve ark., 2015; Abdeshahian ve ark.,
2016). Bu c¢alismada yapilan icerigi
hesaplamalarinda biyogaz icerikleri biiyiikbas, kiiglikbas
ve kiimes hayvanlar i¢in sirasiyla %60, %45 ve %60
olarak alinmistir. Kan ve iskembe atiklarindan elde edilen
biyogazin metan igerigi de %60 olarak alinmistir.

Elde degerin hesaplamasinda elde
edilebilecek biyogazin metan igerigi temel alinmistir.
Metanin yanmasi sonu elde edilebilecek 1s1 miktar:
hesaplanmistir. Metanin 1s1l doniisiim verimi %85 olarak
kabul edilerek, 1 m3 metanin 1s1l degeri 36 M] olarak
alinmistir (Abdeshahian ve ark., 2016).

Uretilebilecek elektrik miktar1 hesabinda éncelikle elde

metan

edilecek 1s1l

edilen biyogazin enerji igerigi saptanmistir. Bu igerigin
saptanmasinda Esitlik 2 kullanilmistir.
EBiyogaz = EIBiyogaz X MBiyogaz (2)

Bu esitlikte Eiyogaz biyogazin ham enerji icerigini
(kWh/y1l), Eliyogaz biyogazin 1sil degerini (kWh/m3),

MBiyogaz y1llik iiretilen biyogaz miktarimi (m3/yil) temsil
etmektedir. Esitlikteki Elgiyogaz degeri 6 kWh/m3 olarak
kabul edilmistir (Hosseini ve Wahid, 2014; Abdeshahian
ve ark,, 2016).

Biyogazin elektrik enerjisine cevrilmesi icin biyogaz
jeneratorlerinde yakilmasi gerekir. Biyogazdan elde
edilebilecek elektrik enerjisinin hesaplanmasinda Esitlik
3 kullanilmistir.

EEBiyogaz = EBiyogaz Xn (3)

Bu esitlikteki EEBiyogaz biyogazdan elde edilebilecek
elektrik enerjisini (kWh/y1l), Esiyogaz biyogazin ham enerji
icerigini (kWh/y1l) ve n ise jeneratdr verimini (%) ifade
etmektedir. Biyogazin elektrik enerjisine ¢evrilmesinde
kullanilan jenerator tipine gore verim degeri %25-%42
arasinda degismektedir (Hosseini ve Wahid, 2014;
Abdeshahian ve ark, 2016). Bu calismada biyogaz
jeneratorii verim degeri %30 olarak kabul edilmistir.

3. Bulgular ve Tartisma

3.1. Taze Giibre Miktarlarinin Saptanmasi

Giibre potansiyelinin hesaplanmasi i¢in iki ayr1 yontem
kullanilmistir. Bunlardan birincisi ark.
(2011)'nin kullandig1 hesaplama yéntemine gore toplam
taze giibre potansiyeli bulunmustur. Bu hesaplama
yonteminde sadece hayvan varlig1 biiyiikbas, kii¢iikbas ve

Ozcan ve

kiimes hayvanlar1 olarak smiflandirilarak hesaplama
yapumistir. Ciftlik hayvanlarinin yillik yas giibre iiretimi
baz alinmis ardindan kullanilabilirlik oranlar1 eklenerek
yillik kullanilabilir taze giibre tretimi 126,8 Mton/yil
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olarak hesaplanmistir. Hesaplamanin ayrintilar1 Tablo
6’da goriilmektedir.

ikinci yéntemde ise Amerikan ziraat miihendisleri
birliginin ASAE D384.1
faydalanilarak her ¢iftlik hayvanina goére ayr1 ayri
hesaplanmistir (ASAE, 2003). Bu standartta 1.000 kg
canli agirhigin irettigi giibre baz alinmistir. Her hayvanin
canli agirhklart ayr1 ayri verilmistir. Amerikan ziraat
birliginin gore elde

numarali standardindan

miihendisleri standartlarina

edilebilecek taze giibre miktar1 186,724 Mton/yil'dir. Bu
yontem ilk yontem goére daha ayrintili bir ydntemdir.
Hesaplamanin ayrintilari Tablo 7’de goriilmektedir.

Bu calismada her iki yontemle hesaplanan taze giibre
miktarlarimin ortalama degerleri temel alinacaktir.
Ortalama olarak taze gilibre iiretim degerleri biiylikbas
hayvanlar i¢in, 140,551 Mton/y1l, kiiciikbas hayvanlar
icin 4,865 Mton/yil ve kiimes hayvanlar i¢in 11,267
Mton/yi1l alinmistir.

Tablo 6. Yillik elde edilebilir taze giibre potansiyeli (Ozcan ve ark., 2011)

Biiyiikkbas Kiiclikbas Kiimes
Hayvan sayisi* 17.023.791 56.265.750 361.096.026
Birim yas giibre miktar1 (t/y1l) 9,95 0,82 0,03
Toplam yas giibre miktar1 (Mt/y1l) 169,387 46,138 10,833
Toplam tiretilen taze glibre miktar1 (Mt/y1l) 226,358
Kullanilabilirlik (%) 65 13 99
Kullanilabilir toplam taze giibre miktar1 (Mt/y1l) 110,101 5,998 10,725
Genel Toplam 126,824
#2022 TUIK verileri (TUIK, 2024c), Mt= milyon ton
Tablo 7. Amerikan Ziraat Miithendisleri Birligi standartlarina gore giibre potansiyeli (ASAE, 2003)
1.000 k 1 Yillik t
<6 calll (K faze Ahrda  Elde edilebilir
o Hayvan Canli agirlik icin glibre iiretim . .
Hayvan tiiri . Lo # . kalma glibre miktari
sayl1s1 agirlik (kg) iretilen giibre miktar1
. oranlar1 (%) (Mt/y1l)
(kg/giin) (Mt/y1l)
Sigir 17.023.791 640 86 342,001 50 171,001
Domuz 1.648 61 84 0,003 80 0,002
Koyun 44.687.888 27 40 17,616 13 2,290
Keci 11.577.862 64 41 11,089 13 1,442
Hindi 3.669.726 6,8 47 0,428 68 0,291
At 74.359 450 51 0,623 29 0,181
Et tavugu 251.289.799 0,9 85 7,017 99 6,946
Yi
umurta 109.806.327 18 64 4,617 99 4,571
tavugu
Genel Toplam  438.131.400 383,394 186,724

3.2. Biyogaz Potansiyeli ve Is1l Degeri

Tirkiye’deki 2022 yili verilerine gore 5.542.774 adet
biiyiikbas, 27.676.007 adet kii¢likbas, 1.353.320.000 adet
kiimes hayvani Kkesilmistir. Bu kesimler sonucunda
olusan 421.871,452
126,6x106 m3 biyogaz iretilebilir. Olusan biyogazin
yakilmasiyla 2,32x10°9 MJ'lik bir 1s1 elde edilebilir.
Biiyiikbas ve kiiglikbas hayvanlarin kesimi sonucunda
olusan 618.851,856 iskembe
atiklarindan elde edilebilecek biyogaz miktar: toplam
olarak 185,7x106 Olusan biyogazin metan
iceriginin yakilmasiyla 3,41x109 MJ'lik bir 1s1 elde
edilebilir. Ulkemizdeki ciftlik hayvanlarinin iiretmis
oldugu elde edilebilir yillik taze giibreden elde
edilebilecek biyogaz miktar1 toplam olarak 24.182,9x106
m3’tiir. Olusan biyogazin metan iceriginin yakilmasiyla
4,42x10° MJ'lik bir 1s1 elde edilebilir. Tim bu atiklardan
elde edilebilecek toplam 1s1 miktari 4,47x1011 MJ’'diir. Bu

kesimhanelerde ton kandan

kesimhanelerde ton

m3’tiir.

hesaplamalarla ilgili ayrintilar Tablo 8’de goriilmektedir.

3.3. Uretilebilecek Elektrik Enerjisi

Tirkiye’de 2022 kesimhanelerde
421.871,452 ton kandan 126,6x106 m3
tiretilebilir ve bu biyogazin %30 verimle ¢alisan biyogaz
jeneratorlerinde yakilmasiyla 2,28x108 kWh elektrik elde
edilebilir. Biiylikbas ve kiiciikbas hayvanlarin kesimi
sonucunda Kkesimhanelerde olusan 618.851,856 ton
iskembe atiklarindan elde edilebilecek biyogaz miktari

yilinda olusan

biyogaz

toplam olarak 185,7x106 m3’tiir ve bu biyogazin, biyogaz
jeneratorlerinde yakilmasiyla 3,34x108 kWh elektrik elde
edilebilir. Ulkemizdeki c¢iftlik hayvanlarinin {iretmis
oldugu elde edilebilir yillik taze giibreden elde
edilebilecek biyogaz miktar1 toplam olarak 24.182,9x106
m3'tiir ve bu biyogazin, biyogaz jeneratorlerinde
yakilmasiyla 4,35x1010 kWh elektrik elde edilebilir. Tiim
bu atiklardan elde edilebilecek toplam elektrik enerjisi
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miktart 4,41x1010 kWh'tir. Bu hesaplamalarla ilgili
ayrintilar Tablo 9’da goriilmektedir.

Yapilan diger c¢alismalarin yapildigi baktigimizda her
ilkenin niifusu ve beslenme aliskanliklar1 farklilik
gostermektedir. Buna bagh olarak iiretilen ve tiiketilen et
miktari, yetistirilen ciftlik hayvani sayilar1 da birbirinden
¢ok farkhidir. Elde edilen potansiyeller bu nedenle farkl
farkli ¢ikmistir. Hesaplamalarda temel alinan kabuller
arasinda bir birliktelik s6z konusudur. Fakat diger
g¢alismalar ile bu c¢alisma arasinda baz farklar
goriilmektedir. Afazeli ve ark. (2014) ile Abdeshahian ve
ark. (2016) biiyiikbas hayvan canl agirhigi 250 kg,
kiiclikbas canli agirhgim 40 kg ve kiimes hayvani
agirhgim 1,5 kg olarak standart alip kan iretimi
miktarlarini, iskembe atiklar liretimi miktarlarini ve taze
giibre iretim miktarin1 hesaplamiglardir. Abdeshahian
ve ark. (2016) ile Khalil ve ark. (2019) yaptiklari
¢alismalarda  kan hesabinda
hayvanlarindan elde edilebilecek miktar1 ihmal edilebilir
bir deger olarak kabul ederek hesaplamalarinda
kullanmamislardir. Afazeli ve ark. (2014) ise kiimes
hayvanlarindan elde edilebilecek kan atiklar1 miktarini

atiklarinin kiimes

hesaplayarak veri olarak kullanmistir. Bu ¢alismada da
kiimes hayvanlarinin kan atiklar1 miktar1 hesaplanarak
hesaplamalara dahil edilmistir. Kan atiklarinin hesabinda
Afazeli ve ark. (2014), Abdeshahian ve ark. (2016) ile
Khalil ve ark. (2019) biiyiikbas canli hayvan agirliklarini
ortalama 250 kg kabul ederek hesaplama yapmislardir.
Bu c¢alismada kesilen hayvan agirliklar1 hesabinda
ortalama canli agirlik alinmamistir. Elde edilen karkas et

miktar1 Kkesilen hayvan sayisina béliiniip, karkas

oranindan canli agirhga ulasilmistir. Kan miktarlari
hesaplanirken  tiim  ¢alismalarda ayn1  oranlar
kullanilmistir.  Kiimes hayvanlarinin i¢ organlarinda
iskembe diye bir sindirim organi bulunmadigindan tiim
calismalarda kiimes hayvanlarindan elde edilebilecek
iskembe icerigi hesaplanmamistir. Taze glibre hesabinda
Khalil ve ark. (2019) yaptiklarn
hayvanlarini yerli tavuk, yumurta tavugu, et tavuguy,
o6rdek, misk oOrdegi, tavsan, bildircin, giivercin olarak
siniflandirarak elde edilebilecek taze giibre miktarini
daha ayrintili olarak hesaplamistir. Taze giibre iliretimi
miktar1 hesabinda Afazeli ve ark. (2014) ile Abdeshahian
ve ark. (2016) calismalarda biiyiikbas hayvanlar icin
giinliikk 22,5 kg, kiiciikbas hayvanlar icin 1,6 kg, kiimes
hayvanlar1 i¢in 0,045 kg taze giibre temel alinarak
hesaplanmistir. Bu ¢alismada ise iki farkh taze giibre
hesap ydnteminin ortalamasi alinmistir. Noorollahi ve
ark. (2015) yaptiklart calismada her hayvan tipini
ayrintilandirmis ve agirhgini farkh farkh alarak taze
giibre yapmislardir.  Ornegin  biiyiikbas

¢alismada kiimes

hesabini
hayvanlar: siit sigir1, boga, buzagi, dive, et sigir, sigir,
etlik buzag gibi yedi farkl sinifa bolerek her biri i¢in ayri
ayr1 agirliklar kabul etmistir. Noorollahi ve ark. (2015)
yaptigi bu ¢alismada giibbre potansiyelini
kullanarak hesaplama yapmislardir. Bu tip bir

sadece

ayrintilama elbette daha dogru sonuclar verecektir. Fakat
Tiirkiye Istatistik Kurumu verilerinde bu tip bir
ayrintilama bulunmamaktadir. Sadece yerli sigir, kiiltiir
s1gir1, melez sigir ve manda olarak siniflama yapilmistir.
Bu calismada tiim biiyiikbas hayvanlar tek tip olarak
kabul edilerek hesaplamalar yapilmistir.

Tablo 8. Kan, iskembe atiklar1 ve taze giibreden elde edilebilecek yillik biyogaz, metan ve 1s1l degerleri

Kan iskembe atiklar1 Taze Glibre

Biiyiikbas Kiiclikbas  Kiimes  Biiytikbas Kiigiikbas ~ Biyiikbas  Kiigiikbas Kiimes
Biyogaz (Mm3) 72,633 22,931 30,998 103,761 81,895  21.083,646 486,478 2.613,838
Metan (Mm3) 43,580 13,758 18,599 62,256 49,137 12.649,587 218915 1.568,303
Isil deger 5,69x10

1,33x10° 4,21x108 1,91x10° 1,50x10°  3,87x1011 6,70x10° 4,80x1010
M]/y) 8
Toplam 2,32x10° 3,41x10° 4,42x10°
Genel Toplam 4,47x1011

Tablo 9. Kan, iskembe atiklar1 ve taze giibreden elde edilebilecek elektrik miktarlar1 (kWh/y1l)

Kan iskembe atiklar1 Taze Glibre
Biiyiikkbas Kiiciikbas  Kiimes Biiyiikbas Kiiciikbag ~ Biiytikbas  Kiigiikbas Kiimes

Biyogaz (Mm3) 72,633 22,931 30,998 103,761 81,895 21.083,646 486,478 2.613,838
Elektrik (kWh)  1,31x1010 4,13x107 5,58x107 1,87x108 1,47x108  3,79x1010 8,76x108 4,70x10°
Toplam 2,28x108 3,34x108 4,35x1010
Genel Toplam 4,41x1010
4. Sonug yerali ve yeristi kaynaklarinin kirletilmemesi
Yeryiiziindeki insan niifusu arttikga, iretilecek gida gerekmektedir.  Kalkinmanin  ve gelismenin  temel
miktari, tiiketilecek enerji miktar1 ve olusacak atik unsurlarindan  olan enerjinin elde edilirken dogal
miktarlar1 dogru orantili olarak artacaktir. Siirdiiriilebilir dengenin  korunmasi ve iklim  degisikliklerinin
bir gelisme icin dogal dengenin korunmasi, diilnyamizin engellenebilmesi icin gerekli tedbirlerin alinmasi
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gerekmektedir. Bugiline kadar ihmal edilen kiiresel
1sinma ve buna bagh olarak ilkim degisikligi artik tiim
diinyamizi ve lizerinde yasayan tiim canli tiirlerini tehdit
etmeye baslamistir. Bu sebeple atil olan tiim kaynaklarin
ekonomiye kazandirilmasi, yenilenebilir enerji
kaynaklarinin daha yogun bir sekilde kullanilmasi, fosil
kokenli

azaltilmasi hem de daha verimli olarak kullanilabilmesi

enerji ~ kaynaklarinin  hem  kullaniminin
bir gerekliliktir. Biyogaz teknolojisi hem organik atik
bertarafinda hem ¢evreci temiz enerji eldesinde hem de
organik gilibre iiretiminde tercih edilmesi gereken essiz
bir secenektir.

Tiirkiye'de 2022 yilinda kesimhanelerde olusan
421.871,452 ton kandan 126,6x106 m3, 618.851,9 ton
iskembe atiklarindan 185,7x106 m3, mevcut iftlik
hayvanlarindan elde edilebilecek 156,7x10¢ ton kuru
madde bazindaki giibreden 24.182,9x10¢ m3 biyogaz
iretilebilir. Kesimhane atiklan ve ciftlik glibrelerinden
olusan biitiin biyogazin %30 verimle c¢alisan biyogaz
jeneratorlerinde yakilmasiyla 4,41x1010 kWh elektrik
elde edilebilir ve ekonomiye kazandirilabilir.

Katki Orani Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Yazar
makaleyi incelemis ve onaylamistir.

S.S.

100
T 100

100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedirler.

Etik Onay Beyani

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma yapilmadigi icin etik kurul onay1
alinmamistir.
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AKTIVITELERININ INCELENMESI
Hatice TANER SARACOGLU*
1Selcuk University, Faculty of Science, Department of Biology, 42031, Konya, Tiirkiye

Ozet: Bu calismanin amaci1 Elettaria cardamomum’un tohumlarindan hazirlanan ekstraktlarin gesitli bakterilere karsi olan
antibakteriyel aktivitelerinin belirlenmesidir. Bu ¢alismada, Elettaria cardamomum bitkisinin tohumlarindan farkl ¢éziiciiler (etanol,
aseton, etil asetat, kloroform, soguk su, sicak su) kullanilarak ekstraktlari hazirlanmistir. Ekstraktlarin bes patojen bakteri susuna
(Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, Bacillus subtilis ATCC 6633, Klebsiella pneumoniae ATCC 700603,
Pseudomonas aeruginosa ATCC 29853) karsi olan antibakteriyel aktiviteleri disk difiizyon yontemi kullanilarak belirlenmistir. Calisma
sonuglari etanol, aseton, etil asetat ve kloroform ekstraktlarinin Staphylococcus aureus ATCC 29213, Bacillus subtilis ATCC 6633 ve
Klebsiella pneumoniae ATCC 700603 bakterilerine karsi farkli derecelerde antibakteriyel aktiviteye sahip oldugunu gostermistir.
Calismadaki tiim ekstraktlar Escherichia coli ATCC 25922 ve Pseudomonas aeruginosa ATCC 29853 bakterilerine karsi antibakteriyel
aktivite gostermemistir. En yiiksek antibakteriyel aktiviteyi etil asetat ekstrakti Staphylococcus aureus ATCC 29213 bakterisine karsi
gostermistir.

Anahtar kelimeler: Antibakteriyel aktivite, Farkli ¢oziiciiler, Ekstrakt, Elettaria cardamomum

Investigation of Antibacterial Activities of Elettaria Cardamomum (L.) Maton Extracts Prepared with Different
Solvents

Abstract: The aim of this study is to determine the antibacterial activities of extracts prepared from the seeds of Elettaria
cardamomum against various bacteria. In this study, extracts were prepared from the seeds of the Elettaria cardamomum plant using
different solvents (ethanol, acetone, ethyl acetate, chloroform, cold water, hot water). The antibacterial activities of the extracts against
five pathogenic bacterial strains (Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, Bacillus subtilis ATCC 6633,
Klebsiella pneumoniae ATCC 700603, Pseudomonas aeruginosa ATCC 29853) were determined using the disc diffusion method. Study
results showed that ethanol, acetone, ethyl acetate and chloroform extracts had different degrees of antibacterial activity against
Staphylococcus aureus ATCC 29213, Bacillus subtilis ATCC 6633 and Klebsiella pneumoniae ATCC 700603 bacteria. All extracts in the
study did not show antibacterial activity against Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 29853 bacteria. Ethyl
acetate extract showed the highest antibacterial activity against Staphylococcus aureus ATCC 29213 bacteria.
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1. Giris

Elettaria cardamomum (L) Maton Zingiberaceae
familyasina ait ¢ok yillik bir bitkidir ve bitkinin yaygin
sekilde kullanilan kisimlari tohumlaridir (Kapoor, 2000).
Tarihsel olarak “Baharatlarin Kraligesi” olarak bilinen
kakule, antik c¢aglardan beri Hindistan'da ve baharat
olarak Hint mutfaginda yaygin olarak kullanilmaktadir.
Bitkinin yenilebilir kismi meyvesidir (Sengottuvelu,
2011). Kakulenin tohumlar1 ve ugucu yag, icecekler,
tathlar, sekerlemeler, unlu mamuller, ¢esniler, soslar, et
ve et Uriinleri dahil olmak iizere cesitli gidalarda
tatlandirici bilesenler olarak kullanilir. (Ravindran, 2002;
Sengottuvelu, 2011).

Eski zamanlardan beri bitkiler ve baharatlar farkh gida

tiirlerinin lezzetini, aromasini ve rengini arttirmak igin
gidalarda kullanilmaktadir (Madsen ve Bertelsen, 1995;
Singh ve ark, 2008). Bitkilerin ve baharatlarin ham
ekstraktlar1 ve fenolikler agisindan zengin diger bitkisel
materyalleri, lipidlerin oksidatif
geciktirdikleri, dolayisiyla gidanin Kkalitesini ve besin
degerini arttirdiklart icin gida endiistrisinde giderek
artan bir ilgi gérmektedir (Wojdyto ve ark, 2007).

bozunmasini

Kullanilan baharat ve sifali bitkilerin ¢ogu, tat ve koku
ozelliklerinin yan1 sira antimikrobiyal etkileri ve tibbi
glicleri nedeniyle de deger goérmistiir. Baharat ve
bitkilerdeki antimikrobiyal bilesikler ¢ogunlukla ugucu
yag fraksiyonunda bulunur. Gram pozitif bakteriler,
baharatlardaki antimikrobiyal bilesiklere Gram negatif
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bakterilerden daha duyarlidir (Ceylan ve Fung, 2004).
Kakule kapsiilleri MO 4. Yiizyildan beri Hintli, eski Yunan
ve Romali doktorlar tarafindan bronsit, astim ve cesitli
saglik problemlerinin tedavisinde kullanilmaktadir (Al-
Zuhair ve ark, 1996; Bisht ve ark., 2011). Kakule,
geleneksel Cin ve Hindistan tibbinda bagirsak gazlarinin
giderilmesinde ve sindirime yardimci olmak igin
kullaniir (Ravindran, 2002). Kakule kapsiillerindeki
ucucu yag ve diger biyoaktif metabolitler karakteristik
aromasina  ve  farmasotik  kullanimina  katki
saglamaktadir (Hamzaa ve Osman, 2012).

Yapilan bu ¢alismada, kakule tohumlarindan bes farkl
¢oziici ile ekstraktlar hazirlanarak, ekstraktlarin beg
farkli  bakteri inhibitor
belirlenmesi ve kakulenin antibakteriyel o6zelliklerine

katkida bulunulmasi amaglanmistir.

lizerine olan etkisinin

2. Materyal ve Yontem

2.1. Materyaller

2.1.1. Bitki materyali

Calismada kullanilan Elettaria cardamomum bitkisinin
tohumlar1 Irak’taki bir yerel marketten temin edilmistir
(Sekil 1). Kuru haldeki bitki tohumlar1 laboratuvar tipi
bir 6giitiiciide pargalanarak toz hale getirilmistir. Toz
hale getirilen numune ¢alismada kullanilincaya kadar
kapali bir kapta muhafaza edilmistir.

Sekil 1. Elettaria cardamomum tohumlari

2.1.2. Bakteriyel suslar

Antibakteriyel aktivite c¢alismalarinda bes patojen
bakterinin standart suslar1 (Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 29213, Bacillus subtilis ATCC
6633, Klebsiella pneumoniae ATCC 700603, Pseudomonas
aeruginosa ATCC 29853) kullanilmistir. Standart bakteri
suslar1 Selcuk Universitesi, Fen Fakiiltesi, Biyoloji

Bolimi,  Biyoteknoloji  Laboratuvar’'ndan  temin
edilmistir.
2.2. Yontem

2.2.1. Ekstraktlarin hazirlanmasi
Ekstraktlarin hazirlanmasinda bes farkh ¢oziicli (etanol,

yapilarak Yassin ve ark. (2020)'nin onerdigi yontem
kullanilmistir. Toz hale getirilen kakule tohumlar 20 g
olacak sekilde tartilmistir. 20 g materyal, oda 1sisinda,
manyetik karistiricida 200 ml etanol ile ve 8 saat siire ile
ekstraksiyon islemine tabi tutulmustur. Siire sonunda
karisim filtre kagidindan siiziilmiistiir. Ekstraksiyon
islemi ayn1 prosediir ile aseton, etil asetat, kloroform ve
soguk su ile gerceklestirilmistir. Sicak su ile yapilan
ekstraksiyonda manyetik karistiricinin
calistirilarak suyun 1sisinin korunmasi saglanmistir. Elde
altindaki bir sicakhik
derecesinde ve diisiik basing altinda Rotary evaporatorde
¢oziiclilerinin
ekstreler toz hale getirilmistir. Toz haldeki ekstreler dort
farkli konsantrasyonda (30 mg ml-1, 15 mg ml-, 6 mg ml-
1, 3 mg ml?!), %25lik Dimetil siilfoksit (DMSO) ile
cozdiriilerek, antibakteriyel aktivite dncesinde 0.45 um
capindaki milipor filtrelerden gecirilerek steril olmalari
saglanmistir.  Ekstraktlar  antibakteriyel  aktivite
calismalarinda kullanilincaya kadar 4°C’de muhafaza

1siticr - kKismi

edilen ekstrelerin 40°C’nin

tamamen ucgurulmasi saglanmis ve

edilmistir.

2.2.2. Mikroorganizma kiiltiirlerinin hazirlanmasi
Stok bakteri kiiltlrlerini aktiflestirmek icin bakteri
kiltiirleri Mueller Hinton Broth besiyerine aktarilarak
37°C'de 24 saat siireyle inkiibasyona birakilmistir.
Bakteriler steril fizyolojik su ile Mc Farland 0.5
yogunlugunda ayarlanmistir. Her bir bakteri Mueller
Hinton Agar besiyeri igeren petri plaklarina yayma
metoduyla ekilmistir. Petri plaklar1 5-15 dk siireyle oda
sicakliginda kurumaya birakilmistir.

2.2.3. Antibakteriyel aktivitenin belirlenmesi
Hazirlanan ekstraktlarin antibakteriyel aktivitelerinin
belirlenmesinde Disk difiizyon metodu kullanilmistir
(Collins ve ark., 1989; Bradshaw, 1992). Farkl
konsantrasyonlardaki ekstraktlarin
cozlindiriilmesinde kullanilan % 25’lik DMSO 6 mm
capindaki steril bos disklere 10 ul emdirilmis ve diskler
steril pens kullanilarak besiyeri tizerine yerlestirilmistir.
Kontrol antibiyotigi olarak Kloramfenikol (10 pg)
antibiyotik diskleri kullanilmistir. Petri plaklar1 37°C'de
24 saat siireyle inkiibasyona birakilmistir. inkiibasyon
sliresinin sonunda disklerin etrafinda olusan inhibisyon
zonlarinin  ¢apt  (mm)  o&lciilerek
antibakteriyel aktiviteleri belirlenmistir. Antibakteriyel

ekstraktlar ve

ekstraktlarin

aktivite calismalar1 li¢ ayr1 tekrarli yapilmis olup
sonuglar ortalama olarak verilmistir.

3. Bulgular ve Tartisma

E. cardamomum’un tohumlarindan farkli c¢oziicilerle
ekstraktlarin  disk  difiizyon
kullanilarak belirlenen antibakteriyel aktivite sonugclari
Tablo 1’de verilmistir. Antibakteriyel aktivite ¢alismasi
sonrasinda gozlemlenen inhibisyon zonlar1 ekstraksiyon
isleminde kullanilan ¢6ziicii ¢esidi ve test edilen
bakterilere bagh olarak degisiklik gostermektedir. Etanol,
aseton, etil asetat ve Kkloroform ekstraktlar: tiim

hazirlanan metodu

aseton, etil asetat, Kkloroform, su) kullanilmistir. .

Ekstrakt] hazr] da b difik : konsantrasyonlarda Staphylococcus aureus, Bacillus
straktlarin hazirlanmasinda - bazi - modifikasyonlar subtilis ve Klebsiella pneumoniae bakterilerine karsi
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antibakteriyel aktivite gostermistir. Calismadaki su
ekstraktlarinin (sicak su, soguk su) hazirlanan tiim
konsantrasyonlar: ile ¢alismada kullanilan ¢oziiciilerin
test edilen tiim bakteri suslarina karsi antibakteriyel
etkiye sahip olmadig1 goézlenmistir. Bundan dolay1 sicak
su ve soguk su eksraktlari ile ¢6ziicii olarak kullanilan
DMSO, etanol, aseton, etil asetat ve kloroform Tablo 1’e
dahil edilmemistir.

Calismada kullaunilan etanol, aseton, etil asetat ve

kloroform ekstraktlari hazirlanan tlim
konsantrasyonlarinda E. coli ve P. aeruginosa suslarina
kars1  antibakteriyel etki gdstermemistir. Gida

zehirlenmelerinde 6nemli bir patojen olan S. aureus ATCC
29213’un kakulenin tiim ekstraktlarina karst en duyarh
sus oldugu belirlenmistir.

Etanol ekstrakti en yiiksek antibakteriyel etkiyi S. aureus
bakterisine karsi géstermistir (13 mm, 12 mm, 10 mm, 9
mm). Aseton ekstraktinin tiim konsantrasyonlar1 S.
aureus ve B. subtilis bakterilerine karsi birbirlerine yakin
antibakteriyel etki gostermislerdir. Etil asetat ve
kloroform ekstraktlar1 en yiiksek antibakteriyel etkiyi S.
aureus bakterisine karsi gostermislerdir. S. aureus, B.
subtilis ve K. pneumoniae bakterilerine kars1 etkili olan
tiim ekstraktlarin icinde en yiliksek antibakteriyel etkiyi
etil asetat ekstraktinin 30 mg ml-'lik konsantrasyonu
gostermistir. K. pneumoniae bakterisine etkili olan etanol,
aseton, etil asetat ve kloroform ekstraktlar1 aym zon
capina sahip antibakteriyel etki gostermislerdir (Sekil 2,
3 ve 4). Antibakteriyel aktivitenin goézlemlendigi petri
plaklar1 Sekil 5, 6 ve 7°de verilmistir.

Tablo 1. Kakule esktraktlarinin antibakteriyel aktivite sonuglari

Ekstraktlar Bakteriler

EC SA BS KP PA
Etanol (30 mg ml1) - 13 9 6 -
Etanol (15 mg ml-1) - 12 8 6 -
Etanol (6 mg ml1) - 10 8 6 -
Etanol (3 mg ml1) - 9 7 6 -
Aseton (30 mg ml-1) - 8 7 6 -
Aseton (15 mg ml-1) - 7 7 6 -
Aseton (6 mg ml-1) - 8 9 6 -
Aseton (3 mg ml1) - 7 6 6 -
Etil asetat (30 mg ml-1) - 15 9 6 -
Etil asetat (15 mg ml-1) - 11 8 6 -
Etil asetat (6 mg ml-1) - 10 8 6 -
Etil asetat (3 mg ml-1) - 11 7 6 -
Kloroform (30 mg ml-1) - 14 10 6 -
Kloroform (15 mg ml-1) - 13 8 6 -
Kloroform (6 mg ml-1) - 10 7 6 -
Kloroform (3 mg ml-1) - 7 6 6 -
Kloramfenikol (10 pg) 17 16 22 24 18

EC= Escherichia coli ATCC 25922, SA= Staphylococcus aureus ATCC 29213, BS= Bacillus subtilis ATCC 6633, KP= Klebsiella pneumoniae
ATCC 700603, PA= Pseudomonas aeruginosa ATCC 29853, Rakamlar: 6 mm’lik disk ¢ap1 dahil inhibisyon zon ¢aplari mm olarak ifade

edilmistir ve ti¢ tekrarin ortalamasidir.

El E2 E3 E4 Al A2 A3 A4

16
14
1

N

1

o

inhibisyon zonu (mm)

o N b O

EA1 EA2 EA3 EA4 K1 K2 K3 K4

Ekstraktlar

Sekil 2. Bitki ekstraktlarinin S. aureus ATCC 29213’e karsi antibakteriyel aktiviteleri (E1= Etanol (30 mg ml-1), E2=
Etanol (15 mg ml1), E3= Etanol (6 mg ml-1), E4= Etanol (3 mg ml-1), A1= Aseton (30 mg ml-1), A2= Aseton (15 mg ml-1),
A3= Aseton (6 mg ml-1), A4= Aseton (3 mg ml-1), EAl= Etil asetat (30 mg ml-1), EA2= Etil asetat (15 mg ml-1), EA3= Etil
asetat (6 mg ml1), EA4= Etil asetat (3 mg ml-1), K1= Kloroform (30 mg ml1), K2= Kloroform (15 mg ml-1), K3=
Kloroform (6 mg ml-1), K4= Kloroform (3 mg ml-1), KL= Kloramfenikol).
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25

20

15

10

wv

inhibisyon zonu (mm)

El E2 E3 E4 Al A2 A3 A4 EA1 EA2 EA3 EA4 K1 K2 K3 K4
Ekstraktlar

Sekil 3. Bitki ekstraktlarinin B. subtilis ATCC 6633’e karsi antibakteriyel aktiviteleri (E1= Etanol (30 mg ml-1), E2=
Etanol (15 mg ml-1), E3= Etanol (6 mg ml-1), E4= Etanol (3 mg ml1), Al= Aseton (30 mg ml-1), A2= Aseton (15 mg ml-1),
A3= Aseton (6 mg ml-1), A4= Aseton (3 mg ml-1), EA1= Etil asetat (30 mg ml-1), EA2= Etil asetat (15 mg ml-1), EA3= Etil
asetat (6 mg ml1), EA4= Etil asetat (3 mg ml-1), K1= Kloroform (30 mg ml-1), K2= Kloroform (15 mg ml1), K3=
Kloroform (6 mg ml-1), K4= Kloroform (3 mg ml-1), KL= Kloramfenikol).
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Sekil 4. Bitki ekstraktlarinin K. pneumoniae ATCC 700603’e kars: antibakteriyel aktiviteleri (E1= Etanol (30 mg ml-1),
E2= Etanol (15 mg ml-1), E3= Etanol (6 mg ml-1), E4= Etanol (3 mg ml-1), A1= Aseton (30 mg ml-1), A2= Aseton (15 mg
ml-1), A3= Aseton (6 mg ml-1), A4= Aseton (3 mg ml-1), EA1= Etil asetat (30 mg ml-1), EA2= Etil asetat (15 mg ml-1), EA3=
Etil asetat (6 mg ml-1), EA4= Etil asetat (3 mg ml1), K1= Kloroform (30 mg ml-1), K2= Kloroform (15 mg ml-1), K3=
Kloroform (6 mg ml-1), K4= Kloroform (3 mg ml-1), KL= Kloramfenikol).

Sekil 5. S. aureus ATCC 29212’e kars1 gozlemlenen inhibisyon zonlari.
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Sekil 7. K pneumoniae ATCC 700603’e karsi gozlemlenen inhibisyon zonlari.

ekstraktlarinin  test
etkisinin bulunmadig1

kakulenin sulu
inhibitor

belirlenmistir. Yapilan ¢alismalarda ise kakulenin sulu
ekstraktinin bakteriler i¢in inhibitér oldugu bildirilmistir
(Arora ve Kaur, 2007; Kaushik ve ark., 2010). Kakulenin
sulu ekstraktinin antibakteriyel aktivitesiyle ilgili baska
bir calismada ise bizim ¢alismamizla uyumlu sekilde

Calismamizda,
bakterilerine Kkarsi

kakulenin sulu ekstraktinin antibakteriyel etkisinin

bulunmadig1 bildirilmistir (Ahmad ve ark, 1998).
Calismalardaki farklhiliklar  kullanilan  ekstraksiyon
yontemleri ve bakteri suslariin  farkliligindan
kaynaklanabilir.

Agaoglu ve ark. (2005), kakule tohumlarinin dietil eter
ekstraktinin cesitli mikroorganizmalara karsi
antimikrobiyal etkisini disk difiizyon yontemi ile
belirledikleri c¢alismada, dietil eter ekstraktinin P.
aeruginosa’'ya kars1 antibakteriyel etkisinin

bulunmadigini, kakuleye karsi en duyarh bakterinin ise S.
aureus oldugunu bildirmislerdir. En zayif inhibitor etkiyi
ise E. colide gozlemlemislerdir. Bulduklari sonuglar
calismamizla  uyumluluk  goéstermektedir. Bizim
calismamizda da P. aeruginosa’ya karsi antibakteriyel
etki gdzlenmezken, kakule ekstraklarina karsi en duyarh
bakterinin S. aureus oldugu, E. coli bakterisine ise
inhibitor etkinin bulunmadigi belirlenmistir.

El Malti ve ark. (2007), yaptiklar1 ¢alismada kakule
tohumlarindan etanol ile oda sicaklifinda 5 giin boyunca
maserasyon yontemiyle ekstrakt hazirlamiglar ve agar
diliisyon metoduyla izole bakterilere karsi antibakteriyel
aktivitelerini  belirlemislerdir. Calisma sonucunda,

ekstraktin S. aureus, P. aeruginosa ATCC 27853, K.

pneumoniae bakterilerine karsi ise iyi seviyede ancak E.
disik seviyede etki gosterdigini
bildirmislerdir. Kakulenin ekstraktinin  test
ettikleri tiim bakterilere karsi c¢ok etkili oldugunu
bulmuslardir. Yapilan bu c¢alisma ile bizim yaptigimiz
calisma sonuclarimiz arasinda benzerlik bulundugu gibi

coli bakterisine
etanol

farkliliklar da bulunmaktadir. Gézlenen farkliliklar hem
ekstraksiyon yonteminin ve antibakteriyel aktivitenin
belirlenmesinde kullanilan farkli
olmasindan, hem de c¢alismada kullanilan bakteri
suslarinin farkli olmasindan kaynaklanabilir.

Yassin ve ark. (2022), Suudi Arabistan’dan temin ettikleri
kakule tohumlarini su, etanol, etil asetat ve n-hekzan
¢oziciileri ile manyetik karistiricida bir gece boyunca
ekstraksiyon islemine tabi tutmuslardir. Antibakteriyel
etkiyi belirlemede disk difiizyon yontemini kullandiklar:

yontemlerin

calismada, test mikroorganizmalarina karsi en etkili olan
ekstraktin etanol ekstrakti oldugunu bildirmislerdir.
Calismamizda da ekstrakti
ekstraktlardan birisi olarak belirlenmistir.

etanol etkili olan

4. Sonu¢

Baharatlarin ylizyillardir mutfak ve tibbi amaglarla
kullanildig), yiyecek ve iceceklerin tadini ve rengini
iyilestirmenin yami sira, hem akut hem de kronik
hastaliklara karsi koruma sagladigi bildirilmektedir
(Jiang, 2019). Yapilan literatiir arastirmalarinda kakule
ekstraktlarinin calismada test edilen bakteri suslarina
karsi antibakteriyel aktiviteleri ile ilgili bir ¢alismaya
rastlanmamigtir.  Kakule yapilan
calismada ki bakteri suslarina karsi antibakteriyel

ekstraktlarinin

BS] Eng Sci / Hatice TANER SARACOGLU

639



Black Sea Journal of Engineering and Science

etkisinin ilk kez ortaya konmasi 6nemlidir. Yaygin sekilde
kullanim1 bulunan kakulenin daha fazla bakteri susu ile
ilgili antibakteriyel etkinliginin belirlenmesi 6énem arz
etmektedir. Sonuglarimiz kakulenin geleneksel tibbi
kullanimin1  desteklemektedir. Antibakteriyel etkisi
bulunan bitki ekstraktlarinin kimyasal yapisinin daha
fazla aydinlatilmasi, bu bitkilerin bakteri kaynakl
infeksiyonlarin tedavisinde kullanilan antibiyotiklere
alternatif olmalarinin da 6niinii agacaktr.

Katki Orani Beyani
Yazarin katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

H.T.S.
K 100
T 100
Y 100
VAY 100
KT 100
YZ 100
GR 100
PY 100

K= kavram, T= tasarim, Y= yonetim, VAY= veri analizi ve/veya
yorumlama, KT= kaynak tarama, YZ= Yazim, GR= gonderim ve
revizyon, PY= proje yonetimi.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigin1 beyan
etmektedirler.

Etik Onay Beyam
Bu arastirmada hayvanlar ve insanlar lizerinde herhangi
bir ¢alisma icin etik kurul onay1

alinmamugtir.

yapilmadig1
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MIMARIDE BiYOFILiK TASARIM iCiN METINDEN GORUNTU
URETME POTANSIYELI OLAN YAPAY ZEKA ARACLARININ
KULLANIMI
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Ozet: Metinden goriinti liretme yetenegine sahip yapay zeka (YZ) sistemlerindeki ilerlemeler, mimarlik alaninda 6nemli ve yenilikgi
potansiyeller barindirmaktadir. Biyofilik tasarim ilkelerinin yapay zeka goriintii olusturma modelleriyle birlestirilmesi, yenilikei
mimari yaklasimlar icin yeni firsatlar sunmaktadir. Bu ¢alisma, dogayla baglant1 kurarak ofis ¢alisanlarinin konforunu ve ¢alisma
kapasitesini artirmayi amaglayan biyofilik ofis alanlari olusturmak i¢in metinden goriintii olusturan yapay zeka araglarinin nasil
kullanilabilecegini arastirmaktadir. Calisma, Browning, Ryan ve Clancy'nin (2014) arastirmasinda yer alan biyofilik kriterleri referans
alarak, mimari tasarimda biyofilik ¢oziimler tiretmek amaciyla yapay zeka sistemlerinin kullanilmasini incelemektedir. Makalede
Leonardo Al araci kullanilarak bu kriterlere uygun ofis alanlar: iiretilmistir. Yapay zeka aracina, biyofilik kriterler ile ilgili istemler
girildiginde biyofilik tasarim standartlarini karsilayan alanlar irettigi tespit edilmistir. Bu arastirma, yapay zeka destekli metin-
gorintll olusturmanin mimari tasarimin ilk asamalarda biyofilik tasarim diisiincesiyle entegre edilmesinde dnemli bir adima isaret
etmektedir. Sonug olarak calisma, yapay zekanin sadece goriintii olusturma kapasitesini degil, ayn1 zamanda biyofilik tasarim
ilkeleriyle uyum saglama yetenegini ve bu ilkeleri gelistirme potansiyelini géstermektedir.

Anahtar kelimeler: Biyofilik yaklasim, Yapay zek3, Biyofilik tasarim, Form bulma, Mimari tasarim

The Use of Text-To-Image Generation Artificial Intelligence Tools for the Production of Biophilic Design in
Architecture

Abstract: Advances in artificial intelligence (AI) systems capable of generating images from text hold significant and innovative
potential in the field of architecture. Combining biophilic design principles with Al image-generation models offers new opportunities
for innovative architectural approaches. This study explores how text-to-image Al tools can be used to create biophilic office spaces
that aim to increase the comfort and work capacity of office workers by connecting with nature. With reference to the biophilic criteria
in Browning, Ryan and Clancy's (2014) research, the study examines the use of artificial intelligence systems to generate biophilic
solutions in architectural design. In the article, Leonardo Al tool was used to produce office spaces that meet these criteria. When
prompts related to biophilic criteria were entered into the Al tool, it was found that it produced spaces that meet biophilic design
standards. This research points to an important step in integrating Al-assisted text-image generation with biophilic design thinking in
the early stages of architectural design. As a result, this study demonstrates not only the capacity of Al to generate images, but also its
ability to align with biophilic design principles and it’s potential to enhance these principles.
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1. Giris simiile etmeye c¢alismasi olarak ifade etmektedir.
Baslangicta sinirli bir islevsellige sahip olan yapay zeka
sistemleri, gliniimiizde makine 06grenimi teknolojisi

Mimarlik disiplini gegmisten giiniimiize tasarim felsefesi,
yontem, malzeme, kiiltiir ve farkl teknolojik uygulamalar

ile degisimler yasamaktadir (Shahid, 2024). Giiniimiizde sayesinde sinirlar1 zorlamaktadir. Bunun yaninda insan

yapay zeka araclari, akademide ve endiistride giderek diisinme siirecine giderek daha fazla benzeyen bir

daha fazla kullamlmaktadir (Paananen ve ark, 2023). yapiya dogru ilerlemektedir. Ozellikle metin tabanh
goriintli olusturan yapay zeka araglari, sahip olduklari

basit ara yilizler sayesinde herkesin rahatca

John Kelleher yapay zekayr normalde insan zekasi
gerektirdigi diisiintlen faaliyet ve gorevleri yerine

getirebilecek  hesaplamali  sistemler  gelistirmeye kullanabilecegi bir ara¢ haline gelmistir (Aslan ve Aydin,

odaklanan arastirma alami olarak tamimlamaktadir 2023). Metinden goriintiye sentezleme, metin

(Kelleher, 2019). Leach (2021) ise yapay zekamn yaygin aciklamalarindan gorilintii uretilmesi anlamina
tanimini, insan zihninin zekasim taklit etmeye veya gelmektedir (Souza ve ark. 2020). Bu araclar dgrenciler,
BSJ] Eng Sci / Giines Mutlu AVING 641
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mimarlar ve 6nde gelen mimarlik firmalar tarafindan
konsept asamasinda kullanilmaktadir (Leach, 2021).

Bu baglamda bu ¢alismada, yapay zekad araglan ile
biyofilik yaklasim kriterlerinden yola c¢ikilarak metinden
denenmistir.  Calisma
kapsaminda  gerceklestirilen taramasi,
mimarlikta ve biyofilik tasarim kesisiminde yapay zeka

goriintii  olusturma  siireci

literatiir

uygulamalar1 iizerine yapilan arastirmalarin az sayida
yayinla hala yeni bir konu oldugunu gostermektedir.
Ornegin  Hung ve Chang (2021)
gerceklestirilen calismada, peyzaj unsurlarinin insanlarin
psikolojik durumu tizerindeki etkisini tahmin etmek icin
bir yapay zeka goriintii tanima sistemi kullanilmistir.
Chang ve ark. (2020) ise bir sosyal medya platformu olan
Flickr'a kullanicilar tarafindan yiiklenen sosyal medya
fotograflarini, Google Cloud Vision API'yi kullanarak
incelemistir. Arastirmada kullanicilarin bulunduklar:
mekanlar, biyofilik tasarim baglaminda analiz edilmistir.
Viliunas ve Grazuleviciute-Vileniske (2022) tarafindan
yuriitilen arastirmada ise, yapay zekd tabanl
VQGAN+CLIP araci kullanilarak sekil bulma deneyi ve
goriintii degerlendirme gerceklestirilmistir. Bu ¢alismada
biyofilik tasarim kriterleri baglaminda iiretilen sanatsal
goriintiiler degerlendirilmistir. Bu arastirmada ise
Leonardo Al araci ile Browning, Ryan ve Clancy (2014)

tarafindan

tarafindan tamimlanan biyofilik tasarim kriterleri
kullanilarak ofis mekan tasarimlar1 gergeklestirilmistir.

Buradan hareketle ¢alismada asagida yer alan sorulara

yanit aranmistir.
= Metin-goriintii olusturucular (text-to-image
generators), mimari tasarimin ilk asamalarinda

biyofilik tasarim diisiincesini nasil destekleyebilir?
= Metin-goriintii (text-to-image
generators), biyofilik tasarim Kkriterlerine uygun

olusturucular

tasarimlar iretebiliyor mu? Leonardo Al biyofilik
kriterleri nasil yorumlamakta ve
gorsellestirmektedir?

Bu sorulardan hareketle ilk olarak literatiir incelenmesi
yapilarak metin tiretmek icin kullanilacak biyofilik
kriterler belirlenmistir. Daha sonra herkes tarafindan
erisilebilen yapay zeka tabanl bir arag¢ olan Leonardo Al
kullanilarak metinden goriintii elde etme denemeleri
gerceklestirilmistir. Bu denemeler sonucunda {iretilen
gorintiiler; biyofilik kriterler ve mevcut biyofilik tasarim
mekanlar1 ile karsilastirilarak  degerlendirilmistir.
Boylelikle bu calisma, biyofilik tasarim pratigine bilgi ve
ilham verebilecek yapay zeka destekli aragla iliskili
yetenekleri ve aydinlatmay1
amaclamaktadir.

1.1. Biyofilik Tasarim

Doga ile iletisim kurma arzusu veya egilimi “Biophilia”
kavrami ile ifade edilmektedir. Bu terimden tiiretilen
biyofilik yaklasim ise, insanoglunun dogustan gelen

sinirlamalar:

biyolojik baglantisi, dogayla iletisim kurma arzusu ve
egilimi olarak tanimlanmaktadir (URL-1). Biyofili fikri,
dogal slireglere uyum saglayarak biyolojik olarak
gelistigimiz insan evrimi anlayisindan
kaynaklanmaktadir (Kellert ve Calabrese, 2015). Bu

yaklasim, glniimiizde insanlarin fiziksel ve zihinsel
sagligl ve refahi icin kritik 6nem tasimaktadir (Wilson
1986, Kellert ve Wilson 1993, Kellert 1997, Kellert,
2012). Biitlin bunlara ek olarak bu yaklasim, insanlarin
dogayla dogustan ve derin bir baga sahip oldugu ve dogal
unsurlarin yapili mekanlara entegrasyonunun bireylerin
psikolojik refahi, fiziksel sagligt ve yasam kalitesi
izerinde o6nemli bir etkiye sahip olabilecegi fikrine
dayanmaktadir (Kellert ve ark., 2011). Kullanicilar1 dogal
cevreyle yeniden bulusturmayr amaglayan bu yaklasim
(Rios-Rodriguez ve ark. 2023) ile tasarlanan mekanlar
sayesinde, stres azalmakta, yaraticilik ve diisiince netligi
gelismekte, saglik iyilesmektedir. Diinya niifusunun artan
oranda sehirlere yerlesmesiyle birlikte, bu o&zellikler
giderek daha biiyiik bir 6nem kazanmaktadir (Browning
ve ark., 2014). Biyofilik tasarimin hedefi, modern yap1 ve
peyzaj uygulamalarinin eksikliklerini gidermek ve
insanlarin yapili cevrede dogal bir deneyim yasamalarini
saglayacak bir cerceve olusturmaktir (Kellert ve ark,
2008, Kellert 2005, Kellert ve Finnegan 2011, Browning
ve ark.,, 2014).

Dolayisiyla biyofilik tasarimin amaci, insanlar i¢in saglikl
bir yasam ortami olusturmak ve onlarin saglik, canlilik ve
mutlulugunu artirmak olarak o6zetlenebilir. Biyofilik
tasarimin etkili bir sekilde uygulanabilmesi i¢in belirli
temel ilkelerin tutarl bir sekilde izlenmesi gereklidir. Bu
ilkeler,  biyofilik etkili bir sekilde
gerceklestirilmesi  igin gereklilikleri  ifade
etmektedir (Kellert ve Calabrese, 2015). Son ¢alismalar,
biyofilik tasarimin insan saghgina olumlu etkilerini
somut bir sekilde destekleyerek, insanlar ile doga
arasindaki iligkiye dair bilimsel kanitlar giiclendirmekte
ve tasarim arastirmalar ile pratiginde 6énem derecesini
artirmaktadir (Browning ve ark., 2014).

tasarimin
temel

Biyofilik yaklasim, doga ile baglanti kurmak, insanlara
daha az stres ve daha fazla genel saglik ve refah ile
saglikll alanlarda yasama ve ¢alisma firsati sunmak i¢in
gerekli goriilmektedir (Browning ve ark., 2014; Hartig ve
ark., 2014; Nieuwenhuijsen ve ark., 2017). Bu dogrultuda,
¢ok sayida ¢alisma yapili ¢evredeki onarici deneyimleri
kesfetmeye odaklanmaktadir (Korpela, ve ark., 2008;
Korpela ve ark., 2010; Scopelliti ve ark., 2019).
Arastirmacilar biyofilik

uygulamalarina rehberlik edecek Kkriterleri belirlemeye

tarafindan tasarim
yonelik ¢cok sayida oOneri gelistirilmistir (Browning ve
ark, 2014; Kellert ve Calabrese 2015). En yeni
onerilerden biri, Browing ve ark. (2014) tarafindan
gelistirilen on dort kriterdir (Tablo 1).

Biyofilik tasarimin kullanimiyla yapili g¢evreyi dogaya
baglamak, calisanlarina
iretkenlige kadar ¢ok biiytik faydalar saglayabilmektedir.
Literatiirde biyofilik tasarim baglaminda yapay zeka
uygulamalarinin kullanimi az sayida yayinla giincelligini

kuruluslara ve refahtan

korumaktadir. Buradan hareketle bu ¢alismada Tablo
1’de belirtilen 14 biyofilik kriter kullanilarak yapay zeka
araci ile biyofilik mekan tasarimi gerceklestirilmistir.
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Tablo 1. Browning ve ark. (2014) tarafindan tanimlanan
biyofilik kriterler

Kategori Biyofilik Tanim
1. Dogaile Doganin unsurlarina,
2.Dogaile Dogaya, canli
duyusal sistemlere veya
3. Diizensiz Dogayla istatistiksel
duyusal olarak analiz
Mekanda 4. Sicaklik ve Hava sicakliginda,
Doga hava akisi bagil n?mde, ciltteki
5. Suyun varhig: Suyu gorme, duyma
veya dokunma
6. Dinamik ve Dogada olusan
daginik 1sik kosullar1 yaratmak
7.Dogal Dogal siireclerin,
sistemlerle ozellikle de saglikh
8. Biyomorfik Dogada varligin
formlar ve stirdiiren konturlu,
Dogal 9.Doga ile Minimal isleme
Benzerlikler malzeme yoluyla yerel
10. Karmasiklik Dogada
ve diizen karsilasilanlara
11. Beklenti Gozetleme ve
12. Sinma Bireyin arkadan ve
Mekanin tepeden korundugu,
- Kismen gizlenmis
Dogasi : - e
13. Gizem gorisler veya kisiyi
¢evrenin daha
14. Risk / Giivenilir bir

1.2. Metinden Goériintii Uretme Potansiyeli Olan
Yapay Zeka Araglari

Derin liretken modellere dayanan metinden goriinti
iretim sistemleri; dijital goriintiiler, mimari ve sanat
eserler lretmenin popiiler araglar1 haline gelmistir
(Crowson ve ark, 2022; Rombach ve ark, 2022).
Metinden goriintiiye doniistirme araglarn ¢evrimici
olarak ortaya ¢ikmistir. Dogal dilde bir giris istemi
(prompt) verildiginde, bu {lretken sistemler dijital
goriintiileri sentezleyebilmektedir (Oppenlaender, 2022).
Metinden goriintiiye doéniistiirme araglari, fikir iiretme
fikirlerin dogal dille hizli bir sekilde
kavramsallastirilmasina olanak saglayarak, mimarlarin
ve tasarimcilarin fikirlerini gelistirme ve iletme

stirecinde

sekillerini dontistiirme potansiyeline sahiptir (Paananen
ve ark., 2023). Genis Kkitlelere ulasan bir trend haline
gelen metinden goriintiiye doniistiirme araglariyla bircok

Uygulama icin Biyofilik
Kriterlerin Belirlenmesi

=

H Uygulama yapilacak Yapay
H  Zeka aracinin belirlenmesi

Browning, Ryan &
Clancy (2014) tarafindan
gelistirilen biyofilik
kriterler

Leonardo Al

Sekil 1. Yontem akis semasi.

kisi dijital goriintiiler ve sanat eserleri olusturma
yetenegi kazanmaktadir (Oppenlaender, 2022).

Stable Diffusion, Midjourney, DALL-E (2), WOMBO
Dream, craiyon, NightCafe, Starry Al, Pixray ve Leonardo
Al gibi YZ araglar1 verilen metin parametrelerine dayal
olarak dijital grafikler {retebilen iiretken yazilim
sistemleridir. YZ tabanl modeller, goriintii olusturmaya
baslamak icin dokular, aydinlatma ve renk semalar1 gibi
cesitli bicimlerde ¢ok sayida bilgi toplamaktadir (Cobb,
2023). Algoritma, altta yatan korelasyonlar1 ve kaliplari
belirlemek i¢in bu verileri analiz ederek kullanmaktadir.
YZ sistemleri, makine 6grenme teknolojileriyle birlikte
internet sitelerinden toplanan gorsel ve yazinsal veri
kiimelerini metinden gorunti
olusturmaktadir. Bu sistemler, kullanicinin komutlarina
gore daha 6nce var olmayan gorseller yaratabilmektedir.
Metin girdisi, goriintii olusumunda o6nemli bir rol
oynamaktadir;  her farkli  parametreleri
degistirerek yapay zekanin yolunu belirlemektedir. Her
sozcik, gorsel ¢iktiy1 etkilemekte ve kiiciik degisiklikler
bile biiyik farklihklara yol agabilmektedir (Aslan ve
Aydin, 2023). Bununla birlikte anahtar kelimelerin tekrar
girilmesi ayni sonuglar1 vermemektedir. Clinkii program
her 6rnek i¢in internette bulunan cesitli benzer fotograf
ve gorsellerden rastgele se¢cim yaparak nihai goriintiide

kullanarak

kelime

bunlara farkli bir oran vermektedir. Ayrica komut
dosyasi, kullanici  se¢imlerinin siirekli incelenmesi
yoluyla daha iyi gorsellestirmeler iiretmeyi 6grendikge,
uyum saglayabilmekte ve degisebilmektedir. Sonug
olarak, komut dosyasi tarafindan iiretilen her goriinti
farkli olmaktadir (Chiu, 2023).

2. Materyal ve Yontem

Sanal ortamlar ve iiretken yapay zeka tabanli sanat
uygulamalari, mimari sekiller ve estetigin denenmesi i¢in
bircok olanak saglamaktadir. Leonardo Al metin
alintilarindan ve anahtar kelimelerden yeterli gorsel
kalitede goriintii iretmektedir (URL-2). Bu c¢alismada,
analiz icin istemlere (prompts) bagl olarak cesitli
sonuglar iiretmek iizere Leonardo Al yapay zeka metin-
imge olusturma araci secilmistir. Metinden goriintiiye
yapay zekd tabanl araci kullanarak biyofilik sekiller
tiiretme olasiligini test etmek icin Browning, Ryan &
Clancy (2014) tarafindan gelistirilen 14 biyofilik tasarim
kriteri kullanilmistir. Calismada izlenen adimlar Sekil
1’de gosterilmistir.

Metinden Gériintii Elde
Etme

Goriintiilerin Se¢ilmesi

Leonardo Al tarafindan
olusturulan gérseller
arasindan se¢im

Kriterleri iceren
istemlerin tanimlanmasi
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2.1. Yapay Zeka-Gériintii Uretimi

Leonardo Al ile her denemede doért goriintii elde edilmis
ve en uygun goriintlii secilmistir. Bu boliimde biyofilik
kriterler i¢in tanimlanan istemlere ve tretilen ¢iktilara
dair degerlendirmeler sunulmaktadir.

2.1.1. Mekdnda doga

Leonardo Al'da ilk olarak “mekanda doga” biyofilik
kriterini iceren istemler (prompts) yazilmis ve denemeler
yapilmistir. Metinsel talimatlar (Zamfirescu-Pereira ve
ark, 2023) (prompt)
olusturulurken, kritere uygun amaca, dogru yazim ve dil
kullanimina dikkat edilmistir. Bununla birlikte farklh

olarak adlandirilan istem

ifade bigcimleri denenmis ve biyofilik yaklasima en uygun
gorseller secilmistir. Bu baglamda ilk olarak “doga ile
gorsel baglant1” kriteri icin “Design a work office that
provides a visual connection to living systems and natural
processes, such as the natural flow of a body of water,
plants, vegetation. The office has a view of water, forest,
green plants” istemi yazilmistir. Uretilen gérseller
arasindan Sekil 2’de yer alan tasarimlar segilmistir.

Yapay zeka tarafindan ulasilan gorseller, doga ile gorsel,
duyusal baglantilarin gergeklestirilebilecegi ortamlar
sunmaktadir. Bununla birlikte iirettigi gorseller arasinda

“suyun varhigl” da s6z konusudur (Sekil 3).

Sekil 3. “Mekanda Doga” kriteri i¢in olusturulan farkl gorseller.

2.1.2. Dogal benzerlikler

“Dogal benzerlikler” biyofilik kriterini iceren istemler
(prompts) Leonardo Al'da yazilmis ve denemeler
yapimistir. “Dogal benzerlikler” kriteri icin “Design a
work office with symbolic references to contoured,
patterned, textured or numerical arrangements that exist
in nature, reflecting local ecology or geology through
minimal processing and creating a distinct sense of place,
materials and elements from nature, rich sensory
information connected to a spatial hierarchy similar to
those encountered in nature.” Ve daha sonra “Design a
large open space office with natural materials, patterns,
textures and biomorphic elements.” istemi yazilmistir.
Uretilen gérseller arasindan Sekil 4’te yer alan tasarimlar
secilmistir.

2.1.3. Mekanin dogasi

“Mekanin dogas1” kriteri icin biyofilik kriterini igeren
istemler Leonardo Al aracina metin olarak belirtilmistir.
Bu baglamda “Design an open office space with several
enclosed sides (reading nooks, booth seating, bay window
seats, four-poster beds, gazebos, shade trees, passages,
covered walkways or patios” ve “Design a reading corner
in the office that integrates with the enclosed space on

several sides, in the form of a sheltered reading corner that
is part of the wall” istemler olarak girilmistir. Bu istemler

dogrultusunda tiretilen gorseller Sekil 5’te
sunulmaktadir.
“Siginak”, “Gizem” ve “Risk/Tehlike” i¢in iretilen

mekanlarin tamamen kapali olmadig1 goériilmektedir.
gozetim icin
isitsel

Bununla birlikte {retilen mekanlar,

cevredeki  ortamla temas
saglamaktadir.

2.1.4. Farkli anahtar kelimelerle tasarim iiretimi

gorsel  veya

Yapay zekaya dogrudan biyofilik tasarim kavramini
iceren bir istem yazildiginda dogal o6geler iceren
mekanlar Urettigi goriilmektedir. Bunun i¢in “Design a
biophilic office that incorporates biophilic design criteria”
istemi yazildiginda Sekil 6’da yer alan gorseller
tiretilmistir. istem olarak “Biophilia refers to the innate
biological connection of human beings with nature. Design
a biophilic office that reduces stress at work, promotes
good health and strengthens the
connection.” yazildiginda elde edilen goriintiilerde acgiga
cikan benzer yesil alanlar goze c¢arpmaktadir. Bu
gorsellerde yesil zeminler, dogal renkler ve bitkiler
goriilmektedir. Ozellikle bitkisel 6geler iceren yesil duvar

human-nature
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tasariminin  siirekli  alternatif  olarak
goriilmektedir (Sekil 7).

2.2. Leonardo Al ile Uretilen Gérsellerin Mevcut
Tasarimlar ile Karsilastirilmasi

Calismanin bu béliimiinde Browning, Ryan & Clancy,
(2014)
Leonardo Al aracina istem olarak girilmesi ile iiretilen
biyofilik  ofis secilen  gorseller,

tasarimcilar tarafindan iretilen biyofilik ofis mekan

tretildigi

tarafindan tanimlanan biyofilik kriterlerin
mekanlarindan

gorselleri ile karsilastirillarak tartisilmistir. Bu tartisma,
“doga ile gorsel baglanti” kriteri i¢cin su 6gesinin
kullanimi, “dogal benzerlikler” kriteri icin biyomorfik
formlar ve son olarak “mekanin dogas1” biyofilik kriteri
icin siginak oOgeleri lizerinden ylriitilmiistiir. Bu
karsilastirmanin  sebebi yapay

zekd ve mimarlar

tarafindan iretilen tasarimlarin benzerliklerinin ve
farklilhiklarinin tespit edilmesidir.

Bu dogrultuda “doga ile gorsel baglant1” kriteri icin su
0gesinin kullanimi, Leonardo Al ve biyofilik ofis
tasariminda su 6gesi kullanimi i¢in yapilan arastirma
sonucunda ulasilan 6rnek ile karsilastirilmistir. Yapay
zeka ile tretilen gorsel, MIA Design Studio tarafindan
(Abdel, 2022a) ve
Andyrahman Architect tarafindan tasarlanan Biophilic
Office (Abdel, 2022b) igerisindeki su 0Ogesi ile
karsilastirllmistir (Sekil 8). YZ aracinin uygulanmis
orneklere benzer sonuglar iirettigi goriilmektedir. Mekan
icerisinde su dgesi, genis cam cepheler ve bitkisel 6geler
ile birlikte kullanilmistir.

tasarlanan Mr.Green’s  Ofisi

Sekil 7. Biophilia kavraminin tanimini igeren istem ile liretilen gorseller.
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Sekil 8. Leonardo al tarafindan tiretilen gorsel, Mr.Green'’s Ofisinde yer alan su 6gesi, MIA Design Studio (Abdel, 2022a),

Biophilic Office, Andyrahman Architect (Abdel, 2022b).

“Dogal benzerlikler” kriteri icin DWP ofisi tarafindan
tasarlanan Dubai’deki ofis tasarimi yapay zeka tiretimi ile

karsilastinlmigtir. iki gdrseldeki biyomorfik formlar
karsilastirildiginda,
tasarim ile farklihk gostermektedir. Bunun yaninda
iretilen gorselin de mevcut gorseldeki gibi tavandan
baslayip duvar boyunca devam eden bir egrisellik

yapay zekd iretiminin mevcut

URL-4).

3. Bulgular ve Tartisma

Yeni nesil yapay zeka sistemleri, basit kullanici ara
ylzleriyle gorinti olusturmay1
kolaylastirmaktadir. Mimarlar, 06grenciler ve diger

metinden

kullanicilar bu uygulamalardan faydalanabilmektedir.
Ancak kullanicilar arasindaki etkilesimler farkli sonuglar
dogurabilmektedir. Clinkii yapay zeka tarafindan tretilen
goriintiilerdeki yaraticilik, kullaniciyla sistem arasindaki
etkilesimden kaynaklanmaktadir.

Sekil 10. Leonardo Al ve The Shard Living Lab, DaeWha Kang Design tarafindan liretilen okuma kosesi (Wang, 2018;

icerdigi goriilmektedir (Sekil 9).

“Mekadnin dogas1” biyofilik kriteri i¢in yapay zeka ve
tasarimcilar  tarafindan iretilen siginak  dgeleri
karsilastirllmistir. Yapilan karsilastirma ile YZ aracinin
da bu konuda uygulanabilir ¢dziimler sundugu tespit

edilmistir (Sekil 10).

_

Bu arastirmada biyofilik yaklasim kriterleri ile
olusturulan istemler yapay zeka aracina girilerek gorsel
sorgulanmistir. Calisma kapsaminda
gerceklestirilen denemeler, biyofilik  kriterlerin
tanimlandig1 istemler ile biyofilik 6zelliklere sahip benzer
mekanlar olustugu gézlemlenmistir.

Calisma  kapsaminda  gerceklestirilen

uretim

denemeler,
mimarlarin ve tasarimcilarin yapay zeka araglar ile
metin-gorsel olusturma tekniklerini ilham kaynagi olarak
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kullanabilmeleri icin gerekli bilgi ve bilissel cerceveyi de
edinmeleri gerektigi sonucunu agiga ¢ikarmaktadir.
Mimari konsept diislincesinin erken asamalarinda imaj
olusturmay1 nasil benimsediklerini anlamak icin yapay
zeka ile form elde etmek dnemli olabilmektedir.
Metin-gorinti olusturucular (text-to-image generators),
mimari tasarimin ilk agamalarinda biyofilik tasarim
diisiincesini nasil destekleyebilir sorusuna yapilan
uygulama kapsaminda su cevaplara ulasilmistir:
=YZ ile biyofilik
diisiincesini desteklemektedir. Araca girilen istemler
dogru ifade edildiginde faydal
edilmektedir.
Metin-goriintii olusturucular (text-to-image generators),
biyofilik kriterlerine  uygun
liretebiliyor mu sorusuna yapilan uygulama kapsaminda
su cevaplara ulasilmistir:
=YZ ile biyofilik
kriterlerine uygun tasarimlar lretmektedir. Uygun
sonuclar iiretmek i¢in biyofilik kriterlerin ve icermesi

iretilen tasarimlar tasarim

sonuglar elde

tasarim tasarimlar

iretilen tasarimlar tasarim

gereken kavramlarin istem olarak agik¢a ifade
edilmesi gerekmektedir. Ornegin tasarlanan ofis
mekaninda su Ogesi isteniyorsa, su kavraminin
istemde yer almasi YZ aracinin su igeren bir tasarim
liretmesine yol agmaktadir.
biyofilik
denildiginde de dogal desenler, malzemeler ve dogal
ogeler iceren tasarimlar iiretmistir.
YZ doga ile baglanti kurmay1 hedefleyen biyofilik tasarim

= YZ araci sadece tasarim ofisi lret

yaklasimi ile tasarlanmis ofis mekanlar1 iiretimi igin
faydali bir aragtir. Bu c¢ercevede faydali sonuclar elde
etmek amaciyla biyofilik tasarim yaklagimi ile gorsel
liretmek isteyen arastirmacilarin istem (prompt) yazimi
konusunda bilgi sahibi olmasi gerekmektedir. Ciinkl
istemin dogru ifade edilmesi yapay zekanin verecegi
¢6ziimi yenilik¢i kilmaktadir.

Sonug olarak YZ yazilimlari, mimarlarin yerini alacak bir
sistem olarak degil, diger dijital programlar gibi
kullanilabilecek bir ara¢ olarak degerlendirilmelidir. Bu
baglamda goriintl liretiminde yasanan hizli gelismeler,
gorsel medya liretimiyle yogun olarak ilgilenen bir alan
siireclerini  ddniistiirme

olan mimarhktaki tasarim

potansiyeline sahiptir.

Katki Oran1 Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Yazar
makaleyi incelemis ve onaylamistir.

G.M.
K 100
T 100

100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iligkisi olmadigini beyan
etmektedirler.

Etik Onay Beyani

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma yapilmadigl ig¢in etik kurul onayi
alinmamustir.
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Abstract: Shilajit (Mumio) is a complex of natural bioactive compounds that has historically been used as a therapeutic cream for
many skin diseases. It is also used in traditional medicine for diseases such as diabetes Alzheimer's and cancer. In this study, to
determine the polyphenolic content of Shilajit, ultrasound assisted extracts (UAE) were obtained at 45 °C and analyzed by High
Performance Liquid Chromatography-Ultraviolet (HPLC-UV) for the quantitative analysis of ten different polyphenolic compounds.
Such a comprehensive content analysis has not been done for Shilajit before. As a result of the experimental study, 28.99+1.23 ug/g
rutin, 25.47+1.67 pg/g ferulic acid, 41.49+0.41 pg/g resveratrol and 532.19+8.21 pg/g taxifolin was determined. In this study,
532.1948.21 pg/g of taxifolin, which is found to be very effective against many diseases in the literature, is a very high value compared
to the literature. The results of this research will shed an important light to researchers working in the fields of extraction of bioactive
substances, food supplement production and pharmaceutical applications.
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1. Introduction

Shilajit, also known as salajit, shilajatu, mumio, mumie or
mummiyo, is a brown-black sticky solid compound
formed by the accumulation of plant and microbial
remains in crevices of rocks, caves and cliffs over many
years (Agarwal et al., 2007; Carrasco-Gallardo et al.,
2012). Raw Shilajit is found in cave cracks and rock
cavities about 1000 meters above sea level. It is located
predominantly in the Himalayas, Southern Kazakhstan
and Central Asian Alps Region (Aiello et al, 2011). The
physical and chemical properties of Shilajit obtained
from different regions are similar, but the percentage of
inorganic and organic components may vary (Kloskowski
et al, 2021; Pandit et al, 2016). Studies conducted to
determine the chemical composition of Shilajit reported
that the main component was 80% humic substances
(Kamgar et al,, 2023). Additionally, benzoic acid, fatty
acids, acids, carboxylic acids,
microelements and resin have been reported. (Agarwal et
al,, 2007; Ghosal et al.,, 1988; Schepetkin et al., 2009).
Shilajit has been used in traditional medicine for many
years, especially in eastern countries. According to a
World Health Organisation (WHO) report, approximately
80% of the world's population trust traditional medicine
for its therapeutic and preventive properties in human
health (Tran, et al, 2020). For this reason, researchers'

amino aromatic

interest in plant-based medicines is increasing globally

(Mahian and Sani, 2016). Shilajit, for example, is used
mainly in India to treat skin diseases and osteoporosis. It
is also thought to help protect against nervous system
diseases due to its neuroprotective activity. It is also
recommended for anemia, diabetes and asthma patients
due to its high iron content and antioxidant properties
(Ghosal et al., 1988; Ghosal et al, 1991; Agarwal et al,
2007; Cornejo et al,, 2011). When a general evaluation is
made, it is clear that many components in the structure
of Shilajit, especially the bioactive compounds, can
benefit human health. However, more studies are needed
to determine these components and their effects. Thus,
its international use will become widespread (Schepetkin
etal, 2009).

Shilajit contains a wide range of bioactive components
(dibenzo-a-pyrones, phenolic acids and terpenoids) and
phenolic compounds that are very beneficial for health,
as well as fulvic acid, humic acid and some minerals
(Pravin and Sunayana, 2022).

In this study, the presence and amounts of 10 different
polyphenolic compounds in the extracts of commercial
Shilajit (Figure 1) obtained by UAE method were
determined using HPLC-UV. Polyphenols are secondary
metabolites of plant origin and contain more than one
phenol group in their structure (Tapia-Quirés et al,
2022). Polyphenols include flavonoid (e.g., taxifolin and
rutin) and nonflavonoid (e.g, ferulic acid and
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resveratrol) compounds (Figure 2) (Purgatorio et al,
2024). These compounds provide severe benefits to
human health with their potent antioxidant, anti-
hepatoprotective,

inflammatory, antiviral, anti-

carcinogenic and anti-mutagenic properties (Chung et al.,
1998; Nijveldt et al.,, 2001; Purgatorio et al., 2024).

There are many studies in which bioactive compounds
are extracted from various sources using different

methods due to their benefits to human health (Routray
and Orsat, 2012). This is the first study in the literature in
which polyphenolic compounds from Shilajit were
extracted using the UAE method, and qualitative and
quantitative analyses were performed for ten different
polyphenolic substances with HPLC-UV. Considering the
benefits of bioactive compounds on human health, this
study will be enlightening for researchers.

o
H

(b) CysH .05

(a) CyoH,004

H A H

(©) C1sl,,05

(d) Cy7H50046

Figure 2. Chemical formulas and structures of some phenolic compounds; (a) ferulic acid, (b) taxifolin, (c) resveratrol,

(d) rutin.

2. Materials and Methods

2.1. Raw Material and Chemicals

Shilajit is commercially available in 5 g packs. Shilajit
sample was purchased from an herbalist in Ankara in its
commercial product form. Reference substances gallic
acid, caffeic acid, rutin, ferulic acid, taxifolin, resveratrol,
quercetin, silibinin, apigenin (= 98%) were obtained
from sigma aldrich Germany, kaempferol (= 95%) was
obtained from cayman USA. Analytically pure ethanol (=
99.99%) was used as a solvent, and analytically pure
methanol (= 99.99%) and acetonitrile (2 99.99%) were
used as mobile phase was obtained from Sigma Aldrich.
Analytically pure formic acid (2 99.99%) added to the
mobile phases was obtained from Merck (Germany). Pure
water used in the extraction was obtained by Heal Force
Smart Ultra Water Purification device.

2.2.Sample Preparation

The samples were taken out of their commercial
packages and prepared in 3 sets by dissolving two tablets

(10 g) in 75 mL of distilled water.

2.3. UAE Method

The UAE method provides very efficient extractions at
low temperatures and in a short time compared to
traditional methods. Weightlab Instrument WF-UD6
model device was used to extract bioactive components
from Shilajit. Optimum experimental conditions were
determined by minor changes in the extraction
conditions previously made with UAE (Nuralin, 2024).
Two Shilajit tablets (5 g each) were extracted in 75 mL of
pure water by ultrasonic extraction at 45 °C for 1 hour.
An external circulation water bath was used for constant
temperature. In this study, extractions were performed
in 3 repetitions and were presented at a 95% confidence
level.

2.4. HPLC Analysis

Quantitative analysis of bioactive compounds was
performed with Dionex 680 HPLC system (California,
USA) with a 4-channel UVD 170U detector and P680
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quad pump. Thermo brand C18 type HPLC column (4.6 x
150 mm, 3pm) was used in the analysis. The mobile
phase used in the analysis contains a volume of 0.1%
formic acid, 79.9% deionized water and 20% acetonitrile;
phase B contains 100% acetonitrile. Chromatograms
were obtained at 254 nm, suitable for observing
polyphenolic compounds. All absorption data were taken
at 254 nm. The mobile phase was run at a constant flow
rate of 1 mL/min. An elution gradient program with a
constant flow rate of 1 mL/min was performed as
follows: 0-18 min of 100% of A in B, 18-22.5 min 50-
50% of A in B, 22.5-25min 100% of A in B. The detection
wavelength of the UVD 170U detector was 254nm. The
precise mixture obtained from the extraction was given
to the HPLC device using a 20pul manual injection port. In
order to determine the concentration of gallic acid,
caffeic acid, rutin, ferulic acid, taxifolin, resveratrol,
quercetin, silibinin, apigenin, and kaempferol in the
samples, standard substances at different concentrations
(5ppm, 10ppm, 50ppm) in ethanol were prepared, and a
calibration curve was drawn. HPLC analysis was
performed in duplicate, and quantification of compounds
was made by averaging the two results. Concentrations
were calculated using the coefficients obtained from the
calibration study. In a study on Berberis vulgaris, rutin
and apigenin amounts were determined with similar
eluents and gradient programs (Nuralin and Giiri, 2022).
In another study, the amount of taxifolin was determined
using similar eluents and HPLC gradient program
(Ghoreishi et al., 2016).

3. Results and Discussions

HPLC-UV system is a widely used technique to analyze
the stable and highly reproducible properties of phenolic
compounds and their derivatives, such as resveratrol,
taxifolin and rutin (Fan et al, 2011). In this study, the
identification and quantification of 10 different
polyphenolic compounds were made by comparing the
retention times of the reference standards and the
characteristic chromatograms of the samples, and the
amount was calculated according to their peak areas.
Chromatograms of reference standards (10 ppm) of
bioactive compounds are given in Figure 3.

The marked peak belongs to taxifolin (1st peak; Gallic
acid, 2nd peak; Caffeic acid, 3rd peak; Rutin, 4th peak;
Ferulic acid, 5% peak; Taxifolin, 6th peak; Resveratrol, 7th
peak; Quercetin, 8th peak; Silibinin, 9t peak; Apigenin,
and 10t peak; Kaempferol). The retention time of
taxifolin in the 10 ppm standard mixture given in Figure
3is 10.045 minutes.

The retention time of taxifolin, which is the labeled peak
in Figure 4, is 9.997 minutes. When the retention times of
rutin, ferulic acid and resveratrol are compared with the
retention times of the standards in this chromatogram,
these four phenolic compounds were observed in Shilajit.
In order to determine the amount of rutin, ferulic acid,
taxifolin and resveratrol extracted as a result of the
experimental study, the peak areas obtained in the
chromatograms were calculated using appropriate
calibration factors, total extract volumes and sample
weights used in the experiments. As a result, 28.99+1.23
pg/g rutin, 25.47+1.67 pg/g ferulic acid, 532.19+8.21
pg/g taxifolin and 41.49+0.41 ug/g resveratrol were
determined from Shilajit by UAE method (Figure 5.).
Compared to other polyphenolic compounds, Shilajit
contains the highest amount of taxifolin using the UAE
method.

O
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Figure 3. Chromatogram of the mixture prepared for 10 ppm concentration of 10 different reference substances.
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Figure 4. Peaks of rutin, ferulic acid, taxifolin and resveratrol in the chromatogram of UAE extracted Shilajit.
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Figure 5. The amounts of rutin, ferulic acid, taxifolin and resveratrol extracted from Shilajit.

4. Conclusion

Shilajit has been used in many areas of traditional
medicine for many years. It is formed due to the
decomposition of substances such as plants, fungi and
lichens and their combination with rock minerals.
Considering the geography where it is located and the
vegetation that contributes structure, the
components it contains may vary. However, researchers
have determined that many compounds have high
bioavailability in their structure. In this study, ten
polyphenolic compounds were investigated in order to

to its

understand the polyphenolic component content of
Shilajit. The bioactive compounds extracted from Shilajit
by UAE method were analyzed by HPLC-UV and
28.99+1.23 pg/g rutin, 25.47+1.67 pg/g ferulic acid,
532.19+#8.21 pg/g taxifolin and 41.49+0.41 pg/g
resveratrol were found. The presence of exceptionally
high levels of taxifolin in Shilajit has been scientifically
observed. Besides the potent antioxidant and anti-
inflammatory activity of flavonoids, the unique bioactive
flavonoid taxifolin is a constituent of interest to dietitians
and medicinal chemists due to its wide range of health

benefits. In studies, taxifolin has shown a serious

41.49
taxifolin resveratrol
inhibitory effect against inflammation, microbial

infection, oxidative stress, cardiovascular disease and
liver disease. In this study, flavanoids, which have
important effects on human health, were obtained by
UAE, a short and simple extraction technique. In this
respect, the study and its results will contribute to
scientific literature, pharmacological research, and
RandD studies for food supplements.
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SUDOKU DENEME DESENININ TARIMSAL ARASTIRMALARDA
KULLANIMI
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Ozet: iki yonli heterojenligin bulundugu durumlarda ¢ift yonli bloklama islemi olan Latin Kare deneme deseni yaygin olarak
kullanilmaktadir. Denemede ikiden fazla heterojenlik bulundugu durumlarda Latin Kare deneme desenine alternatif olarak gelistirilen
Sudoku deneme deseni kullanilmaktadir. Bu sayede deneme hatasinin en aza indirilmesi saglanabilmektedir. Bu ¢calismada, Tip [, Tip II,
Tip Il ve Tip IV Sudoku deneme desenlerine ait ¢6ziimler verilmistir. Sudoku deneme desenleri i¢in ¢6ziim yapilabilmesi amaciyla Web
tabanli bir yazihm gelistirilmistir. Yazilimin gelistirilmesinde ASP (Active Server Pages) yazilim dili kullanilmistir. Sudoku deneme
desenlerinin pek ¢ok faktor ve heterojenlik kaynaginin denemelerde etkili oldugu ozellikle tarim gibi alanlarda g¢alisan bilim
insanlarina faydal olacag diisiiniilmektedir.

Anahtar kelimeler: Sodoku, Deneme deseni, Heterojenlik, Yazilim

Use of Sudoku Experimental Design in Agricultural Studies

Abstract: In the case of bi-directional heterogeneity, the Latin Square experimental design, which is a two-way blocking process, is
widely used. In cases where there are more than two heterogeneities in the experiment, Sudoku experimental design which is
developed as an alternative to Latin Square experimental design is used. Thus, it is possible to minimize the experimental error. In this
study, the solutions of Type I, Type II, Type III and Type IV Sudoku trial designs are given. Web-based software has been developed to
provide solutions for Sudoku experimental design. ASP (Active Server Pages) software language was used in the development of the
software. It is thought that the Sudoku experimental design, the source of many factors and heterogeneity are effective in the
experiments, can be useful especially the scientists working in fields such as agriculture.
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faktorlerin olan

1. Giris

Tarimda uygulanan denemelerde elde edilen sonuglarin
degerlendirilmesinde objektif sonuglara ulasmak icin

birbirlerinden  ayri
uygulanacak her bir Dbireye

uygulanmasi en dogru sonucu verir. Fakat bireylerin
birbirlerinden ayr1 olmasina sebep olan heterojenlik
kaynaklar1 uygulanan muamelelerin her bir bireye
etkilerini degistirmektedir. S6z konusu bu heterojenlik
kaynaklar1 deney hatasini artirmaktadir. Deney hatasini

bireylere
tim muamelelerin

istatistiki analiz yapmak ve bu analizin sonuglarina gore
yorumlamak gerekir. Ciinkii bu denemelerin homojen
olmasini engelleyen c¢evre kosullari, yas, 1rk, cinsiyet vs.
gibi gozlemlere ulasilmaktadir. Bu gézlemler arasindaki

farklar deneme kurucusunun kontrolii disinda olan
faktorlerden kaynaklanmaktadir. Kurulan iki denemenin
birine yeni bir muamele uygulayarak elde edilen deger,
muamele uygulanmayan denemeden elde edilen degerle
kiyaslayip yeni uygulanan muamele hakkinda bir sonug
elde etmek zordur. Ciinkii uygulanan yeni muamelenin
sonucunu etkileyen ve bilinmeyen etkileri oldugu
bilinmelidir (Bek ve Efe, 1989).

Ayni uygulandigt  deneme
sonucu etkileyen ve sebebi bilinmeyen
etkilerden dolay1 farkliligin
Olciisiine (varyansina) deneme hatasi denilmektedir

muamelenin uniteleri
arasindaki

tekerrirler arasindaki

azaltmak icin ise deneme parsellerini bloklama yontemi
ile daha giivenilir sonuglar elde edilebilir (Diizgiines ve
ark., 1987).

Planlanan denemelerde temel amag, iizerinde durulan
degiskene etkisi olabilecek diger faktorleri kontrol
altinda tutarak deneme hatasini minimuma indirmek ve
boylece etkisi incelenen faktoriin etkisini ortaya
koyabilmektir. Deneme hatasinin minimum olabilmesi
icin deneme materyalinin ve deneme initelerinin
homojen olmasi gerekmektedir. Tamamen homojen bir
deneme materyaline ve deneme iinitelerine ulasmak
¢ogu zaman mimkiin olmadigindan, heterojenligin

(Yildiz ve Bircan, 1991). sebep olabilecegi etkinin hesaplanarak modelden

Kurulan denemelerde kesin olarak gruplandirilamayan elemine ediIH}_ESi amaciyla  bloklama  yapmak
gerekmektedir (Onder, 2007).
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Kurulan denemeye uygulanacak analizin, denemenin
planina uygun ve dogru analizle denemenin homojenlik
durumu, muamele sayisi, bloklama durumu gibi faktorler
g0z Oniinde bulundurarak analiz se¢imi yapilmalidir.

Tesadiif Parselleri Deneme Plan1 en basit deneme
planidir, muameleler tamamen tesadiifi

deneme materyali

dagilir ve
Sansa bagh
dagilimda kisitlama yoktur. Deneme iiniteleri arasindaki
homojenligin yiiksek oldugu
materyalinin ve deneme tnitelerinin arastirici tarafindan
kontrol

homojen olmahdir.

durumlarda deneme

altinda tutulabilen laboratuvar ve sera
denemelerinde tesadiif parselleri deneme plani (Esitlik
1) yaygin kullanilir (Yildiz ve Bircan, 1991).
Yij=[l+ai+€ij (1)

i=1,2,..,mvej=12,..,r

Burada; p= popililasyon ortalamasi (genel ortalama
etkisi), a;= i inci muamele etkisi ve ej= tesadiifi hatay:
gostermektedir.

Tesadiif Bloklar1 Deneme Plani (Esitlik 2) heterojenligin
tek yonli oldugu denemelerde kullanilir. Heterojenligin
etkisi kaldirmak icin bloklama yapilir. Bu deneme
planinda uygulanan bloklama, deneme materyalinden ve
deneme {lnitelerinden kaynaklanan hatanin azaltilmasi
yoluyla deneyin hassashigini arttirir. Bazi deneylerde
ekonomik, fiziksel veya cevresel nedenlerden dolay1
yeteri kadar homojen deney elde edilemediginde bu
yontemi kullanmak zorunlu hale gelmistir. Bloklar kendi
icinde homojen kabul edilir (Celik, 2012).
fy - ey o
i=1,2,..,mvej=1,2,..,r

burada; p= popiilasyon ortalamasi (genel ortalama
etkisi), a;= i'inci muamele etkisi, §;= j'inci blokun etkisi ve
ej= tesadiifi hatay1 gostermektedir.

Latin Karesi Deneme Deseni (Esitlik 3) heterojenligin iki
yonlii oldugu denemelerde kullanilir. Sira ve siitun olarak
bloklama yapilir. Bu deneme diizeninde her satir, siitun
ve muamele sayis1 birbirine esit olmak zorundadir. Latin
kare deneme deseni tarim ve hayvancilik denemelerinde
yaygin olarak kullanilmaktadir (Derici
Tasdelen, 2012).

Yildirnm ve

Yij = pu+ai+fi+ye +ey

- - B (3)
i=1,2,..,m,j=1,2,..,rvek=1,..,p

burada; pu= (genel ortalama
etkisi), a;= i'inci siranin etkisi, §=j’inci siitunun etkisi, yx=
K'na hatay1
gostermektedir.

ikiden heterojenlik  bulundugu
durumlardan Latin Kare deneme desenine alternatif
gelistirilen Sudoku
kullanilmaktadir (Subramani ve Ponnuswamy, 2009).
Subramania ve Ponnuswamy (2009) ‘Construction and
Analysis of Sudoku Designs’ adli yapmis oldugu bu
calismada, Sudoku deneme deseninin tasarimlarinin
taniim1 ele alinmaktadir. Sudoku deneme deseninin
ve uygulamasi da tartisiimaktadir. Sayisal

popiilasyon ortalamasi

muamelenin etkisi ve ej= tesadiifi

Denemede fazla

olarak deneme deseni

analizi

verilerle de ¢ozlimleri gosterilmistir.

Saba ve Sinha (2014) ‘SuDoKu as an Experimental Design
- Beyond the Traditional Latin Square Design’ adl1 yapmis
oldugu calismada, Sudoku deneme deseni Latin kare
deneme deseninin ilging bir kombinasyonel yapisi oldugu
ve denemelerde ikiden fazla heterojenlik kaynagi
bulundugunda Sudoku deneme
kullanilabilecegini  belirtmistir. =~ Sudoku
deseninin 3x3 alt kare (9x9) sekli yaygin olsa da, 4x4 alt
kare (16x16) , 5x5 alt kare (25x25) kullanimlar1 da
miimkiind{ir.

Danbaba ve Shehu (2016) ‘On the Combined Analysis of
Sudoku Square Designs with Some Common Treatments’
yapmis oldugu c¢alismada, deneyin Tesadiif bloklar:
deneme deseni ve Latin kare deneme deseni ve ya
Sudoku deneme deseni ile analizi yapilabildigi ve
denemelerin farkli ortam kosullari, farkli mevsimlerde
olmasina ragmen sartlar ne durumda olursa olsun
denemenin yapilmasi zorunlu oldugu durumlarda bu
deneme desenleri denemenin degerlendirilmesindeki

deseninin
deneme

sonuglarin  dogrulugunu belirtilmistir.
Dolayisiyla  buda sonundaki  se¢imin
dogrulugunu artirmaktadir. Bu makalede analiz tablolar1
sunulmustur. Sudoku deneme deseni Latin kare deneme
deseninin 6tesine gectigi belirtilmistir.

arttirdigy
deneme

Tarimsal denemelerde iki yonli heterojenlik s6z konusu
oldugunda Latin Kare deneme deseni olduk¢a yaygin
sekilde kullanilmaktadir. Buna alternatif olarak iiretilen
Sudoku deneme deseni uluslararasi literatiirde tarim disi
alanlarda kullanilmakta olup yerli literatiir taramalarinda
az sayida oldugu goézlemlenmistir. Bu ¢alisma ile Latin
Kare deneme desenine gore tstiinliikleri bulunan Sudoku
deneme deseni yerli literatiire kazandirilmis ve deneme
kurulumunda heterojenligin yiliksek oldugu tarimsal
arastirmalar i¢in kullanilabilirligi ortaya konulmustur.

2. Materyal ve Yontem

2.1. Materyal

Calismada, daha oOnceki tarimsal c¢alismalardan elde
edilmis veriler elde edilememis olup, simiilasyon ile veri
dretilip kullanilmistir. Deneme desenlerinin analizinde
kullanilabilen bir yazilima ulasilamadigi i¢cin Web tabanl
olarak bir analiz yazilhmi gelistirilmistir.

2.2. Yontem

Sudoku tiim diinyada oynanan satir, siitun ve ig
karelerinde birden dokuza kadar sayilarin tekrar
etmeksizin yerlestirilmesine dayanan bazi hiicreleri dolu
verilen bir zeka oyunudur. Sodoku kelimesi Japonca
anlami “sayilar sadece bir kez tekrarlanir (S "uji wa
dokushin ni kagiru)” ifadesinin kisaltmasidir. 9x9 luk bir

Sudoku  Kkaresi icin  6670903752021072936960
(6.6x1021) farkh dizilime sahip deneme deseni
olusturulabilmektedir (Subramani ve Ponnuswamy,

2009; Saba ve Sinha, 2014). Sudoku bu yapisiyla cift ya
da daha fazla heterojenlik kaynaginin oldugu arastirma
konular1 i¢cin uygun bir deneme deseni olma o6zelligi
tasimaktadir.

Latin Kare deneme deseni tarimsal ve endiistriyel
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arastirmalarda oldukga kullanigh bir deneme deseni olup
ozellikle tekerriir sayisinin yetersiz oldugu durumlarda
faktor seviyelerinin ardisik olarak uygulanabildigi bir
deneme desenidir. Genellikle ¢ift yonlii heterojenligin

oldugu durumlarda kullanilmaktadir. Bu deneme
deseninde varyans analizi ikiden fazla faktoriin
eszamanli  olarak  degerlendirilebilmesine  olanak

tanimaktadir (Cochran ve Cox, 1957).

flk Sudoku deneme deseni ¢alismalar1 kisitlayia ézellik
sayisinin daha yiiksek oldugu durumlarda Latin Kare
gelistirilmis  bir hali
tasarlanmigtir. Literatiirdeki gelismeler bu deneme
deseninin ¢ok faktorli yapilarda kullanilabilecegini
gostermistir (Danbaba ve Shehu, 2016).

Pek ¢ok Sudoku deseni gelistirilmis olup bunlardan
bazilar1 asagida verilmistir (Subramani ve Ponnuswamy,
2009);

2.2.1. Sudoku deseni- tip I

Deneme desenlerinin elde ¢ozlimii icin ayni veri seti
kullanilmis olup kullanilan veri seti Sekil 2’de verilenle

deneme deseninin olarak

aynidir.

Bu desende sira, siitun ve muamele etkileri Latin Kare
deneme deseninde oldugu gibi varsayillmaktadir (Esitlik
4).

Yijtipq) = U + Qi + P + Ti + I' + Cp + Sq + €ij(kipq)

2 2
- ((154+176+154) 4 p(164+174+153) )- DK
27 27
=25,40
R, m CBf 2
. Bilyiik Siitun Kareler Toplami = ¥, —
2 2
_ ((153+173+150) 4 164+167+154) )- DK
27 27
=69,55
m? ym? m RB
o Hata Kareler Toplam = Y%, Y7L, V52 - X%, -

mz Tk z:mz 5q? 5_(;2

1 1 m3 p= 1m2 N
=1150-25,39 - 69,54 - 152,43 - 123,53 -105,76 -
111,09
=562,14.

2.2.2. Sudoku deseni- tip I1
Bu modelde satir etkilerinin satir blogu i¢inde ig-ige

Zmz RI? Zmz CI’

siniflandirilmis oldugu varsayilmaktadir ve matematik
modeli Esitlik 5’de verilmistir;

Yijkipg) = p + @i + P + T + r(@)igy + c(B)pg) + Sq + €ij(kipg)

5
ij,lp=1,2,..mvekq=1,2,..,m? ()

burada p: popiilasyon ortalamasi, i'inci satirn
blogunun etkisini, = j’'inci stitun blogunun etkisini, tx=
K'inct muamelenin etkisini, r(a)i»= {iinci sira blogu

icerisindeki l'inci satir etkisini, c(8)pg= j’inci siitun blogu

ai=

icerisindeki p’inci silitun etkisini, s;= q'uncu Kkarenin

N (4) etkisini ve e;= tesadiifi hatay1 gostermektedir.
ij=1,2,..mveklp,q=1,2,.,m? Sudoku deseni- tip I ig:in elde ¢6zlim asagida verilmistir;
burada p: popiilasyon ortalamasi (genel ortalama etkisi), 3 =y 12 1 Y;j ve N=m*
a;= i'inci satir1 blogunun etkisi, fj= j'inci siitun blogunun . Diizeltme Katsayisi = G2_ 1494
etkisi, Txk= K'inc1 muamelenin etkisi, r= 'inci satir etkisi, N 81
cp= p'inci siitun etkisi, s;= q’uncu karenin etkisi ve ej= . Genel Kareler Toplamu = G = ;2 12 LYy 'W
tesadiifi hatay1 gostermektedir. = (15%+..+16%) - DK
Sudoku deseni- tip I i¢in elde ¢6ziim asagida verilmistir; =1150
— 2 a4
° G=2XiZ Zm Yj ve N=m . Muamele Kareler Toplami = Zm2 Tkz %2
2
. Diizeltme Katsayis1 = % = (1492+..+1652) - DK
_ 14942 =105,75
T o81 . 2 RIZ
. Satir I¢i Satir Kareler Toplam1 = Y72, — -
. Genel Kareler Toplam1 =G =} Z - W RBZ m
- (15%+..+162) - DK Il
=1150 - (1_542 1_53 )- ((154+176+154)2 |(164+174+153)2)
2 2 - 27
. Muamele Kareler Toplami = Zmz Tk % = 127,03
= 510‘;972;--*1652] - DK . Siitun Ici Siitun Kareler Toplam = Z},’l:zlcm—p; -
- ’ 2 Rlz Gz m C_sz
. Satir Kareler Toplami = Zm " J=1 s
5 1_532 ﬁz (153+173+150)2+ (164+167+154)2
_(1_54' 1_53 ) DK _( ) ( 27 e 27 )
=152,44 - 54 s o
; —__\ym q G
. Siitun Kareler Toplami = Zmz Cp (1;\;2 . Alt Karelerin Kareler Toplam1 == P=177 " N
2(1_532 1_54) DK :(ﬂ E) DK
- 123,55 =1L
. m? Sq* _ G* . Biiyiik Satir Kareler Toplami = Y7 E _¢
. Alt Karelerin Kareler Toplami = P=17mz ~ N =17y N
2 _ (154+176+154)2  (164+174+153)%,
= (1—50 1—57 )-DK = ( 27 ot 27 )- DK
=111,11 =25:40 ]
o m RB} _G? . Biiyiik Siitun Kareler Toplami =}, &—G—z
. Biiyik Satir Kareler Toplami = X%, — —— y p J=17ms N
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2 2
153+173+150 164+167+154
= )%y 4t )")-DK
27 27
=69,55
. Hata Kareler Toplam = X% X7, ¥y - Xy 2 RE
ata Kareler Toplam = 372, 370 1 i -
_ym? Cp? mz Tk? m? Sq? 362
Zp:l m2 Z Zp 1m2 N

=1150-152,44 - 123,55 -105,77 - 111,11

=657,11.

2.2.3. Sudoku deseni- tip I1I

Bu model i¢in matematik modeli Esitlik 6’da verilmistir

Yijpg) = p + i + Bj + Tic + 11+ Cp + s(a)qi) + 6(B)rg) +
€ij(klpar)
Ljqr=12,..,

(6)
mvek [ p=1,2,..,m?

burada; p: popiilasyon ortalamasi (genel ortalama etkisi),
a;=i'inci satir blogunun etkisini, §;= j’inci stitun blogunun
etkisini, Tx= K’'inci muamelenin etkisini,
etkisini,
blogunda siniflanmis q'uncu sira kare etkisini, 6(f)g=

r= l'inci satir
cp= p’inci siitun etkisini, s(a)qm= i'inci satir

j’inci siitun blogunda siniflanmis r’inci siitun kare etkisin,
ve ej;= tesadiifi hatay1 gostermektedir.
Sudoku deseni- tip I1l i¢in elde ¢6ziim asagida verilmistir;

1502 1572, (153+173+150)% (164+167+154)2
=G5 e )= 27 ot 27 )
= 41,55
. Hata Kareler Toplaml =3 lzmz Y Zmz Rl
2 2 Tk? o) 4G?
ian ,:z Xhe1—7 X y Xz Z > U) o

=1150- 152,44 - 123,55 - 105,77 - 85,70 -41,55

= 640,96.

2.2.4. Sudoku deseni- tip IV

Bu model i¢cin matematik modeli Esitlik 7°de verilmistir

Yijkipg) = 1 + ai + By + Tk + r(@im+ c(Blpg) + S(@q@
+6(B)rg) + €ijtkipar) 7
ijqr=12,..mveklp=1,2,.,m?

burada; pu= (genel ortalama
etkisi), ai= i'inci satir blogunun etkisini, §= j'inci siitun
blogunun etkisini, tx= k'inct muamelenin etkisini, r{a)im=
i'inci satir blogunda siiflanmis l'inci sira etkisini, ¢(f)pg)=
jinci siitun blogunda siniflanmis p’inci siitun etkisini,
s(a)q@= 1'inci satir blogunda siiflanmis q'uncu sira kare
etkisini, 6(f)rg= j'inci siitun blogunda siniflanmis r’inci
slitun kare etkisini ve e;= tesadiifi hatay1 gostermektedir.

popiilasyon ortalamasi

. G=Ym, Z}":l Y;; ve N=m* Sudoku deseni- tip IV i¢in elde ¢6ziim agagida verilmistir;
2 _ 2 2 — 4
. Diizeltme Katsayis1 = % . G=XL Xf.Y; ve N=m
2
_ 1494 . Diizeltme Katsayis1 = %
81
14942
. Genel Kareler Toplami =G = Y/~ Zmz Y 'W T os1
= (15%+..+162) - DK . Genel Kareler Toplami =G =Y 12
=1150 = (15%+..+16%) - DK
2 2
. Muamele Kareler Toplami = ¥7%, i - % =1150
2 2
= (1492%+..+1652) - DK . Muamele Kareler Toplami = Z;Zl% - %
=105,75 = (149%+..+1652) - DK
2 2
. Satir Kareler Toplami = 2?51% - % =105,75
2 2
_ (1_54 E )- DK B Biiyik Satir Kareler Toplami = 7%, I::; - %
2 2
- 152,44 _ ((154+12776+154) +m+(164+12774—+153) )- DK
2 2
. Sutun Kareler Toplami = Z;,”zzl % — % =25,40
CB} 2
- (1_53 E )-DK . Biiyiik Siitun Kareler Toplami = }72; m—; - %
2 2
=123,55 _ ((153+12773+150) y (164+12677+154) )-DK
2
o Biiyiik Satir Kareler Toplami = Zm RB{ fv =69,55
. 2
_ ((154+12776+154)2+m : (164+12774+153)2) -DK . Satir I¢i Satir Kareler Toplami Zmz Rl -
=25,40 D RB;
2
° Biiytik Siitun Kareler Toplami = ;" 1% — %2 _ (1_54 ﬁz) R ((154+12776+154)2+“. : (164+12774+153)2)
2 2
_ ((153+12773+150) +m=(164+12677+154) )- DK = 127,03
. 2
=69,55 . Siitun I¢i Siitun Kareler Toplami = ;,"zzl% -
o Satir I¢indeki Alt Karelerin Kareler Toplami = m CB}
sm? SL—Z’" RB? Jj= 1m3
p=1pp2 (EZ 1542 ) - ((153+173+150)2 (164+167+154—)2)
(1_502 1_57 )- ((154+176+154—)2 (164—+174+153)2) - 27 27
- 27 = 54
= 85,70 . Satir icindeki Alt Karelerin Kareler Toplami =
. Siitun i¢indeki Alt Karelerin Kareler Toplami = m? Sq* m RB?
2 2 =12 Z
Zmz 5r(1) Z CB; m
p=1Tp2 j=1 "0 1502 1572 (154+176+154)2 (164+174+153)2
= (42T 159y
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= 85,70 4, Sudoku Deneme Deseninin Céziimii i¢cin
. ] Siitun Igir:deki Alt Karelerin Kareler Toplami = Web Tabanli Yazilim
2;"_21 amr(;’ »m ] 1CB Yapilan taramalarda Sudoku deneme deseninin ¢6zimu
1502 (153+173+150)2 (164+167+154)2 icin herhangi bir yazilima rastlanmamistir. Bu nedenle
- (_ ) ( 27 ) ASP dili kullanilarak Web tabanli bir yazilim gelistirilmis
= 41,55 olup http://www.blackseapublishers.com/sudoku/
2 2 adresinde yaymnlanmistir. Yazilimin diinya genelinde
* Hata Kareler Toplam = ﬁlzm i Xt E kullamlabilmesi igin yaziimin dili Ingilizce olarak
;n 1 1 szz RI? szz Cp Zmz Tk Zzgﬁl% belirlenmistir. Sekil 1 ‘de giris sayfasi verilmistir.

) 52 p Giris sayfasinda deneme deseninin boyutu 3x3 ya da 4x4
-X2p ,:l(i) N olarak secilebilmektedir. “Proceed” diigmesi
=1150-105,75 - 25,40 - 69,55 - 127,03 - 54 - 85,70 - tiklandiginda ilgili deneme deseni i¢in veri giris sayfasi
41,55 acilmaktadir. Ornek olarak 3x3 boyutunda Sudoku
=640,96. deneme deseni igin Type I uygulamasi secilmistir.

Uygulama sayfasi i¢in 6érnek ekran goriintiisii Sekil 2’de
verilmistir.
Sekil 2’'de verilen goriintiide “CALCULATE” butonuna
basildiginda hesaplama islemleri yapilmakta ve sonuglar
Sekil 3’te verildigi sekilde elde edilmektedir.
[} Sudoku Experimentsl Design %+ - C =
<« C  © Guvenlidegil | www.blackseapublisherscom/su... v B B @ :
! Uygulamalar % Bookmarks VOLKAN KONAK D » Digier yer isaretleri
Sudoku Experimental Design
Please select size and type of experiment
w3 v
Typel v
ihroceedy
Sekil 1. Giris sayfasi.
[ Untitled Document x| + -8
€« C A Givenli degil | www.blackseapublishers.com/sudoku/tez.asp % Q :

I —

SUDOKU 1.Column Blocks 2.Column Blocks 3 Column Blocks
DESIGNS |1 ¢51umal[2.Columal[3.Colunm|4.Columnl 5. Columal 6. Colura]|7. Columal|8. Column|9.Columa
IRow|15 @ |11 b |16 |21 d (|22 e |21 £ |14 g |19 h |15 1
1 Row [, ] ¥
Blocks 2Row|(18 d 23 e |20 f 18 g |20 h |23 i [17 @& [2 b |15 ¢
BRow((15 & 10 |h |22 & (15 |a |[18 b |19 ¢ |24 |d |15 |e |16 |f
4Row(17 b [|23 e 18 d |15 e |16 f |21 g 15 h |12 i (16 a
2Row
5 Row
Blocks SRow||20 |e 25 |f |12 g |26 |h |21 |1 |17 @& |[18 b |25 ¢ (19 d
6Row|(21 h 17 & |[18 @& (22 b |[16 ¢ |23 d |[22 e 19 f |25 g
TRow||12 ¢ 25 d |20 e |19 £ (|22 g (16 h |[19 & |13 a (18 b
3 Row| ]
Blocks BRow|(21 f 22 g |13 h 22 1 |21 & |22 b |20 c 19 d |14 e
ORow|14 |t 17 @& |11 b ||[16 e (18 d (23 & |[15 f |23 g 16 h

Sekil 2. Type I Sudoku deneme deseni i¢in 3x3 liikk karede 6rnek uygulama sayfasi.
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[ Untitled Document X | +

<« C  ® Givenli degil | www.blackseapublishers.com/sudoku/typecnesonuc.asp

105,778 8
25,407 2 12,704 0,994 323 il
69,556 2 34,778 2,722 323 512
152,444 8 19,056 1492 218 295
123,556 8 15444 1,209 218 295
111,111 8 13,889 1,087 218 295
362,148 44 12,776

1150 80

Comment 1 = Treatment effect was found statistically insignificant.
Comment 2 = Treatment effect was found statistically insignificant.
Commuet 3 = Treatment effect was found statistically insignificant.
Commuet 4 = Treatment effect was found statistically insignificant.
Comment 5= Treatment effect was found statistically insignificant.

Commuet 6 = Treatment effect was found statistically insignificant.

Sekil 3. Type I Sudoku deneme deseni i¢in 3x3 liik karede 6rnek uygumla sonuglari.

Giris sayfasinda Type II se¢ilmesi durumunda elde edilen verilmistir.  Giris sayfasinda Type IV segilmesi
sonuglar Sekil 4’te verilmistir. Giris sayfasinda Type III durumunda elde edilen sonuglar Sekil 6’da verilmistir.
secilmesi durumunda elde edilen sonuglar Sekil 5’te

[ Untitled Document X + - g

& G © Guvenli degil | www.blackseapublishers.com/sudoku/type2hesap.asp B g

105,778 8

25,407 2 12,704 0,928 313 511

69,556 2 34,778 2,54 313 511

127,037 6 21,173 1,547 134 33
54 6 9 0,657 234 313

111,111 8 13,889 1,015 218 294

657,111

Comment 1 = Treatment effect was found statistically insignificant.
Comment 2 = Treatment effect was found statistically insignificant.
Communet 3 = Treatment effect was found statistically imnsignificant.
Commnet 4 = Treatment effect was found statistically insignificant
Comment 5= Treatment effect was found statistically insignificant.

Commuet 6 = Treatment effect was found statistically insigmificant.

Sekil 4. Type II Sudoku deneme deseni icin 3x3 liik karede drnek uygumla sonuglari.
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8
25,407 2 12,704
69,556 2 34778 217 D) 518
152,444 B 19,056 1,189 218 2.99
123,556 8 15444 0,964 218 299
85,704 6 14284 0,891 234 329
41,555 6 6,926 0,432 234 329
640,963 0 16,024

1150 80

Comment 1 = Treatment effect was found statistically insignificant.
Comment 2 = Treatment effect was found statistically nsignificant
Commnet 3 = Treatment effect was found statistically insignificant.
Commnet 4 = Treatment effect was found statistically nsignificant
Comment 5= Treatment effect was found statistically insignificant
Commnet 6 = Treatment effect was found statistically msignificant.

Commnet 7= Treatment effect was found statistically insignificant.
Sekil 5. Type 11l Sudoku deneme deseni i¢in 3x3 liikk karede 6rnek uygumla sonuglari.

& C @ localhost/sudoku/sudoku/sudoku/typedhesap.asp B W o

[ChmaBaE| 69,55 34778 2387 ¥y 512
[RowswithinBRY| 127,037 15407 1,744 134 3.4
-‘ 54 6 20,593 1414 234 34
-‘ 85,704 § 14284 0,981 234 34
-‘ 41555 6 6,926 0475 234 34
s 640963 4 14,567

L EEa

Comment 1= Treatment effect was found statistically insignificant.

Comment 2 = Treatment effect was found statistically insignificant.
Commnet 3 = Treatment effect was found statistically insignificant.
Commuet 4 = Treatment effect was found statistically insignificant.
Comment 5= Treatment effect was found statistically insignificant.
Communet 6 = Treatment effect was found statistically insignificant.

Commnet 7= Treatment effect was found statistically insignificant.

Sekil 6. Type IV Sudoku deneme deseni i¢in 3x3 liikk karede 6rnek uygulama sonuglart.

5. Tartisma ve Sonug

Cok fazla heterojenlik kaynagi barindiran denemelerde
so6z konusu heterojenlik kaynaklarinin etkisinin
hesaplanarak hata iizerindeki paylarinin hesaplanmasini
ve boylece deneme hatasinin en aza indirilmesini
saglayabilen Sudoku deneme desenlerinin ¢dziimi
izerine yapilan bu ¢alismada gerekli goriilen liizum
lizerine Web tabanhh bir yazilimda gelistirilmistir.
Yazilimin dili uluslararasi kullanilabilirligini artirmak
amaciyla Ingilizce olarak belirlenmistir.

Sudoku deneme desenlerinin pek ¢ok faktér ve
heterojenlik kaynaginin denemelerde etkili oldugu
ozellikle tarim gibi alanlarda c¢alisan bilim insanlarina
faydali olacag diisiiniilmektedir.
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Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.
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1. Giris hesaplamalarinda en diisiik maliyetin belirlenmesi i¢in
Gii¢ sistemlerindeki problemler ii¢c bashk altinda cesitli parametreler ile problem formiiliize edilir. Ancak
smiflandinlmistir.  Gii¢  akisi, ekonomik dagitim ve bu formiiller, giic akisi kisitlarini etkileyerek gii¢ akisi
optimal gii¢c akisidir. Giig akisi veya diger bir ifadeyle yiik kontroliiniin basitlestirilmesine hatta bazi gii¢ akisinda
akisi kontroliinde problem tanimy; iiretim, yiik ve iletim o6nemli parametrelerin ihmal edilmesine neden olabilir.
agl  denklemlerinden  olusmaktadir.  Gii¢  akisi Bu durum gii¢ sistemlerinin kararh ¢alismasin tehlikeye
yontemlerinin  analizi matematiksel olarak ifade  Sokabilir. Optimal gi¢ akisi (OGA) ile gig sistemlerinin
edilebilir. Ancak fiziksel ve optimal olarak mimkin  kararhligini bozmadan en digik maliyetli dagitim
olmayan ¢éziimler 6nerir. Gii¢ sistemlerinde 6nemli olan amaglanmaktadir. Bu durum givenlik kisith ekonomik

diger bir problem ekonomik gii¢ dagiimidir. Giig dagitim dagitim olarak da adlandirilir. 0GA’da gii¢ akis1 kisitlari,
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jeneratdr minimum c¢ikis kisitlari, iletim hatti kararhilig,
gerilim kisitlary, fiziksel kisitlar ve operasyonel kisitlar ile
ama¢ fonksiyonuna en uygun ¢o6zim bulunmasi
hedeflenmektedir. OGA’daki tiim bu kisitlar ile amag
fonksiyonunun ¢6ziimi i¢in farkll analiz yontemleri
bulunmaktadir.

Gii¢ sistemlerinde gilic akisi problemleri ve ¢6ziim
onerileri 1930'larin baslarinda sebekelerin ekonomik
dagitim yapmasinin saglanmasi amaciyla ele alinmistir
(Happ, 1977). O yillarda ekonomik dagitim hesaplama
sliresinin uzun olmasi uygulanabilirligini azaltmistir.
OGA problemi ilk 1960’larda
edilmesine ragmen ¢oziimiindeki zorluklar tam olarak
uygulanabilmesini zorlastirmistir (Carpentier, 1977).
OGA probleminin ¢6ziimiinde lineer ¢oziimler problemin
lineer kisimlar1 i¢in kullanilabilmesine ragmen lineer
olmayan denklem ve terimler i¢in Onerilen ¢dziimler
yetersiz kalmistir. Ayrica lineer olmayan terimlerin tam
olarak  ifade  edilememesi problem
formiilasyonunun dogrulugunu da azaltmistir. Tim bu

olarak formiulize

¢O6zimuin

nedenlerden dolay1 problemlerin ¢dziimiiniin elde
edilmesi agir islem yiikii getirirken, lineer olmayan
yaklasimlardan dolay1 kiigik  Olcekli
uygulamalarda tercih edilmistir. Bu durum elektrik
dagitim sebekelerinin arz-talep dengesinin planlanmasini

sadece

ve kontrol edilmesini zorlastirmistir.
Elektrik dagitim sebekelerinde tiiketimin
tahminlerinin

dengeli
olmamast ve yik
bircok problemi getirmektedir. Giig¢
taleplerinin belli saat dilimlerinde yogunlasmasi enerji
arzi, maliyet, yiikk akis kontroli gibi problemlere neden
olmaktadir. Gerek enerji maliyetlerini azaltmak gerekse
de temiz enerji kullaniminin artirilmasi i¢in yenilenebilir
enerji  kaynaklarindan  yararlanilmaktadir.  Ancak
uretimi

yapilamamasi
beraberinde

yenilenebilir
toplam talebe yetecek olsa bile, puant saatlerdeki
kullanim1 karsilayacak arz giivenligini sunamamaktadir.
Yenilenebilir enerji kaynaklarindaki diizenli olmayan
enerji profili enerji  talep  profilini
karsilayamamaktadir.  Ozellikle  puant
ortalamanin ¢ok iistiinde enerji ihtiyaci olusmaktadir. Bu
problemin asilmasi i¢in son yillarda gli¢ dagitim
sistemlerinde entegre enerji depolama sistemlerinin
kullanim1 artmaktadir. Enerji depolama sistemlerinin

enerji kaynaklarindaki enerji

lretim
saatlerde

kullanimi ile tiiketim maliyetleri azaltilmasinin yaninda
arz giivenligi kontrol altina alinmaya calisiimaktadir.
Yenilenebilir enerji kaynaklarindan riizgar tiirbinlerinin
diizensiz ve tahmin edilemeyen enerji tiretim profili,
giines panellerinin ise sadece tiiketimin az oldugu saat
dilimlerindeki enerji iiretimi enerjinin depolanmasi
zorunlulugunu getirmistir. Bu nedenle enerji depolama
sistemleri, Ozellikle yenilenebilir enerji kaynaklarinin
dagiim onemli rol

oldugu gic sistemlerinde

oynamaktadir. Tim bu nedenlerden dolay1 gii¢
sistemlerinde depolama sistemlerinin yenilenebilir enerji
kaynaklari ile kullanilmasi arz giivenilirliginin artirilmasi
(Nojavan ve ark, 2017), voltaj

regiilasyonunun saglanmas1 (Nick ve ark., 2017), tepe

sistemdeki

noktalarinin azaltilmasi (Fossati ve ark, 2015),
yenilenebilir enerji kaynaklarinin daha etkin kullanilmasi
(Stecca ve ark., 2020) ve tahmin hatalarinin azaltilmasi
(Reddy ve ark., 2018) gibi ¢esitli avantajlar sunmaktadir.
Bu amagla gii¢ sistemlerinde depolama
sistemlerinin kullanimiyla yenilenebilir enerji tabanh
sistemlerin faydalarinin artirilmasina yonelik ¢alismalar
yapilmistir. Bu  c¢alismalarda, enerji  depolama
sistemlerinin konumlandirma problemi yerine boyutlari
ve kayiplar konusu ele alinmistir (Morstyn ve ark., 2017;
Hannan ve ark. 2020). Ancak gercekte enerji depolama
sistemlerinin yiiksek yatirim maliyetlerinden kaynakl
optimum olmayan konumlandirilmasi beklenen faydalari
saglayamamistir. Bu nedenle, enerji depolama
sistemlerinin  optimum konumlandirilmasiyla  gii¢
dagittm  sistemlerindeki  avantajlarin  artirilmasi
amaglamistir. Gii¢ dagitim sistemlerinde enerji depolama
sistemlerinin kullanimi ile ilgili bir¢cok arastirma
yapulmistir. Bu arastirmalarda; gii¢
azaltilmasi icin whale optimizasyon algoritmasi (WOA)

enerji

kayiplarinin

(Calderaro ve ark. 2013), meta-sezgisel tabanli genetik
algoritma (GA) (Dutta ve Sharma, 2012) ve parcacik siirii
algoritmasi (PSO) (Karimi ve ark., 2014) kullanilmistir.
Sistem kayiplarini en aza indirmek ve enerji depolama
sistemlerinin boyutlarini optimize etmek i¢in kullanilan
bu ¢alismalarda  geleneksel iiretim  profilinin
duzlestirilmesi amaglanmistir. Ancak bu ¢alismalarda da
toplam maliyetin azaltilmasina yonelik enerji depolama
sarj/desarj performansi dikkate
alinmamistir. Dolayisiyla literatiirde, enerji depolama
sistemlerinin sisteminin konumu secilirken yenilenebilir
bir enerji kaynag1 veya biytik bir ytikiin baglandig: bara
secilmistir. Calismalarda kayiplarin azaltilmasi veya diger
kazanimlar icin enerji depolama

sistemlerinin

sistemlerinin
boyutlandirilmasina odaklamilmistir. Esas olarak toplam
maliyeti azaltmak icin enerji depolama sistemlerinin
konumunun belirlenmesi géz ardi edilmistir.

Gii¢ dagitim sistemlerinde toplam maliyetin azaltilmasi,
yuk profilinin diizlestirilmesi ve gii¢ planlamalarinin
yapilabilmesi i¢in sistemlerinin
konumlandirilmasi

enerji
problemi

depolama

ortaya
Optimum enerji depolama sistemlerinin konumlandirma
problemi karmasik tam sayili dogrusal olmayan
programlama modeline ile ifade edilebilir. Ancak bu

cikmaktadir.

problemin ¢6ziimiinde digbiikey olmayan gilic akisi
denklemleri ve baralara yerlestirilecek enerji depolama
sistemlerinin  miktarlarinin  belirlenmesindeki  ikili
degiskenler nedeniyle zordur (Kim ve Dvorkin, 2018;
Wong ve ark, 2019). Problemin ¢6ziimii icin yapilan
calismalarda, dogrusal yaklasimlar (Zidar ve ark., 2016;
Dui ve ark., 2017; Yang ve ark., 2018), ve optimizasyon
yontemleri kullanilmistir (Guo ve ark., 2021; Byrne ve
ark., 2017; Li ve ark., 2022; Yang ve ark., 2023). Ancak bu
¢ozlimler sistemin fiziksel yapisini tam olarak temsil
edememektedir. Bu nedenle gii¢ akisi denklemlerindeki
konveks olmayan ifadelerin ¢6ziimii icin baz1 yaklasik
yontemler ve esdeger yaklasimlar kullanilir (Huang ve
ark, 2016; Huang ve ark, 2022). Bu ¢alismada, enerji
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depolama sistemlerinin riizgar tlrbin santrali ile
kullanildigt AA mikro-sebekelerde OGA probleminin
¢6zimi ele alinmistir. Problemin ¢6ziimi i¢in ilk olarak
konveks gevsetme yontemleri uygulanmistir. Boylelikle

¢oziim kolaylastirilmistir. Daha sonra ikinci dereceden

konik programlama (SOCP-Second-Order-Cone-
Programming) ve yar1 Kkesin programlama (SDP-
Semidefinite Programming) yontemleri ile ¢6ziim

tamamlanmistir (Kekatos ve ark., 2014; Tian ve ark,
2016; Zia ve ark., 2019).

Calisma neticesinde gii¢ dagitim sisteminde geleneksel
tretim profilinin diizlestirilmesiyle giinlik enerji
maliyetinin minimize edilmesi icin enerji depolama
sistemlerinin konumunun belirlenmesi amac¢lanmistir.
Yapilan calismada, ikinci dereceden non-lineer gii¢ akisi
denklemleri ve enerji depolama sistemlerinin hangi
olacagi verilecegi  ikili
degiskenleri nedeniyle formiilasyonda karmasik tam
sayill dogrusal olmayan programlama (MINLP-mixed
integer nonlinear programming) kullanilmistir. ikinci

barada kararinin karar

asamada problem, karisik tam sayili ikinci dereceden
koni programlamaya (MISOCP- mixed integer second-
order cone programming) donistiirilmiistiir. Sonug
olarak elde edilen algoritma ile AA mikro-sebekelerdeki
tim fiziksel ve operasyonel kisitlar ile sistemdeki
jeneratorlerin liretim miktarlari, yenilenebilir enerji
kaynaklar1 ile en disiik maliyet icin uygun enerji
depolama
karar vermektedir.

sistemlerinin konumunun belirlenmesine

Bu makalenin bir sonraki kisminda izlenecek metot
aciklanmistir. 3. baglikta bulgular ve tartismalara yer
verilmistir. 4. Kisimda sonuglardan bahsedilerek makale
tamamlanmistir.

2. Materyal ve Yontem

Bu ¢alisma, bir AA-mikro sebekedeki yenilenebilir enerji
kaynakli dengesiz enerji iretimini enerji depolama
sistemleriyle diizelterek toplam maliyeti azaltmak igin
tasarlanmistir. Toplam maliyetin azaltilmasinin yani sira
enerji glivenilirliginin ve stirdiiriilebilirliginin arttirilmasi
amaciyla riizgar tirbinlerinin yenilenebilir enerji
kaynaklarindan amaglanmaktadir. Bu
nedenle, AA mikro-sebekesindeki riizgar tiirbini gii¢

kullanilmasi

sistemleri ve enerji depolama sistemlerinin giic dagitim
sistemindeki icin kullanilan matematiksel
denklemler asagidaki alt boliimlerde sunulmaktadir.

2.1. Riizgar Tiirbini Enerjisi

Riizgar, yeryiiziiniin esit olmayan sekilde 1sinmasi ve

konumu

sogumasl sonucu olusan hava hareketleridir. Riizgar
enerjisi ise riizgar1 olusturan hava akiminin hareket
enerjisidir. enerji maliyetlerinin
distiriilmesi ve fosil yakitlarin azaltilmasi amaciyla
elektrik iiretiminde riizgar tiirbinleri kullanilmaktadir.
Riizgar tiirbinleri riizgardaki kinetik enerjiyi once
mekanik enerjiye, daha sonra da elektrik enerjisine
doniistiiren sistemlerdir. Ancak iiretilen enerjinin hava
akimlarina bagh olmasi diizensiz enerji liretimine neden
olmaktadir. Rizgar tirbinlerinin kullanildig1 enerji
dagitim sistemlerinde bu 6nemli bir dezavantajdir. Bu
nedenle enerji lretimi ve talep profili diizensiz olan gli¢
dagiim sistemlerinde enerji depolama sistemlerinin
kullanilmasi 6nemlidir.

Calismada,

Glinimiizde

Sivas ili Kangal ilcesindeki riizgar
tirbinlerinden Eylil 2015'te firetilen enerjinin aylk
iretim verilerinin 24 saatlik ortalamasi kullanilmistir. Bu
veriler, IEEE test veri setlerindeki geleneksel enerji
kaynaklarindan biriyle degistirilmistir.  Calismada
kullanilan riizgar tlirbininden {retilen enerji miktar

birim (pu) degerlerine gore Sekil 1'de gosterilmektedir.

2.2, Enerji Depolama Sistemlerinin
Konumlandirilmasi
Enerji depolama sistemlerinin optimum konumu

oncelikle bir MINLP problemi olarak formiile edilmistir.
Daha sonra problem, MINLP yerine dal-sinir ile uyumlu
ikili degiskenlerin kullanimina olanak saglayan MISOCP
ile yeniden formiiliize edilmistir. Bdylelikle enerji
depolama sistemlerinin sarj/desarj anlari gii¢ elektronigi
yar1 iletken kontrol elemanlar1 kullanilarak devreye
alinabilecek veya devreden ¢ikarilabilecektir.

Gii¢ dagitim sistemlerinde enerji depolama sistemlerinin
konumu OGA ¢6ziimlerinde oldugu gibi MINLP formiilii
(Kayacik ve Kocuk, 2020) ile belirtilebilir. OGA problemi,
giic dagitim sisteminde maliyetin diisiiriilmesi icin enerji
depolama
doniistiirilmistir.

sistemlerinin konumu problemine

L]
\— Eyliil 2015 Ortalama Veriler

¢ Uretimi (pu)
(3]

Riizgar Tirbini Gii
T

N

10

15 20

Zaman (saat)

Sekil 1. Riizgar Tiirbini Gii¢ Uretiminin bir giinliik profili.
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Bunun i¢in iretim santralinde enerji maliyeti yiiksek iken
enerji depolama sistemlerinin desarj olmasi, iiretim
maliyeti diisiik oldugunda enerji depolama sistemlerini
sarj etmeyi planlayan bir zamanlama problemine
dontistirmektedir (Alsharif ve ark., 2022; Kazemi ve
Ansari, 2022).

Burada kullandigimiz gosterimlerde kiigiik ve kalin
simgeler vektorleri, bliyilk ve kalin simgeler ise
matrisleri temsil etmektedir. Reel sayilar ve kompleks
sayilar sirasiyla R ve C ile gosterilmektedir. $™ ile nxn
boyutundaki simetrik matrisler gosterilmektedir. (i,j)
sirali ikilisi bir matriste i.satir j. siitun elemanini temsil
etmektedir. ()T ve ()* swrasiyla bir matrisin
transpozunu ve eslenik transpozunu ifade eder. |.|
verilen ifadenin biiytkligini ifade ederken, [.] verilen
matrisi temsil etmektedir.

Bu makalede AA mikro-sebekeler @(w,e) seklinde
gosterilmektedir.
sistemdeki baralarin kiimesini ve tiim iletim/dagitim
ifade Dagitim hatlar1 enerji
kaynaklarin1 baralar tizerinden son kullanicilarin yiik
taleplerine baglar. Dagitim hatlarindaki baralarda fiziksel
kisitlar dahilinde yiik baglanarak, enerji depolama

Bu gosterimde sirasiyla w ve €

hatlarim etmektedir.

sistemleri konumlandirilabilir. E, E e{0,1}exl@l dagitim
hatlarinda cakisim matrisini ve yonlerini gosterir. Eger
bir hat hew, bew barasindan basliyorsa Eh,b =1 olarak
gosterilir. Hat hew, bew barasinda bitiyorsa ‘E_h,b =1

olarak gosterilir. M, M, M matris gosterimleri ise, bara
iletkenligini, hat-bara arasi iletkenligi ve bara-hat arasi
iletkenligi gostermektedir. Gili¢ dagitim sisteminde
hatlardaki gii¢ akis limiti f™?* ile ifade edilmektedir. Giig
dagitim sistemindeki jenerator kiimesi K ile ifade edilir.
Jeneratorler icin cakisim matrisi K icin
Ke{0,1}KI¥lel glarak ~ tamimlanmaktadir.  Eger  keK
jeneratorii mew barasinda ise K, = 1 dir. Gli¢ dagitim
sebekesinde baradaki gii¢ {iretiminin vektorii sSRCeCIXl,
gerilim vektorii v.eCl®! ve baralardaki talep vektorii
d.eCl®! jle gosterilmektedir. v,eC!®! gerilim vektériinden
bir iist boyut uzayinda W,eH!®! matrisi olusmaktadir. Bu
matriste 7, nxn boyutundaki bir matrisin kdsegen
elemanlarin1 nx1 vektoriine gotiiren doéniisimi temsil
etmektedir. Yani [A] nxn boyutunda bir matris ve [B] nx1
boyutunda bir siitun matrisi olmak tizere m(a;;) = b; ve
Va;e[A] icin b;e[B] ifade
fonksiyonu temsil etmektedir.

olarak edilen Dbirebir
Glic dagiim sebekelerinde enerji depolama sistemleri
toplam {retim maliyetini en aza indirmeyi amaglar.
Bunun i¢in barada jeneratorlerin gerilim, frekans ve gii¢
ayar noktalarinin belirlenmesine karar verir. Sisteme

baglanacak toplam enerji depolama sistemlerinin
sayisinin  konumlarina ve sistemdeki sarj/desarj
zamanlamalarini  belirler. Baradaki yiikiin giinlik

ortalama profili t = (1, |T]) olarak ifade edilebilir. Burada
T yiik profilinin bir giinliik yiik miktarlarinin belirlendigi
zaman kilimesini temsil eder. Yiik profilinin zaman
kiimesindeki teT i¢in v.eR!®! teT aninda diigiim gerilim

vektoriint, pfRCeRIX

teT jeneratorden AA mikro-
sebekeye aktarilan gii¢ vektoriinii gostermektedir. enerji

depolama sistemindeki sarj/desarj giic vektorii ise teT
icin pgTR
teT aninda mew barasina yerlestirilmis leL enerji
depolama sistemlerinin sarj ve desarj oranlari 7":,+lm ve

eR®! olarak tanimlanir. Gii¢ dagitim sisteminde

Ty m Olarak gosterilir. Burada L gii¢ dagitim sistemine

konumlandirilacak  enerji depolama sistemlerinin

kiimesini gostermektedir. teT aninda mew barasindaki
sarj kapasitesi ro0¢ ile gosterilir. Cpy, | enerji depolama
sisteminin m barasinda olup olmadigin gosterir. Buna
gore m barasinda ! enerji depolama sistemi varsa
Cin = 1, yoksa Cp,, = 0 olarak formiiliize edilir.

Amag fonksiyonunun hedefi, tiretimin toplam maliyetini
en aza indirmektir. Oyle ki bu maliyet teT icin ikinci
dereceden bir maliyet fonksiyonu olarak Esitlik 1’'deki
sekilde ifade edilir.

@R [aJpfRe + b PR + [ 1k) (1)
teT
Yiik profilinin zaman kiimesindeki teT i¢in baralara giren
veya baralardan ¢ikan gii¢ vektori
n{v,vf MT}eR!%lolarak sekilde,
hatlara giren veya hatlardan ¢ikan gii¢ vektorleri ise

tanimlanir. Benzer

sirasiyla 7 {EvtvtTW} eRlel ve 7 {EvtvtTW} eRle! olarak
ifade edilir.

Yiik profilinin zaman kiimesindeki herhangi bir teT i¢in
herhangi bir barada depolanan enerji miktar1 Esitlik
2’deki gibi hesaplanir.

IR = Z(r;ﬁm — T{im) YMew )
leL
Burada r{lm ve 1y, pozitif degerli olup herhangi bir teT
icin, sirasiyla [ enerji depolama sisteminin m. baradan
aldig1 sarj giiclinii ve ! enerji depolama sisteminin m.
barasina verdigi desarj giiciinii gostermektedir. Eger m.
barada yerlestirilmis bir enerji depolama sistemi yoksa
STR —

tm =0
sistemlerinin maksimum ve minimum sarj/desarj kisiti
olup, kisit ikili karar degiskenleriyle sifir karar noktasi
icin belirlenir ve Esitlik 3 ve 4’deki gibi gosterilir.

olacaktir. Bu durum enerji depolama

+ +
Teim < Tmax;1Cim 3)

Teim < Tmax;1Cim (4)

Burada eger Cp, =1 ise 17y, ve r;flm maksimum sarj
kapasitesiyle m. baraya yerlestirilir. Eger C;,,, = 0 ise m.
barada enerji depolama sistemi bulunmuyor demektir.
Bu durumda ¢, = 0 ve r,7,,, = 0) ‘dur.
Optimal enerji depolama sistemlerinin
konumlandirilmasi toplam maliyetin minimize edilmesi
icin 6nemlidir. Optimal enerji depolama sistemlerinin
konumunun belirlenmesi problemi bir MINLP ile Eitlik
5a’deki gibi formiiliize edilir.

T
Z(prC lac]pe® + b{pER¢ + i 1x) (5a)
teT
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Bu denklem igin kisitlar (Esitlik 5b-5m);

T{W,Y*} + d; = KTsgRC + pfRC (5b)
|n{Ew, M7 }| < fmax (5¢)
|n{EW,M7}| < fmax (5d)
pmin < pSRC < pmax (5¢)
g < giR¢ < qme (50
(vmin)” < mw} < (wmer)? (58)
otk = Z(r{f’lm —T{im) VmeM and VteT (5h)
el
0 < 11m < ThaxiCim VIeL,Vmew ,VteT (51)
0<7m < TmaxiCim  VIeL,Vmew ,VteT (55)
191 Cm =1 VIeL (5k)
et < z z (¥ = W Tm)
teT mew (51
< e VieL and VteT
Wy = vevf VteT (5m)

Yukaridaki ifadelerde kullanilan degiskenler (Esitlik 6a-
6d);

prCele.prCeR'“, Wte]HI"”' (6a)
thlm,r{lm; VteT ,Ymew , VIeL (6b)
Cime{0,1}; VieL, Vmew (60)
sSRCeCIKI, gSRCCIKI (6d)

Denklem (6), tiim jeneratdrlerin goriiniir giic vektord,
SRC = pSRC 4 gSRC eCIKI,  aktif ve

tiretiminden olugmaktadir. pfRCeRIKl gFRCeRIKI 5, eRIKI

s reaktif gii¢
sirasiyla jeneratoriin aktif, reaktif ve goriiniir giiciinii
temsil eder. Esitlik (7), jeneratorlerin toplam goriinen
giicii, aktif ve reaktif giiciin toplami olarak ifade edilen
karmasik bir vektor denklemidir.

SE°C = pRC + gERC el o)

Esitlik (5a), OGA problemi, (5b) de verilen konveks
olmayan kisit ile gergeklestirilmistir. Ancak, Esitlik (5)'de
verilen OGA problemi genelinde de dogrusal olmayan ve
konveks olmayan bir problemdir.

Esitlik (5a) ile verilen problemin ¢6ziimiinii miimkiin
kilmak i¢in; Esitlik (5m), Esitlik (8a ve 8b) ile gevsetilmis
MISOCP’ye doéntisiimii saglanmistir. Bu dontisiimler ile

problem  konveks  haline  getirilerek  ¢6zimi
gergeklestirilebilir.

Wi x Wy = |Wt,ij|2 V(i,j)ee and VteT (8a)
Wt,ij >0 iE(L), VteT (Bb)

3. Bulgular ve Tartisma

Dagitim tesislerinde enerji depolama sistemlerinin
konumlandirma optimizasyon ¢alismasi Intel i9 islemci
ve 32 GB RAM ile donatilmis bir bilgisayar ile

gerceklestirilmistir. Calisma sirasinda programlama
araylizii CVX v2.1, konik karmasik tamsay1 ¢oziiciisi
GUROBI v9.5.2 ve IEEE test veri setleri kullanilmistir.
Enerji depolama sistemlerinin kapasitesi puant talebin
%10 ila %20'si arasinda oldugu AA mikro-sebekelerde,
secili baralara farkli sayilarda enerji depolama sistemi
konumlandirilarak gerceklestirilmistir. Sekil 1'de verilen
Sarkigla / Sivas / Tiirkiye ilcesinin 24 saatlik ortalama
yuk tiiketimi, IEEE test veri setlerinin dlgeklendirilmesi
icin  kullanilmistir. enerji ~ depolama
sistemlerinin konumlandirma optimizasyon algoritmasi
ile IEEE test veri setleri 9 barali sistemlere uygulanmistir.
Calismada elde edilen ve karsilastirilan tiim gii¢ degerleri
degerlere  (pu-per unit) donistiirilerek
kullanilmistir.

3.1. IEEE 9-barali Dagitim Sistemi

Bu boliimde, IEEE 9 barali veri setleri ile sabit tiretim

Onerilen

birim

tesislerinin yaninda riizgar tlrbinlerinin de oldugu
dagitim tesisinde depolama sistemlerinin
konumlandirilmasini ve iiretim profili dizlestirilmesiyle

enerji

maliyetlerin azaltilmasi konusu incelenmistir. Sekil 3'te
gosterilen dagitim sisteminde 1, 2 ve 3 numaral
baralarda iiretim santralleri bulunmaktadir. Calismada
farkl enerji depolama sistemlerinin kapasitelerinde ve
kisitlar ile maliyetin diisiiriilmesi icin enerji depolama
sistemlerinin konumlarinin nasil degistigi incelenmistir.
IEEE 9 barali test veri setleri incelendiginde, sistemde ii¢
yik barasi ve {i¢ liretim barasi1 bulunmaktadir. Calismada,
IEEE 9 baral orijinal veri setinde ikinci baradaki
geleneksel iiretim tesisi Sekil 2'de verilen iiretim profili
icin bir riizgar tlrbini ile degistirilmistir. Sekil 4 ile IEEE
9 barali degistirilmis veri setindeki toplam yiik profilinin
degisimi, her bir yiikiin miktari ve ytik lizerindeki toplam
yik icin gosterilmektedir. Sekil 5'te, 9 barali bir dagitim
tesisinin puant talebinin %10 ve %?20'si i¢in enerji
depolama kapasiteleri  belirlenmistir.
Dagitim hatti icin farkhh sayilarda secilmis enerji
depolama sistemleri i¢in (|L|) Giretim profili |L| = 0,2,4,6
icin toplam yiik profilleri gosterilmektedir. Her grafik,

sistemlerinin

enerji depolama sistemleri |L|= 0,2,4,6 sayisina bagh olan
dort farkli durumu gostermektedir. Buna gore sistemde
enerji depolama sistemi olmadiginda (mavi egriler) ve
alt1 enerji depolama sistemi kullanildiginda (yesil egriler)
yuk profili Kkarsilastinldiginda sistemdeki enerji
depolama sistemi kullaniminin énemi fark edilmektedir.
Yik profili enerji depolama sistemi konumlarinin
optimum belirlenmesiyle diizlestirilmistir. Ote yandan,
AA mikro-sebekesinde |L|= 0,2,4,6 enerji depolama
sistemleri icin sarj/desarj profilleri gosterilmektedir. AA
mikro-sebekede enerji depolama sistemi
durumu ve |L|= 0,2,4,6 olan en uygun enerji depolama
sistemi konumu i¢in bir karsilastirma yapilmistir. |L| = 0,

2, 4, 6 enerji depolama sistemlerinin sayilar1 ve

olmamasi

kapasitelerine gore sarj-desarj miktarlar1 Sekil 6'da
verilmistir. Sonug¢ olarak, sistemde enerji depolama
sistemi olmadiginda sarj miktari sifirdir (mavi egriler) ve
alt1 enerji depolama sistemi kullanildiginda (yesil egriler)
sarj seviyeleri karsilastirilmistir. Mikro-sebekede segilen
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enerji depolama sistemleri kapasitesinin puant talep
miktarinin sirasiyla %10 ve %20'si secildigi durumlar
icin enerji depolama sistemlerinin konumu, toplam
maliyet, hesaplama siiresi ve optimizasyon boslugu |L|=
0, 2, 4 ve 6 icin Tablo 4 ve 5'te karsilastirmali olarak
verilmistir. Toplamda en diisiik maliyet alti enerji

depolama sistemi ile saglanmistir. Ayrica tabloda her bir
baraya ka¢ adet enerji depolama
konumlandirilacagi da gosterilmektedir.

sisteminin
Buna gore
karsilastirmalar |L| = 6 enerji depolama sistemleri sayisi
icin puant talebin sirasiyla %10 ve %20'sinde maliyetin
en diisiik seviyelerde oldugu gosterilmektedir.

2 ! ! !

Enerjiri Depolama Sistemi Desarji

16 'Ei{éf-cjl'i'Dé'g&'d[zi*'éf'&iiéiéiiﬁ'f""""=""""
Olmaciginda Uretim Profili

1.2 lgiiiaiiss rrrrrrr R :

Giig (pu)

Enerji Depolama ‘ Enerji Depolama Sistemleri
08k S S | Sistenunin Sarp | ile Uretim Profili

i 2 i
5 10 15 20

Zaman (saat)
Sekil 2. Yeterli sayida enerji depolama sistemine sahip ve 6nerilen algoritma ile dogru sekilde konumlandirilmis bir AA

mikro-sebekesinde enerji depolama sistemlerinin diizlestirilmis bir yiik profilinde sarj/desarj gosterimi.

®

F T
N _—

Sekil 3. Geleneksel ve yenilenebilir iiretim santrallerinin oldugu iki enerji depolama sistemi konumlandirilmis 9 baral
bir dagitim sebekesi 6rnegi.

BS] Eng Sci / Tuncay ALTUN 667



Black Sea Journal of Engineering and Science

2 T T T T
‘ s TOplam Yk Bara-1 Bara-2 Bara-3 ‘

—_— —_—
[+ =)

o
o0

Toplam Ytk Profili (pu)

N

20

% :—/'I 1
5 10 15

Zaman (saat)

Sekil 4. 9 barali bir sistemde IEEE test verileri kullanilarak érneklendirilen baralardaki ytikler ve toplam yiik profili.

z T T - T T
— L] — =2 L=4 s—j— L=6 |

Z 16} 4

-

e 1.2}

=

o

0.8 -
1 1 L 1
5 10 15 20
Zaman (saat)
.
- L 1 L 1
= L=0 — L=2 L=4 L=6

Z 1.6k 4

| o

= _..-""-._"""--H_

-

g 12} =

0.8k =
L 1 L 1
5 10 15 20
Zaman (saat)

Sekil 5. 9 Barali bir dagitim sisteminde |L| = 0,2,4,6 enerji depolama sistemi sayilari i¢in iiretim profili. (a) Enerji
depolama sistemi kapasitesi sistemin maksimum talep degerinin %10'u oldugunda toplam yiik profilindeki degisim. (b)
Enerji depolama sistemi kapasitesi sistemin maksimum talep degerinin %20'si oldugunda toplam yiik profilindeki
degisim.
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0.3 T T T
L=6

(a)

0l

Batarya SarjDesar] (pu)

n 7N
7

03 L ! !

5 10 15
Zaman (saaf)

20

0.6 T ; .

—_— L0 —— L=2 L=4 =— L6 |

04

Batarya Sarj/Degarj (pu)
=

02k

04 L !

3 10 15
Zaman (saat)

20

Sekil 6. 9 Barali bir dagiim sisteminde |L| = 0,2,4,6 enerji depolama sistemi sayilari i¢in enerji depolama sistemi
sarj/desarj profili. (a) Enerji depolama sistemi kapasitesi sistemin maksimum talep degerinin %10'u oldugunda toplam

yluk profilindeki degisim. (b) Enerji depolama sistemi kapasitesi sistemin maksimum talep degerinin %20'si oldugunda

toplam yiik profilindeki degisim.

Tablo 1. Enerji depolama sistemi kapasitesi sistemin maksimum talep degerinin %10'u oldugunda; Enerji depolama

sisteminin konumu, toplam maliyet, hesaplama siiresi, optimizasyon basarisi.

Enerji Depolama
Sistemi Sayis1

Enerji Depolama Sistemi Konumu

Toplam Maliyet Hesaplama Siiresi (s) Optimizasyon Boslugu

0 - 46288
2 9x1, 1x1 46001
4 9x2, 5x1, 4x1 45767
6 9x4, 5x1, 4x1 45577

2,38
29,82
35,40
51,41

%0
% 0,0355
% 0,0052
% 0,0065

Tablo 2. Enerji depolama sistemi kapasitesi sistemin maksimum talep degerinin %20'si oldugunda; Enerji depolama

sisteminin konumu, toplam maliyet, hesaplama siiresi, optimizasyon basarisi

Enerji Depolama
Sistemi Sayis1

Enerji Depolama Sistemi Konumu

Toplam Maliyet Hesaplama Siiresi (s) Optimizasyon Boslugu

0 - 46288
2 9x2 45767
4 9x1, 4x1, 5x2 45430
6 7x2,9x2, 5x1, 4x1 45251

2,51
13,58
34,90

187,38

%0
% 0,0071
% 0,0097
% 0,0071
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4. Sonug¢

Calismada, AA mikro-sebekelerde iiretim maliyetlerinin
azaltilmasi ve tretim profillerinin diizlestirilmesi i¢in
enerji depolama sistemlerinin yerlestirilmesinde MINLP
olarak formiiliize edilen problem MISOCP olarak yeniden
ifade edilmektedir. Onerilen yéntem, riizgdr ve
geleneksel iiretim kaynaklarini kullanarak bir IEEE test
verisi karsilastirmali calismalarla
dogrulanmistir. Sonuglar, dnerilen yontem kullanilarak
optimize edilen enerji depolama sistemi
konumlandirmasiyla toplam maliyetteki degisiklikleri

lizerinde

uretim
geleneksel
de diizlestirilmistir.

gostermektedir. AA
maliyetinin
jeneratorlerin lretim profilleri

mikro-sebekelerin
azaltilmasina ek olarak
Bunun i¢in segilen enerji depolama sistemi boyutlar1 ve
konumlari, IEEE test verilerinin operasyonel ve fiziksel
kisitlarina bagh kalarak belirlenmistir. Digbiikey olmayan
giic akisi denklemlerinin ve enerji depolama sistemleri
konumlandirmadaki ikili karar degiskenlerinin birlikte
¢cozlilmeye c¢alisilmasinin neden oldugu karmasiklik
gevsetilmis MISOCP programlamayla ¢dzilmiistiir.
Onerilen programlama, riizgar tiirbini entegre edilmis
IEEE 9-barali test sistemine uygulanmis ve sonuglar elde
edilmistir. Sonuglarda dogru enerji depolama sisteminin
konumlandirilmasiyla tiretim profillerinin diizlestirildigi
ve toplam maliyetlerin diistiigii goriilmektedir. Ayrica
vurgulamak gerekir ki bu ¢alismanin bazi degisikliklerle
dogru akim (DA) mikro-sebekelere de uygulanabilir hale
kolaylikla getirilebilir. Burada dikkat edilmesi gereken
degisiklikler: iletim hatlarinin tamamen resistif bir
yapida olmasi, reaktif giic degiskenin denklemlerden
cikarilmasi ve faz agis1 konseptinin DA uygulamalarinda
olmayacaginin unutulmamasidir.

Katki Oran1 Beyam
Yazarin katk yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

T.A.
K 100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazar bu calismada higbir ¢ikar iliskisi olmadigini beyan
etmektedirler.

Etik Onay Beyani

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigl igcin etik kurul onay:
alinmamustir.
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Ozet: Elektronik tabanh sistemlerin kontroli, gelistirilmesi ve bir¢ok isletme hatasinin tespiti i¢cin matematiksel olarak ifade
edilebilmesi olduk¢a dnemlidir. Matematiksel olarak ifade edilebilen sistemlerde, gelistirilebilmesinin yaninda bir¢ok proble min tespit
edilmesini de kolaylastirir. Ozellikle haberlesme sistemleri ve bu sistemlerdeki tasiyici sinyallerin, haberlesme protokollerinin
matematiksel modellenmeleri ve gelistirilmesi ile ilgili calismalar son dénemde artmaktadir. Ozellikle karmasik yapis ile dikkat ¢eken
kaotik tabanli sistemlerin haberlesme sistemlerinde kullanilmasiyla bilgi sinyallerinin giivenilirligi artirilmistir. Ancak kaotik
sistemlerin tam dereceli olarak modellenmesi, 6zellikle kullanildig1 haberlesme sistemlerindeki hatali bit sayilarini artirmakta ve
zaman gecikmelerinden kaynakli uzun senkronizasyon siirelerine neden olmaktadir. Bu nedenle kaotik sistemlerin kesir dereceli
olarak modellenmesinin yaninda verici-alici sitemlerin miimkiin olan en kisa siirelerde senkronize olmalari i¢in sistemler arasindaki
zaman gecikmelerinin de dikkate alinmasi gereklidir. Bu ¢alismada haberlesme sistemlerinde kullanilan kaotik bir sistemin kesir
dereceli olarak elde edilmesi, daha sonra ise bir kontrolér ile zaman gecikmelerinden kaynakli senkronizasyon gecikmelerinin
azaltilmasi amaglanmistir. Yapilan calismada Charef yaklasim metodu kullanilarak kesir dereceli kaotik sistem tasarimi yapilmis ve
bulanik mantik tabanli bir kontrolér ile zaman gecikme siirelerinden kaynakli senkronizasyon siiresi azaltilmistir. Neticede, kesir
dereceli olarak gercgek sistem davranisi elde edilen bir kaotik sitemin bir kontrolor ile senkronizasyon siirelerinin azaltilabildigi
gosterilmektedir. Yapilan ¢alisma once bilgisayar benzetimi ile daha sonra ise FPGA kullanilarak deneysel uygulamasi gergekle stirilmis
ve dogrulanmistir.

Anahtar kelimeler: Kesir dereceli kaotik sistemler, Zaman gecikmeli sistemler, Charef metodu, FPGA

Synchronization of Fractional Order Chaotic Systems with Time Delay and FPGA Implementation
Abstract: It is very important to be able to express it mathematically for the control and development of electronic-based systems and
the detection of many operating errors. It makes it easier to detect many problems in systems that can be expressed mathematically, as
well as to be developed. In particular, studies on communication systems and the mathematical modeling and development of carrier
signals and communication protocols in these systems have been increasing recently. The reliability of information signals has been
increased by using chaotic-based systems, which attract attention with their complex structure, in communication systems. However,
full-degree modeling of chaotic systems increases the number of erroneous bits, especially in the communication systems in which it is
used, and causes long synchronization times due to time delays. For this reason, in addition to modeling chaotic systems in fractional
order, it is necessary to take into account the time delays between the systems in order to synchronize the transmitter-receiver
systems in the shortest possible time. In this study, it is aimed to obtain a chaotic system used in communication systems in fractional
order, and then to reduce synchronization delays due to time delays with a controller. In the study, a fractional order chaotic system
was designed using the Charef approximation method and the synchronization time due to time delays was reduced with a fuzzy logic-
based controller. As a result, it is shown that the synchronization times of a chaotic system, where real system behavior is obtained in
fractional order, can be reduced with a controller. The study was first implemented and verified experimentally using computer
simulation and then using FPGA.
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1. Giris matematiksel olarak  dinamik esitlik takimlan
Kaos sinyalleri, baslangi¢c degerlerine duyarl, periyodik kullanilarak kaos teorisi olarak ifade edilir (Lorenz,
olmayan, genis bant aralikl, uzun siirelerde tahmin 1963). Dogrusal olmayan bu teori ilk olarak 1960'larda
edilmesi zor rastgele sinyaller olarak bilinir (Ott ve ark., Edward  Lorenz'in  arastirmalarinda  kullanilmistir
1990). Kaotik davramis sergileyen bu sinyaller, (Lorenz, 1963). Kaotik sinyallerin kisa zamanlarda
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tahmin edilememesi, giivenli haberlesme sistemleri igin
tasiyicr sinyal olarak onemli bir parametre haline
gelmistir. Kaos sinyalleri, kaotik iletisim sistemlerinde
tasiyicl sinyal olarak kullanilan temel yapidir. Kaotik
sinyallerdeki karmasik yapi sinyalin tasiyict olarak
kullanildig1 haberlesme sisteminin de karmasikhigini,
dolayisiyla da giivenilirligini artirmaktadir. Kaos tabanlh
daginik
spektrumlar1 nedeniyle bilgi sinyallerinin arka planda
gizlenmesine taniyan, Ongorilemeyen ve
gliriltiili sinyaller olarak bilinmektedir (Peitgen ve ark,,
2004). Kaosa dayali dogrusal olmayan dinamik esitlikler
deterministik olmasina

osilatorler tarafindan {retilen sinyaller,

olanak

ragmen sistem davranisini
Ayrica giivenilir iletisim
sistemlerinin 6nemli bir o6zelligi de parametrelerin
baslangi¢c degeri ve duyarhiligidir. Kaos temelli iletisim
sistemleri, siirekli senkronizasyon gerektirmeyen ve
anlk senkronizasyonla saglanabilen iletisim
yontemlerine sahiptir (Cuomo ve ark., 1993; Kennedy ve
Kolumban, 2000). Anlik senkronizasyonun saglandigi

tahmin etmek zordur.

haberlesme sistemlerinde tasiyict sinyalin stirekli
senkronizasyonuna gerek yoktur. Bu durum, tasiyici
olarak hem kaotik sinyalleri hem de periyodik sinyalleri
kullanan haberlesme sistemlerinde aynidir (Chua ve ark,,
1987). Alic1 devrelerde tasiyicl sinyaller elde edilmeden
bilgi sinyaline ulasilmasina olanak saglar. Ancak bu
durumda kaotik
karmasikligina degil iletisim sisteminin yapisina baghdir.

Bu nedenle veri giivenligini arttirmak icin anlik

bilginin  giivenilirligi sinyalin

senkronizasyon yerine siirekli senkronizasyon gerektiren
ihtiya¢  duyulmaktadir. Ciinki
senkronizasyon gerektiren sistemlerde verici devredeki
kaotik tasiyicr sinyalin alict devrede yeniden elde
edilmesi gerekir. Boylece bilginin giivenilirligi artirilmis

sistemlere stirekli

olur.

Dogrusal olmayan sistemlerde dinamik sistemin kaosa
girebilmesi ve kaotik davranmaya devam edebilmesi i¢in
durum esitliklerinin toplam derecesinin minimum {g¢
olmasi gerekir. Diger taraftan sistem esitliklerinde de en
az bir dogrusal olmayan terime sahip olmalidir (Peitgen
ve ark., 2004). Ancak toplam sistem derecesinin 3’ten az
oldugu bazi durumlarda da sistem kaotik davranis
gosterebilir (Petras, 2011). Bu durum kaotik sistemlerin
ongoriilebilirligini daha da zorlastirmaktadir. Bu nedenle
kaotik yapilarin tam dereceli esitlikler yerine kesir
dereceli durum esitliklerinde kaotik davranmasi iletisim
sistemlerini daha giivenilir hale getirmektedir. Bu sayede
kaotik karmasik yapisl
parametrelerle birlikte artar (Petras ve Bednarova,
2009). Diger taraftan ise kesir dereceli modelleme ile
kaotik esitlikin asil sistem davranisinin elde edilmesi

sistemlerin mevcut

saglanmis olur. Kaotik esitlikin gercek sistem
davranisinin  elde edilmesi 0Ozellikle haberlesme
sistemlerindeki alict  verici devrelerdeki kaotik

osilatorlerin daha kisa siirelerde senkronize olmasini
saglar. Haberlesme sistemlerinde en ¢ok veri kaybi
senkronizasyon saglanana kadar gegen
olmaktadir. Bu nedenle kesir dereceli modelleme ile

stirede

gerceklestirilen ve daha kisa siirelerde senkronize olan
bu sistemde veri kayb1 daha az olmaktadir. Gliniimiizde
haberlesme cogunlukla kablosuz
gerceklestirilmektedir. Kablolu haberlesme sistemlerinin
kablosuz haberlesme sistemlerine goére daha az dis

sistemleri olarak

etkenlere maruz kaldig1 diisiiniildiigiinde kablosuz
haberlesme sistemlerinde 6nerilen sistemin daha faydali
olacag disiiniilmektedir (Qian ve ark., 2011). Dolayisiyla
Onerilen yontem ile kablosuz haberlesme sistemlerinde
senkronizasyon  siirelerinin daha da azalacagl
ongorilmektedir. Ancak oOnerilen sistemin uygulamasi
kablolu olarak gerceklestirilmistir.

Basta kontrol ve haberlesme sistemleri olmak iizere

birgok sistemin modellenmesinde 6nemli diger bir etken

ise zaman gecikmesidir. Cok kanalli ve yiiksek
frekanslardaki haberlesme ag yapilarindaki zaman
gecikmelerinin  matematiksel tanimlamalara dabhil

edilmemesi 6nemli bir problemdir. Giinliik hayatin bir¢ok
alanindaki ag yapisina gore, ag dinamiklerinin
davranislarinin arastirilmasi 6nemli bir problem olarak
goriinmektedir. Ag yapisinda, agin bir diigiimii olarak her
dinamigin diger digiimlerle iliskisi Bir¢ok
calismada agin diigiimleri arasindaki baglant1 sabit bir
baglant1 olarak ele alinmistir (Li ve ark., 2021; Zhao ve
ark, 2021). Oysaki aglarin diiglimleri arasindaki
baglantilar degisken olabilir (Divya ve ark., 2021; Kuo ve
Resmi, 2019). Haberlesme sistemlerindeki ¢alismalarin
¢ogu ag baglantilarinda herhangi bir zaman gecikmesi
olmayan sistemler iizerine yapilan calismalardir (Rajaei
ve ark., 2018). Ancak gercek ag baglantilarindaki zaman
gecikmelerinin dikkate alinmasi gereklidir, ¢ilinkii veri
iletimindeki zaman gecikmesi yaygin bir sorundur. Bu
gecikmeler degisken olabileceginden, aglarin karmasik

vardir.

yapisina gore, ag yapisinin tam olarak tanimlanmasi
onemli bir problemdir. Karmasik haberlesme aglarinin
matematiksel tanimlamasi i¢in bazi ydntemler vardir
(Wang ve ark., 2018; Zhang ve ark., 2016). Ancak bu
calismalar zaman gecikmesi olmayan sistemler icindir.
Haberlesme sistemlerinin her diiglimiinde bir degisken
dinamiginin dikkate alinmasi, aglarin karmasikligini
artirabilir. Bu durum degiskenlerinin gercek sistem
davranig1 ise olarak elde
edilebilmektedir (Behinfaraz ve ark, 2015). Kesir
dereceli hesaplamanin en 6nemli uygulamalarindan biri
kaotik sistemlerdir (Silva-Jua’rez ve ark., 2021). Kaotik
sistemler, bircok spesifik 6zelligi olan 6ngoriillemeyen
sistemlerdir (Behinfaraz ve Badamchizadeh, 2015). Bu
ozelliklere gore bu sistemler i¢in bir¢ok uygulama
bulunmustur (Behinfaraz ve ark, 2019). Kaotik
dinamikler c¢ok sayida karmasik agda kullanilmistir
(Blakely ve ark., 2018; Lee, 2019; Er ve ark., 2019; Zhu ve
ark, 2021). Yiiksek karmasiklik ve varyasyona sahip
aglarda senkronizasyonu saglamak icin bir ¢6ziim

ancak Kkesir dereceli

bulmak zorlu bir problemdir.

Bu ¢alismada; Sprott H kesir dereceli kaotik osilatoriin
zaman gecikmeli bir kontrolér ile senkronizasyon
stiresinin azaltilmas1 amaglanmigtir (Sprott, 1994). ilk
olarak calismada kullanilan Sprott h osilatoérii Charef
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yaklasim metodu kullanilarak kesir dereceli olarak
modellenmis ve elde edilen kesir dereceleri
belirlenmistir. Daha sonra tasarlanan kontrolor siirekli
senkronize olacak haberlesme sistemi ile senkronize
edilmistir. Tasarimin benzetim sonuglarini elde edilen
verilerde 0,03 saniyede sistemin senkronize oldugu
gozlemlenmistir. Matlab Simulink ile tasarlanan sitem
HDL coder kullanilarak VHDL diline ¢evrilmis ve FPGA
tlimlesik yapisina yliklenmistir. Daha sonra FPGA
kullanarak gerceklestirilen ¢alismada sonuglar dijital
osiloskop senkronizasyonlari
gozlemlenmistir. Calismanin materyal metot boliimiinde
kesir dereceli sistemlerde, zaman gecikmeli sitemlerden
ve FPGA yapilarindan bahsedilmistir. Ayrica bu béliimde
Sprott H kaotik sisteminin kesir derecesi hesabi yapilarak

kullanilarak

simiilasyon sonuglari verilmistir. Bulgular ve tartisma
boéliimiinde ise tasarlanan kontroldr ile kesir dereceli
sistemin benzetim ¢alismasi ve senkronizasyon zamanini
tespiti gosterilmistir. Benzetim yapilan ¢alismanin FPGA
deneysel uygulamasi gerceklestirilerek senkronizasyon
sonuglar1 paylagilmistir. Son olarak ¢alismanin sonuglari
degerlendirilmistir.

2. Materyal ve Yontem

Kaos tabanli haberlesme sistemlerinde siirekli
senkronizasyon calismalarinda ilk olarak Pecora-Carrol
tarafindan gergeklestirilen farkli baslangi¢c sartlari i¢in
ayni dinamik yapinin farkli dinamikleri kullanilarak bir
yontem onerilmistir (Pecora ve Carrol, 1990). Onerilen
yontemin basitligi ve kullanilabilirligi kaotik haberlesme
sistemlerinde Kkullaniminin 6niinii agmis ve bir¢ok
yonteminde benzer sekilde arastirilmasini saglamistir
(Cavusoglu ve ark. 2014; Riaz ve Ali, 2008; Pecora ve
Carrol, 1990; Bai ve Lonngren, 1997; Liao ve Lin, 1999;
Ugar, 2003; Huang ve ark., 2004; Park, 2005; Wang ve
Liu, 2007). Kaos yapilarin
senkronizasyonu i¢in bircok yontem 6nerilmektedir. Bu
yontemler, uyarmali kontrol (Liao ve Lin, 1999), aktif
kontrol (Bai ve Lonngren, 1997; Liao ve Lin, 1999; Ucar
ve ark., 2003), geri beslemeli kontrol (Huang ve ark,
2004; Park, 2005) ve pasif kontroldiir (Wang ve Liu,
2007). Ancak iki sistemin senkronizasyonunun dniindeki
en biiylilk problem gecikmesidir. Zaman
gecikmeleri sadece elektronik devreler i¢in degil bircok
sistemde goériilen bir durumdur. Ornegin, biyolojik,
kimyasal, canlilar gibi érneklendirilebilir (Zhong, 2006).
Yani bu sistemlerde etki tepki
gecikmesine baghdir. Ornegin bir kanser hiicresi uzun
siireli olumsuz etkilerin bir Uriintidiir. Benzer durum

tabanli  dinamik

zaman

arasi bir zaman

elektronik tabanli devre ve haberlesme sistemleri icin de
s0z konusudur. Ancak sistemlerin modellenmesinde bu
zaman gecikmelerin ihmal edilmesi sistemlerin gercek
davranisinin kaybolmasina neden olmaktadir. Ozellikle
kaotik haberlesme
gecikmelerinin  ihmali alic
senkronizasyonunu zorlastirmaktadir.
Bu Dboélimde ¢alismada
bahsedilmistir.  ilk

tabanh sistemlerinde zaman

devrelerde sistemin

kullanilan  ydntemlerden

olarak kesir dereceli kaotik

sistemlerin literatiir, temel analiz ve hesaplama 6rnekleri
verilmektedir. Ayrica ¢alismada kullanilan Sprott H
kaotik osilatoriiniin kesir dereceli hesab1 ve faz-uzay
gosterimleri  sunulmustur. Diger
gecikmeli sitemlerin ¢alismadaki 6nemi ve literatiir 6zeti

taraftan  zaman
verilerek ¢alismanin 6nemi ag¢iklanmistir. Son olarak
onerilen ¢alismanin deneysel uygulamasinin yapilacagi
FPGA  gomili
bahsedilmektedir.
2.1. Kesir Dereceli Kaotik Sistemler

sistemler ve dstiinliiklerinden

Kesir dereceli sistemler ilk olarak 17. Yiizyilin sonlarinda
Leibniz tarafindan incelenmis olmasina ragmen, Liouville
ve Rieman tarafindan 20. Yiizyilin baslarinda tanmitilmistir
(Oldham ve Spanier, 1974; Nishimoto, 1984). Bu
calismalar ile kesir dereceli esitlikler kullanilarak bir¢ok
sistem tam olarak ifade edilebilmis ve neticesinde
sistemlerin davraniglar1 ortaya konabilmistir (Oustaloup
ve ark., 2000). Kesir dereceli sistemlerin kullanilmasi,
dogrusal olmayan sistemlerin, gii¢ sistemlerinin ve
kontrol  sistemlerinin  tasarimini  buylikk  Olgiide
etkilemistir (Jin ve ark., 2011; Petras, 2011; Herzallah,
2014; Udita, 2014). Kesir dereceli olarak tasarlanmis
sistemlerin, o6zellikle dogrusal olmayan sistemlerde,
tamsay1 dereceli sistemlerden daha iyi performans
gosterdigi ortaya konmustur (Ma ve ark., 2014). Dogada
olusan problemlerin kesir dereceli operatorlerle
modellenmesi ve elde edilen modellerin tamsay1 dereceli
esitliklerle karsilastirilmasi gercek
davranisinin elde edildigi bulunmustur (Petras ve
Bednarova, 2009). Kesir dereceli
integratorler, Griinwald-Letnikov, Liouville-Riemann ve
Charef yaklasim yontemleri ile aciklanmistir (Podlubny,
1999).

Mihendislik biliminde zaman domenindeki dogrusal

yoluyla sistem

tirevler ve

sistemlerin  frekans domeninde modellenmesinde
Laplace doniisim metodu ve ters laplace metodu
kullanilmaktadir. Bu c¢alismada Kkesir dereceli kaotik
sistemlerin yiiksek frekanslarda sayisal tabanh FPGA ile
gerceklestirilmesi amag¢lanmistir. FPGA tasariminda kesir
dereceli operatorler oncelikle frekans domeninde
modellendikten sonra ters laplace ile zaman HDL koduna
dontistiiriilerek gergeklestirilebilir. Bu nedenle kesir
dereceli sistemlerin frekans domeninde modellenmesine
en uygun tanmimlamalardan biri Charef yaklasim
metodudur (Charef ve ark, 1992). Charef yaklasim
metodu ile s-domeninde kesir dereceli sistemin siirekli
zamanl yaklasimi elde edilmektedir.

Bu yontem ile kesir dereceli integral hesabinin tam
dereceye yakinsamis Laplace transfer fonksiyonu elde

edilir (esitlik 1).

1
Ia(s) = s_a (1)
Esitlikde; s=jw kompleks frekans, a pozitif kesir
derecesini temsil etmektedir (esitlik 2).
[fg=sr—F0<a<l 2)
" ()
pT,
Burada, yakinsatilmis transfer fonksiyonunun
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hesaplanmasinda; pr kose frekansi, po ilk kutup degeri, y
dB olarak hata oranini belirtmektedir. Son kutup olan pn
degeri ise N tarafindan belirlenmektedir. 1/py: durulma
zaman sabitini temsil etmektedir. Buna gore kesir

dereceli transfer fonksiyonu (esitlik 3) ile ifade
edilmektedir.
N 1+i)
@=L lim Tl (3)
(s) a s\ Nooo s\’
T () VL)

Transfer fonksiyonunun kutup ve sifirlar1 esitlik 4 ile
ifade edilmektedir. Esitlik 5 ile N-1 sifir ve kutup oranini
ifade eden a, N-1 kutup ve sifir oranini ifade eden b ve ab
degerleri esitlik 6 ile verilmektedir.

Do = pTlo[Y/zoa]’ZO = polo[Y/lo(l_a)]‘ P = 2010[3’/10“],
7, = py10D/100-0)] 4)

ZIN-1 = PN—110[y/10(1_a)]. PN = Zn-1 10lby/10a] (5)
a = 10/100-0]  p = 19/10a] gp = 10ly/10a(1-D)] (g)

Elde edilen bu kisaltmalarla transfer fonksiyonu esitlik 7
ile verilmistir. Ayrica transfer fonksiyonunun boyutunu
gosteren N ifadesi ise esitlik 8 ile verilmektedir.

N-1 S N-1 s
=t 1 o f=°(“z7)= i=°(1+m)' )
R T e T (e
N = int (—w‘fiz"mo) ()) (8)

Charef yaklasim metodu ile elde edilen s degeri bu
esitliklerle belirli frekans araliklarinda belirli hata orani
ile  yaklasik

edilebilmektedir.
2.2. Zaman Gecikmeli Kaotik Sistemler

olarak frekans domeninde elde

Zamana bagh gecikmeli sistem, giris sinyali veya
degiskeninin, sistem c¢ikisini ayni anda etkilemedigi,
ancak belirli bir zaman gecikmesiyle sisteme etki ettigi
bir sistem tiirtidiir. Fiziksel ve kimyasal yapilarin
matematiksel genellikle anlik durumlara
dayanir, ancak zaman gecikmeli sistemlerde, ge¢cmis
durumlar da dikkate alinir. Bu tiir sistemlere zaman
gecikmeli Zaman gecikmeli
sistemlerin matematiksel modelleri, ge¢mis zamana
dayali oldugundan sistem davranisini analiz etmek ve

kontrol etmek daha karmasiktir. Zaman gecikmesi
—0s

modelleri

sistemler adi verilir.

genellikle e 7% gibi bir iistel fonksiyon kullanilarak ifade
edilir. Ustel fonksiyonun koklerinin sonsuz sayida olmasi
nedeniyle, zaman gecikmeli sistemler genellikle sonsuz
boyutlu fonksiyonel diferansiyel esitlikler sinifina dahil
edilirler (Michiels ve Niculescu, 2007). Gergek diinyada
zaman gecikmeleri olduk¢a yaygindir ve yapilan
arastirmalar, = zaman  gecikmesinin  kiigik  bir
degisikliginin kaotik sistemin dinamik davranisini 6nemli
Olciide etkileyebilecegini gostermektedir. Kaotik tabanli
sistemler icin Onerilen ve ucar modeli olarak bilinen

sistem ile zaman gecikmeleri esitlik 9 ile ifade
edilmektedir.
= sx(t—1) - elx(t =D (¢ = to) ©)

Esitlik 9 ile verilen tanimlamada, § ve ¢ pozitif
parametreleri, to baslangi¢ araligini ifade eder. t (0’dan
farkll), sistemin baslangici ile etkisi arasindaki zaman
gecikmesini tanimlamaktadir. Literatiirde kesir dereceli
kaotik tabanl bir haberlesme sisteminde bilgi sinyalinin
elde edilmesi incelenmistir. Bu sistem su sekilde formiile
edilmistir (esitlik 10).

D%x =258 +10)(y —x)

D% = (28 —35B8)x —xz + (298 — 1)y (10)
D%y = xy — (8"'35)2

Esitlik 10 ile verilen 6rneklendirilen kaotik sistem esitlik
11’de verilen zaman gecikmeli yapiya doniistiirilmustiir.

D% = (258 +10)(y — x(t — 1))

D%y = (28 —35B)x —xz + (298 — D)y(t— 1) (11)
(8+pB)z(t-1))
3

D%z =xy —
Cok kanalli haberlesme sistemlerinde ise aglarin
tlimiinde senkronizasyonu saglamak olduke¢a zordur. Bu
nedenle karmasiklig1 azaltacak bir ¢6ziim yontemi tercih
edilmelidir. Bulanik mantik ile kesir dereceli kaotik
sistemlerde karmasiklig1 azaltmak i¢in bir¢cok uygulama
gerceklestirilmistir (Jafari ve ark., 2019; Ma ve Ma, 2019).
Bu yontemlerden Takagi-Sugeno (T-S) kaotik dinamik
yapilarda ¢ok kullanislh bir modelleme araci oldugu
gosterilmistir =~ (Mohammadzadeh ve ark, 2016;
Mohammadzadeh ve Ghaemi, 2018). Ayrica, kesir
dereceli sistemlerin T-S bulanik model go6sterimi
hakkinda birka¢ c¢alisma yapilmistir (Wang ve ark,
2018). Ancak zaman gecikmeli kesir dereceli sistemlerin
matematiksel modellemesi ile ilgili bir
bulunmamaktadir.

calisma

Sonug olarak, aglarin eszamanl olarak tanimlanmasi ve
senkronizasyonu i¢in yapilan ¢alismalar sabit ag yapilari
ile sinirhidir ve bu ¢alismalarin ¢ogu (Wang ve ark., 2018)
tam say1 dereceli dinamikler ile gerceklestirilmistir. Bu
calisma ile zaman gecikmeli kesir dereceli bir kaotik
sistem bir haberlesme sisteminde gercek zaman sistem
davranisi ile elde edilmesi ve tiimlesik devre yapilari ile
gerceklestirilmesi amaglanmistir.

2.3. FPGA Tabanl Devre Uygulamalari

Calismada onerilen sistemlerin ayrik devre elemanlari
kullanilarak  gergeklestirilmesi ~ zor  oldugundan
programlanabilir tiimlesik yapilar kullanilir. Kaos tabanl
elektronik  devrelerin ayrik devre elemanlariyla
gerceklestirilmesindeki zorluklar ASIC, DSP, FPGA gibi
sayisal tabanl tiimlesik devre yapilari ile asilmistir. ASIC
yapi ile kaotik iireteclerinin yiliksek performansh devre
yapilar1 oldugu goriilmektedir. Fakat ASIC tabanli kaos
ireteglerinin ilk kurulum maliyetinin yiiksek ve sahada
degistirilemeyen  tasarim onemli
dezavantajlar1 oldugunu gdstermektedir. O yilizden
iretim sirasinda yapilacak bir hata ¢ok ciddi mali
kayiplara yol agabilir. DSP tasarim metodunun ise diisiik

frekanslhi olduklar1 gozlemlenmektedir. Bundan dolay1

yontemi  en

tasarimi yapilan sistemlerin yavas calismasina sebep
olur. Ve bir diger sayisal tabanli devre yapisi olan FPGA

BSJ Eng Sci / Semih Can DEGIRMEN ve Kenan ALTUN 675



Black Sea Journal of Engineering and Science

tabanli tasarimda bu dezavantajlar bulunmamaktadir.
FPGA kullanilarak elde edilen yapilarin degistirilebilir
olmalari, ayni anda islem yapabilmeleri ve ¢ok yiiksek
anahtarlama frekanslar1 sayisal sistemler igin ¢ok
onemlidir (Glirses ve ark., 2006). FPGA yapilar, ozellikle
teknolojinin hizlica gelistigi son zamanlarsa medikal,
savunma, radar, isaret isleme, uzay, otomotiv endiistrisi
gibi genis bir alanda kullanilmaktadir (Ozer ve Zorlu,
2012). Fourier doéniisiimii ve konvolisyon gibi ytiksek
performans gerektiren matematiksel dongiilerde FPGA
yapilar kullanilmaktadir. FPGA tiimlesik yapilar1 alanda
programlanabilen sayisal tabanli donanimlardir. FPGA
yapilar programlanabilen entegre bloklar1 olarak da
bilinir. En ozellikleri ayni anda islem
yapmalaridir. Boylelikle ayn1 anda bir¢ok goérevi veya
hesaplamay1 yapabilirler (Koyuncu, 2014). Bilinen
entegre devre yapilari paralel islem yapamazlar. En ¢ok
bilinen FPGA yapilar Xilinx ve Altera firmalarinin tirettigi
kartlardir. Xilinx firmasi tarafindan iiretilen gelistirme
kartlar1 ZedBoard Zyng-7000 Sekil 1'de ve Zybo Z7-20
Sekil 2’de gosterilmektedir.

Bu c¢alisma, kesir dereceli kaotik sistemlerin zaman
gecikmeli sistemlerde senkronizasyon siiresini kisaltmak
icin bir kontrolér tasarimini ve giivenilir haberlesme
sistemlerindeki FPGA uygulamalarin1 icermektedir.

onemli

Yiiksek calisma frekanslar1 ve paralel islem yapma
kabiliyetleri nedeniyle FPGA yapilar kesir dereceli sistem
tasariminda 6n plana ¢ikmaktadir.

Sekil 2. Xilinx Zybo Z7-20 gelistirme kart1.

3. Bulgular ve Tartisma

Giiniimiizde bir¢ok problemin arastirilmasi, ¢éziimi ve
kontrolii icin matematiksel oldukc¢a
o6nemlidir. Matematiksel modellemelerde sistemin gercek
davranisinin tam olarak belirlenememesi ve yakinsayan
sonuglarin elde edilmesi ozellikle stirekli tekrarlanan
sistemlerde

modellenmesi

onemli hata mekanizmalarinin ortaya
cikmasina neden olmaktadir. Bu durumda sistemin
kontrol edilebilirligi zorlasir ve sistem Kkararsiz bir
gidebilir. Kararhlik  bir¢ok

uygulamalarda 6nemli bir problem olarak arastirma

duruma sistem  ve
konusu olmustur. Sistemin kararlilifini etkileyen en
o6nemli parametrelerden biri zaman gecikmesidir. Diger
taraftan problemlerin gercek sistem davranislarinin
belirlenmesi de kontrol sistemleri i¢in olduk¢a 6nemlidir.
Elektrik, pinomatik ve hidrolik aglar, kimyasal prosesler,
uzun haberlesme hatlar1 vb. gibi sistemlerde gecikmeyle
cok sik karsilasilmaktadir. Gecikmeler birgok fiziksel ve
mithendislik sisteminin dogasinda vardir. Gecikmeler
ozellikle haberlesme sistemlerde olumsuz etkilerini ideal
olarak temsil etmek i¢in kullanilir. Bu sistemler sadece
diferansiyel esitliklerle tanimlanamaz. Ozellikle kontrol
sistemlerinde gercek sistem davranisinin
modellenememesi  sistemin kontrol edilebilirligini
zorlastirmaktadir. Benzer durumlar kararsiz sistemlerin
durumunu korumas: iginde gegerlidir. Bilindigi gibi
disaridan kararsiz gibi goriinen ancak kendi igerisinde
bir diizen bulunduran yapilar vardir. Diizensiz ve
kararsiz gibi goriinen bu sistemlerin matematiksel
modellenmesini miimkiin kilan dogrusal olmayan
sistemler vardir. Dogrusal olmayan dinamik esitlikler ile
matematiksel olarak tanimlanabilen bu esitlikler kaotik
sistemlerin modellenmesinde de kullanilmaktadir. Kaotik
sistemler meteorolojiden, uzay bilimine, sagliktan,
kontrol sistemlerine ve giivenilir haberlesme gibi bircok
uygulama alani vardir.

Kesirli dereceli sistemlerde, kaotik sistemi modellemek
icin kesirli dereceli bir tiirev alic1 kullanilir. Bu ¢calismada
Simulink kullanilarak benzetimi, FPGA kullanilarak ise
deneysel calismas1 kesir dereceli olarak, frekans
domeninde ifade edilmistir. Bunun i¢in Charef yaklasimi
kullamilir. Oncelikle kaotik sistemin frekans alanindaki
Sprott_h Kkesirli transfer fonksiyonu Simulink'te ve
ardindan FPGA'da uygulanmistir. Sprott H sistemine ait
durum esitlikleri asagida verilmistir (Sprott, 1994).
Uygulamada Sprott H kaotik iiretecinin kesir derecesi
q1 = g2 =q3 = 0,92 icin analiz yapilmis ve elde edilen
benzetim sonuglar1 asagida Sekil 3’de verilmektedir.
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x-y faz-uzay gosterimi

x-z faz-uzay gosterimi

y-z faz-uzay gosterimi

Sekil 3. Sprott H kesir dereceli kaotik sistemin faz uzay gosterimi.

Esitlik 12 ve 13'de x,y,z durum degiskenlerini (state
controls), ifade etmektedir. Sistemin baslangi¢ sartlari
x(0)=0.05,y(0)=0.05, z(0)=0.05 seklindedir.

dx 2

E ==y + 2z

Y o x+05y (12)

dt

dz

E =X—Z

H(S) _ num(s) _ 2,2715*+490,245+630,95 (13)

den(s) ~ s3+36152+7765+10

Dogrusal olmayan dinamik esitlikler ve zamanla degisen
gecikmelerle hizli anahtarlama topolojisine sahip kesir
dereceli aglarin tanimlanmasi ve senkronizasyonu igin
bir yontem tasarlamak gerekli goriinmektedir. Bu
nedenle kesir dereceli agin tanimlanmasi i¢in yine kesir
dereceli zaman gecikmeli dogrusal olmayan dinamik
yapilarin tanimlanmasi gerekmektedir. Ayrica, kesir
dereceli zaman gecikmeli aglarin senkronizasyonu i¢in
bulanik modellere dayali fonksiyonlarin tanimlanmasi
gerekmektedir.

Verici

%

Giivenli haberlesme sistemi i¢in Onerilen kontroloriin
blok semasi Sekil 4’de gosterilmistir. Bu sekilde
gorildugi gibi iki kaotik sisteme ihtiya¢ vardir. Bilgi
sinyalleri vericide modiile edilir ve alicida algilanir. Alict
tarafina senkronizasyon ve parametre tahmin hatalarini
sifira yakinsayan bir kontroloér eklenmistir. Bu kontrolor
bulanik bir yoéntem kullanarak gerc¢eklesmektedir.
Kontrol6riin amaci senkronizasyonun en kisa siirede tiim
digliim noktalari i¢in gergeklestirilmesidir.

Calismada dinamik ag yapisi, haberlesme sisteminde
stirekli senkronizasyon ile gergeklestirilmistir. Bunun
icin master tarafinda zaman gecikmeli-kesir dereceli
tanimlanan kaotik tasiyici n diigiim noktasi i¢in bir
matris formuna donistiirilmiistiir. Master tarafinda n
dinamik yapisi i¢in elde edilen matrisin kosegen matrisi
ile Slave yapida T-S bulanik kontrolcii ile elde edilen
matrisin késegenleri siirekli olarak bir hata fonksiyonu
ireterek karsilastirma yapilmistir. Kontrolcli geri
besleme ile hata fonksiyonunu sifira indirerek siirekli
senkronizasyon saglanmistir.

Bulanik

Kontrolor

L

Modulasyon

Bilgi Sinyali

L

Sekil 4. Onerilen modelin blok diyagramu.

R

[

Alici

d

Demodulasyon

Bilgi Sanyali

i
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Esitlik 14 ve esitlik 15'te iki sistemi sirasiyla verici ve
alict  olarak tammlanmaktadir. Verici tarafindaki
parametre modiilasyonu su sekilde tanimlanir.

pi = pi() + m;(t) (14)
Alic1 tarafindaki tanimlama ise,
p'i=p' () +m'i(t) (15)

Senkronizasyon hatasi su sekilde tanimlanir (esitlik 16):

e1=x"—x
ez =y —y (16)
e3=2—2z

Ve parametrelerde bilgi sinyalinin hatasi (esitlik 17 ve
18),

ey =P — B (17)
em, = mi(t) — m;(t) (18)
Sistemde asil amag, senkronizasyon ve giivenli

haberlesme saglamak i¢in uygun kontroldr tasarlamaktir.
Kontrolor, zaman gecirerek asagidaki durumlarda es
zamanli olarak sifira yakinsama saglamaktadir.

1= [lx(®) —x'®|
2-[p@®-p O
3 —|lm(t) —m' (Ol

Yukarida modellenen sistem matematiksel olarak iki
diigim noktasi i¢in asagidaki gibi ifade edilebilir. Buna
gore master devredeki zaman gecikmeli-kesir dereceli
sistem i¢in elde edilen esitlik asagida verilmistir (esitlik
19).

d%x(t) N
e = F(xi(0) + Axi(t =) + B 0% (1) +

ijzl wi]-xj(t —T) (19)

Esitlikde; o;; késegen matris elemanlarini, w;; zaman-
gecikmeli boliimlerin kdsegen matrisinin elemanlarini
ifade etmektedir. Slave devre i¢in ise asagidaki esitlik 20
kullanilmistir.

a%y; ,
%ﬁt) = (i) + Ayt =) + X)_ 0"y (0) +

T 0yt -1+ (20)
Bu iki sistem arasindaki hata fonksiyonu ise (esitlik 21);

a%;(t) _
dt®

Y105y () + 2V @yt =) +

(21)

olarak ifade edilir. Master-Slave devrelerde késegen
matris elemanlarimin hata fonksiyonu Gj;-0';; — oy ve

zaman gecikmeli systemin hata fonksiyonu ®jj-w';; — wj;

olarak  gosterilir.  Senkronizasyon aninda hata
fonksiyonlarinin sifir olmasi gerekmektedir.
Buradan esitlik (12) ile verilen kesir dereceli

hesaplanmis Sprott H tasiyici osilatorii diizenli bir

karmasik agin yapist olarak esitlik (22) gibi
tanimlanmistir:

Dl'xi(t) = —ayi(t) — ezf (v),

D2y;(t) = bx;(t) — ky; () + c XYy mijyj (22)

DBz;(t) = —dz;(t) + mx; (b),
i = 1234..9 icin g, =q, = q3 = 091'dir ve a=1,e=-
1,b=1k=-0.5,d=1, m=1.
Sekil 5 ile j=123,....,9 xj(t) durum
degiskenlerinin zaman gecikmesini gosterir ve burada
senkronizasyon saglanmis olur.

icin

(%]
T

| I
e Zaman Gecikmeli Kesir Dereceli Hata ||
Verici Devre y(t)
Aliei Devre y(t)

0 0.01 0.02 0.03 0.04

0.05 0.06 0.07 0.08 0.09 0.1

Sekil 5. Zaman gecikmeli kesir dereceli modelin benzetimi. Kirmizi renkli sinyal verici, mavi sinyal alic1 sinyali
sembolize etmektedir. Yesil sinyal ise alic1 verici sinyallerin hata miktarini géstermektedir.
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Benzetimi yapilan g¢alismanin sonuglar1 incelendiginde
0.05 saniyenin altinda sistem senkronize olmustur. Bu
sonu¢ ile daha az bilgi sinyalinin hata sinyaline
doniismesi saglanmistir. Yapilan c¢alismadaki sonug
senkronizasyon stirelerinin kisaltilmasiyla miimkiin
olmaktadir. Genel olarak kaos tabanl giivenli haberlesme
sistemlerinin amaci alict devreye iletilecek sinyalin
gizlenmesidir. Yaygin olarak kullanilan ydntemlerde,
iletilen bilgi sinyali bir kaotik durum degiskeni ile
gizlenmektedir. Bu gizlenen sinyal daha sonra, farkl
giiriilti seviyeleri ve giiriiltii cesitliliginden aliciya iletilir.
Gerek simiilasyonda gerekse de FPGA uygulamalarinda
rastgele  iiretilen  Gaussian  giriilti  eklenerek
senkronizasyon saglanmistir. Alict devre modiileli sinyali
aldiginda, iletilen sinyalin yeniden elde edilebilmesi icin
oncelikle tasiyic1 sinyalin tekrarlanmasi gerekmektedir.
Ancak tasiyic sinyalin yeniden elde edilmesi gerek
dogrusal olmayan dinamik esitliklerin yapisindan
gerekse de zaman gecikmelerinden dolayr oldukga
zordur. Bir haberlesme sisteminde giiriiltiiniin dikkate
alinmasiyla bilgi sinyalinin iletilmesi bir¢cok parametre
dahil edilmis olur. Tiim bu analizleri kesir dereceli kaotik
sistemler kullanarak yapmak, onerilen haberlesme
sistemini diger tiirlere gore daha giivenli ve gercek
sistem davranisinin elde edilmesine olanak
saglamaktadir.

Benzetimi yapilan ¢alismanin deneysel uygulamasinda
FPGA yapilar kullanilmistir. Tasarlanan ¢alismada gerek
kontroloriin gerekse de kesir dereceli sistemin ayrik
devre elemanlar ile gergeklestirilmesi olduk¢a zordur.
Ayrica kaos tabanli haberlesme sistemi ve kaotik
osilatoriin kesir dereceli elde edilmesi eklendiginde tiim
bu islemler i¢in yiiksek frekansh ve paralel islem
yapabilen bir tiim devre ihtiyac1 dogmaktadir. Tim bu
nedenlerden dolayr FPGA gelistirme karti kullanilarak
calismanin uygulama devresi ve analizleri
gerceklestirilmistir.

Kontrolér ve diger tiim tasarimlarda Matlab Simulink
Xilinx matematiksel bloklar kullanilmistir. Yukarida
verilen matematiksel esitlikler kesir dereceli kaotik
yapilarin FPGA uygulamalarinda kullanildig1 gibi verici
devrede blok yapilar co-simulasyon kullanilarak FPGA
saglanmistir. Ayrica Simulink HDL-Coder
toolbox Kkullanilarak alici devre icin ise VHDL kod
doniisiimii ile kod aktarimi saglanmistir. Boylelikle alict
devre FPGA igerisine gomiilerek bilgisayardan ve
Matlab’dan bagimsiz ¢alistirilmasi saglanmistir. Sekil 6 ile
uygulama devre semasi verilen deneysel calismada iki
adet Xilinx gelistirme karti kullamilmistir. Ayrica burada
alic1 devre ¢ikisi ve verici devre gikisindaki sinyallerin
karsilastirilmasi analog olarak elde edilmistir. FPGA kart
cikisindaki alici-verici datalarinin 8 bitlik dijital verisi
DAC kullanilarak analog sinyale ¢evrilmistir. Daha sonra

aktarimi

elde edilen iki analog sinyal Sekil 7 ve Sekil 8de
gosterildigi gibi PicoScope kullanilarak gézlemlenmistir.

Calismada 6nerilen zaman gecikmeli kesir dereceli kaotik
tabanl sistemin matematiksel modellemesinde ilk olarak
kaotik tasiyic1 sinyalin kesir dereceli analizi Charef

yaklasim metodu ile yapilmistir. Devaminda alic1 devrede
zaman gecikmeli olarak Kkesir dereceli kaotik tasiyic
sinyalin elde edilmesinde her bir diiglim noktas1 i¢in
olusturulan ag matrisin kosegenlerinin hata fonksiyonu
geri beslemesi ile saglanarak dahil edilmistir. Calisma
kapsamindaki amag¢ dogrultusunda onerilen sistem
matematiksel olarak modellenerek benzetim ve FPGA
uygulamasi gerceklestirilmistir.

Sekil 6. FPGA ve DAC kullanilarak gerceklestirilen
uygulamanin deneysel baglantilari.

Alici-Verici devrelerdeki y(t) §
| sinyalinin senkronizasyonuna |
| ait Osiloskop Ekran gériintiisii |

Sekil 7. FPGA kart gkisindaki alici-verici sinyallerin
senkronizasyonu ve deneysel baglantilari.
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Sekil 8. FPGA cikisindaki alici-verici sinyallerin senkronizasyonu.

4. Sonug¢

Bu calismada, kesir dereceli kaotik sistemlerde zaman
gecikmeli kaotik sistemlerin senkronizasyon siiresini
kisaltmak i¢in bir kontrolor tasarimi gercgeklestirilis ve
neticesinde haberlesme sistemlerinde Kkisa siirelerde
senkronizasyon saglanmistir. Alict devrelerde tasarlanan
kontroléor zaman gecikme parametrelerini de dahil
ederek hizli bir senkronizasyon saglanmistir. Bdylece
senkronizasyon olana kadar gercgeklesen hatali bit
sayilar1 azaltilmistir. Buna ek olarak c¢alisma yiiksek
frekanslarda ve paralel ¢alisma kabiliyeti olan FPGA ile
deneysel uygulamas1 gergeklestirilmis ve benzetim
calismalar1 dogrulanmistir. Calisma neticesinde elde
edilen bulgular ile sadece haberlesme sistemlerinde
degil; kontrol, kararlihik problemleri ve optimizasyon
calismalari icinde faydali olacaktir. Stirekli tekrarlanan ve
yliksek frekanslarda ¢alisan sistemlerde 6nemli kayip ve
kararsizliga neden olan zaman gecikmelerinin neden
oldugu problemlerin  tespit ve
uygulanabilecektir. Ozellikle savunma sanayi odakl
bir¢ok projede kisa siirelerde senkronizasyonun hedef
bulma, hedef kilitleme gibi uygulamalarin gelistirilmesi
icin de bir alt yap1 olusturacag diisiiniilmektedir.

azaltilmasinda

Katki Orani Beyam
Yazar(lar)in katki yilizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

S.C.D. KA.
K 30 70
T 50 50
Y 30 70
VTI 60 40
VAY 60 40
KT 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 30 70

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyanm
Yazarlar bu calismada hig¢bir cikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyan1
Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigl igcin etik kurul onay:

alinmamistir.

Destek ve Tesekkiir Beyani

Bu ¢alisma, Tirkiye Bilimsel ve Teknolojik Arastirma
Kurumu (TUBITAK) tarafindan 123E274 Numarali proje
ile desteklenmistir. Projeye verdigi destekten otiirii
TUBITAK a tesekkiirlerimizi sunariz.

BSJ Eng Sci / Semih Can DEGIRMEN ve Kenan ALTUN 680



Black Sea Journal of Engineering and Science

Kaynaklar

Bai EW, Lonngren KE. 1997. Synchronization of two Lorenz
systems using active control. Chaos Solutions Fractals, 8: 51-
58.

Behinfaraz R, Badamchizadeh MA, Ghiasi AR. 2015. An approach
to achieve modified projective synchronization between
different types of fractional-order chaotic systems with
timevarying delays. Chaos Solitons Fractals, 1(78): 95- 106.

Behinfaraz R, Badamchizadeh MA. 2015. New approach to
synchronization of two different fractional-order chaotic
systems. In: 2015 The International Symposium on Artificial
Intelligence and Signal Processing (AISP), 3-5 March,
Mashhad, Iran, pp: 149-153.

Behinfaraz R, Ghaemi S, Khanmohammadi S. 2019. Risk
assessment in control of fractional-order coronary artery
system in the presence of external disturbance with different
proposed controllers. Appl Soft Comput, 1(77): 290- 299.

Blakely ], Milosavljevic M, Corron N. 2018. Analytic solution for a
complex network of chaotic oscillators. Entropy, 20(6): 468.

Cavusoglu U, Uyaroglu Y, Pehlivan I, 2014. Siirekli zamanh
otonom kaotik devre tasarimi ve sinyal gizleme uygulamasi. ]
Fac Eng Archit Gazi Univ, 29:79-87.

Charef A, Sun HH, Tsao YY, Onaral B. 1992. Fractal system as
represented by singularity function. IEEE Trans Automat
Contr, 37(9): 1465-1470.

Chua LO, Desoer CA, Kuh ES. 1987. Linear and nonlinear circuits.
McGraw-Hill College, New York, USA, pp: 839.

Cuomo KM, Oppenheim AV, Strogatz SH. 1993. Synchronization
of Lorenz-based chaotic circuits with applications to
communications. IEEE Trans Circuits Syst 11, 40(10): 626-633.

Divya H, Sakthivel R, Liu Y. 2021. Delay-dependent
synchronization of TS fuzzy Markovian jump complex
dynamical networks. Fuzzy Sets Syst, 30(416): 108- 124.

Er M], Deng C, Su SF, Wang N. 2019. Fuzzy synchronization
control of complex dynamical networks under network
attacks and actuator faults. Int ] Fuzzy Syst, 21(7): 2043- 2053.

Giirses S, Akkas N, Platin BE. 2006. Ters donmiis bir sarkacin
dogrusal olmayan konum denetiminden en biiyiik lyapunov
tistelinin poincare kesitinden elde edilmesi. | Ist K Univ Sci
Eng, 4(4): 121-137.

Herzallah MA. 2014. Notes on some fractional calculus operators
and their properties. ] Fract Calc Appl, 5(19): 1-10.

Huang L, Feng R, Wang M. 2004. Synchronization of chaotic
systems via nonlinear control. Phys Lett A, 320:271-275.

Jafari AA, Mohammadi SM, Naseriyeh MH. 2019 Adaptive type-2
fuzzy backstepping control of uncertain fractional-order
nonlinear systems with unknown dead-zone. Appl Math
Model, 1(69): 506- 532.

Jin Y, Chen YQ, Xue D. 2011. Time-constant robust analysis of a
fractional order [proportional derivative] controller. IET
Control Theory Appl, 5(1): 164-172.

Kennedy MP, Kolumban G. 2000. Digital communications using
chaos. Signal Proces, 80(7): 1307-1320.

Koyuncu I. 2014. Kriptolojik Uygulamalar i¢cin FPGA Tabanl Yeni
Kaotik Osilatérlerin ve Gercek Rasgele Sayir Ureteglerinin

Gergeklenmesi. Doktora Tezi,
Universitesi, Sakarya, Tiiekiyw, ss: 145.

Kuo YL, Resmi IE. 2019. Model predictive control based on a
Takagi- Sugeno fuzzy model for nonlinear systems. Int ] Fuzzy
Syst. 21(2): 556- 570.

Lee RS. 2019. Chaotic interval type-2 fuzzy neuro-oscillatory
network (CIT2-FNON) for Worldwide 129 financial products
prediction. Int ] Fuzzy Syst, 21(7): 2223- 2244.

Li L, Liu X, Tang M, Zhang S, Zhang XM. 2021 Asymptotical
synchronization analysis of fractional-order complex neural

Tasarimi  ve Sakarya

networks with non-delayed and delayed
Neurocomputing, 20(445): 180- 193.

Liao TL, Lin SH. 1999. Adaptive control and synchronization of
Lorenz systems. ] Franklin Inst, 336:925-937.

Lorenz EN. 1963. Deterministic nonperiodic flow. ] Atmos Sci,
20(2): 130-141.

Ma S, Zheng ], Li Y. 2014. Chaos control and synchronization of a

couplings.

new fractional order chaotic system. Int ] Comput Sci, 11(10):
3469-3479.

Ma Z, Ma H. 2019. Adaptive fuzzy backstepping dynamic surface
control of strict-feedback fractional-order uncertain nonlinear
systems. IEEE Trans Fuzzy Syst, 28(1): 122- 133.

Michiels W, Niculescu SI. 2007. Stability and stabilization of
time-delay systems: an eigenvalue-based approach. Society for
Industrial and Applied Mathematics, Gif-sur-Yvette, France,
pp: 400.

Mohammadzadeh A, Ghaemi S, Kaynak O, Khanmohammadi S.
2016. Observer-based method for synchronization of
uncertain fractional order chaotic systems by the use of a
general type-2 fuzzy system. Appl Soft Comput, 1(49): 544-
560.

Mohammadzadeh A, Ghaemi S. 2018. Robust synchronization of
uncertain fractional-order chaotic systems with time-varying
delay. Nonlinear Dyn, 93(4): 1809- 1821.

Nishimoto K. 1984. Fractional calculus. Decartess Press,
Koriyama, Japan, pp: 96.

Oldham KB, Spanier J. 1974. The fractional calculus. Academic
Press, New York, USA, pp: 142.

Ott E, Grebogi C, Yorke JA. 1990. Controlling chaos. Phys Rev
Lett, 64(11): 1196.

Oustaloup A, Levron F, Mathieu B, Nanot FM. 2000. Frequency-
Band Complex Noninteger Differentiator: Characterization and
Synthesis, IEEE Trans Circuits Syst I Fundam Theory Appl,
47(1): 25-39.

Ozer S, Zorlu H. 2012. Dogrusal olmayan par sistemler
kullanilarak kaotik zaman serisi kestirimi. ] Fac Eng Archit
Gazi Univ, 27(2): 323-331.

Park JH, 2005. Chaos synchronization of a chaotic system via
nonlinear control. Chaos Soliton Fractals, 25:579-584.

Pecora LM, Carrol TL. 1990. Synchronization in Chaotic Systems.
Phys Rev Lett, 64(8): 821.

Peitgen HO, Jiirgens H, Saupe D, Feigenbaum M]. 2004. Chaos
and Fractals: New Frontiers of Science. Springer Science &
Business Media, New York, USA, pp: 560-604.

Petras I, Bednarova D. 2009. Fractional-Order Chaotic Systems.
In: Fractional-Order Nonlinear Systems. Nonlinear Physical
Science. Springer, Berlin, Heidelberg, pp: 103-184.

Petras I. 2011. Fractional-order nonlinear systems: Modeling,
analysis and simulation, Springer, New York, USA, pp: 205.

Podlubny . 1999. Fractional differential equations. Math Sci Eng,
198: 41-119.

Qian Y, Hu W, Lin X, Wang B. 2011. Fractional order proportional
integral controller for active queue management of wireless
network, Proceedings of the 30th Chinese Control Conference,
22-24 July, Yantai, China, pp: 4406-4410.

Rajaei R, Bagheri A, Ramezani A, Cornelius SP, Gao J. 2018.
Designing pinning network controllability for interdependent
dynamical networks. In: 2018 Annual American Control
Conference (ACC), June 27-29, Milwaukee, WI, USA, pp: 3478-
3483.

Riaz A, Ali M. 2008. Chaotic communications, their applications
and advantages over traditional methods of commination. In
Communication Systems, Networks and Digital Signal
Processing, 6th International Symposium on IEEE, 22-25 April,
Graz, Austria, pp: 21-24.

BSJ Eng Sci / Semih Can DEGIRMEN ve Kenan ALTUN 681



Black Sea Journal of Engineering and Science

Silva-Juarez A, Tlelo-Cuautle E, de la Fraga LG, Li R. 2021.
Optimization of the Kaplan- Yorke dimension in fractional-
order chaotic oscillators by metaheuristics. Appl Math
Comput, 1(394): 125831.

Sprott JC. 1994. Some simple chaotic flows. Phys Rev E, 50(2):
R647.

Ugar A, Lonngren KE, Bai EW. 2003. Synchronization of chaotic
behavior in nonlinear Bloch equation. Phys Lett A, 314:96-101.

Ugar A. 2003. On the chaotic behavior of a prototype delayed
dynamical system. Chaos Soliton Fractals, 16:187-194.

Udita NK. 2014. A new approach to generalized fractional
derivatives. B Math Anal App, 6(4): 1-15.

Wang F, Liu C. 2007. Synchronization of unified chaotic system
based on passive control. Physica D, 225(1): 55- 60.

Wang L, Zhang ], Sun W. 2018. Adaptive outer synchronization
and topology identification between two complex dynamical

networks with time-varying delay and disturbance. IMA ] Math
Control Inf, 36(3): 949- 961.

Zhang H, Wang XY, Lin XH 2016. Topology identification and
module-phase synchronization of neural network with time
delay. IEEE Trans Syst Man Cybern Syst, 47(6): 885- 892.

Zhao Y, Li X, Rao R. 2021. Synchronization of nonidentical
complex dynamical networks with unknown disturbances via
observer-based sliding mode control. Neurocomputing,
24(454): 441- 447.

Zhong QC. 2006. Robust control of time-delay systems. Springer
Science & Business Media, Liverpool, UK, pp: 216.

Zhu ], Gong Z, Sun Y, Dou Z. 2021. Chaotic neural network model
for SMISs reliability prediction based on interdependent
network SMISs reliability prediction by chaotic neural
network. Qual Reliab Eng Int, 37(2): 717- 742.

BSJ Eng Sci / Semih Can DEGIRMEN ve Kenan ALTUN 682



Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1488908

Arastirma Makalesi (Research Article)

Open Access Journal

e-ISSN: 2619 - 8991 Cilt 7 - Say14: 683-692 / Temmuz 2024

(Volume 7 - Issue 4: 683-692 / July 2024)

TASKIN DUYARLILIGININ BEST-WORST YONTEMIYLE
DEGERLENDIRILMESI: SULUCA DERESI HAVZASI (TOKAT)
ORNEGI
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Ozet: Taskin, ani yagislarla olusabilecek biiyiik su kiitlelerinin akarsu yataklarini doldurdugu ve yatak disina ¢ikip etrafina zarar
verdigi bir doga olayidir. Taskin duyarlilik ¢alismalarinda olasi bir tagkin aninda nerelerin etkilenip zarar gorecegi énceden tahmin
edilerek dogal bir olayin afet boyutuna ge¢mesini 6nlemek amaglanmaktadir. Bu ¢alisma kapsaminda Tokat il sinirlari igerisinde
bulunan Suluca Deresi Havzasi’'nda taskin gerceklesme potansiyeline sahip alanlarin belirlenmesi amag¢lanmistir. Calisma Sahasi, Orta
Karadeniz Bolgesi'ndeki Tokat ili Merkez ve Niksar ilceleri arasinda 6nemli karayolu giizergahi tizerinde bulunan, en yiiksek noktasi
1565 metre ve en al¢ak noktasi 372 metre olan 40,58 km? alana sahip Suluca Deresi Havzasi'dir. Havzanin al¢ak kesimlerinde dar bir
vadi icerisinde koylerin bulunmasi ve halihazirda insasi devam etmekte olan Tokat-Niksar Karayolu'nun da bu dar vadi igerisinden
gecmesi calisma alaninin 6nemini artirmaktadir. Tagkin duyarlilik alanlariin belirlenmesinde arazi ortiisi, egim, litoloji, profil egriligi,
sayisal ytikselti modeli, topografik pozisyon indeksi ve topografik nemlilik indeksi olmak tizere toplam 7 parametre kullanilmistir. Bu
parametrelere ¢ok kriterli karar verme yontemlerinden Best-worst metodu ile ikili karsilastirma uygulanarak parametrelerin
birbirlerine kiyasla agirlik degerleri elde edilmistir. Bu agirlik degerleri Cografi Bilgi Sistemleri yazilimi olan ArcGIS 10.5 programinda
agirlikh cakistirma yontemi ile degerlendirilmis ve tagkin duyarlhilik sonuglari elde edilmistir. Elde edilen sonuglar diisiik derecede
duyarl, orta derecede duyarl ve yiiksek derecede duyarh seklinde 3 sinifa ayrilmistir. Calisma alaninin 1,12 km2’lik (%2,76) kismi
yliksek derecede duyarl alan olarak tespit edilmistir.

Anahtar kelimeler: Tagkin duyarhligi, Cografi bilgi sistemleri, Best-worst yontemi, Tokat, Suluca deresi

Flood Susceptibility Assessment with Best-Worst Method: Suluca Basin (Tokat) Example

Abstract: Flood is a natural phenomenon in which large water masses formed by heavy rains fill the river beds and spill out of the
beds, causing damage to the surrounding areas. Flood susceptibility assessments aim to prevent a natural phenomenon from becoming
a disaster by predicting where it will be affected and damaged in the event of a possible flood. Within the scope of this study, it was
aimed to determine areas that are flood-prone in the Suluca Stream Basin located within the borders of Tokat province. The Suluca
Basin, located on the important highway route between the Central Black Sea Region, has an area of 40.58 km?, the highest altitude of
which is 1565 meters and the lowest is 372 meters. The fact that there are villages in a narrow valley in the lower parts of the basin
and that the Tokat-Niksar Highway, which is currently under construction, passes through this narrow valley increases the importance
of the study area. 7 parameters were used to determine flood susceptibility areas: land cover, slope, lithology, profile curvature,
elevation, topographic position index, and topographic wetness index. By applying pairwise comparison to these parameters with the
Best-worst method, one of the multi-criteria decision-making methods, the weight values of the parameters compared to each other
were obtained. These weight values were used with the weighted overlay method in ArcGIS 10.5, a Geographic Information Systems
software, and flood sensitivity results were obtained. The obtained result map was divided into 3 classes: low susceptibility, moderate
susceptibility, and high susceptibility. 1.12 km2 (2.76%) of the basin was determined as a highly flood susceptible area.
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1. Giris

Niifusun artmasi ve insanin etki sahasinin sinirlarinin
genislemesiyle afet boyutu kazanan dogal olaylarin
sayilar1 her gecen giin artmaktadir. Bunun neticesinde
gerceklesen afet olaylari, afetten etkilenen insan sayilari
ve ekonomik Kkayiplarin miktar1 da her gegen yil
ylkselmektedir (Anonymous, 2023). Bu dogal afetlerden
birisi olan sel ve taskin olaylarinin sayis1 ve yarattigl

artis trendi gostermektedir (Kundzewicz ve ark., 2013).
Taskin, bir akarsuyun yatagindan tasarak c¢evresindeki
dogal ve beseri unsurlara zarar vermek suretiyle etki
bolgesindeki normal sosyoekonomik hayati kesintiye
ugratacak ol¢iide bir akis biyikligi gostermesi olay:
olarak tanimlanmaktadir (DEMP, 2014). Diinya ¢apinda
atmosferik kokenli en yaygin afet olan taskin, suyun
normalde kuru olan araziye tasmasi olaymni ifade

olumsuz etkilerin biiyiikligii de ge¢misten giintimiize etmektedir  (Doswell, 2003). Plansiz gelisme ve
kentlesmenin  artmasi, ormansizlasma ve iklim
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degisikliginin etkisiyle artan yagislar neticesinde taskin
felaketi goriilmekte ve sikliginin artmasi beklenmektedir
(Tehrany ve ark, 2015). Bu durum taskin afetiyle
miicadelenin 6nemini ortaya koymaktadir. Afetin etki
sahasinin smirlandirilmasi, zararlarinin hafifletilmesi
veya gerceklesen akarsu taskininin bir afet boyutu
kazanmadan hidrolojik dongiiniin dogal bir pargasi
olarak kalmasini saglamak olduk¢a dnemlidir.

Afet yonetimi; afetle etkili bir sekilde miicadele
edebilmek i¢in hazirlik, miidahale, iyilestirme ve yeniden
yapilandirma gibi asamalar1 barindiran bir siireci ifade
etmektedir (Dolek, 2019). Hizli gelisen bir afet olan
taskin ile miicadelede zararlarin azaltilmasi igin afet
gerceklesmeden alinmasi,
hazirliklarin yapilmasi gerekmektedir. Bu baglamda
tagkin afetiyle miicadele en o6nemli adim, taskin
gerceklesebilecek olasi alanlarin daha dnceden tespit
edilmesidir. Tagkin duyarlihiginin degerlendirilmesi ile bu
tespit yapilabilmektedir. Bu degerlendirmeler sayesinde
cevresel kosullara bagh olarak tagkin olayina karsin en

birtakim onlemlerin

hassas alanlarin belirlenmesi miimkiin olmaktadir
(Vojtek ve Vojtekova, 2019). Elde edilen duyarlhilik
degerlendirmeleri, karar vericiler i¢in tagkini yonetme ve
onleme konusunda rehberlik edebilmektedir (Fang ve
ark, 2021). Bu degerlendirmeler ile tretilen haritalar,
mekansal planlama siireclerinde 6nemli bir althik veri
gorevi gormektedir. Bu nedenlerle taskin duyarhliginin
degerlendirildigi ¢ok sayida arastirma yapilmis ve bu
calismalar1 degerlendiren yayinlar (Lee ve Rezaie, 2022;
Rehman ve ark.,, 2019) iiretilmistir.

Taskin duyarhligi haritalari, bir¢ok kriterin bir arada
degerlendirilerek sonuglarin  iretildigi
calismalardir (Kaya ve Derin, 2023; Kuscu ve Ozdemir,
2023). Gegmiste yasanmis taskin olaylarina dair
mekansal kayitlarin oldugu alanlarda tagkin duyarlilig
niceliksel yontemlerle degerlendirilebilmektedir (Al-
Juaidi ve ark., 2018; Costache, 2019; Priscillia ve ark.,
2021). Yasanmis tagkinlara ait bir veri olmadiginda ise
kriterler karsilikl olarak kiyaslanarak duyarlilik durumu

mekansal

degerlendirilmektedir. Bu baglamda ¢ok kriterli karar
(GKKV)
calismada kullanilan yéntemin temelini olusturmaktadir.
CKKV, kriterlerin igerisinden se¢imin karmasik oldugu
alanlarda,

verme sirecleri degerlendirme yapilirken

kriterler arasindan en uygun olaninin
secilmesi icin kullanilan ve bu sayede gii¢lii karar
vermeyi miimkiin kilan siirecleri ifade etmektedir
(Aruldoss ve ark., 2013; Jahan ve ark, 2016). Bircok
CKKV yontemi bulunmaktadir (Timor, 2011). Bu farkh
yontemleri kullanarak taskin duyarliliginin haritalandig
calismalar yapilmistir (Gudiyangada Nachappa ve ark,
2020; Hammami ve ark, 2019; Isik ve ark, 2020;
Khosravi ve ark., 2019; Ocak ve ark., 2021; Wang ve ark,,
2019). Bu calismada Rezaei (2015) tarafindan gelistirilen
bir CKKV yontemi olan Best-Worst yontemi (BWM)
kullanilmistir. Cografi Bilgi Sistemleri (CBS) ile birlikte
kullaniminin basarisinin yapilan c¢alismalar (Akyiiz ve
ark., 2023; Gok ve Tasoglu, 2023; Giiler ve Yomralioglu,

2021; Konurhan ve Basaran, 2023; Li ve ark,, 2012) ile

kanitlanmis olmasinin yani sira sinirh sayida da olsa
taskin duyarlih@ calismalarinda (Ozay ve Orhan, 2023;
Yildiz ve Sisman, 2022) kullanimi bu ydntemin tercih
edilmesinin nedeni olmustur. BWM yontemiyle taskin
duyarliiginin  degerlendirildigi bu c¢alismada arazi
kosullary, literatiir ve uzman goriisii dikkate alinarak yedi
(egim, arazi ortiis, litoloji, yiikseklik, topografik nemlilik
indeksi, topografik pozisyon indeksi, profil egriligi)
cevresel faktor kullanilmistir.

Tiirkiye sahip oldugu fiziki ¢evre kosullar1 nedeniyle
dogal afetlerin sik meydana geldigi bir iilkedir. Taskinlar,
deprem ve heyelandan sonra Tiirkiye’de en ¢ok olusan
dogal afettir (Gokge ve ark. 2008). Calisma alani olarak
secilen Suluca Deresi Havzasi, Kelkit Cay1 Havzasi'nin
kiiciik bir parcasi olmasina karsin insasi devam eden
karayolu yatirimlarinin oldugu bir saha olmasindan
dolay1 énemlidir. Ozellikle yapilan karayolunun, Suluca
Deresi'nin yatagi iizerinde konumlandirilmis olmasi
havzada taskin duyarhilifn calismasi yapilmasini gerekli
kilmistir. Calisma sonucunda elde edilen bulgular,
sahanin yaklasik %3’tniin yiiksek taskin duyarliligina
sahip oldugu gostermektedir. Yiiksek duyarll tespit
edilen alanlarin ylizélglimii az olmasina karsin bu
alanlarin ingasi devam eden karayolu giizergahi ile biiyiik
oranda ortiismesi dikkat cekmektedir.

2. Materyal ve Yontem

2.1. Calisma Alam

Yesilirmak Nehri'nin havzasi sinirlari igerisinde bulunan
Suluca Deresi, Merkez (Tokat) ilce sinirlar icerisinden
dogarak ana kolu kabaca dogu yonlii sahay1 drene ederek
Niksar Ilcesi’nin sinirlari icerisinde, Bogazbasi Koyii
civarinda Kelkit Cayi'na katilmaktadir. Suluca Deresi’'nin
drene ettigi ve bu calismanin da alanini olusturan saha
toplam 40,58 km?'dir (Sekil 1). Havza, kiigiik bir alana
sahip karsin  Tokat-Niksar  karayolu
gizergdhinda bulunmasi ve bu hattin Tirkiye'nin
kuzeydogusuna baglanan 6nemli bir karayolu olmasi
nedeniyle 6nem arz etmektedir. Suluca Deresi Havzasi,
Sakarat Daglar ile Kdse Daglar1 arasindaki simir1 da
olusturmaktadir. Yikselti degerleri 372 m ile 1565 m
arasinda degisim gostermektedir. Sicaklik ve yagis
degerleri, yiikselti kosullarinda kisa mesafelerde
gerceklesen degisimlerden dolayr havzanin yukari
kesimleri ile asagi ¢igirlarn arasinda farkhlhik arz
etmektedir. Havzanin asaglr ¢igirini temsilen Niksar,
yukari ¢igirin1 temsilen Tokat meteoroloji istasyonlarinin
verileri dikkate alinmistir. Niksar'da yillik ortalama
sicaklik 13,9 °C, Tokat'ta 12,5 oC’dir. Niksar’da yillik yagis
miktar1 508,7 mm iken Tokat’ta ise 435 mm’dir.

olmasina
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Sekil 1. Calisma alaninin lokasyon haritasi.

2.2.Veri

Suluca  Deresi Havzas’'nda taskin  duyarhliini
degerlendirmek amaciyla kullanilan veri kaynaklar1 ve
yapilan islemleri gosteren is akis1 Sekil 2'de verilmistir.
Taskin duyarliliginin mekansal farkliligini ortaya koymak
amaciyla yedi farklh parametre kullanilmistir. Bu
parametreler; litoloji, arazi ortiisti, yilikseklik, egim, profil
egriligi, topografik pozisyon indeksi ve topografik
nemlilik indeksidir. Litoloji verisi Maden Tetkik Arama
Genel Midirliigli tarafindan tiretilen 1/25.000 o6lcekli

jeoloji haritalarindan (G37a2, G37b1l, G37c3, G37c4,
G37d3) tretilmistir. Arazi ortiisii verisi olarak CORINE
veri seti kullanilmistir (Copernicus, 2018). Yiikselti verisi
olarak 12,5 metre ¢ozilinirlikli ALOS (Advanced Land
Observing Satellite) veri tabanindan temin edilen Sayisal
Yiikselti Verisi kullanilmistir (ASF, 2020). Bu yiikselti
verisi kullanilarak egim, profil egriligi, topografik
pozisyon indeksi ve topografik nemlilik indeksine ait
haritalar tretilmistir.

Maden Tetkik ve
Arama Genel
Miduarliagi

Avrupa Cevre
Ajansi Copernicus
Program

CORINE 8. Seviye
Arazi Kullanim
Haritas

1/25000'lik
Jeoloji Haritas:

Alaska Satellite
Facility

Sayisal Yukselti
Modeli

ArcGIS 10.5
Analizleri

Arazi Ortiisit

Litoloji

Topografik
Pozisyon Indeksi

Topografik

Profil Egriligi

Nemlilik Indeksi

Parametre Agirhklar
(Best-Worst Modeli)

Duyarhhk Haritasi

Mekansal Veritaban

Sekil 2. is akis semast.

2.3. Taskin  Duyarhhig:
Kullanilan Faktérler

Taskin duyarliligi tizerinde etkili oldugu diisiiniilen
faktorlerin belirlenmesi ve degerlendirilmesi ¢alismanin

Degerlendirmesinde

en onemli adimimi olusturmaktadir. Su Kkiitlesi, havza
icindeki nispeten algak rakiml alanlara dogru akis
gerceklestireceginden dolay1 yiikselti faktorii taskin
olusumunda 6nemli bir ¢evresel degisken olarak dikkate
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alinmaktadir (Botzen ve ark., 2013; Mojaddadi ve ark.,
2017). Yiiksek rakiml arazilerden al¢ak rakiml arazilere
dogru akis egilimi gdsteren su kiitlesi, egimin nispeten az
oldugu diiz sahalarda birikme egiliminde olacagindan
egim degerinin azalmasi taskin duyarlihgini artiracaktir
(Das, 2018; Dou ve ark., 2018; Li ve ark., 2012). Tehrany
vd. (2014) yaptiklar1 degerlendirmede profil egriligi
bakimindan i¢ biikey alanlarda taskin olusma ihtimalinin
daha fazla oldugunu gozlemlemislerdir. Taskin olusma
ihtimalini artiran ¢evresel unsurlardan birisi suyun
infiltrasyona ugrayamamasidir. Bu baglamda yiizeysel
akistaki suyun infiltrasyonunu kontrol eden faktorlerden
birisi arazi kullanimudir. Ozelikle yapay yiizeylerden
olusan arazi kullanim smiflar1 tagkin {izerine yiiksek
éneme sahiptir (Bayazit, 2021; Duman ve Ircan, 2022).
Arazinin gecirimlilik kosullar1 tizerinde etkili olarak
taskinin mekansal degisimini dolayli olarak etkileyen bir
diger faktor litolojidir. Tiizgen ve Karaca (2021) deniz
seviyesinde yapmis olduklar1 ¢alismada yeralti suyu
seviyesinin yiliksek oldugu alanlarda gecirimliligin az
oldugu ifade aliivyon taskin
duyarhihiginin yiiksek olacagini belirtmislerdir. Suluca
Deresi Havzasi’nda yapilan bu ¢alismada, litoloji
parametresinin tagkin yaratma potansiyeli agisindan
dolay1 etkisi yeralti suyu ile iliskilendirilmemistir.

ederek arazilerde

Litolojik  birimler gecirimlilik durumlarina gore
siniflandirilmis, gecirimli oldugu diisiiniilen birimlerin
taskin duyarhligi tizerindeki 6nemi dusiik, gecirimsiz
olanlar ise yiiksek 6nemde degerlendirilmistir. Duman ve
frcan (2022) da benzer sekilde litolojinin taskina olan
etkisini gecirimlilik durumu {izerinden degerlendirmistir.
Topografik pozisyon indeksi arazinin durumunu sayisal
olarak ortaya koyarak hizli ve etkili bir morfolojik
siniflandirma imkani saglamaktadir. Topografik pozisyon
indeksi kullanilarak yapilmis bir taskin duyarhilig
calismasina literatiirde rastlanmamistir. indeks, sahip
oldugu hizli ve etkin morfolojik degerlendirme imkani
nedeniyle bu calismada tercih edilmistir. Topografyanin
olast nemlilik durumunu sayisal olarak ortaya koyan
Topografik ~ Nemlilik Indeksi de taskin ile
iliskilendirilebilmektedir. Topografik nemlilik indeksi
(TWI) degerinin yiiksek oldugu diisiik egime sahip ve
akaglama alan1 genis olan sahalarda su toplanacagindan
buralarda tagkin ihtimali artmaktadir (Bui ve ark., 2018;
Tola ve Shetty, 2022). Bu nedenle ¢alismada topografik
nemlilik indeksi kullanilmistir. Bu bilgiler, uzman goriisi
ve arazi kosullar1 dikkate alinarak her bir faktoriin alt
sinifina 1 ile 10 arasinda 6nem degeri atanmistir.

Parametrelere ait tematik haritalarin {retimlerinde
ArcGIS 10.5 yazilimi kullanilmistir. Egim ve profil egriligi
verisi  yazilhimdaki araglan ile
uretilmistir. Topografik pozisyon indeksi asagida
belirtilen formiilii (esitlik, 1) ¢alistiran, Jennes (2006)

mekansal analiz

tarafindan gelistirilen eklenti ile tiretilmistir. Topografik
nemlilik indeksi ise asagida belirtilen formiiliin (esitlik,
2) raster calculator aracinda calistirilmasi ile iiretilmistir.
Topografik pozisyon indeksi (TPI)
degerlerden pozitif olanlar, ilgili hiicrenin (piksel, grid)

ile elde edilen

cevresinden daha yiiksek oldugunu; negatif degerler ise
daha algak oldugunu gostermektedir. Sifira yakin
degerler ise sabit egimli ya da diiz alanlar1 temsil

etmektedir (Weiss, 2001; Jenness, 2006).
TPl = Zy—Z 1)

Formiilde bulunan Z,, TPI degeri hesaplanan hiicrenin
yiikselti degerini ifade etmektedir. Z ise bu hiicrenin
cevresindeki hiicrelerin ortalama ytikseltisidir (Wilson ve
Gallant, 2000). Cevredeki hiicrelerin ortalama yiikselti
degeri, cevre capina gore degiskenlik
gostermektedir. Bu durum Dbelirlenecek morfolojik
siniflar1 etkilemektedir. Bu baglamda c¢alismanin amaci
ve arazi kosullar1 goz o6niinde bulundurularak 150 m

tarama

tarama cap1 belirlenmistir. Beven ve Kirkby (1979)
tarafindan tasarlanan akis modeli kapsaminda gelistirilen
topografik nemlilik indeksi, homojen zemin varsayimina
dayanarak topografyanin hidrolojik kosullar tizerindeki
etkisini degerlendirmektedir. indeks béylece topografik
anlamda suya doygun alanlarin lokasyonlarinin ve
boyutlarinin tespitini miimkiin kilmaktadir (Moore ve
ark., 1991). Topografik nemlilik indeksi asagidaki esitlik
kullanilarak hesaplanmaktadir.

TWI = In(A,/tan B) (2

Formiilde bulunan Ay, her bir hiicrenin 6zgiil havza alani;
B ise derece cinsinden yamag¢ egimini ifade etmektedir
(Moore ve ark, 1991). Topografik pozisyon indeksi,
ylukselti ve topografik nemlilik indeksi parametrelerine
ait haritalar Jenks (1967)'in dogal kirilim ydntemi ile
siniflandirilarak tematik haritalar elde edilmistir. Egim
parametresi, benzer ¢alisma (Isik ve ark. 2020) ve saha
kosullar1 dikkate alinarak beser derecelik araliklarla
siiflandirilmistir. Profil egriligi; ic biikey, diiz ve dis
biikey olarak smiflandirilmistir. Kategorik veri iceren
arazi kullanimi ve litoloji parametreleri ise mevcut
siniflarin  tagkin tizerindeki etki durumlar1 dikkate
almarak gruplandirilmis ve tematik haritalar elde
edilmistir.
gecirimlilik hususu dikkate alinarak yapilmistir. Bu
parametrelere ait alt taskin  duyarlhiligy
uzerindeki etkinligi ve agirliklari, bulgular bashg: altinda

Bu gruplandirma daha once belirtilen
siniflarin

degerlendirilmistir.

2.4. Best-Worst Yontemi

Taskin duyarliligi tlizerinde c¢evresel faktorlerin her
birinin 6nem agirlig1 esit degildir. Bu nedenle faktorlerin
o6nem agirliklarinin belirlenmesi ¢alismanin 6nemli bir
adimini olusturmaktadir. Birden fazla faktérii birlikte
kullanarak bir sonug¢ elde edilmesi siireci, ¢ok Kkriterli
karar verme olarak degerlendirilmektedir Cok kriterli
karar verme, Chen ve Hwang'in (1992)’da belirttigi gibi
birbiriyle c¢elisen ya da etkilesimli olan kriterler
arasindan en uygun olan alternatifin belirlenmesini
saglar. Bu amag¢ dogrultusunda gelistirilmis ¢ok kriterli
karar verme yontemleri vardir. Analitik Hiyerarsi
Yontemi, Analitik Ag Prosesi, TOPSIS, ELECTRE,
Promethee, Utadis baslica ¢ok kriterli karar vermek
yontemleridir (Timor, 2011) ve bu yéntemler basarili bir
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sekilde tagkin duyarlilign analizlerinde kullanilmaktadir
(Aydin ve Birincioglu, 2022; Fatah ve ark., 2022; Kdroglu
ve Akinci, 2023; Ozcan, 2017). Bu yontemlerin haricinde
Rezaei (2015) tarafindan Best-Worst adiyla yeni bir ¢ok
kriterli karar verme yontemi gelistirilmistir. Bu yontem
farkli degerlendirmelerin yapildig1
calismalarda Cografi Bilgi Sistemleri yazilimlari ile
birlikte kullanilmaktadir (Akyiiz ve ark. 2023; Giiler ve
Yomralioglu, 2021; Konurhan ve Basaran, 2023; Li ve
ark, 2012). Best-worst yontemi, sinirli sayida olmakla
birlikte tagkin duyarhliginin degerlendirildigi
calismalarda uygulanabilmektedir (Ozay ve Orhan, 2023;
Yildiz ve Sisman, 2022). Tim bu bilgiler 1s181nda, bu
calismada da Best-Worst yontemi tercih edilmistir. islem
detaylar1 ve formiilleri Rezaei (2015, 2016) tarafindan
izah edilmis olan yontem temel olarak alt1 islem adimina
sahiptir. Bunlar;
1.Kriterlerin belirlenmesi
2. Kriter igerisinde en fazla ve en az 6neme sahip
olanlarin belirlenmesi
3.En o6nemli kriter ile diger kriterler arasinda ikili
karsilastirmanin yapilmasi
4.En onemsiz kriter ile diger kriterler arasinda ikili
karsilagtirmanin yapilmasi
5.0ptimal agirliklarin elde edilmesi

mekansal

6.Tutarliligin kontrol edilmesi
Kriterlerin ikili karsilastirmasi yapilirken 1 ile 9 arasinda
deger kullanilmaktadir. Deger arttikga kriterin 6nemi
(Rezaei, 2016).  Islem
tamamlandiktan sonra her bir kritere ait 6énem agirhik
degerleri, iliski esik degeri ve tutarlilk orani elde
edilmektedir. Tutarlilk oramni, iliski esik degerinden
kiiciik ise kurulan ikili karsilastirmalar uygundur (Liang

artmaktadir adimlari

ve ark., 2020). Boylece elde edilen kriter 6nem agirliklari
kullanilabilmektedir. Her bir Kkriter i¢in iretilen
haritalara, 6nem agirliklar degerleri ile Cografi Bilgi
Sistemleri ortaminda agirlikh ¢akistirma uygulanmis ve
sonu¢ haritas1 elde edilmistir. Elde edilen sonug
haritasina esit siniflandirma uygulanarak, 3 sinifta
(disiik derecede duyarls, orta derecede duyarls, yiiksek
derecede duyarl1) Suluca Deresi Havzasi taskin duyarlilik
haritasi tiretilmistir.

3. Bulgular

Suluca Deresi Havzas’'nda taskin duyarliligl iizerinde
etkili olabilecek faktdrlere ait tematik haritalar
uretilmistir (Sekil 3, 4). Yikselti faktoriinde, taskin
duyarliligy iizerinde en yliksek 6neme sahip olan, en algak
rakimh simif (372 - 702 m) havzanin %8,12’sini (3,30
km?2) kaplamaktadir (Tablo 1). 900 - 1055 m yiikselti
siif aralifi havza icerisinde en genis yayilis alanina
(%32,52) sahip ytikselti sinifidir. Tagkin {izerinde en
etkin olan 0 - 5 derece egim sinifinda alanlar havzanin
%15,41’ini kapsamaktadir. Diisiik egimli bu alanlarin
biiyiik kismi havzanin yukari ¢igirindaki tektonik kokenli
ova kismina karsilik gelmektedir. Kabaca dogu yonde
akarak Yagmurlu Kéyii'nden sonra dar bir vadi igerisine
giren Suluca Deresi, Kelkit Irmagina ulasmak {izere
burada olusturdugu arazinin egim degerlerini artirmistir.
Profil egriligi siniflarindan taskin duyarlhiligi {izerinde en
etkin olan i¢ biikey alanlar havzanin %38,54’tinde (15,65
km?) yayihs gostermektedir. Gegirimlilik kosullar
dikkate alinarak gruplandirilan litoloji verisinde,
havzadaki birimler icerisinde gecirimliligin en disik
olacagi mermer, sist sahalar1 havzanin %54,74’tini
(22,22 km?) kaplamaktadir.

N

A

Yikselti
Basamaklan (m)

I 572 - 702
I 702.1 - 900
[ 900.1- 1055
[ 10s5.1 - 1287
I 12671 - 1565

N

A

Profil Egriligi
- i¢ Bikey
I o
- Dis Biikey

0 1

2km
—-_—

Arazi Kullammi

- Yapay Yazeyler

- Tanmsal Alanlar ve Dogal Cayirlar
- Orman ve Yar Dogal Alanlar

Sekil 3. Suluca Deresi Havzasi (a) ytikselti, (b) egim, (c) profil egriligi ve (d) arazi kullanimi haritasi.
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a)

Litolojik Birimler

b)

Topografik

Topografik
Nemlilik Indeksi
(TWI)

[ ok Disiik
[ pusiik
- Orta

- Yuksek
I ok Yiksek

Alivyon - Yamag Pozisyon
I voiozu - Birikinti indeksi (TPI)
Konisi
Gakiltagi - Kumtag! - [ ok Dusik
Gamurtagi - .
Kiregtasi - |:I DUSHK
Olitostrom - B o=
Volkanik Cokel .
0 1 2km Kaya 0 1 2km [ viksek
—-_— I st - Viermer [ I Cox Yiksek
N N

Taskin Duyarlilik Dereceleri
- Disiik Derecede Duyarl
D Orta Derecede Duyarli

- Yiuksek Derecede Duyarli

Sekil 4. Suluca Deresi Havzasi (a) litoloji, (b) TPI, (c) TWI ve (d) taskin duyarlilik haritasi.

Aliivyon, yamag¢ molozu-birikinti konisi sahalar1 havzanin
%12,55’inde (5,10 km?2) yayilis gostermektedir. Bu
alanlar gecirimliligin en yiiksek oldugu litoloji birimleri
olarak gruplandirilmistir. Bu gruba nazaran geg¢irimliligin
diisiik oldugu; camurtasi, kiregtasi, kumtasi, cakiltasi,
olistostrom, volkanik ¢okel-kayadan olusan birimler ise
havzanin %32,70’ini (13,28 km?) o6rtmektedir. Taskin
lizerinde etkin olan en diisik TPI sinifi, havzanin
%5,74’tine (2,33 km?) karsiik gelmektedir. Bu sinifin
yayilis alani havza icerisindeki dar vadileri temsil
etmektedir. Topografyanin kontroliinde havza igerisinde
nemlilik miktarimin en yiikksek dolayisiyla taskin
olusturma potansiyelinin de fazla oldugu ¢ok yiiksek TWI
sinifl havzanin %1,84’tinde (0,75 km2), ytiksek TWI sinifi
%>5,53"linde (2,24 km2) saptanmistir.

Best-Worst  yontemi  kapsaminda
Havzasi’'nda taskin duyarliligl icin en 6nemli parametre
olarak TPI saptanmigtir. En 6nemsiz parametre olarak ise

Suluca Deresi

profil egriligi tanimlanmistir. En 6nemli ve en 6nemsiz
diger faktorlerle ikili diizeyde
karsilastirmalari (Tablo 2). Bu ikili
karsilastirma elde edilen; en 6nemli faktorin digerleri ile
kiyaslandigini ve en oOnemsiz faktoriin digerleri ile
kiyaslandig1 degerlerden hareketle her bir faktore ait
onem agirlik degeri elde edilmistir (Tablo 1). Taskin
duyarlilign iizerinde en etkin parametre olan TPI'nin
énem agirligl 0,31 olarak hesaplanmistir. ikinci en 6nemli
parametre TWI (0,27), tlgiinci ise ytkseltidir (0,17).
Diger parametreler ise 6neme agirliklarina gore sirasiyla;
egim (0,09), litoloji (0,07), arazi ortiisii (0,06) ve profil
epriligidir (0,03). Ikili karsilastirmanin tutarlihginin
kontrolii amaciyla elde edilen iligki esik degeri ve

faktorlerin
yapilmistir

tutarlillk orani degerleri sirasiyla; 0,34 ve 0,14’tir.
Tutarhlik oraninin iliski esit degerinden kiiciik olusu,
Best-Worst yonteminde kurulan ikili karsilastirmalar ve
elde edilen agirliklar degerlerinde bir problem
olmadigini kanitlamaktadir.

Uretilen altik veriler ve faktérlere ait énem agirlik
degerleri kullanilarak Suluca Deresi Havzasi taskin
duyarliigl haritas1 elde edilmistir (Sekil, 4d). Tagkin
duyarliiginin en yiiksek oldugu alanlar, akarsuyun
vadisinin daraldigi sahalara karsilik gelmektedir. Bu
alanlar topografyanin kontroliinde yiizeysel akisin
toplanacag: alanlardir. Ayrica akarsuyun dar bir vadiye
eristigi aynt zamanda havzanin yiikselti
degerlerinin hizla azaldigl yani biitiin havza sularinin
drene olacag1 asagi ¢igirlara karsilik gelmektedir. Tiim bu
hususlar, havzada bu alanlarda taskin duyarlhiliginin
ylksek saglamaktadir.
Havzasr'nin yiiksek rakimli, egim degerlerinin diisiik ve

yerler,

olmasini Suluca  Deresi
topografik piirtizlilliigiin nispeten az oldugu, akarsularin
genis vadiler boyunca aktigi alanlarinda taskin olusma
potansiyeli nispeten diistiktlir. Alansal degerler
incelediginde; yliksek taskin duyarhiligina sahip alanlar
havzanin %2,77’sini (1,13 kmz?), orta derecede duyarl
alanlar %37,40'1n1, diisiik derecede taskin duyarhihgina

sahip alanlar ise %59,83"linti kaplamaktadir.
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Tablo 1. Taskin duyarliligi faktorleri, siniflar1 ve bunlara ait alansal deger ile 6nem agirhiklari

Faktorler Faktor Siniflar Alan Sinif Agirliklar: Fa}( torlerin
kmz2 % Agirliklan
-13,76 - -3,94 2,33 5,74 10
Topografik -3,94 --1,25 7,37 18,16
Pozisyon  Indeksi -1,25-0,91 14,79 36,44 2 0,31
(TPI) (150m) 0,91-3,39 11,56 28,48 1
3,39-13,75 4,54 11,18 1
Yapay Yiizeyler 0,28 0,68 10
Tarimsal Alanlar ve
Arazi Ortiisii Dogal Cayirlar 20,90 5147 5 0,06
Orman ve Yar1 Dogal
Alanlar 19,42 47,85 1
0-5 6,26 15,41 10
5-10 9,17 22,60
Egim (°) 10-15 9,11 22,44 3 0,09
15-25 12,59 31,02
25< 3,46 8,53 1
i¢ Biikey 15,65 38,54 10
Profil Egriligi Diiz 9,81 24,15 5 0,03
Dis Biikey 15,15 37,31 1
Yiiksek Geg¢irimli 5,10 12,55
Litoloji e
Orta Gegirimli 13,28 32,70 5 0,07
Diisiik Gegirimli 22,22 54,74 10
2,56 -5,21 14,12 34,78 1
] N 521-6,88 16,58 40,83
?r?;’eokiﬂa(f;l;vl\:; miilik 6,88 - 9,46 6,91 17,02 3 0,27
9,46 - 13,25 2,24 5,53 7
13,25-21,89 0,75 1,84 10
372-702 3,30 8,12 10
702 -900 11,11 27,36 8
Yiikseklik (m) 900 - 1055 13,20 32,52 3 0,17
1055 - 1287 8,89 21,90 2
1287 - 1565 4,10 10,10 1

Tablo 2. En 6nemli ve en 6nemsiz kriterler ile diger kriterlerin ikili karsilastirma matrisi

TPI TWI Yiikselti Egim Arazi Ortiisi Litoloji ~ Profil Egriligi
En 6nemli (TPI) 1 1 2 4 5 6 8
b e g 7 6 4 3 2 1
(Profil egriligi)

TPI= topografik pozisyon indeksi, TWI= topografik nemlilik indeksi.

4. Tartisma ve Sonug¢

Suluca Deresi, Yesilirmak Havzasi sinirlari igerisinde,
Kelkit Irmagi'nin kiiglik bir kolu olmasina karsin vadisi
izerinde bulunan 6nemli ulasim giizergahi ve istyapi
yatirimlar1 nedeniyle 6nem arz etmektedir. Bu baglamda
calismada yedi farkli cevresel faktdor ve Best-Worst
yontemi
mekansal

kullanilarak havzada taskin duyarhliginin
dagilisi ortaya koyulmustur. Elde edilen

havzanin %3’linde
saptanmistir.

sonuclarda yaklasik

duyarliliginin  yiiksek oldugu

tagkin
Taskin
meydana gelme ihtimalinin ytliksek oldugu alanlar, insasi
devam eden Tokat-Niksar karayolunun gilizergahi ile

biiyilik oranda paralellik gdstermektedir.
Normal kosullarda akarsuyun diiz ve genis vadi
yataklarinda taskin liretme potansiyelinin yiiksek olmasi
6ngorillmektedir. Yer yer bu alanlarda zaten tagkin yatagi
durumundadir. Ancak Suluca Deresi Havzasi’'nda gevresel
kosullar bagkadir. Havzanin yukari ¢igir1 nispeten diiz,
genis akarsu vadilerine sahiptir. Bu alanlarda baslayan
ylzeysel akis ve birlesen bir¢ok akarsu kolu bir araya
gelerek, Kelkit baglanmak iizere akis
gostermektedir. Bu baglamda Suluca Deresi'nde taskin
meydana

Irmagi'na

gelme ihtimalinin yiiksek oldugu saha,

akarsuyun yukari ¢igirinda genis vadiler boyunca aktigi
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yerlerden ziyade biitiin akag¢lamanin topladig1 ve
havzanin asagi ¢igirini olusturan dar vadisidir. Burada en
onemli tehlike, insas1 devam etmekte olan Tokat-Niksar
karayolu calismasidir. Genel itibariyle vadi tabaninda ve
akisa paralel olarak insa edilen karayolu, havza sinirlari
icerisinde  gerceklesebilecek  ekstrem yagislardan
olumsuz etkilenebilir. Havza igerisinde yiiksek taskin
potansiyeline sahip alanlar az yayilisa sahip olmasina
karsin, taskin olustugunda dnemli bir iistyapr unsurunu
tehdit edebileceginden saptamalar 6nemlidir. Calisma,
havza sinirlan icerisinde meydana gelebilecek saganak
bir yagisin ciddi zararlar yaratabilecek bir afete
dontisebilecegini gdstermektedir.

Taskin  duyarhliginin  degerlendirildigi c¢alismalarda
kullanilacak faktorler hususunda bir standart yoktur
(Kusgu ve Ozdemir, 2023; Kaya ve Derin, 2023). Ayni
faktorler kullanilsa dahi faktorlerin siniflandirilmasi ve
bu smiflarin agirhiklarinin belirlenmesinde farklhihiklar
vardir. Uzman goriisiine dayanarak yapilan bu
calismalarda farkliliklarin goériilmesi olagandir. Ayrica
calisan her bir saha o0zelinde Kkullanilacak c¢evresel
faktorlerin, bunlarin siniflar1 ve agirhiklarinin degiskenlik
gostermesi de normaldir. Tek bir havza 6zelinde taskin
calismasi, mekansal olarak daha 6nce meydana gelmis
tagkinlara ait envanterin yoklugunda uzman goriisiine
dayanan  niteliksel degerlendirmelerle = miimkiin
olabilmektedir. Niceliksel taskin degerlendirmelerin
miimkiin olabilmesi i¢in ilgili kurumlarin, insan ve
eserlerine verip vermedigine
meydana gelen biitiin taskin olaylarini kayit altina almasi
6nem arz etmektedir.

zarar bakmaksizin

Katki Oran1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

KE MY
K 50 50
T 50 50
Y 70 30
VTI 40 60
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 80 20
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.
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techniques to identify and detect unique genes associated
with different types of cancer. Furthermore, the higher
interactivity among genes compared to other datasets
complicates the understanding of cancer mechanisms.
Some genes can activate others or trigger gene
expressions, contributing to uncontrolled cell growth and
processes. Thus, a comprehensive
understanding and examination of gene interactions are
crucial for developing targeted and effective strategies in
cancer treatment.

Integrating data analysis methods is crucial for successful

1. Introduction

Microarray data refers to high-dimensional datasets that
enable the simultaneous examination of genetic changes
in gene expression across thousands of cells. This
extensive dimensionality facilitates comprehensive and
detailed analyses in cancer research, leading to a deeper
understanding of the molecular basis of cancer. However, metastatic

analyzing and interpreting large datasets poses
challenges that require specialized data mining and
statistical techniques to achieve accurate results. As a

result, cancer researchers and healthcare professionals
cancer research. Given the complexity and high
dimensionality of datasets in cancer research, traditional
methods may prove inadequate. Hence, using advanced
statistical methods, machine learning algorithms, and
network analysis techniques together is crucial for
making significant advancements in cancer treatment

(Orhan and Yavsan, 2023). Cancer research primarily

face challenges when processing and interpreting
microarray data. Nevertheless, the broad perspective
provided by this technology has resulted in significant
advancements in cancer diagnosis, treatment, and
disease comprehension (Golub et al., 1999).

Cancer research encounters challenges due to the high
dimensionality of datasets, incorporating thousands of

genes, which complicates genomic data analyses (e.g.,
microarrays, RNA sequencing). The complexity of the
analysis processes makes them challenging and hinders
the achievement of accurate and clear results. Another
issue is the lack of specific genes acting as classifiers for
particular cancer types, diminishing the classification
power of datasets (Kilicarslan et al., 2020). Researchers
need to specific algorithms

create and analysis

aims to comprehend the fundamental mechanisms of
cancer and define cancer types by analyzing genomic
data. While microarray datasets encompass gene
expression profiles, their high dimensionality and noise
traditional
dimensionality reduction methods insufficient. Studies
reveal that existing feature extraction or dimensionality

often render feature extraction and

reduction methods may not be effective for all
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microarray datasets, necessitating the development of
new approaches for feature extraction and
dimensionality reduction. Hence, further work is
required in this field to establish effective and
personalized cancer diagnosis and treatment approaches
(Li etal, 2005).

Numerous studies in the literature have aimed to classify
datasets containing gene expression levels and select
appropriate features. These studies utilize various
methods, such as filter, wrapper, embedded, and hybrid
methods for feature selection. Filter methods employ
statistical criteria (e.g, Pearson Correlation, Mutual
Information, Information Gain (IG)) to reduce the
number of genes, and some researchers (Gao et al,, 2017)
have developed original algorithms within this context.
Relief-F and IG are examples of filter methods that
exhibit improved performance with an increasing
number of genes. Wrapper methods, on the other hand,
combine classification methods like Genetic Algorithm
(GA), Support Vector Machine (SVM), and k-nearest
Neighbors (kNN) (Gunavathi and Premalatha, 2014; Kar
et al, 2015). Embedded methods involve classifiers to
select features, and preferred techniques include SVM-
Recursive Feature Elimination (RFE), First Order
Inductive Learner (FOIL) based FRFS, and penalized DVM
improved with T-test (Guyon et al., 2002; Maldonado et
al, 2011). Additionally, some studies (Luo et al.,, 2019;
Othman et al,, 2020; Meenachi and Ramakrishnan, 2021;
Qaraad et al, 2021) have integrated hybrid methods,
combining filter, wrapper, and embedded methods. For
instance, MRMR and SVM-RFE have been combined
(Mundra and Rajapakse, 2009), the Relief-F filter method
applied as preprocessing, and classification performed
using ELM, with the SVM-RFE method enhanced with F-
test (Luo et al,, 2019).

After examining the literature, it is clear that the
classification methods used are often complex and do not
perform well. Therefore, this study proposes the
integration of Discrete Cosine Transformation (DCT) and
Univariate Feature Selection (UFS). DCT can represent
gene expression data in a low-dimensional space,
reducing noise and emphasizing relationships between
features (Er et al.,, 2005). Furthermore, several studies in
various domains demonstrate that DCT positively
impacts performance and enhances model stability (Efe
and Ozsen, 2022; Efe and Ozsen, 2023). The Univariate
Feature Selection method evaluates the performance of
each feature separately through classifiers, identifying
the most significant features (Efe and Yavsan, 2024). By
combining these two methods, the objective is to reduce
the complexity of gene expression data, leading to more
meaningful and effective feature selection. Consequently,
this combination can contribute to obtaining less noisy
and more explanatory features for the classification
algorithm, reducing the risk of overfitting and enhancing
the model's generalization capability. As such, the
integration of Discrete Cosine Transformation and
Univariate Feature Selection aims to optimize the feature

selection process in the classification of gene expression

levels, resulting in more reliable results.

The proposed method was tested using four primary

classifiers: Neural Network (NN), Support Vector

Machine (SVM), k-nearest Neighbors (kNN), and

Convolutional Neural Network (CNN). The results were

compared with other studies in the literature. The

obtained results demonstrate superior performance

compared to the findings in the literature, indicating a

promising approach for future studies.

The main contributions of this research are threefold:

e High-dimensional microarray datasets utilized in
cancer research are transformed into a lower-
dimensional space through Discrete Cosine
Transform (DCT), facilitating analysis and reducing
noise while accentuating relationships between
features.

e Univariate Feature Selection (UFS) evaluates the
impact of each feature on the classifier individually,
identifying the most significant attributes to
enhance the performance of the classification
algorithm.

e The integration of DCT and UFS optimizes the
feature selection process in cancer research,
refining meaningful features obtained through DCT
to identify the most salient attributes, ultimately
leading to improved accuracy and efficiency of the
classification algorithm.

2. Materials and Methods

2.1. Dataset and Data Preparation

In this study, we conducted experimental investigations
to explore the classification success using eight distinct
gene microarray datasets, which are among the most
commonly used datasets in the literature. These datasets
were carefully selected to represent typical scenarios
encountered in cancer research and classification tasks.
As presented in Table 1, each of these microarray
datasets was collected from various sources within the
biomedical field and utilized for the classification of
patients with cancer. Given the substantial number of
features and the limited number of samples in these
microarray  datasets,
considered necessary during the training stage. As such,
we applied dimension-reduction techniques to address
this challenge effectively. The datasets listed in Table 1
have been extensively employed in various research
studies, making them highly relevant for assessing the
effectiveness of the methodologies employed in our
study.

The leukemia dataset (Golub et al, 1999) comprises 72
bone marrow and peripheral blood samples obtained

dimension reduction was

from individuals diagnosed with leukemia, with the
specific goal of distinguishing between two cancer
subtypes: Acute Myeloid Leukemia (AML) and Acute
Lymphoblastic Leukemia (ALL). Among these samples,
25 were identified as AML, while 47 were categorized as
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ALL. By employing high-density oligonucleotide
microarrays, the study investigated the gene expression
patterns in these two cancer subtypes, analyzing a total
of 7129 genes.

Table 1. Number of genes, instances, and classes for each
experimental dataset

Datasets Gene Instance Class
LEUKEMIA 7129 72 2
Colon 2000 62 2
Prostate 12600 136 2
Ovarian 15154 253 2
Lymphoma (DLBCL) 7129 77 2
Breast Cancer 47293 128 2
Breast Cancer -2 24481 97 2
CNS 3495 1209 2

In their pioneering work (Alon et al,, 1999), established
the colon cancer dataset through the application of
oligonucleotide which facilitated the
analysis of over 6500 genes in 40 tumor samples and 22
normal colon tissue samples. With a specific focus on
colon cancer, the researchers refined the dataset to
encompass a high-density set of 2000 genes.

The prostate cancer dataset (Singh et al, 2002)
comprises 136 samples, with 59 being normal tissues
and 77 being tumor tissues. It aims to explore gene
expression patterns associated with prostate cancer for
potential discovery and improved

microarrays,

biomarker
understanding of the disease.

The ovarian cancer dataset (Petricoin et al, 2002)
comprises 253 samples, with 91 being normal tissues
and 162 tumor tissues, featuring gene expression levels
from 15,154 genes. It offers valuable data for exploring
gene expression patterns in ovarian cancer, aiding in
potential  biomarker discovery and a  Dbetter
understanding of the disease.

The DLBCL lymphoma dataset (Shipp et al, 2002)
contains 77 samples and was constructed specifically for
differentiating between common diffuse large B-cell
lymphoma (DLBCL) and follicular lymphoma. Each
sample in the dataset is characterized by the expression
levels of 7129 genes. Researchers can utilize this dataset
to investigate gene expression patterns and develop
classification models to accurately distinguish between
these two lymphoma subtypes.

The breast cancer (BRC) dataset (Naderi et al, 2007)
consists of 128 samples and is specifically utilized for
differentiating between luminal and non-luminal breast
cancer subtypes. Each sample in the dataset is
characterized by the expression levels of 47293 genes.
Researchers can leverage this dataset to explore gene
expression patterns and develop robust models for
accurate classification of luminal and non-luminal breast
cancer types.

The breast cancer-2 (BRC-2) dataset (Van't Veer et al,
2002) includes two subsets used to differentiate between

metastasis occurrence and non-occurrence within the
first five years following breast cancer diagnosis. These
subsets provide valuable information for identifying
potential predictive factors related to early-stage breast
cancer patients' metastatic outcomes.

The CNS dataset (Pomeroy et al, 2002) is specifically
designed to explore the differentiation between survival
and mortality outcomes in patients with central nervous
system (CNS) cancer. With a total of 60 samples, each
dataset entry includes the expression levels of 7129
genes. This dataset holds significant potential for
investigating gene expression patterns associated with
patient prognosis in CNS cancer, potentially leading to
advancements in personalized treatment approaches.
2.2.Method

2.2.1. The discrete cosine transform

The Discrete Cosine Transform (DCT) is a mathematical
transformation technique used in analyzing temporal or
spatial data, such as gene expression levels. It proves to
be a powerful tool for feature extraction in data analysis
by converting the data into its frequency components. By
applying this transformation, the data is broken down
into fundamental components, thereby unveiling
essential features and representing the signal's energy
content in the frequency domain. Employing the DCT on
gene expression levels or other temporal/spatial data
allows for the exploration of valuable information,
leading to advancements in data compression, pattern
recognition, and data processing applications.

The DCT equation, which transforms the input data f{x)
into its frequency domain representation Y(u), is given in

Equation 1:
2 = 7. (2x+1).u
(O fﬁaw) Z{)f(xmcos(#).
. 1 (1)
a(u) — %,u =0
1, u>0

where N represents the total number of samples in the
dataset, Y(u) denotes the DCT result for the particular
frequency component u, and f(x) represents an element
of the input data at index x. The a(u) coefficient takes the

value % when u = 0 and 1 for u > 0, reflecting the

symmetry properties of the DCT. This equation allows
the extraction of frequency components from the input
data, enabling valuable information discovery and
contributing to data compression, pattern recognition,
and data processing applications.

The advantage of combining feature
techniques in both the time domain (original data
without DCT) and the frequency domain (DCT-applied

extraction

data) lies in capturing complementary information from
the data. Considering the benefits of feature extraction in
the frequency domain, it can be observed that:
I.  Frequency Domain Information: The Discrete
Cosine Transform (DCT) is primarily used for
signal processing tasks and is known for its ability
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to represent signals in the frequency domain. By
applying DCT to the microarray dataset, the model
can capture frequency-related patterns and
variations in the data. This enables the model to
detect periodic or repetitive patterns present in
the microarray data, which may be challenging to
identify in the time domain alone.

II. Noise Reduction: Transforming the data into the
frequency domain through DCT can help reduce
the impact of noise or irrelevant features existing
in the time domain. Noise components typically
manifest in high-frequency regions, and DCT tends
to concentrate the signal energy in a smaller
number of coefficients, effectively reducing the
noise-related components.

[II. Dimension Reduction: DCT, when applied for
feature extraction in the frequency domain,
facilitates dimension reduction, resulting in a
more concise representation of the dataset.
Dimensionality reduction helps mitigate the curse
of dimensionality, improves computational
efficiency, and potentially prevents overfitting in
subsequent stages of the model.

Regarding gene expression level analysis, the usage of

DCT offers several advantages:

Genes:  DCT
transformation of gene expression levels reveals
frequency-related patterns and variations. This
transformation can emphasize genes crucial for
the classification process, which might not be
easily detectable in the original gene expression
data.

II. Detection of Gene Interactions: Genes exhibit
higher levels of interaction compared to other

I. Identification of  Relevant

data sets. For instance, certain genes can activate
or trigger the expression of other genes. By
applying DCT to gene expression data, such
interactions can be highlighted, leading to a better
understanding of gene regulatory networks.
By contributing to the resolution of these issues, the use
of DCT in gene expression data can enhance the
performance and interpretability of classification and
diagnostic procedures.
2.2.2. The univariate feature selection
Univariate Feature Selection (UFS) is a feature selection
method used to improve the classification or regression
performance of features within a dataset. In this
technique, each feature's contribution to the independent
classification performance is evaluated. The impact of
each feature on classification or regression is measured,
enabling the selection of the most significant features and
elimination of the least relevant ones.
Univariate Feature Selection is an effective approach to
reduce dataset high-dimensionality and eliminate
unnecessary features. This
irrelevant information noise, reduced model complexity,
and improved performance of classification/regression
algorithms. Common statistical metrics such as Pearson

results in decreased

Correlation, Anova F-test, Mutual Information, and Chi-
square test are commonly used in Univariate Feature
Selection. Widely applied in fields such as data analytics,
machine learning, and model development, Univariate
Feature Selection is a valuable tool, particularly in
managing high-dimensional datasets and enhancing
model performance.

2.2.3. Support vector machine

Support Vector Machine (SVM) is a powerful algorithm
widely employed in machine learning for tasks such as
classification, and data separation. Its
primary objective is to effectively segregate data points
into specific classes using a hyperplane. SVM is known
for its effectiveness in handling both low-dimensional
and high-dimensional datasets. It achieves optimal
separation between two classes by identifying support
vectors from the training data and maximizing the
margin between these vectors. To represent data points
in higher-dimensional spaces, SVM utilizes various kernel
These facilitate the
transformation of data, enabling the creation of more
intricate decision boundaries. Some common kernels
used in SVM include:

e Linear Kernel: The basic kernel used for linearly

regression,

functions. kernel functions

separable datasets. It separates data points with a
linear hyperplane in higher-dimensional space.

e Polynomial Kernel: This kernel handles nonlinear
separations by transforming data into higher-
dimensional spaces using polynomials. The degree
of the polynomial controls the complexity of the
kernel.

e Radial Basis Function (RBF) Kernel: A popular

kernel that transforms data into infinite-
dimensional spaces to address nonlinear
classification problems. RBF is frequently

preferred in SVM and delivers good results across
various problems.

e Sigmoid Kernel: This kernel employs a hyperbolic
tangent function similar to the activation function
used in neural networks. It transforms data into
higher-dimensional spaces.

SVM is a versatile and powerful classification algorithm
that employs different kernel functions to map data into
higher-dimensional spaces and achieve linear separation
of classes in that space. However, selecting the
appropriate kernel function and tuning the model's
hyperparameters are crucial factors that significantly
impact SVM's performance.

2.2.4.K-nearest neighbors

K-Nearest Neighbors (KNN) is a fundamental algorithm
utilized in machine learning and statistical classification.
KNN performs classification or value estimation based on
the nearest neighbors surrounding a data point. The
underlying principle of the KNN algorithm is
straightforward. To classify or evaluate a given sample,
KNN calculates the distances between the sample and all
other examples in the dataset. Subsequently, it identifies
the K closest neighbors and uses their labels or values to

BS] Eng Sci / Enes EFE

696



Black Sea Journal of Engineering and Science

make predictions. KNN is particularly renowned for
classification problems, though it can also be applied to
regression problems. In classification tasks, the labels of
examples are categorical (e.g., "red" or "blue"), while in
regression tasks, the values of examples are continuous
numbers (e.g., the price of a house). One of the strengths
of KNN lies in its simplicity during the training process
and its adaptability to new data. Furthermore, it does not
make any specific assumptions about the structure or
size of the training data, rendering it suitable for various
data types. However, when dealing with large datasets,
the computational load may increase, necessitating
careful data preprocessing.

The primary parameter of the KNN algorithm is K, which
represents the number of nearest neighbors. The
selection of an appropriate K value significantly
influences the model's accuracy. Smaller K values can
make the model sensitive to data noise, while larger K
values may result in smoother classification boundaries.
In conclusion, the K-Nearest Neighbors algorithm is
favored for its simplicity, interpretability, and versatility
in handling different data types for classification and
regression tasks. Nonetheless, careful consideration of
the K value and thoughtful data preprocessing are vital
factors, especially when dealing with sizable datasets to
achieve optimal performance. The KNN algorithm is a
fundamental technique used in machine learning and
KNN  performs either
classification or value estimation by considering the

statistical ~ classification.
closest neighbors surrounding a data point. The
mathematical formulation of the KNN algorithm is as
follows:

For Classification using KNN:

Let the dataset be denoted as D = {(X4, V1), (X2, ¥2), - (Xn,
vu)}, Where x; represents the features of the examples,
and y; represents their corresponding class labels.
Assume we have a new example that we want to classify,
and we denote itas x'.

Step 1: If the size of the dataset is smaller than K, set K
equal to the dataset size. Otherwise, utilize a distance
metric (e.g, Euclidean distance) to select K nearest
examples to x'.

Step 2: Obtain the class labels of these K neighbors.

Step 3: For classifying x', use the most frequently

occurring class label among the K neighbors. This label

will be the final classification result.

2.2.5. Neural network and convolutional neural

networks

A Neural Network is a type of machine-learning model
inspired by the structure and functioning of the human
brain. It consists of interconnected nodes, called neurons,

organized in layers. The three main types of layers in a

typical neural network are:

. Input Layer: It receives raw data or features as input
and passes them to the subsequent layers for
processing.

II. Hidden Layers: These layers process the input data
using a combination of weights and activation

functions. The number of hidden layers and neurons
in each layer can vary depending on the complexity
of the problem.

[II. Output Layer: The final layer produces the
predictions or output of the model, which can be a
single value or a set of values, depending on the type
of problem (classification or regression).

The information flow between layers is determined by
weights (parameters) associated with the connections
between neurons. The neural network learns from
training data by adjusting these weights to minimize the
difference between predicted outputs and actual outputs,
using techniques like backpropagation and optimization
algorithms. The general equation for a single neuron in a
neural network can be written as given in Equation 2:

z= Z(input * weight) + bias (2)

where z is the weighted sum of inputs, bias is a constant
term added to the weighted sum, and the activation
function is a non-linear function that introduces non-
linearity into the model.

A Convolutional Neural Network (CNN) is a specialized
type of neural network designed for image and visual
data processing. CNNs use a unique layer called the
convolutional layer, which applies filters (also called
kernels) to input images to detect features like edges,
textures, and patterns. CNNs are particularly effective for
tasks such as image classification, object detection, and
image segmentation. The main components of a CNN are:
Layer: This layer applies

convolutional filters to the input image, generating

feature maps that highlight specific patterns in the

I. Convolutional

image.

II. Activation Function: After the convolutional
operation, an activation function (often ReLU -
Rectified Linear Unit) is applied element-wise to
introduce non-linearity.

III. Pooling Layer: Pooling layers reduce the spatial
dimensions of feature maps, helping to make the
model more computationally efficient and robust to
variations in the input.

IV. Fully Connected Layers: After several convolutional
and pooling layers, the extracted features are
passed to fully connected layers to make the final
predictions.

The equations for the convolution operation and Leaky

ReLU activation function are as given in Equation 3:
outputli,j] = Z Z(input[x, y] * kernel[i, j]) (3)
Leaky ReLU Activation function (Equations 4):

Leaky ReLU(x) = max(« x, x) 4

In Leaky ReLU, « represents a hyperparameter typically
set to a small positive value (e.g.,, 0.01). When the input,
x, is positive, Leaky ReLU behaves like the regular ReLU,
returning the input value, x. However, if x is negative,
Leaky ReLU returns « x, introducing a small positive
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slope in the negative range, which allows for activations
even in the negative domain. This characteristic of Leaky
ReLU effectively addresses the "dying ReLU" problem,
where traditional ReLU neurons become inactive in the
negative region, hindering learning. The adaptive nature
of Leaky ReLU, especially in larger and more intricate
neural architectures, offers advantages in reducing
overfitting, a common challenge in deep learning. By
enabling non-zero gradients in the negative range, Leaky
ReLU ensures that neurons in those regions remain
active and continue to learn from the data, promoting
improved generalization of the Overall,
incorporating Leaky ReLU in neural networks serves as a
remedy to tackle the vanishing gradient problem
associated with standard ReLU activation, leading to
enhanced training procedures and facilitating
convergence of learning models across various complex
tasks.

2.2.6. Proposed hybrid model of DCT-UFS

This study presents the DCT-UFS hybrid model as an
innovative approach for diagnosing and classifying
microarray datasets. The key advantage of this hybrid
model lies in its inherent capability to incorporate
feature extraction from both the time domain (original
data without DCT) and the frequency domain (DCT-
applied  data), thereby  effectively  capturing
complementary information from the dataset. The block
diagram of the DCT-UFS hybrid model is depicted in
Figure 1. The model's workflow commences with the
preprocessing step, wherein missing records are
meticulously removed from the microarray data to
ensure data integrity. To extract meaningful features, the
DCT-UFS dimension reduction algorithm is judiciously
employed. By leveraging the Discrete Cosine Transform

model.

(DCT) in the frequency domain, the model adeptly
captures frequency-related patterns
inherently present in the data. Moreover, the DCT
concentrates signal energy in a succinct number of

and variations

v

coefficients, thereby facilitating noise reduction and
augmenting the representation of pivotal features. A
salient strength of the DCT-UFS hybrid model lies in its
ability to perform dimension reduction, culminating in a
more compact dataset representation. This efficacious
dimensionality reduction strategy effectively mitigates
the curse of dimensionality, improves computational
efficiency, and holds the potential to preempt overfitting
in subsequent stages of the model.

After the feature extraction phase, the reduced dataset is
systematically fed into a standard artificial neural
network (ANN). The ANN architecture entails multiple
layers of neurons, and the Leaky ReLU activation function
is proficiently utilized to introduce non-linearity and
adeptly capture intricate relationships within the data.
By leveraging Leaky ReLU, the model effectively
circumvents the vanishing gradient problem that may
impede the training of deep neural networks. The
concluding layer of the ANN thoughtfully adopts the
Sigmoid activation function, rendering it particularly
suitable for binary classification tasks. Table 2 furnishes
a comprehensive overview of the architecture and
activation functions deftly employed in the artificial
neural network model. By seamlessly integrating feature
extraction from both the time and frequency domains,
the DCT-UFS hybrid model achieves a holistic and robust
representation of the microarray dataset. This
comprehensive representation perceptibly contributes to
the amplified classification accuracy and heightened
diagnostic performance, underscoring the promise and
efficacy of the proposed model as a discerning and potent
approach for the meticulous analysis of microarray data.

Additionally, the study performed tests with three
different classifiers, namely kNN, SVM, and CNN, to
compare their performance with the artificial neural
network (NN) used as the primary classifier. Figure 2
depicts a diagram showing four separate scenarios
designed for each classifier.

Data F A . 5 B
RaDats l. iy . / \u_J Combined Selected Features Classifi
. Mot | assifier
Data with DCT
Figure 1. The architecture of the DCT-UFS hybrid model.
Table 2. Architecture of the artificial neural network (ANN)
Layer Number Layer Type Output Shape Activation Function
1 Dense_1 (Dense) (None, 64) Leaky ReLU (alpha=0.9)
2 Dropout (Dropout rate: 0.5) (None, 64) -
3 Dense_2 (Dense) (None, 16) Leaky ReLU (alpha=0.9)
4 Dropout (Dropout rate: 0.5) (None, 16) -
5 Dense_3 (Dense) (None, 1) Sigmoid
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Classifiers

Scenario-4: CNN

Figure 2. A block diagram illustrating the scenarios

Combined
Selected
Features

designed for different classifiers.

Table 3. Architecture of the Convolutional Neural Network

The CNN model depicted in Table 3 is specifically
designed for the classification of time series data.
Comprising 1D convolutional layers, max pooling, batch
normalization, and dropout layers, the model boasts a
total of 4,241 parameters. During the training process, it
utilizes the 'adam’' optimizer and 'binary_crossentropy’
loss function, with performance evaluation conducted
through the accuracy metric.

Layer Number Layer Type Output Shape Activation Function
1 Conv1D (None, feature_count, 64) LeakyReLU(alpha=0.9)
2 MaxPooling1D (None, feature_count /3, 64) None
3 BatchNormalization (None, feature_count /3, 64) None
4 Dropout (None, feature_count /3, 64) None
5 Conv1D (None, feature_count /3, 16) LeakyReLU(alpha=0.9)
6 MaxPooling1D (None, feature_count /9, 16) None
7 BatchNormalization (None, feature_count /9, 16) None
8 Dropout (None, feature_count /9, 16) None
9 Flatten (None, feature_count *16/9) None
10 Dense (None, 1) Sigmoid
3. Results and Discussion Specificity = —— 100 )
The study involved conducting experiments with hybrid FP+TN
models that incorporated dimension reduction, machine Precision = T + 100 8)
learning, and deep learning techniques to diagnose TP +FP
diseases using eight different microarray datasets related P,—P,
to LEUKEMIA, Colon, Prostate, Ovarian, DLBCL, Breast ~ K4PP¢ =7 —p )
Cancer, Breast Cancer-2, and CNS diseases. Dimension o
. . . . . 2 x Macro Precision x Macro Recall
reduction was achieved using Discrete Cosine Transform Macro F1 = (10)

(DCT) and Unsupervised Feature Selection (UFS)
methods, while classification utilized NN, SVM, kNN, and
CNN models. The models were tested on a computer
equipped with an Intel Xeon E5-2630 2.3 GHz CPU and 12
GB RAM.

3.1. Evaluation Criteria

The datasets were divided into training and test datasets
using three different ratios, ranging from 60% to 80%,
using the hold-out method. The division of the data was
done randomly. In addition to the hold-out method, for
robust evaluation, 10-fold cross-validation was applied to
each proposed model. The average experimental results
were then calculated for accuracy, sensitivity, specificity,
precision values, the Kappa score, and the Macro F1
score, as given in Equations 5, 6, 7, 8, 9, and 10,
respectively.

M 3 TP +TN 100 5)
CoUracy = TP Y FP+ FN + TN~
TP
G TP 6
Sensitivity TPTFN x 100 (6)

Macro Precision + Macro Recall

The accuracy metric measures the proportion of
correctly instances, encompassing
positives and true negatives, concerning the total
instances. True positive (TP) refers to correctly predicted
positive instances, while true negative (TN) indicates
correctly predicted negative instances. False positive
(FP) represents that incorrectly
predicted as positive, and false negative (FN) represents
instances that were incorrectly predicted as negative.
Sensitivity (recall) evaluates the model's ability to
correctly identify actual positive instances,
specificity assesses the model's capability to correctly
identify actual negative instances. The Kappa score
assesses the agreement predicted
classifications and the actual classifications, considering
the agreement that could have occurred by chance. P,
represents the relative observed agreement, and P, is the
hypothetical probability of chance agreement. Precision
measures the proportion of correctly predicted positive
instances out of all instances predicted as positive. The

classified true

instances were

while

between the

Macro F1 score aims to strike a balance between
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precision and recall on a per-class basis by calculating
the F1 score independently for each class and then taking
the unweighted average (macro-average) across all
classes. These equations provide a comprehensive
evaluation of the proposed models, considering their
ability to accurately classify instances, handle imbalanced
datasets, and measure the agreement between predicted
and actual classifications. The results obtained for each
metric allow for a comparison of the effectiveness of the
different models studied.

Furthermore, given the stochastic nature of the neural
network model, it was executed ten times to account for
any variations in the outcomes. The final evaluation
metric was then calculated as the average of these ten
runs. This approach ensures a more robust and
dependable assessment of the neural network model's
performance, accounting for potential variability in its
predictions across multiple executions.

3.2. Results

This study utilizes sensitivity, specificity, accuracy, macro
F1 (MF1), and Cohen's Kappa coefficient (K) as
performance criteria. The results of the proposed model
were obtained through 10-fold cross-validation and hold-
out. Furthermore, experiments were conducted on eight
different datasets in four different scenarios.

In these experiments, four different classifiers were
employed, and the results obtained using the hold-out
method revealed that the NN (Artificial Neural Network)
based classifier exhibited the highest performance
among all classifiers. The detailed outcomes of these
experiments can be found in Table 4.

The detailed outcomes of these experiments, obtained
using the 10-fold cross-validation method, are presented
in Table 5. The highest results are highlighted in bold for
easy identification. Upon examination of the table, it can
be generally observed that the NN model outperforms
the other models.

Table 4. Experimental results of microarray dataset using the hold-out method with NN

Datasets Tests Sensitivity Specificity Accuracy MF1 K
Test1(80-20) 100.00 100.00 100.00 100.00 100.00
} Test1(70-30) 100.00 98.57 99.09 99.04 98.08
Leukemia
Test1(60-40) 100.00 95.62 97.58 97.57 95.16
Mean 100.00 98.06 98.89 98.87 97.75
Test1(80-20) 85.00 84.00 84.61 83.90 67.95
Colon Test1(70-30) 85.00 82.85 84.21 83.27 66.64
Test1(60-40) 86.42 80.90 83.99 83.71 67.45
Mean 85.47 82.58 84.27 83.63 67.35
Test1(80-20) 76.66 93.33 88.57 85.60 71.26
Test1(70-30) 89.28 94.11 91.93 91.82 83.65
Prostate
Test1(60-40) 90.55 96.08 93.65 93.52 87.05
Mean 85.50 9451 91.38 90.31 80.65
Test1(80-20) 100.00 100.00 100.00 100.00 100.00
Ovarian Test1(70-30) 100.00 100.00 100.00 100.00 100.00
Test1(60-40) 99.83 100.00 99.90 99.89 99.76
Mean 99.94 100.00 99.97 99.96 99.92
Test1(80-20) 100.00 100.00 100.00 100.00 100.00
DLBCL Test1(70-30) 98.88 89.33 9291 92.66 85.40
Test1(60-40) 99.09 90.99 93.87 93.52 87.09
Mean 99.32 93.44 95.59 95.39 90.83
Test1(80-20) 93.75 80.99 88.84 87.99 76.01
BRC Test1(70-30) 94.80 68.57 85.38 83.15 66.58
Test1(60-40) 94.06 74.00 86.34 85.02 70.20
Mean 94.20 74.52 86.85 85.39 70.93
Test1(80-20) 87.77 87.27 87.50 87.39 74.83
BRC-2 Test1(70-30) 80.90 89.47 86.33 85.26 70.55
Test1(60-40) 83.84 91.92 89.23 87.89 75.80
Mean 84.17 89.55 87.69 86.85 73.73
Test1(80-20) 100.00 100.00 100.00 100.00 100.00
CNS Test1(70-30) 91.66 100.00 97.22 96.65 93.35
Test1(60-40) 80.00 97.22 9291 89.95 80.03
Mean 90.55 99.07 96.71 95.53 91.13
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Table 5. Experimental results of microarray dataset using the 10-fold cv method with classifiers

Datasets Classifiers Sensitivity Specificity Accuracy MF1 K
NN 100.00 94.00 95.89 95.61 91.41
Leukemia SVM 95.00 98.00 97.14 96.32 92.83
KNN 85.00 100.00 95.71 93.63 87.64
CNN 85.00 86.00 86.07 79.19 69.47
NN 90.00 81.66 87.38 85.99 72.31
Colon SVM 95.00 78.33 89.04 85.13 73.21
KNN 92.50 70.00 84.28 79.89 62.68
CNN 67.50 60.00 64.76 68.23 26.11
NN 96.00 98.00 97.09 97.03 94.13
Prostate SVM 88.66 96.00 92.27 92.24 84.59
KNN 90.33 98.00 94.18 94.12 88.33
CNN 68.33 78.00 72.72 67.05 46.33
NN 100.00 100.00 100.00 100.00 100.00
. SVM 100.00 96.66 98.81 98.64 97.30
Ovarian
KNN 100.00 95.55 98.43 98.20 96.43
CNN 100.00 91.11 96.87 97.77 92.61
NN 100.00 100.00 100.00 100.00 100.00
DLBCL SVM 100.00 98.00 98.57 98.44 96.95
KNN 85.00 96.33 93.39 91.11 82.33
CNN 95.00 70.00 76.60 69.42 53.56
NN 95.41 87.50 92.17 91.27 82.79
BRC SVM 90.83 78.00 85.89 84.01 68.59
KNN 96.52 71.00 87.43 84.85 70.40
CNN 88.33 69.00 81.08 85.79 56.99
NN 92.50 90.66 91.55 91.30 82.92
BRC-2 SVM 79.00 79.00 79.11 77.88 57.82
KNN 71.50 83.00 77.22 76.08 54.14
CNN 65.50 71.00 67.88 61.65 36.04
NN 96.66 90.00 91.66 91.52 84.00
SVM 91.66 89.16 90.00 89.30 79.04
CNS KNN 73.33 95.00 86.66 84.11 69.64
CNN 33.33 80.83 64.99 36.66 15.23

Table 6 provides a comparative analysis of studies
conducted on microarray datasets for diverse cancer
types. These investigations aim to assess the distinctions
between Leukemia, Colon, Prostate, Ovarian, Diffuse
Large B-cell lymphoma (DLBCL), Breast Cancer (BRC),
Breast Cancer Type 2 (BRC-2), and Central Nervous
System (CNS) tumors. In numerous scholarly works
(Alrefai and Ibrahim, 2022; Gunavathi and Premalatha,
2014; Panda, 2020; Sénmez et al., 2021), evolutionary
computations have been employed. However, due to the
substantial computational burden associated with
numerous iterative calculations and population-based
optimizations, evolutionary computations can lead to
significant delays during the training and testing
processes. Our proposed hybrid DCT-UFS (Discrete
Cosine Transform - Univariate Feature Selection) method
aims to minimize processing time by reducing data
dimensions and requiring fewer computations through
coefficient representations. While DCT is employed for
dimensionality reduction, UFS evaluates the individual
feature's relationship with the target variable during the
feature approach

selection process. This reduces

computational time by independently examining each
feature and presents a straightforward
Consequently, the hybrid DCT-UFS method completes
both training and testing procedures in a matter of

solution.

seconds. Furthermore, it has demonstrated superior
performance in 5 out of 8 different datasets and achieved
competitive results on the remaining 3 datasets.

4. Conclusion

The increasing global prevalence of cancer has led to a
significant rise in generating and analyzing microarray
data from tissue samples. The accurate classification of
this data is crucial for disease diagnosis and
distinguishing between various tumor types. However,
classifying microarray data is highly complex due to
challenges like a limited number of samples, a large
number of features, and the presence of data noise. In
particular, genomic data analysis, including microarrays
and RNA sequencing, often involves datasets with
thousands of genes but only a few samples. This high
data dimensionality further complicates the analysis
process.
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Table 6. Comparison of the studies on microarray datasets

Authors

Leukemia Colon

Prostate Ovarian DLBCL BRC BRC-2 CNS

(Gunavathi and Premalatha, 2014) 5-Fold CV -
(Gunavathi and Premalatha, 2014) 5-Fold CV -
(Kumar and Rath, 2015) Hold-Out
(Gao etal., 2017) 10-Fold CV -
(Gao etal., 2017) 10-Fold CV -
(Medjahed et al., 2017) Hold-Out
(Sun etal, 2018) 10-Fold CV -
(Panda, 2020) 10-Fold CV
(Baliarsingh et al,, 2019) 10-Fold CV -
(Pragadeesh et al., 2019) 10-Fold CV -
(Luo etal., 2019) Hold-Out -
(Kilicarslan et al., 2020) Hold-Out
(Zhang et al,, 2020) 10-Fold CV -

(Othman et al., 2020) 10-Fold CV -

(Sénmez et al., 2021) 10-Fold CV -

(Alrefai and Ibrahim, 2022) 10-Fold CV 100

This work (DCT-UFS with NN) Hold-Out 98.89
This work (DCT-UFS with NN) 10-Fold CV 95.89
This work (DCT-UFS with SVM) 10-Fold CV 97.14
This work (DCT-UFS with KNN) 10-Fold CV 95.71
This work (DCT-UFS with CNN) 10-Fold CV 86.07

85.00 92.68 - 84.00 - - 81.25
95.00 65.25 - 100.00 - - 81.25
- - 98.42 - - - -
89.09 96.54 - - - - -
90.32 96.08 - 100.00 - - -

- - 98.19 - - - -
88.00 80.00 - - - - -
79.03 - 99.21 - - 73.43 53.34
96.74 - - - - - -

- - - - - - 92.86

- - - - - - 75.00

- - 98.60 - - - 83.95
96.74 - - - - - 90.34

- - - - - - 76.30
98.33 99.00 - 100.00 67.00 90.77 95.00
92.86 - 100.00 - - 86.36 85.71
84.27 91.38 99.97 9559 86.85 87.69 96.71
8738 97.09 100.00 100.00 92.17 91.55 91.66
89.04 92.27 98.81 98.57 8589 79.11 90.00
84.28 94.18 98.43 9339 8743 7722 86.66
64.76  72.72 96.87 76.60 81.08 67.88 64.99

Moreover, the majority of genes in these datasets may
not directly contribute to the classification process or be
relevant to the classes being studied. Therefore,
identifying essential genes while disregarding others
becomes critical in the classification process. Another
significant challenge is the high level of gene interactions
compared to other types of data. Some genes can activate
others or trigger gene expressions, making the analysis of
microarray data intricate and affecting result accuracy.
To address these challenges, the DCT-UFS method can be
employed in microarray data analysis. DCT-UFS is an
effective technique used for dimensionality reduction
and feature selection. It transforms high-dimensional
data into smaller, meaningful features, which aids in
identifying important genes and considering gene
interactions.

The DCT (Discrete Cosine Transform) reduces processing
time by reducing data dimensionality and representing it
with less computationally demanding coefficients. On the
other hand, UFS (Univariate Feature Selection) evaluates
each feature's relationship independently with the target
variable during selection. Its efficiency lies in analyzing
each feature in isolation, disregarding relationships with
other features, which reduces computation time and
provides a straightforward approach. While literature
reviews often mention the usage of evolutionary
computations, such methods typically require substantial
computational resources due to numerous repetitive
population-based  optimization
requirements. This study proposed the utilization of the
DCT-UFS method in their microarray data analysis. DCT-
UFS serves as an effective approach for reducing data

calculations and

dimensionality and selecting relevant features.

Transforming high-dimensional data into meaningful
features aids in identifying essential genes and
considering gene interactions. The insights gained from
utilizing the computationally efficient DCT-UFS method
in microarray data analysis may ultimately contribute to
the development of improved diagnostic and therapeutic
strategies for cancer. Future work will focus on validating
these findings in larger and more diverse datasets, as
well as exploring the potential for integrating DCT-UFS
with other machine learning techniques to further
enhance the accuracy and

efficiency of cancer

classification.
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Ozet: Ekonomik émiirleri dolan gemiler, piyasadaki arz talep dengesini saglamak icin geri déniisiime yollanmaktadir. Gemi geri
dontsiiminiin ilk asamas1 gemi sokiim asamasidir. Gemi sokiim tesislerindeki sokiim siirecinin ¢evre ve insan sagligina zarar
vermeden etkin ve verimli bir sekilde gercgeklestirilmesi 6nemlidir. Bu nedenle makalede, Aliaga Bolgesindeki gemi geri déniisiim
bélgesinde bulunan 8 gemi sokiim tesisinin 2018-2022 yillar1 arasinda gerceklesen goreceli verimlilik degerleri ayr1 ayr1 hesaplanmisg
olup, bolgedeki tesislerin birbirleri ile bir karsilastirilmasi yapilmasi amaglanmistir. Goreceli verimlilik analizi yapmak i¢in hibrit bir
yontem olan entropi yontemi entegre edilmis EATWOS yontemi kullanilmistir. Tesislerin faaliyet alan1 ve kapasiteleri girdi, gemi
sokiim tonajlar1 ve miktarlari ¢ikti degerleridir. Calisma sonucunda en iyi ii¢ tesis arasinda bulunan bir tesisin, AB listesine bagvurup,
denetlendigi ve onaylanmadigy; en kotii ii¢ tesis arasindan bulunan bir tesisin ise AB tesis listesinde bulundugu goriilmiistiir. Ancak
yapilan analizde tesislerin yesil gemi geri dontisiim stire¢lerine uyma durumlari dikkate ele alinmamistir. Makale, Aliaga Bolgesi'ndeki
tesislerin kargilagtirilmasi i¢in goreceli verimlilik analizi yapmasi bakimdan literatiire katki saglamaktadir.
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Productivity Analysis of Ship Recycling Facilities in Aliaga Region

Abstract: To ensure balance between supply and demand in the market, ships that have reached the end of their economic life are
recycled. The first stage of ship recycling is the ship dismantling stage. It is important that the recycling process in ship recycling
facilities is carried out effectively and efficiently without harm to the environment and human health. Therefore, in the article, the
relative productivity values of 8 ship recycling facilities in the ship recycling zone in Aliaga Region between 2018-2022 were calculated
separately and it was aimed a comparison of the facilities in the region with each other. The EATWOS method integrated with the
entropy method, which is a hybrid method, was used to analyze relative productivity. The operating area and capacities of the facilities
are input values, while the tonnages and quantities of ship dismantling are output values. As a result of the study, it was seen that one
facility among the top three facilities applied to the EU list, was audited and not approved, while one facility among the worst three
facilities was found to be on the EU facility list. However, the analysis did not take into account the compliance of the facilities with the
green ship recycling processes. The article contributes to the literature in terms of relative productivity analysis for the comparison of
facilities in Aliaga Region.
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1. Giris saglanmasi i¢in, gemiler hizmet omriini tamamladiktan
Ekonomik 6mrii dolmus geri déniisebilir malzemeye sonra turizm gibi amaglarla yeniden degerlendirilebilir

sahip pek cok irin geri dénisim isleminden veya geri donilisiime tabi tutulabilirler (Mentes, 2023).

gecirilmektedir. Gemilerin de mali acidan uygun ve
teknik acidan islevsel bir 6mrii bulunmaktadir. Bu
kapsamda; 2023 yihi itibariyla diinyadaki toplam

sonunda, bir sokiilerek

bilesenlerinin ve malzemelerinin yeniden kullanimi i¢in

Kullanim o6mri geminin

geri kazanilmasi islemine gemi geri doniisiimii denir

denizcilik filosu 2272772 bin ton’luk bir kapasiteye sahip
olup, bunun % 12,5’i 20 ve {stii yasa sahip gemilerden
olusmakla birlikte, gemi adedi olarak ise %41,8’i 20 yas
ve Ustil gemileri icermektedir (UNCTAD,2023). Bununla
birlikte 2022 yilinda 55580 bin GT yeni inga gemi teslimi
yapilmis ve 7531 bin GTluk gemi geri doniisiime
gitmistir (UNCTAD, 2023). Bu veriden de anlasildig1
izere; gemi piyasalarinda arz ve talep dengesinin

(Sezer ve ark., 2024). Gemi geri donilislimii, gemilerin
O6nce parcalarina ayrilmasi ve ardindan atiklarin geri
déniisim i¢in kullanilabilir parcalardan ayrilmasindan
olusan miithendislik siirecidir (Celik ve ark. 2024). IMO
gemi geri doniislimiinii, “bilesenlerin ve malzemelerin
yeniden islenmek veya kullanilmak tizere geri
kazanilmasi igin bir geminin, geri doniisiim tesisinde

kismen veya tamamen sokiilmesi, bilesenlerin ve
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malzemelerin depolanmasi, islenmesi veya imha
edilmesi” olarak tanimlamaktadir (Fariya ve ark., 2019).
Bir geminin  agirhginin = %95'den  fazla  geri
doniistiiriilebilen malzemelerden ve gemilerden ¢ikarilan
parcalardan olusmaktadir (Celik ve ark, 2024;
Mahindrakar ve ark., 2008; Mathew, 2021). Bu geri
doniistiiriillebilir malzemelerin %95'i ¢elikten, toplam
LDT'nin yaklasik %1-2'si diger degerli metallerden,
%0,5-8'1f ise mobilya ve diger demirbaslardan
olusmaktadir (Mahindrakar ve ark, 2008). Gemi geri
donilisiimii ekonomik ve siirdiiriilebilir ¢evre acisindan
onemlidir (Mentes, 2023). Endiistri devrimi ile seri
iretime gecilmesi ve teknolojik gelismeler, niifus artisi
vb. nedenlerden dolay:1 ticari yiilk hacmi ve tiiketimin
artmasina paralel olarak dogal kaynak rezervleri
azalmakta ve dogal maden kaynaklar1 ¢ikarirken ¢evreye
fazla zarar verilmektedir. Dogal kaynaklardan geleneksel
iretim yontemleriyle ¢elik iiretmek icin
miktarlarda enerji tiiketimi olmakta, demir cevheri ve
diger minerallerin yeraltindan ¢ikarilmasi sirasinda

onemli

biiyiik yiizey hasarlarina sebebiyet verilebilmektedir
(Mentes, 2023). 1 ton cevherin endiistriyel dokme
demire doniistiiriilmesi i¢cin 7400 M] enerji gerektirirken,
atmosfere 2200 kg COz salimmi gergeklesirken, gemi
sokiimil yoluyla ayn1 miktarda dékme demir tiretimi i¢in
1350 M] enerji gerekir ve 280 kg CO2 salinimi sdz
konusudur (Mentes, 2023). Dolayisiyla gemi sokiimii
cevre dostu kabul edilmesine karsin; operasyon sirasinda
meydana gelen kazalarin yam sira, sokiim sirasinda
cevreye salinan, hem personele hem de cevreye zarar
verebilecek zehirli maddeler de sektér icin ciddi bir
tehdittir (Glinbeyaz, 2019; Mentes, 2023). Gemiler
asbest, radyoaktif atiklar, agir metaller ve kalici organik
kirleticiler (KOK'lar), poliklorlu bifeniller (PCB'ler) ve
dioksinlerden olusan ham petrol gibi tehlikeli maddelerle
doludur (Dewan ve Sibilia, 2024). Bu kapsamda; Sezer ve
ark. (2024)'nin denizcilik ortamindaki gemi geri
doniisiim siirecinin tehlikelerine iliskin risk analizi ile
ilgili ¢alismanin sonucunda agir metal kalintilar1 ve
toksinlerin en yiiksek risk degerine sahip oldugu
gorilmistir. (2021a) gemi
prosediirleri sirasinda olusan kirleticileri arastirmislar ve
organizasyon yonetim faktoriniin yesil geri dontsimii
izerinde en biiyiik etkiye sahip oldugu, bunu sirasiyla

Zhou ve ark. sOkiim

cevre koruma tesisleri ve planlar1 faktori ve ekolojik
indeks faktoriiniin takip ettigini belirtmislerdir. Carvalho
ve ark. (2009), gemi sokiim faaliyetlerinin c¢evresel
etkisinin sadece gemi tipi ve buyukligi ile iliskili
olmadigl, ayrica bilesiminin de o6nemli bir faktor
oldugunu gormiislerdir. Gilinbeyaz ve ark. (2023)
calismasinda; gemi geri doniisiim islerinin kaplamali ve
kaplamasiz celigin kesme islemi sirasinda iscilerin
soluma yoluyla agir metallere maruz kalma riskinin
yliksek oldugunu goéstermislerdir. Zhou ve ark. (2021b)’a
gore; tehlikeli maddelerin bertarafi, s6kiim operasyonu
glivenligi, sokiim operasyon yonetimi, sokiim operasyon
ekipmani ve giivenlik bilincinin kisisel is¢i sagligini direkt
veya dolayll olarak etkilemektedir. Asbest de, gemi geri

doniisiim sektoriinde ¢alisanlar ve ¢evre ve insan saghgi
icin de 6nemli bir tehlike olarak karsimiza ¢ikmaktadir
(Hasanl ve ark., 2023). Ayrica; isciler, sokiim esnasinda
ortaya cikan asbest, agir metaller, organik kimyasallara
maruz kaldiklarinda, hayati organlarimin ciddi hasar
gormesi s6z konusudur (Hasanli ve ark. ,2023). Singh ve
ark. (2020) gemi geri doniisiimii sirasinda, asbeste maruz
kalan iscilerin %15’i uzun dénemde meslek hastalifina
yakalanip 6lmelerinin muhtemel oldugunu ifade
etmiglerdir. Mathew (2021) gemi geri doniisim
sektoriiniin ¢evre ve insanlar izerindeki olumsuzluklarin
¢ozlimii icin uluslararasi yonergeleri dikkate almanin
zorunluluk oldugunu ileri siirmektedir.

Gemi geri doniisiim sektdriiniin insan ve cevre saglhigina
zarar veren tehlikeli atiklar barindirmasi nedeniyle;
“Tehlikeli Atiklarin Smmr Otesi Tasinmasinin  ve
Bertarafinin  Kontroliine iliskin Basel Sézlesmesi”,
“Gemilerin Emniyetli ve Cevreye Uyumlu Geri Donlisimii
Hakkinda Hong Kong Uluslararas: Sozlesmesi”, “Avrupa
Birligi Gemi Geri Doénilisiim Yonetmeligi” gibi gemi geri
doéniisimine iliskin kural ve diizenlemeler ortaya
cikmistir (Zhou ve ark., 2021a). Gemi sékiim islemleri ile
ilgili ilk kayda deger girisim olan IMO kapsamindaki
Basel Sozlesmesi, tehlikeli atiklarin hareketinin kontroli
icin 1992 tarihinde yiirirliige giren bir sézlesme olup;
2003 yilinda tehlikeli madde iceren tehlikeli madde
iceren gemilerin gelismekte olan tilkelerde sokiilmesini
de iceren ekonomik Omriinii tamamlayan gemilere
yonelik kilavuzlar1 eklenmistir (Celik ve ark.,2024).
2019’da yiriirlige giren, bu gemiler de dahil tehlikeli
atiklarin sinir dtesi tasinmasini yasaklamayl amaglayan
yasak degisikligini de icermesine karsin; gemi sokiim
slirecine kapsamli bir sekilde karsi ¢ikilmamasi agisindan
hala yetersiz gortilmektedir (Celik ve ark., 2024; Solakivi
ve ark, 2021). Bu nedenle IMO tarafindan 2009 yilinda
“Gemilerin Emniyetli ve Cevreye Uyumlu Geri Déniisiimii
Hakkinda Hong Kong Uluslararasi Sozlesmesi” kabul
edilmistir (Celik ve ark., 2024). Banglades ve Liberya'nin
onay vermesi ile gerekli minimum onay sayisi saglanmasi
durumunda 2025 yilinda ytiriirliige girecektir (Celik ve
ark, 2024). Bu kapsamda; Dewan ve Sibilia (2024)
Banglades'in Hong Kong sozlesmesini onaylamasi
durumunun toksik akislar1 kontrol alma potansiyelini
arastirmiglardir ve gemi sokiimiinden kaynakli toksik
sizintilar1 ve esitsiz gili¢ iliskilerinin yarattign yapisal
siddetin ancak denetim ve diizenleyici yaptirimlarla
oniine gecilebilecegini ifade etmislerdir. Bu sdzlesme,
cevre ve insan giivenligi acisindan gereksiz riskleri
ortadan kaldirmak i¢in gemilerin tasarimini, insasini,
isletimini ve geri doniislimiini icermekte (Zhou ve ark.,
2021b) ve gemi geri doniisiim endiistrisi i¢in uluslararasi
standartlar1 belirlemektedir (Ahmad, 2022). 2009 tarihli
Hong Kong Sozlesmesinin erken onaylanmasini
kolaylastirmasini  dngéren ve biyik o6lcide bu
sozlesmeden ilham alan “Avrupa Birligi Gemi Geri
Dontlisiim Yonetmeligi” 20 Kasim 2013’de kabul edilmis
ve 31 Aralik 2020’de yiiriirliige girmistir (Ahmad, 2022;
Celik ve ark., 2024; Solakivi ve ark., 2021). Bu yonetmelik
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kapsaminda tiim AB bayraklh gemilerin sadece isci
giivenligi ve c¢evrenin korunmasi agisindan giivenilir
“Avrupa Gemi Geri Donlisim Tesisleri Listesi'nde
bulunan AB ve AB disi iilkelerdeki sertifikali tesislerde
sokiilmektedir (Celik ve ark, 2024). 2022 yilinda
yayimlanan 12. baskisinda liste, Avrupa’da ve Avrupa
disinda bulunan 45 tersaneden olusmaktadir (European
Commission, 2024). Aliaga’daki 9 gemi geri doniisiim
tesisi de bu listede bulunmaktadir (Sakin, 2023). Solakivi
ve ark. (2021) Avrupa listesinin mevcut kapasitesinin
beklenen gemi geri doniisiim talebini karsilamaya yeterli
olmadigin1 ve AB disinda 6nemli bir miktarda ilave
kapasiteye ihtiya¢ duyuldugunu ifade etmektedir. Glinski
(2022) ise; “Avrupa Gemi Geri Doniisiim Yonetmeligi'nin
yonetisim yapisinin bazi énemli bosluklara sahip oldugu
ve  belgelendirme klasik  ¢ikar
catismalarina ¢are olmadigl ve diger hususlarin yani sira,
bir sorumluluk rejimi gerektigi
sonucuna varmistir.

1960’1 yillardan 6nce gemi sokiimii isi, ABD ve bazi

kuruluslarinin

ile tamamlanmasi

Avrupa iilkelerinde 6nemli bir iskolu olmasina karsin,
daha karlh is kollarina yonelmeleri nedeniyle, Asya
tilkelerine ve Tirkiye'ye kaydirilmis bulunmaktadir
(Mahindrakar ve ark., 2008). 2022 y1il1 sonuglarina gore;
satilan gemilerin groston olarak %951 Banglades,
Pakistan, Hindistan, Tirkiye ve Cin’de
gergeklestirilmektedir (UNCTAD,2023). Tiim gemiler i¢gin
en yliksek miktarda gemi geri doniisiimiine sahip tilke,
%37,2 ile Banglades olmus, bunu %32,3 ile Hindistan
takip etmekte olup; Cin, %2.4 ile bu bes iilke en diisiik
orana sahip olmus, Tiirkiye'nin orani ise %6,4 olarak
gerceklesmistir (UNCTAD, 2023). Gemi tipleri agisindan
incelendiginde ise; en ¢ok gemi doniisiime gonderilen
gemi tipi %36,1 ile petrol tankeri olmus, ikinciligi ise
%31,5 ile kuru ytik tasiyicilari almis ve ii¢lincii sirada ise
%10,7 ile offshore tesisleri olmustur (UNCTAD, 2023).
Yine 2022 sonuglarina gore Banglades ve Pakistan’in en
¢ok petrol tankeri ve kuru yiik tasiyicisina, Hindistan ise
petrol tankeri ve kuru yiik tasiyicisina ek olarak offshore
tesislerine yogunlasmis olup; offshore tesislerinin geri
doéniisimiinin %70’den fazlasini gergeklestirmektedir
(UNCTAD, 2023). Tiirkiye ise daha ¢ok feribot ve yolcu
gemilerine yogunlasmis olup, bu tip gemilerin geri
doéniisimiinin yaklasik %50’sini gercgeklestirmis, bunu
yaklasik %36 ile Hindistan takip etmektedir (UNCTAD,
2023). Tiirkiye’de gemi geri doniisiim islemleri {zmir
Aliaga  Bolgesindeki gemi  sokiim tesislerinde
gerceklestirilmektedir. Aliaga gemi sokiim tesislerinde
9’u AB listesinde olan toplam 22 tesis bulunmaktadir
(Sakin, 2023).

Gemi sokiim tesisleri is saglig1 ve ¢evre agisindan ciddi
riskleri barindirmasi nedeniyle kendi icinde rekabet
kosullarina dayanarak etkin ve verimli isletilmesi
gerekmektedir. Bu nedenle makalede, 5 yilik sokiim
tonaji ve sokim miktarlar1 bilinen Aliaga Bélgesinde
gemi sokiim islemi yapan 8 tesis icin her bir yil i¢in
goreceli bolgedeki en iyi
performansa sahip olan tesisler ve yillik siralamalarinin

verimlilik analizi ile

incelenmesi hedeflenmistir. Bu kapsamda o6ncelikle
entropi yontemiyle agirliklandirmalar hesaplanmis ve bu
agirliklar EATWOS analizinde kullanilmistir. Daha 6nce
yapilan ¢alismalar, genelde saglik, emniyet ve cevre ile
ilgili calismalara yogunlasmis olup; Aliaga Bolgesindeki
gemi geri donlsiim sektoril tesislerinin verimlilikleri
ilgili herhangi bir ¢alismaya rastlanmadigindan, tesislerin
birbiri arasindaki goéreceli verimliligi 6lcerek bolgedeki
tesislerin karsilastirllmas: agisindan literatiire katki
sunmaktadir. Calismanin giris boéliimiinde; gemi geri
doniisiimi ile ilgili bilgiler, ama¢ ve literatiire katkisi
belirtilmistir. Materyal ve Yontem kisminda ise 6ncelikle
verimlilik analizine deginilmis ve ardindan entropi ve
EATWOS yontemlerine deginilmistir. Bulgular ve
Tartisma boliimiinde Aliaga Bolgesi'ndeki gemi sokiim
tesislerinin verimlilik analizi yapilmis, sonu¢ béliimiinde
ise ¢alismanin kisitlari, sonuglari ve dneriler verilmistir.

2. Materyal ve Yontem

Calismada, hibrit bir metot olan entropi yontemi ile
entegre olan EATWOS yontemi kullanarak Aliaga Gemi
Geri Donilisim Boélgesinde bulunan sokiim tesislerinin
goreceli yapilmistir. Bu  hibrit
yontemde, entropi yontemi ile bulunan faktor agirliklar:
EATWOS yonteminde kullanilmaktadir. Bu kapsamda;
oncelikle verimlilik analizi kavramina, daha sonra ise
entropi ve EATWOS yontemlerine deginilmistir.

2.1. Verimlilik Analizi

TDK ‘ya gore verim ortaya cikan, istenilen beklenen
sonug ve verimlilik ise verimli olma durumu, verimkarlik
olarak tanmimlanmistir (TDK,2024). Basit bir sekilde
verim, c¢iktinin girdiye boliinmesi ile bulunmaktadir.
Verimlilik, en yalin haliyle var olan girdilerden
maksimum ¢ikt1 saglanmasi olarak ifade edilebilir.
Isletmeler icin 6zellikle operasyon siireclerinde
verimlilik 6nemli olmaktadir. Bu nedenle; verimlilik

verimlilik analizi

analizi ile ilgili olarak literatiirde pek c¢ok calismaya
rastlamak mimkiindiir. Verimliligin o&lglilmesinde, en
basit olarak oran analizinden faydalanilmakta olup, tek
bir girdi tizerine analiz yapilmaktadir. Kismi olarak
verimlilik bulunsa da isletmelerin karmasik yapisi altinda
gercekci sonuclar vermeyebilir (Babacan,2006).

Verimlilik analizi yontemleri genel olarak oran analizi,
parametreli yontemler ve parametresiz yontemlerden
olusmaktadir (Casu ve ark. 2004; Porcelli, 2009; Simar,
1992; Yesilada ve Yaylali, 2016). Oran analizi, tek girdi ve
tek ¢iktinin oldugu, hesaplanmanin basit oldugu bir
analiz olup; birden fazla kriteri ele almadig igin
verimlilik analizi i¢in siklikla yeterli olmamaktadir
(Yesilada ve Yaylali, 2016; Yesilyurt, 2009). Parametreli
yontemler, ekonometrik yontemler olup, parametreli
yontemlerde verimlilik simir1 genellikle Cobb-Douglas
(log-dogrusal) iiretim fonksiyonu biciminde ekonomik
modelleme temelinde olusturulmaktadir (Asmare ve
Begashow, 2018). Bu nedenle, iiretim fonksiyonu
aciklayici degiskenler kiimesi (girdiler, ¢iktilar ve diger
olas1 agiklayic1 degiskenler) ve bu regresyonun bilesik
hata teriminin iki bileseni (rastgele hata) ve verimsizlik
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terimi tarafindan tamimlanmaktadir (Asmare ve
Begashow, 2018). Parametreli yontemler, genel olarak
deterministik ve stokastik yontemler olarak ikiye
ayrilmaktadir (Murillo-Zamorano ve Vega- Cervera,
2001; Simar, 1992). Deterministik yontemler, tiim
gozlemleri kapsamaktadir ve gozlemlenen iiretim ile
mevcut teknoloji tanimlanan
teknik
verimsizlik olarak tanimlamaktadir (Murillo-Zamorano
ve Vega- Cervera, 2001; Simar, 1992). Stokastik
yontemleri ise; liretim fonksiyonu etrafinda istatistiksel
giirtiltiye izin veren, teknik verimlilik ile istatistiksel
girdlti ayirim  yapmayl
yontemleridir (Murillo-Zamorano ve Vega- Cervera,
2001; Simar, 1992). Stokastik sinir yaklasimi, kalin sinir
yaklasimi  ve  dagitimsiz  yaklasim, parametreli
yontemlerdendir (Asmare ve Begashow, 2018; Kwon ve
Lee, 2004). Parametresiz yontemler ise; verimlilik
sinirinin en verimli karar alma birimlerinin deneysel

sonuclarindan veya kiyaslama o6lgiitlerinden iretildigi

siir  ve tarafindan

maksimum  iretim arasindaki mesafeyi,

arasinda saglayan smnir

hipotezine dayanmaktadir (Asmare ve Begashow, 2018).
Parametreli yontemler, liretken verimliligin 6l¢tilmesi,
belirli  bir smir fonksiyonunun
gerektirmesine karsin (Murillo-Zamorano ve Vega-
Cervera, 2001); parametresiz yontemler, verimlilik veya

belirlenmesini

teknolojinin altinda yatan islevsel bicim agisindan her
hangi bir varsayim gerektirmemektedir (Casu ve ark,
2004). yontemlerde,
programlama modelleri kullanilmaktadir  (Porcelli,
2009). Veri zarflama analizi, EATWOS y6ntemi, EATWIOS
yontemi, serbest atilabilir zarf modeli, toplam faktoér
verimliligi, = Malmquist indeks gibi  yontemler
parametresiz yontemlerdendir (Babacan, 2006; Gorgiin,
2019a; Gorgiin, 2021; Kwon ve Lee, 2004; Porcelli, 2009;
Simar, 1992; Wang ve ark., 2003, Zolfani ve ark., 2023).

Verimlilik analizi hizmet ve {retim olan her sektdre

Parametresiz matematiksel

uygulanmakta olup; limanlardan (Akyiirek, 2017; Ates ve
Esmer, 2015; Chang ve Tovar, 2014; Gorgiin, 2021;
Notteboom ve ark, 2000; Osundiran ve ark, 2021;
Schgyen ve Odeck, 2017; Wang ve ark.2003) tersanelere
(Kocak ve ark., 2023; Sezen ve Dogan, 2005), konteyner
tasimaciligindan (Zolfani ve ark. 2023), gemi filosuna
(Fun-Sang ve Caprace, 2015) kadar genis bir alanda
denizcilik sektoriinde verimlilik analizinin yapildigl
birgok ¢alismaya rastlamak mimkiindiir. Liman ve
terminaller ile ilgili yapilan baz1 ¢alismalara bakacak
olursak; Chang ve Tovar (2014) Peru ve $ili liman
terminallerinin verimliligini ve performansini 6lgmek
icin stokastik simir analizi uygulayarak toplam faktor
verimliligi artisin1 hedeflemislerdir. Calisma sonucunda
Sili terminallerinin, Peru terminallerine goére daha
verimli oldugu goriilmustir (Chang ve Tovar, 2014).
Notteboom ve ark. (2000) parametreli yontem olan
Bayes Stokastik Sinir modellemesine dayali olarak
konteyner terminali verimliliginin o6l¢iimi i¢in bir
yaklasim sunmaktadir. Calismada dort Asya konteyner
limaniyla desteklenen 36 Avrupa konteyner terminali
karsilastirllmis  olup;  kuzey

Avrupa  konteyner

terminalleri gliney terminallerine gore biraz daha yiiksek
bir verimlilik derecesine sahiptir (Notteboom ve ark,
2000). Ates ve (2015) Tirk konteyner
terminallerinin verimliligini veri zarflama analizi ve
serbest atilabilir zarf modeli ile 6lgmeyi hedeflemistir.

Esmer

Akylirek (2017) ise Karadeniz limanlarinin Zonguldak
Eregli limanina gore goreceli verimlilikleri veri zarflama
analizi ile hesaplamis ve iyilestirme Onerileri vermistir.
Schgyen ve Odeck (2017) Norve¢’in Kkonteyner
limanlarini, iskandinav iilkeleri ve Birlesik Karahk'taki
limanlarla Kkarsilastirmak icin veri zarflama analizi
tabanli  Malmquist degisim
kullanmislardir. Sonugta Norve¢ limanlarinin verimlilik
puanlarinin daha yiiksek oldugu gorilmiistiir (Schgyen
ve Odeck, 2017). Gorgiin (2021), Karadeniz konteyner
limanlarinin verimliligini analiz etmek i¢in iki hibrit
entropi-OCRA ve entropi- EATWIOS
yontemlerini kullanmistir. Onerilen bu hibrit modellerin
denizcilik sektdrii ¢alismalarina uygulanma durumunu
tespit etmek amaglanmis ve calisma sonucunda her iki

uretkenlik endeksi

model olan

hibrit yontemin de benzer sonuglar verdigi ve goreceli
liman verimliligi c¢alismalarinda basit bir sekilde
uygulanabilecegi gorilmiistiir (Gorgiin, 2021). Osundiran
(2021) Malmquist Verimlilik Endeksi'ni
kullanarak Coronaviriis hastaliginin Singapur konteyner

ve ark.

limanm1 verimliligine etkisini arastirmiglardir. Calisma
sonucunda; salgina ragmen Singapur Deniz Limani'nin
verimlilik seviyelerinde yerlesik bir tutarlihk bulundugu
Singapur limani icin liman verimliliginin itici giicleri
teknoloji ve verimlilik oldugu ve salginin gercekten de
Singapur deniz limanindaki toplam kargo hacmini ve
gemi ziyaretini etkiledigi tespit edilmistir (Osundiran ve
ark, 2021). Wang ve ark. (2003) diinyanin en 6nemli
konteyner limanlari ve terminallerinin verimliligini veri
zarflama analizi ve serbest atilabilir zarf modeli
kullanarak degerlendirmeyi amaglamislardir.

Denizcilik sektoriinde liman ve terminal verimliligi
disinda yapilan verimlilik ile ilgili de bircok calisma
mevcuttur. Bu baglamda; Fun-Sang ve Caprace (2015) 13
gemilik bir filonun yakit verimliligi ve sera gazi emisyon
oranlarini dikkate alarak verimliliklerini 6l¢gmek igin
parametresiz yontemlerden biri olan veri zarflama
analizi ve Zenginlestirme Degerlendirmeleri icin Tercih
(PROMETHEE)
kullanmis olup, iki analizin sonucunda filodaki gemilerin
performans  sonuglar1  karsilastirmistir.  Sonugta
siralamalar farkli ¢kmigtir. Ornegin PROMETHEE
yonteminde kotii performansa sahip olan gemil, eski,
verimsiz ve tiiketimi ytliksek bir gemi olmasina karsin,
ciktilari, verilen girdileri verimli bir sekilde kullandigi
icin veri zarflama analizinde yiiksek verimlilige sahip
oldugu gorilmiistir (Fun-Sang ve Caprace, 2015). Li ve
ark. (2015) veri zarflama analizi-Malmquist endeks

Siralamas1  Organizasyon  Yontemi

yontemini temel alarak, Cin'in 11 kiy1 kentinin deniz
ekonomisinin “11. Bes Yillik Plan” dénemindeki toplam
faktor verimliligini ve bu
verimlilikteki bolgesel farkliliklari karsilastirmali olarak
analiz

alanlardaki ekonomik

etmektedir. Sonu¢ta kiy1 kentlerinin deniz
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ekonomisi kalkinma verimliliginin genel diizeyinin
yliksek olmadigi ve teknolojik ilerlemenin, deniz
ekonomisini gelistirmenin en biiylik giici oldugu
goriilmustir (Li ve ark.,2015) . Zolfani ve ark. (2023) Tip-
2 Notrosofik Bulanik Sayilara (T2NFN'ler) dayali
EATWIOS modelini énermistir. Bu model, T2ZNFN setleri
ongoriilebilir ve ongoriilemeyen
aldigindan, EATWIOS  tekniginin  son  derece
gliclendirilmis bir versiyonudur. Onerilen T2NFN-
EATWIOS daha sonra  konteyner tasimaciligl
endiistrisindeki gercek diinya degerlendirme problemine
uygulanmistir (Zolfani ve ark.,2023). Ayrica; Sezen ve
Dogan (2005) bir
karsilastirmak i¢in veri zarflama analizini kullanmis,
atolyeyi etkileyen en onemli kriterlerin bos firetici
miktarlar1 ve kayip iscilik oldugu tespit etmis ve bu sonug
korelasyon ve regresyon analizi ile gostermistir. Kocak ve
ark. (2023), bir tersanenin verimlilik durumunu gézden
gecirmek amaciyla yeni bir ydntem gelistirmistir.
Yontem, bir yOnetiminin, diger

belirsizlikleri ele

askeri tersanenin atdlyelerini

tersanenin st
tersanelerle karsilastirmaya gerek kalmadan tersanenin
kendi durumunu gozlemlemesine yardimci olur, ayni
zamanda daha iyi icin gemi
asamalarinda, gemi tasariminda ve gemi insa
yonetiminde iyilestirilmesi gereken faktorlerin énceligini
de belirler (Kocak ve ark., 2023).

Bununla birlikte; yapilan literatiir taramasinda gemi geri

verimlilik lretim

dontisim  sektériinde verimlilik ile
calismalara, Tablo 1’de yer verilmistir. Bu kapsamda;
Fariya ve ark. (2022) Hong Kong sodzlesmesinin
uygulanmasinin gemi geri doniisim
verimliligi tzerindeki etkileri arastirilmis olup; sonug
olarak, gemi geri kiiresel olarak

diizenlemek i¢in yeni yonetmelikler

yapilan bazi

tersanesinde

doéniisimini
uluslararasi
uygulanmasi ve gemi geri doniisim tersanelerinin

rekabet¢i ve karli kalabilmek i¢in etkinliklerini
artirmalar1 gerektigi gorilmistir. Glinbeyaz ve ark.
(2022) siireglerin iyilestirilmesi yoluyla tersanelerin
verimliligini artirmayr amaglamis; ikincil bolgedeki
kesme islemini ayrik olay simiilasyonu kullanilarak
incelemislerdir. Calisma sonucunda, plazma kesimin
oksi-yakit kesime iyi bir alternatif oldugu goérilmiistiir
(Giinbeyaz ve ark. 2022). Sunaryo ve Tjitrosoemarto
(2022), icinde gerekli tiim endiistrileri ve tesisleri
barindiran ve birbirleriyle verimli bir sekilde baglantil
olan biitiinlesmis bir yesil ve siirdiiriilebilir gemi geri
déniisim konsepti  tasarlamay1
amaclamis, diizenlemeyi optimize etmek i¢in Blok Plan
programi kullanmistir. Glinbeyaz ve ark. (2018); gemi
geri doniisiim siireclerini iyilestirmek ve optimize etmek
amaciyla gemi geri doniisiim endiistrisi i¢in bir ¢erceve
gelistirmeyi  amaglamistir.  Calismada,  gelistirilen
simiilasyon c¢ercevesi, AB'deki bir gemi geri doniisim
tersanesinde vaka ¢alismasi olarak uygulanmis; mevcut
slirecteki darbogazlar tespit edilmis ve simiilasyonlar

endistrisi  alani

araciligiyla siireci optimize etmek icin alternatif ¢dztimler
degerlendirilmistir (Giinbeyaz ve ark., 2018). Yan ve ark.
(2018) asindirica su jetinin gemi sokim islemine
uygulanmasinin ekonomi, giivenlik, verimlilik ve gevre
koruma agisindan incelemis; 6zellikle ekonomik agidan
bazi eksiklikleri olsa da, ¢evre koruma ve giivenlik
acisindan kiyaslanamaz avantajlara sahip oldugunu
tespit etmislerdir. Koga ve ark. (2008) bir gemi geri
doniisim akisi, temel olarak gemi sokiim siirecinin
planlanmasina odaklanmaktadir. Bu sistemin girdisi,
sokiim nesnesi, asama ve geri doniisim sahasinin
ekipman verileri; ¢iktis1 ise giivenlik, maliyet ve ¢evresel
etkileri dikkate alan bir sokiim siireci planidir (Koga ve
ark., 2008).

Tablo 1. Gemi geri doniisiim sektériinde verimlilik ile ilgili yapilan bazi ¢alismalar

Yazarlar Konu

Ayrik olay simiilasyonu kullanarak IMO’nun Hong Kong sézlesmesinin gereklerinin

Fariya ve ark. (2022)
belirlenmesi

Giinbeyaz ve ark. (2022)

Sunaryo ve Tjitrosoemarto

2022
( ) tasarlanmasi

uygulanmasinin bir gemi geri doniisiim tersanesinin verimliligi tizerindeki etkilerinin

Stireclerin iyilestirilmesi ile bir gemi geri doniisiim tesisinde verimliligin artirilmasi
icin, farkli kesme teknolojilerinin ayrik olay simtlasyonu ile incelenmesi

Endonezya i¢in tiim sanayi ve tesisleri iceren ve birbiriyle verimli bir sekilde
baglantil entegre yesil ve siirdiiriillebilir gemi geri doniisiim sanayi bolgesi

Gemi geri doniisiim prosediirlerini iyilestirmek ve optimize etmek icin gerekli verimli

Giinbeyaz ve ark. (2018)
tasarlanmasi

ve cagdas gemi geri donilisiim tersanesinin ayrik olay simiilasyonu kullanilarak

Gemi sokiim siirecinde tehlikeli maddelerin ¢evresel etkisi ve gemi s6kiim sektoriinde

Yan ve ark. (2018)

yesil teknolojinin gelistirilmesi i¢in su jeti kesme teknolojisinin uygulanabilirligin

cevre koruma, giivenlik, verimlilik ve ekonomik a¢idan incelenmesi

Koga ve ark. (2008)

Giivenli, cevresel etki ve ekonomik verimlilik ele alimarak gemi sékiim islemi icin bir
planlama modeli 6nerilerek tesis ekipmanlarinin en iyi performansinin saglanmasi

2.2. Entropi Yontemi kriterlerin agirliklarin  hesaplanmasi i¢in, entropi
Entropi yontemi, kriter agirliklandirma ydntemlerinden yonteminden faydalanmiglardir. Karar vericilerin
biridir. Bir¢ok ¢alismada, EATWOS yonteminde gereken degerlendirmelerine gereksinim duymadan, mevcut
BS] Eng Sci / Sibel BAYAR 709



Black Sea Journal of Engineering and Science

veriler lizerinden objektif bir analiz imkani sunan entropi
yontemi Shannon tarafindan 1948’'de bulunmustur (Akan
ve Bayar,2021; Wu ve ark.,, 2011; Cakir ve Pergin, 2013;
Dogan, 2020). Asagida Entropi yonteminin adimlari
verilmistir (Akan ve Bayar,2021, Gorgiin, 2019a):

1.Adim: Girdi ve ¢kt kriterlerine ait karar matrisleri
(1)'deki gibi olusturulmaktadir.

X11 Xiz2 - Xk Xik]
X21 Xa2 v KXok X2K|
X — N N . H " H
X1 Xig o Xk o Xig
X1 Xz o Xk XlKJ
_Yll Yip Ylj Yl]
Yo1 Yoo v+ Yoj o Yy
Y = : L S S 1
Y Y o Yy o Yy 1)
[ Y Y, Ylj Yl]J

Il
=
)

Vi= 1,2,....,l;\7’k= 1,2,....,K Vi

2. Adim: Girdi ve ¢ikti kriterlerinin karar matrisleri,
sirasiyla (2) ve (3)'deki gibi hesaplanip normalize
edilerek, (4) ve (5) matrisleri olusturulmaktadir.

X

x ij
X ij = 0 (2)
Z. Xjj
=1
Vi
y*ij = (3)
z_ Yij
=1
X *¥11 X *q2 00 X ¥k o X ¥
X *¥21 X *2p o0 X *pg o x*zx]
cam| : S S |
X *j1 X *jg ccr XK ccr X kg
LX ¥ X ¥ v X ¥ o0 X ¥R
vi=12,....1; ¥y = 1,2,...,K 4)

[V %11 Y *12 - Y *1j - YV ¥y
Y*o1 yra e Y H2 e VR

yr= Y*i1 Y*ig o YV*j oon V¥

LY *¥11 Y *12 0 Y*y o YRy
Vi=12,...,0;v;=12,...,] (5)

3. Adim: (6) ve (7) formiilleri ile girdi ve ¢ikt1 kriterleri
icin entropi degeri hesaplanmakta, bu girdi ve ¢kt
kriterleri i¢cin entropi degerlerinden olusan matrisler (8)
ve (9)’daki denklemler ile gosterilmektedir.

ey = x"y. ((Im)a™y) (6)
ey = Y*ij-((ln)y*ij) @)
€ *11 € ¥qp v @ ¥ et € ¥y
e *21 3*22 e*zk e*ZK
N R
E i ey exp - exy - exyg
le VR VR e*lKJ
Vi=12,..,0;Ve=12,... K (8)

e_ll 9_12 6_1]' 6_1]
€1 € 2 € g €y
e B L
D leTin eTig Ty ey
le_u ey ey e‘”J
Vi= 12,05V = 12,...,] 9)
Daha sonra her bir kriter icin entropi degeri (10) ve
(11)’'deki gibi hesaplanmaktadir.

_ m
EYy = (ﬁ)ziﬂ(x*”.lnx*ij); v (10)
m

By = (ﬁ)ziﬂ (y*ii'lny*ii); Yi (11)
Daha sonra (12) ve ( 13) ile dj olarak belirtilen belirsizlik
degeri bulunmaktadir.

dy = 1— E™y, Y (12)
d7y = 1= E7y; v, (13)
4. Adim: En sonunda (14) ve (15) ile her bir girdi ve ¢ikt1
kriterlerinin agirlik degeri bulunmaktadir.

* d*ii
w ij = =m V] [14’)
Zi:l_d i
W = e (15)

2.3. EATWOS Yontemi

EATWOS (Ciktilarin Tatminine Dayal Etkinlik Analizi
Teknigi) (Efficiency Analysis Technique With Output
Satisficing) Yontemi 2006’da Peters ve Zelewski'nin
gelistirdigi bir yontemdir. Bu yontemin adimlar1 asagida
verilmistir (Akan ve Bayar,2021; Gorglin, 2019a;
Kundakci, 2019; Peters ve Zelewski, 2006):

1. Adim: Girdi ve cikt1 kriterleri normalize edilmektedir.
Girdi ve ¢ikti faktorlerinin normallestirilmesi (16) ve
(17) ile hesaplanmaktadir.

Zi=1(xii)2
Ri=—21_ .y (17)

ij —Vj
Z_ (y)?
=1

Normalize edilmis girdi ve ¢ikti matrisleri (18)'de
gosterilmektedir.
[511 S12 Sy Sll(]
S21 Sa2 * Sak  Sak
S=| : : .o .o |
lSn Szt S SIKJ
[Rll RlZ le le'l
|R21 Ry, sz Rle
R= : L S S 18
Ril Ri2 Ri' eee ( )

[Ry Ry - Ry RUJ
2. Adim: Normalize edilmis girdi matrisleri i¢in minimum
normalize edilmis girdi miktar1 (19)’da ve ardindan
girdiler i¢cin mesafe dl¢iisii (20)'de gosterilmektedir.
s = min{:»}; vi=1,... ] (19)
j
ipj = 1+ (sj—s"%); Vi=1, .,k V;=1,......,] (20)

BS] Eng Sci / Sibel BAYAR



Black Sea Journal of Engineering and Science

Ayrica normalize edilmis ¢ikti matrisleri icin maksimum
normalize edilmis ¢ikti miktar1 (21)’'de ve ardindan
ciktilar icin mesafe 6l¢iisii (22)’de gosterilmektedir.

rj = max {S—>}, Vi=1,.... K (21)
k

opx = 1+ (T*j — I‘l]), Vi = 1, ...... ,lV] = 1, ...... ,] (22)

Bu hesaplamalar ile bulunan I normalize edilmis girdi

matrisi ve O normalize edilmis ¢ikti matrisi (23)'de
gorilmektedir.

111 112 -+ L4k -+ 4K 011 012 01]' 01]

Ip1 13+ lg ==+ gk 071 Oy -+ 02]' ... 07

1 — . . . . . . 0 — . . . .
Lig liz ot Lk ot LK [0i1 02 = 0 - oy
I Iz - Ik o 11K‘| loll O - 0 01]J
(23)

3. Adim: Girdi ve ¢ikt1 kriterleri i¢in bulunan mesafe
olctitleri ve entropi yontemi ile bulunan kriter agirliklar
ile ¢arpilarak, agirhiklandirilmis mesafe dlgiitleri (24) ve
(25) formiilleriyle bulunmaktadir.

i = ipj - Wi (24)
07y = ipik -W (25)
(24) ve (25) esitsizlik formiillerindeki
hesaplamalardan sonra Kriterlerin mesafe Olgiitlerini
gosteren, [* (26) ve O- (27) matrisleri olusturulmaktadir.

numarali

1" [Py o Ty TP
Ip1 IPpp o I o Tk

L 26
l,n,iz...,jk...,m| (26)
'y IMyp oo Iy Mg
[0—11 0—12 ... 0 1j .- 0_1]]
|0—21 0=py =+ 07gj = o—ZII

o-=| > b i i 27
|011012 ...Oij ...Oi]| ( )

[0711 07y - 07y O_HJ

4. Adim: Son adimda her bir alternatifin verimlilik degeri
(28) ile bulunmaktadir.

L
it
2l
K
2
=1

3. Bulgular ve Tartisma

Calismada; Aliaga Bolgesi gemi sokim tesislerinde
bulunan isletmelerin birbiri ile kiyaslanmasini yapmak
icin goreceli verimlilik analizi yontemlerinden biri olan
entropi yontemi entegre edilmis EATWOS ydntemi

Fi = (28)

kullanilmistir.

Aliaga Bolgesinde yapilan c¢alismalar incelendiginde;
genellikle insan sagligi ve ¢evre lizerindeki etkiler ve
riskler lizerine ¢alismalara yogunlasildig1 gorilmektedir.
Bu kapsamda; Celik ve ark. (2024) Aliaga bolgesi gemi
geri doniisim sektdriiniin ¢evresel
etmislerdir. “Gemilerin uluslararasi mevzuata uygun
sekilde geri
donilisiim sektoriinde pazar payini arttirmaya ¢alismak”,

etkisini analiz

donistiiriilmesi”, “Avrupa gemi geri

“gemi geri donilisiim sektoriiniin ekonomik ve cevresel
katkilarini 6n plana ¢ikarmak icin kamu ve hiikiimet
yetkililerinden destek toplayarak daha fazla tesvik
aramak” en etkili 6nlemler olarak bulunmustur (Celik ve
ark, 2024). Mentes (2023) Aliaga gemi geri doniisiim
tesislerinde hem gemi hem saha operasyonlarinda risk
analizi ve dayaniklilik arastirmasi yapmislardir. Bulgular,
Aliaga gemi geri doniisiim sektériiniin acil miidahale
gerektiren glivenlik sorunlariyla ylizlesmeye devam
ettigini ve organizasyon ve personel esnekliginde
bosluklar oldugunu goéstermistir (Mentes, 2023). Ayrica
Mentes ve Yigit (2020) Aliaga’daki bir gemi geri doniisiim
tesisindeki saha operasyonlarindaki potansiyel riskleri
tespit ederek, bu risklerin 6ncelik sayisini hesaplamis ve
en biytk riskin 1slak zemin ¢alismalar1 oldugunu, bunu
elektrik panolari, soketleri ve kablolarinin takip ettigini
belirtmislerdir. (2019) Aliaga
Bolgesindeki gemi sokiim islemlerinin ¢evre ve insan
sagligina zararlar1 ve Kkirlilik analizi yaparak c¢alisma
kosullarina iliskin risk degerlendirmesi ve yiriirlige

Marselou ve ark.

giren diizenlemeler hakkinda inceleme yapmislardir.
Sektordeki bu risklerin en aza indirgenmesi, operasyon
slirecinin verimli ve etkin bir sekilde yonetilmesi ile
miimkiindiir. Bu bakimdan verimlilik analizi ile tesislerin
performanslarinin 6lgiilmesi 6nem arz etmektedir. Bu
nedenle calismada, Aliaga Bolgesi'ndeki gemi sokiim
tesislerinin goreceli olarak verimlilik analizi yapmak
hedeflenmis ve bunun i¢in entropi yontemi ile entegre
EATWOS yo6ntemi kullanilmistir.

Yapilan literatiir taramasinda EATWOS
kullanilarak gemi sokiim tesislerinde herhangi bir
calismaya rastlanmamustir. Ancak; literatiirde entropi
yontemi entegre EATWOS yontemi ile ilgili bir ¢ok
sektorle ilgili etkinlik ve verimlilik analizi yapilmis olup,

yontemi

tasimacilik ve lojistik sektoriinde de bazi g¢alismalar
mevcuttur. Bu kapsamda birka¢ calismaya bakacak
olursak; Bansal ve ark. (2014), ambalajli su ireticisi ve
dagiticilarinin tedarik zinciri performansini 6lgmek igin
EATWOS yontemini kullanmistir. Kundakcr (2019) da
tedarikgilerin performanslarini 6l¢gmek icin EATWOS ve
OCRA yontemlerinin analiz sonuglarindaki siralamalarini
karsilastirmistir.  Gorgiin  (2019b) Orta Asya Tiirk
Cumbhuriyetlerinin lojistik ve tasimacilik performansini
EATWOS yontemini
kullanmis olup; Tirkiye’'nin en yiiksek verimlilige sahip
oldugu goriilmistiir. Bir diger ¢calismada; Gorgiin (2019a)
Avrupa’daki o6nemli bazi
sistemlerin verimliligini bulmak i¢in entropi ve EATWOS
yontemleri kullanilmistir. Uludag (2020) ise; 2014-2018
yillari Tirkiye’'deki
verimliligini 6lgmek icin agirlik kisith EATWOS ydntemi
kullanilmstir. birlikte; Gorglin  (2019c¢)
Karadeniz Konteyner limanlarinin performans analizini

6lemek icin entropi entegre

tramvay ve hafif rayh

arasinda havalimanlarinin

Bununla

entegre entropi EATWOS yontemi ile analiz ettigi calisma
sonucunda
Yiiksekyildiz (2022) ise 22 Tiirk konteyner limaninin
2015-2017 yillar1 arasindaki verimliligi entropi ve
EATWOS yontemi ile analiz etmistir. Calisma sonucunda

Contansa limani en verimli ¢ikmistir.
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verimlilik skoru yiliksek limanlarin Marmara ve Ege
Bolgesi'nde, diisiik limanlarin ise Akdeniz ve Karadeniz
Bolgesi'nde yogunlastigl gorilmiistiir
(Yiksekyildiz,2022). Alnipak (2022)
agirliklandirmasi CRITIC yoéntemiyle yapilmis EATWOS

ise;

yontemi kullanarak TCDD limanlarim1 analiz etmis ve
verimlilik ve karlilik arasinda “pozitif orta derece iligki”
oldugunu bulmustur.

Aliaga Gemi Sokiim Tesisleri bolgesinde toplam 22 tesis
bulunmasina karsin; girdi ve ¢ikti verilerine ulagtigimiz
raporda, bu 22 tesisin her yil icin ayr1 ayr1 sokiilen gemi
tonaji ve sokiilen gemi adetleri verilmis olup, baz
yillarda baz tesislerdeki sokiilen gemi tonaj ve adetleri
verilmemistir. Bu kapsamda; tesislerin birbiri arasindaki
verimliliklerinin yillara gore degisimlerini dogru bir
sekilde analiz edebilmek icin sadece 2018-2022 yillar1
arasinda tiim bilgilere sahip oldugumuz 8 tesis analize
dahil edilmis, diger ise c¢alismaya dahil
edilmemistir. Calismaya dahil olan 8 tesisin 5 tanesi
Avrupa Birligi Tesisleri listesinde yer almakta, 2 tanesi

tesisler

Tablo 2. Girdiler

AB listesine basvurusu yapilmis ancak denetlenmis ve
onaylanmamisg, 1 tanesi ise AB listesine basvurmus ama
denetlenme sonucu heniiz yayimlanmamistir. Calismada
kullanilan veriler NGO platformunun “Tirkiye’deki gemi
geri doniistimii” adl raporundan alinmistir (Sakin,2023).
Calismanin girdileri tesis kapasitesi (LDT ton/yil) ve
faaliyet alan1 (m2) olmakla birlikte ¢iktilar1 ise sokiim
tonaj (GT) ve sokiim miktar1 (adet) olarak alinmistir. Ele
aldigimiz girdi kriterleri olan tesis kapasitesi ve faaliyet
alani degerlerinin kisa vadede degisme ihtimalinin diisiik
olmasi nedeniyle tiim yillar i¢in girdilerin degismedigi
kabulii yapilarak ayni alinmstir.

Makalede, her bir yil i¢cin analizler yapilmis olup, yillar
icinde firmalarin verimlilik siralamalarindan hareketle
degismeler incelenmeye calisilmistir. Ayrica calismada
tesislerin rekabet kosullarina
acisindan tesis adlar1 verilmemis, her bir tesis bir harf ile
belirtilmistir. Tablo 2’de ¢alismaya ait girdi degerleri ve
Tablo 3’de ¢ikt1 degerleri verilmistir.

zarar verilmemesi

Tesis Tesis Kapasitesi (LDT ton/y1l) Faaliyet Alan1 (m2)
A 75000 10500
B 80000 27000
C 60000 14700
D 75000 16040
E 70000 14490
F 120000 23680
G 90000 17540
H 70000 13490

Tablo 3. Ciktilar

Sokiim Tonaj1 (GT)

Sokiim Miktar1 (Adet)

Tesis 2018 2019 2020 2021 2022 2018 2019 2020 2021 2022
A 13179 28701 54662 10870 16214 4 3 5 1 1

B 45364 58063 194215 139939 127314 7 4 5 4 2

C 41991 47096 73529 75166 75084 3 8 1 1 2

D 8643 20646 4224 21809 49469 2 4 2 7 5

E 31148 74719 72568 52186 15112 14 14 15 6 6

F 48283 54518 116785 97279 96687 5 3 7 6 3

G 126215 76006 207604 95276 6748 8 4 5 1

H 63627 77379 159342 134815 24754 3 4 3 2 2
flk olarak EATWOS yonteminde 6ncelikle faktor ve 0.867; en diisiik verimlilik skorlarinin ise sirasiyla
agirhiklarinin ~ belirlenmesi  gerekmektedir. Entropi yaklasik 0.351, 0.315, 0.341, 0.518 ve 0.457 oldugu

entegre EATWOS yonteminde faktor agirhigini belirlemek
icin entropi yontemi kullanilmaktadir. Faktoér agirliklar:
her y1l icin bulunmus ve Tablo 4’de gosterilmistir.

Daha sonra ise bulunan faktdr agirliklar: kullanilarak her
bir y1l icin ayr1 ayr1 8 tesisin goreceli verimlilik skoru
hesaplanmis ve siralamalar belirlenmistir (Tablo 5).
Tablo 5’e bazinda verimlilik skorlarina
baktigimizda 2018-2022 yillarinda en yiiksek verimlilik
skorlarinin sirasiyla, yaklasik 0.855, 0.584, 0.728, 0.781

yillar

gorilmistir.

Tablo 5'de yillara gore tesislerin goreceli verimlilik
verilmistir. 2018 yilinda
verimlilik skorlar1 en yiiksek ¢ikan ii¢ tesis sirasiyla G,E
ve H ve en diisiik tesisler ise sirasiyla D, A ve F olmustur.
2019 yilinda ise en yiiksek ¢ikan tig tesis sirasiyla E, C ve
H ve en diisiik tesisler ise sirasiyla F, D, A olmustur. 2020
yilinda ise en yliksek ¢ikan ii¢ tesis sirasiyla E, G ve H ve
en disiik tesisler ise D, C ve A sirasiyla olmustur. 2021

skorlar1 ve siralamalari
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yilinda ise en yiiksek ¢ikan (¢ tesis sirasiyla H,E ve G ve
en diistik tesisler ise sirasiyla A, C ve F olmustur. 2022
yilinda ise en yiiksek ¢ikan lig tesis sirasiyla D, E, B ve en
diistik tesisler ise sirasiyla G, A ve H olmustur.

Tablo 5’e gore tesislerin yillar icinde goreceli verimlilik
skor siralamalarina bakacak olursak A tesisi AB tesis
listesinde olmasina karsin, tiim yillar igin verimlilik
siralamasi en kotii olan ii¢ tesisten biri olmustur. AB tesis
listesinde olan B tesisinin ise kendi i¢inde istikrarl bir
dagilima sahip oldugu ve 2022 yilinda ise en yiiksek 3.
Tesis olmay1 basardigl goriilmistiir. AB tesis listesinde
olan C tesisinin ise verimlilik skor ve siralamalarinin
istikrarsiz bir sekilde dagildigi ve 2020 ve 2021
yillarinda en koti ikinci tesis oldugu gorilmistir. AB
listesine  basvuran
onaylanmayan D tesisi ilk ti¢ yilda en koti ii¢ tesis

ancak denetleme sonucunda

bagvuran ancak denetleme sonucunda onaylanmayan
diger bir tesis olan E tesisi tiim yillarda ilk iki sirada yer
almis ve en verimli tesis olmay1 basarmistir. AB listesine
bagvuran ancak denetleme sonucu heniiz agiklanmayan F
tesisi li¢ y1l en kotil li¢ tesis arasinda yer almis, 2020 ve
2022 yillarinda 5. Sirada bulunmustur. AB listesinde
bulunan G tesisi 2018,2020 ve 2021 yillarindan en iyi ti¢
tesis arasinda olan tesisin 2019 yilinda 4. Siraya
diismesinin sebebi pandeminin ¢ikisini iyi ydnetememesi
olabilir. AB listesinde bulunan H tesisi ilk ti¢ yilda 3.
sirada yer almis, 2021’de 1. siraya yiikselmesine karsin,
2022’de ani diisiis ile 6. Sirada yerini almistir. Diger
yillarda ilk tigte yer alan G ve H tesislerinin 2022 yilinda
siralamada en sonlarda olmasinin sebeplerinden biri
Aliaga Gemi Sokiim Bolgesindeki tesislerdeki iscilerin
Subat 2022’de greve gitmesi ve grevden kaynakl olarak

arasinda yer alirken, 2021'de 5. ve 2022 yilinda ise 1. iscilerin ~ %?20’sinin  isten  ¢ikarilmalar1  olabilir
Siraya yiikselerek zirvedeki yerini almistir. AB listesine (Sakin,2023).
Tablo 4. Entropi yontemi ile bulunan faktér agirliklar
il Girdiler Ciktilar
Tesis Kapasitesi (LDT ton/y1l) Faaliyet Alani (m?) Sokiim Tonaji (GT) Sokiim Miktar1 (Adet)
2018 0,42709323 0,57290677 0,574313492 0,425686508
2019 0,42709323 0,57290677 0,312826926 0,687173074
2020 0,42709323 0,57290677 0,474756367 0,525243633
2021 0,42709323 0,57290677 0,515646391 0,484353609
2022 0,42709323 0,57290677 0,641846866 0,358153134
Tablo 5. Entropi EATWOS sonuglari
2018 2019 2020 2021 2022
Verimlilik Sir Verimlilik Verimlilik Sira Verimlilik Sira Verimlilik Sira
Skoru Skoru Skoru Skoru Skoru
A 0,445967 7 0,337826 6 0,495748 6 0,517747 8 0,536385 7
B 0,539058 4 0,343203 5 0,564703 4 0,745496 4 0,820397 3
C 0504654 5 0,44554 2 0,417641 7 0,631882 7 0,786531 4
D 0,351301 8 0,319929 7 0,340784 8 0,727222 5 0,867495 1
E 0,769597 2 0,583537 1 0,727836 1 0,765747 2 0,843987 2
F 0484279 6 0,314533 8 0,506869 5 0,718804 6 0,768665 5
G 0,854685 1 0,399945 4 0,666542 2 0,759179 3 0,457017 8
H 0573764 3 0,433838 3 0,567568 3 0,781234 1 0,618357 6
4. Sonug doniisiimi ile birlikte her yil milyonlarca ton ¢elik geri

Gemi geri donilisiimii, basta c¢elik olmak iizere diger
dontstiriilebilen malzemelerin yeniden kullanimina
olanak saglamasi nedeniyle dogal kaynaklarin
korunmasini saglayan ekonomik, siirdiiriilebilir cevre
dostu bir uygulamadir. Ancak 6zellikle ekonomik émri
dolmus eski gemilerde tehlikeli maddeleri barindirma
olasilig1 bulunmakta, bu nedenle gemi sokiimii sirasinda
bu tehlikeli maddelerin agiga ¢ikma riski olusabilmesi
sebebiyle, uygun ve dikkatli bir sekilde sokiim islemi
yapilmadiginda insan sagligina ve c¢evreye karisarak
zarar verme durumu bulunmaktadir.

Gemilerin ekonomik ve teknik 6miirlerini tamamlamalar1
ve denizcilik filosundaki arz talep dengesinin saglanmasi
icin gemiler geri donilisiime yollanmaktadir. Gemi geri

doéniisimi olmaktadir. Bu nedenle; gemi geri doniisiim
sektorti stirdiiriilebilirlik agisindan yesil bir sektor olarak
diisiiniilse de; toksik  gemilerin
gerceklestirilmesi ve tesislerin yeterli donanima sahip
olmamas: gibi nedenlerle, aslinda
acisindan ciddi zararlara sebep olabilmektedir. Maalesef

sokiimiiniin
insan ve c¢evre

diinya iizerinde gemi geri doniisimi sektoriinde en
biiylik paya sahip olan gelismekte olan iilkelerde gemi
sokiimiinde stardart alti gemiler sékiilmekte ve sokiim
islemleri de belirli standardin altinda gerceklesmektedir.
Ulkemizdeki duruma baktigimizda 6ncelikle toksik
gemilerin zaman zaman Aliaga Bolgesi Gemi Sokiim
Tesislerine sokiim icin geldigi goriilmektedir. Bununla
birlikte koordinasyon ve denetim eksikligi, cevresel
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riskler barindirmast gibi durumlarla karsi karsiya
kalinmaktadir. Gemi geri doéniisiim sektoérii bu gibi
nedenlerle ¢cevre ve insan sagligl acgisindan ciddi tehdit
olarak karsimiza ¢ikmaktadir. Yesil bir gemi geri
doniisiim siirecinin gerceklesmesi igin, dncelikle toksik
gemilerin llkeye girmesinin engellenmesi i¢cin dnlemlerin
alinarak denetlemelerin eksiksiz yapilmasi ve gemi geri
donilisiim tesislerinin insan saghgl ve cevreye zarar
vermemesi icin gereken donanimlara sahip olmasi ve is¢i
saghigl icin denetlenmesi énem arz etmektedir. Bunun
disinda isletmeler de, bu kurallara uymali ve gerekli
donanimlart saglamali, ¢evre ve insan saglhigina ve
iscilerin egitim ve sagligina 6nem vermeli ve biitiin
bunlar1 yapabilmek i¢in gemi geri doniisiim siireclerini
etkin ve verimli olacak sekilde planlamali ve bu
cercevede siireglerini gerceklestirmelidir. Bunun igin
stirdiiriilebilir ¢evre ve insan saghigl acisindan kriterler
de gbz oOniine alinarak her bir siirecin verimlilik durumu
olciilmeli, gerektiginde saglanmalidir.
Bununla birlikte Aliaga Gemi Geri Dontisiim Bolgesi'nde

iyilestirmeler

22 tane tesis bulunmaktadir. Bu tesislerin birbiri ile
rekabet edebilmesi icin siirdiiriilebilir kosullarda dikkate
alinarak diger tesisler arasindaki verimlilik durumunun
karsilastirilmasi da, tesislerin rekabet agisindan 6niinii
gorebilmesi ve gereken iyilestirmeleri yapmasi i¢in 6nem
arz etmektedir.

Uygun dogru teknik ve prosediirleri takip ederek zararsiz
bir sokiim isleminin gerceklestirilmesi ancak tesisin etkin
ve verimli bir sekilde yonetimiyle miimkiindiir. Bu
kapsamda tesislerin operasyonlarinin verimli bir sekilde
gerceklesmesi diger tesislerle rekabette de bir avantaj
olmaktadir. Bu nedenle makalede, 2018-2022 yillar
arasinda girdi ¢ikti degerlerine sahip oldugumuz 8 tesis,
entropi yontemi entegre EATWOS ydntemi kullanilarak
her bir y1l i¢in analiz edilmistir. Analiz sonucunda ilgili 5
yilda en iyi verimlilik skoruna ve siralamasina sahip li¢
tesis E, G ve H tesisleri olurken; en koti verimlilik
skoruna ve siralamasina sahip ii¢ tesis ise A, D ve F
tesisleri olarak bulunmustur. En iyi {i¢ tesis arasinda
bulunan E tesisi, AB listesine bagvuran, denetlenen ama
onaylanmayan bir tesis olup; en kotl ¢ tesis arasinda
bulunan A tesisi ise AB tesis listesinde bulunmaktadir.
Calismada ele alinan girdi ve ¢ikti degerleri, ancak
mevcut veriler altinda belirlenmistir. Bu durum gerek
gemi geri donlsiim sektorii, gerekse tesisler bazinda
seffaf ve yeterli bilgi ve veri paylasiminin olmamasindan
kaynaklanmaktadir. AB tesis listesinde bulunan tesisin
verimsiz c¢ikarken, onaylanmayan tesisin ise verimli
¢ikmasinin nedeni kurallara uygun olmayan standart dis1
bir sekilde sokiim islemi yapmasi veya kullanilan
ekipmanlar ve ¢alisan sayist gibi kriterlerin dahil
edilmemis olmasi da olabilir. Bu konuda paylasilan
yeterli veri olmadigindan bunun nedenini net bir sekilde
tahmin etmek miimkiin degildir. Bununla birlikte; Aliaga
Bolgesinde toplam 22 adet gemi sokiim tesisi bulunmakla
birlikte; yalnizca 8 tesisin analize dahil edilmesinin
nedeni diger tesislerde yeterli veriye ulasilamamasindan

kaynaklanmaktadir. Gelecekteki ¢alismalarda

stirdirilebilirlik, cevre ve ekonomik vb. olacak sekilde
girdi ve ¢kt degerleri ile g¢alismanin kapsami
gelistirilebilir. Bununla birlikte; yapilan ¢alismalarda
gemi geri doniisim sektorii verimlilik iizerine ¢ok az
calisma yapilmisken, bu ¢alismalarda ise agirlikl olarak
gemi geri doniisiimdeki silireclerin verimli bir sekilde
planlanmas: ile ilgili ¢alismalar yapilmis olup; var olan
verimliligin 6l¢limiiyle ilgili olarak calismalar ise goz ardi
edilmistir.  Gelecekte, diger rekabet
edilebilirligin dl¢iilmesi ile ilgili olarak daha fazla gemi
geri donilisiim tesislerinin verimlilik analizi ile ilgili
calismalar yapilabilir. birlikte gelecekte,
diinyada gemi geri doniisiim sektdriinde oncii tlkeler
arasinda bir verimlilik analizi yapilip, Tirkiye'nin
sektordeki konumu incelenebilir.

tesislerle

Bununla

Yapilan literatiir c¢alismasinda gemi geri doniisiim
sektoriinde entropi yontemi entegre EATWOS yontemi
ile ilgili bir ¢alismaya rastlanmamis olup, Aliaga Bolgesi
Gemi Sokiim Tesislerinin verimlilik analizinin yapilmasi
acisindan da bu ¢alisma literatiire katki saglamaktadir.

Katki Orani Beyani
Yazarin katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamigstir.

S.B.
K 100
T 100

100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= Kkritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alim1.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iligkisi olmadigin1 beyan
etmektedirler.

Etik Onay Beyan1

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigi i¢in etik kurul onay1
alinmamustir.
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Ozet: Ozellik secimi makine 6grenmesi alaninda, siniflandirma islemlerinin 6ncesinde bulunan énemli bir agamadir. Ayirt edici
ozelliklerin iyi belirlendigi durumlarda, siniflandirma bagar1 performasi artar ve daha az ozellik degerlendirildigi i¢cin hesaplama
maliyeti azalir. Elektroensefalografi (EEG) yontemi ile beynin spontan elektrik aktiviteleri 6l¢tilmektedir. EEG sinyallerinin analiz
edilmesiyle, duygu durumu, hastalik teshisi, anomali tespiti yapilabilmektedir. Bu ¢alismada, EEG sinyallerinden epilepsi teshisi
amaciyla, siniflandirmada kullanilan 6zelliklerin segilmesine ¢alisiimistir. Kullanilan verisetinde, epileptik ve saglikli bireylerden
olusan 2 sinif mevcuttur. Verisetinde, EEG sinyallerinin alt bilesenlerinden 667 6zellik vardir. Simiflandirma icin bu 667 6zelikten meta-
segisel optimizasyon algoritmalar1 ile ayirt edici oOzellikler secilmistir. Siniflandirma igcin k en yakin komsuluk algoritmasi
kullanilmigtir. EEG sinyallerinin alt bilesenlerinin tamamu ile yapilan siniflandirmada, %60,05 dogruluk basarisi elde edilmistir. Gri
Kurt Optimizasyonu, Balina Optimizasyonu ve Harris Sahinler Optimizasyonu metasezgisel algoritmalari ile 6zellik se¢imi sonucunda,
siniflandirma basarisi %80,16 olarak elde edilmistir. Bu siniflandirma basarisi 5-10 6zellik kullanilarak elde edilebilmektedir. Sonug
olarak meta-sezgisel optimizasyon algoritmalari ile daha az 6zellik segilerek dogruluk orani artmis ve hesaplama maliyeti azalmistir.

Anahtar kelimeler: Balina optimizasyonu algoritmasi, Elektroensefalografi, Gri kurt optimizasyon algoritmasi, Harris sahini
optimizasyonu algoritmasi, Ozellik se¢imi

Feature Selection Based on Meta-Heuristic Optimization Algorithms from EEG Signals

Abstract: Feature selection is an important stage in the field of machine learning before classification processes. In cases where
distinguishing features are well determined, classification success performance increases. Another advantage is that the computational
cost is reduced because fewer features are evaluated. Electroencephalography (EEG) is a method that measures spontaneous electrical
activities of the brain. By analyzing EEG signals, emotional state, disease diagnosis and anomaly detection can be made. In this study,
feature selection for classification in epilepsy diagnosis from EEG signals was attempted. The dataset used has two classes, consisting
of epileptic and healthy individuals. There are 667 features in the dataset from subcomponents of EEG signals. For classification,
distinctive features were selected from these 667 features with metaheuristic optimization algorithms. The k nearest neighbor
algorithm was used for classification. In the classification made with all subcomponents of EEG signals, 60.05% accuracy was achieved.
As a result of feature selection with Gray Wolf Optimization, Whale Optimization and Harris Hawks Optimization metaheuristic
algorithms, the classification success was achieved as 80.16%. This classification success can be achieved by using 5-10 features. As a
result, it is seen that the accuracy rate increases and the computational cost decreases by selecting fewer features with meta-heuristic
optimization algorithms.

Keywords: Whale optimization algorithm, Electroencephalography, Grey wolf optimization algorithm, Harris hawks optimization
algorithm, Feature selection
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1. Giris hastaligl, ¢ocukluk ve ergenlik caginda en sik goriilen
EEG sinyalleri ile hastalik teshisi, duygu analizi, yalan norolojik hastaliklar arasinda yer alir. Genel olarak
makinesi, fiziksel hareketlere gdre beynin tepkKisi titremeler ve nébetler seklinde kendini gosteren epilepsi,
belirlenebilir. Kumar ve Bhuvaneswari (2012) beyin néronlarinda goriilen anormal aktivitelerin normal
caligmasinda, 20 prob ile aldigi EEG sinyallerini, koku, seyri etkilemesi sonucunda bireylerde ani ve istemsiz
gorme, goz hareketi, yiiz hareketi, duyma ve denge gibi kasilmalara, bilincin kapanmasina ve/veya duygusal
fonksiyonlara ayrmustir. Cahsmalarinda veri degismelere neden olur (Acharya ve ark., 2013). Epilepsi
stizgeclendikten sonra 6zellik ¢ikarimi ve siniflandirma teshisi icin kan testleri, MR, bilgisayarh tomografi ve PET
yapilmaktadir. Epilepsi, hafiza kaybi, alzheimer ve otizm gibi teknikler kullamlsa da, noéronlarda olan bu

gibi baz1 beyin hastaliklarinda EEG sinyalleri yaygin degisimlerin  takip edilip teshis konmasi icin
olarak kullanilmaktadir (Claassen ve ark., 2003). Epilepsi elektroensefalografi (EEG) tamisi olduk¢a 6nemlidir
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(Tasemidis ve ark., 2003).

EEG, Dbeynin spontan elektriksel aktivitesinin
elektrogramini kaydetme yontemidir. EEG kayitlari,
ortalama 21 tane kiiciik elektrot ile ¢ok sayida kanaldan
Olciimler yapan farkli cihazlardan iiretilen sinyallerdir
(Kumar ve Bhuvaneswari, 2012). Nébet dalga formlarinin
olduk¢a karmasik oldugu durumlarda EEG kayitlarinin
degerlendirilmesi oldukg¢a gliclesebilmekte ve yanlis
teshisler konulmasina ya da tekrar tekrar kayitlar
alinmasina sebep olmaktadir. Cok fazla sayida veriden
olusan bu kayitlarin sinyal isleme yaklasimlari ile
islenmesi, 6grenimi
siniflandirilmas1 daha dogru tani ve teshis konmasina
yardimcl EEG sinyalleri oldukc¢a fazla
oldugundan, yorumlanirken aranan taniya gore hareket
edilebilir. Bu islem bilgisayarla gérmeye dayali olarak
otomatik ya da kismi-otomatik olarak yapilabilir.
Anomali tespit edilen durumlar uzmanlar icin rapor
edilebilir. Bunun i¢in ¢ok sayida o6zeligin taniya gore
secilmesi gerekmektedir. Cogu kez fazla 0&zelligin

makine teknikleri ile

olmaktadir.

kullanilmasi siiflandirma basarisini olumsuz
etkilemektedir. Bundan 6tiirli, amaca yonelik anomali
belirtisi olan 6zelliklerin se¢cimi 6nem arzetmektedir.

Makine o6grenmesi yaklasimlarinda, verinin ¢ok fazla
ozellik icermesi siniflandirma basarisini ve hesaplama
karmasikhigini dogrudan etkiler. Cok fazla 6zellik her
zaman daha iyi smiflandirma basarisi anlamina
gelmemektedir. Diger yandan ayni o6zelliklerle farkl
siniflandirma yapilabilmektedir. Ornegin yuz
goriintiilerinden, cinsiyet, yas ve kimlik tanima gibi
problemlerde ayni farkli
cikarilmaktadir. Bu nedenle siniflandirma asamasindan
once ozellik secimi yapilmaktadir. Boylece fazlaliklar

atiip dogrudan siniflandirmaya etki eden verilerle

verinin ozellikleri

calisilabilmektedir.

Bu c¢alismada, meta sezgisel yaklasimlar kullanilarak
epileptik tani icin EEG sinyallerinden o6zellik secimine
calisilmistir. Kullanilan gri kurt optimizasyonunu (Al-
Tashi ve ark., 2019; Al-Tashi ve ark., 2020; Abel-Basset ve
ark,, 2021), balina optimizasyonu (Hussien ve ark., 2019;
Hussien ve ark., 2020; Sayed ve ark., 2020; Vijayanand ve
Devaraj, 2020; Nadimi-Shahraki ve ark., 2022) ve harris
sahini optimizasyonu (Elgamal ve ark. 2020; Thaher ve
ark, 2020; Zhang ve ark, 2021) algoritmalan ile 667
ozellikten <10 6zellik secilmis ve k-en yakin komsuluk (k-
EYK) algoritmast ile smiflandirma yapilmistir.
Metasezgisel algoritmalarla 6zellik k-EYK
algoritmasinin basarimini ~%25 artirmistir.

se¢imi,

2. Materyal ve Yontem

Bu bélimde, kullanilan veriseti, k-EYK simiflandirma
algoritmasi, tasarlanan amag¢ fonksiyonu ve kullanilan
meta-sezgisel algoritmalardan bahsedilmistir.

2.1. Epilepsi Hastalig1 EEG Sinyalleri Veri Seti
Calismada kullanilan veri seti internette herkese erisime
acik olup, 1020 epileptik ve 1196 normal, toplam 2216
kisinin kaydindan olusur (Hassine, 2024a; Hassine,
2024b). Veri setindeki sinyaller 23 kanaldan alinmus,

gamma ( >30 Hz), beta (12-30 Hz), alpha (8-12 Hz), theta
(4-8 Hz) ve delta (< 4 Hz) frekans bantlarindan
uretilmistir. Her banttan, dalgacik doniisimi ve alt
bilesenlerinin ortalama, standart sapma, gii¢ bilesenleri
tretilerek her bir érnek icin 667 tane 6zellik iretildigi
belirtilmistir. Her bir sinyal normalize edilerek
standartlastirilmistir (Hassine, 2024a; Hassine, 2024b).
2.2. k-En Yakin Komsuluk Algoritmasi

k-en yakin komsuluk algoritmasi, yaygin kullanilan
parametrik olmayan bir simiflandirma algoritmasidir.
Denetimli siniflandirma algoritmasi oldugundan veriden
egitim ve test kiimeleri secilir. Bu calismada her bir
siniftan 1/3 oraninda veri test kiimesi ve digerleri egitim
kiimesi olacak sekilde rastgele secilmistir. Secilmemis
ozelliklerden smiflandirma yapmak i¢in k=7 ve secilmis
o6zelliklerle siniflandirma yapilirken k=3 deneysel olarak
kaba kuvvetle se¢ilmistir. Kullanilan uzaklik 6lgiitli 6klit
mesafesidir. Ozellikler, min-max normalizasyonuna tabi
tutulmustur. Siniflandiricinin hata oranmi Esitlik 1'deki

gibi hesaplanmistir.
dogru siniflandirinus test 6rnek sayist

=1-—
error toplam test 6rnek sayist (1)

2.3. Amag Fonksiyonu

Amac¢ fonksiyonu meta-sezgisel algoritmalarin optize
etmeye calistigl fonksiyondur. Arama uzayinda belirli
kisitlar altinda optimum noktalarin bulunmasinda
kullanilir. Calismada arama uzayinin boyut sayisi, egitim
verisinin toplam ozellik sayis1 olarak belirlenmistir.
Ozellik secimi probleminde ¢éziim kiimesinin her bir
uygunluk  degeri, veri ozelligin
siniflandirmada kullamilip kullanilmayacagini belirtir.
Ozellik secimi icin verilen Esitlik 2’de, esik degeri kisitlar1
altinda ozellikleri secilir. Eger c¢o6ziimdeki bir deger
belirlenen esikten daha biiyiikse 6zellik siiflandirma
icin segilir. Esikten kiiglik degerlerde, ilgili o6zellik

setindeki  bir

siniflandirilmaya dahil edilmez. Esitlik 2’de ayrica,
siniflandirma  hata
calisilmistir. Her iki amag¢ belli oranda birlestirilerek
maliyeti hesaplanmistir.

orani da optimize edilmeye

Zi'i=1 Si
cost(x) =a xerror + (1 —a) X ——

{Si = 1,
Si = 0,

Burada a, katsayy; s;threshold esik degerine gére atanan

(2)

x; = threshold
x; < threshold

se¢im degerini; d, dzellik boyutunu; error, siiflandirma
hata oranini; x; i. 6zellik vektoriinii ifade eder. Calismada,
deneysel olarak a katsayisi 0,8 ve treshold=0,9 olarak
alinmistir. Tim optimizasyon algoritmalar1 i¢cin arama
uzayinin alt sinir1 0, iist sinir1 1 olarak belirlenmistir. a
katsayis1 biiyiidiikge hata daha ¢ok optimize edilir ve
treshold biiytidiikge daha fazla 6zellik segilebilir.

2.4. Gri Kurt Optimizasyon Algoritmasi

Gri kurt optimizasyonu (grey wolf optimization, GWO),
Mirjalili ve ark. (2014) tarafindan 2014’te gelistirilmistir.
GWO algoritmasi gri kurtlarin (canis lupus) liderlik ve av
arama davranislarindan esinlenilerek gelistirilen bir siirii
tabanli meta-sezgisel optimizasyon algoritmasidir.
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Algoritmada, liderlik hiyerarsisi dort kurt tipiyle
belirlenir. Bunlar hiyerarsinin en tepesinden asagiya
dogru alfa (o), beta (), delta (6) ve omega (w)
kurtlaridir. GWO’da en iyi ¢oziim alfa (a) olarak
adlandirilir. Sonraki en iyi ¢éziimler ise sirasiyla beta (f3)
ve delta (8) ¢oziimleridir. Geriye kalan omega (w) kurtlar
ise aday GWO
algoritmasi asamalari sirasiyla; av arama, avi kusatma ve
ava saldirma seklindedir (Das ve Das, 2020). Gri kurtlar
oncelikle avlarina ait yerleri belirler ve alfa kurt
onciiligiinde kusatma yapilir. Diger
konumlarini hiyerarsik siraya gore giincelleyerek en iyi
¢ozlime ulagmaya ¢alisirlar (Wang and Li, 2019).

¢ozlimler olarak degerlendirilir.

kurtlar ise

D =|C+Xp(t) = X(0)] (3)
X(t+1) =|X,(t) — AD| (4)
GWO algoritmasinda, 3 ve 4 esitlikleri avin

cevrelenmesini yani avlanma asamasini ifade eder.
Esitliklerde, t iterasyon sayisi, Xp avin konumu, X gri kurt
bireyinin konumu i¢in kullanilir. 4 ve C katsayilar1 esitlik
5 ve 6’daki gibi hesaplanir. Esitlik 5 ve 6’da, r; ve r2 [0,1]
arasinda rastgele reel degerler alir. a, iterasyona bagh
olarak “2”’den “0” dogru dogrusal olarak azalan bir

. . . 2
katsayidur. i. iterasyondaki o, a; =2 — i * (—)
iterasyonsgy,

seklinde hesaplanabilir.
A=2ar —a (5)
€ =2n, (6)

GWO algoritmas: ilklendirmesinde, bireylerin dagilimi
rastgele olup sonraki asamalarda her bir kurt ic¢in
uygunluk degeri ayri ayri hesaplanir. En iyi uygunluk
degerine sahip konumlardaki kurtlara, sirasiyla alfa, beta
ve delta kurtlar olarak atama yapilir. Alfa, beta ve delta
kurtlarinin konumlari, esitlik 3’e goére her adimda
giincellenir. Bu giincellemeden sonra alfa, beta ve delta
kurtlarinin sirasi1 degisebilir. Avin bir sonraki konumu
(Xp), alfa, beta ve delta Kkurtlarinin konumlarinin
aritmetik ortalamasi olarak alinir.

Ava saldin islemine, A degerine gore karar verilir. A
degeri 1'den biiyiikse gri kurtlar avdan uzaklasir ve daha
uygun bir av aramaya baslarlar. Eger 1'den kii¢likse gri
kurtlar ava saldirmaya Boylece yerel
minimumlara takilmalar engellenir. GWO algoritmasinda
avlanma islemine durdurma kriteri saglanincaya kadar

zorlanir.

veya belirlenen iterasyon sayisina ulasilincaya kadar
devam edilir.

2.5. Balina Optimizasyon Algoritmasi

Balina optimizasyonu algoritmasi (whale optimization
algorithm, WOA) kambur balinalarin “kabarcik-ag1” adi
verilen avlanma tekniginden ilham alan siirii tabanl bir
optimizasyon algoritmasidir (Mirjalili ve Lewis, 2016;
Aljarah ve ark, 2018). Bu balinalar avlarinin yerini
belirlemek i¢cin oncelikle arastirma yaparlar daha sonra
daralan ¢emberler seklinde hareket ederek kusatma ya
da sarmal konum gilincelleme adh iki
hedefe

saldir1

mekanizmasindan biri ile saldirirlar.

Optimizasyonda bu asamalar sirasiyla kesif ve somiri
olarak adlandirilir. Baslangi¢ta algoritma mevcut en iyi
aday ¢ozlime gore konumlarini gilincellerken, sonraki
asamalarda, diger balinalarin konumlar1 en iyi ¢6ziime
gore gilincellenir.

Balinalar kesif asamasinda, birbirlerinin konumlarina
gore rastgele avlarim ararlar. Kiiresel bir arastirma
yapabilmek icin arama ajanlari, rastgele segilen bir
referans balinadan uzaklasmaya zorlanir. Avin g¢evresini
sarma islemi, 7. ve 8. esitliklerle yapilir.

D=|C.X"(t) - X(0)] (7
X(t+1)=1X,(t) —A.D| (8)

Esitlik 7 ve 8de; t, mevcut iterasyon adimini;; A ve C
yakinsama vektorlerini; X* en iyi ¢6ziime en yakin ¢6ziim
vektorint ifade eder. A ve C sirasiyla esitlik 9 ve 10 ile
bulunur. Esitlik 9 ve 10’da r rastgele bir vektori ve o
iterasyon sayisina bagli olarak “2” ’'den “0” dogru
dogrusal, gri kurt optimizasyonu algoritmasinda verildigi
gibi hesaplanan, azalan bir vektorii ifade eder.

A=2ar—a 9)
C=2r (10)

Ava dogru hareket etme islemi, balinanin ava dogru
ilerlerken avin etrafindaki ¢emberi daraltma ve spiral
hareket olusturma seklinde ele alinir. Cember daraltmasi
9 esitligindeki o'nin kigiltilmesi ile saglanir. Spiral
hareket en iyi arama ajanina gére yapilir. En iyi arama
ajanti ile diger arama ajani arasindaki iliski esitlik 11 ile
hesaplanir.

X(t+1)=D".eb.cos(2rl) + X(t) (11D
D' =X*(t) - X(t) (12)

Esitlik 11’de, b, logaritmik spiral sabiti; [, [-1,1] arasinda
rastgele bir reel sayidir. Algoritmada spiral hareket veya
cember hareketten hangisinin yapilacagina %50 olasilikla
karar verilir. Bu olasiiga gore esitlik 8 veya esitlik 11
hareketleri yapilir.

Avi  arama isleminde, ajaninin
giincellenirken o zamana kadar bulunmus en iyi arama
ajani yerine rastgele secilen bir arama ajani kullanilir. Bu

arama konumu

taktik yerel minimumlara takilmayr dnleme amaghdir.
Esitlik 13 ve 14’de Xana rastgele secilen arama ajani
olarak ifade edilmistir.

D" = C.Xrgna — X (13)
X(t+1)=Xrqna —A.D (14)

/A] > 1 oldugu durumlarda en iyi arama ajanindan daha
uzak bir konum se¢ilmis olur. Bu durumda global arama
yapilmis olur.

2.6. Harris Sahini Optimizasyonu Algoritmasi

Harris sahini optimizasyonu (harris hawks optimization,
HHO), kara sahinlerinin avlanma davranisini simiile eden
popiilasyon tabanli, gradyansiz bir algoritmadir (Heidari
ve ark, 2019). Kara sahinler, 6zellikle tavsan avlama
slirecinde siirii olarak hareket ederler. Siiriiniin bir lideri
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bulunur. Lider ve siirtiniin diger tyeleri oncelikle av
tespiti icin kesif ucuslar1 yapar (kesif asamasi). Kesif
asamasinda avin tespit edilmesiyle avlanma siirecine
gecilir (somiiriiye gecis asamasi). Kara sahinler, avlarina
dort kovalama-saldirma taktiginden birini kullanarak
saldirir (somiiriic asamasi). Bu taktikler; yumusak
kusatma, sert kusatma, ilerlemeci hizli dalislar ile
yumusak kusatma ve ilerlemeci hizli dabslar ile sert
kusatmadir.

HHO algoritmasinda, arama davranigi genel kesif agamasi

olarak kabul edilir. Esitlik 15’de kesif stratejisi
verilmistir.

x(t+1)

— { xrand(t) — 71 |Xrana — 2r2x(t) ,q 20,5 (1 5)
" Wtrappie(®) = xm(8)) = r3(LB +14(UB ~ LB)) ,q < 0,5

Esitlik 15'de, x(t+1), harris sahinlerinin her bir
iterasyondaki konum vektorleri, Xrapbie(t), avin konum
vektort, x(t), harris sahininin mevcut konumu vektérini
gosterir. rl, r2, r3, r4 ve q degerleri, [0,1] aralifinda
rastgele reel degerler alir. LB ve UB sirasiyla
popiilasyonun alt ve iist sirlarim belirler. Xrana(t)
rastgele secilen bir sahindir. xm(t), t. anindaki sahin
popiilasyonunun konumlarinin ortalama degeridir.

Harris sahini kesif islemini tamamladiktan sonra avin
enerjisine  bagh farkl bigimleri
gelistirebilir. Avin enerjisi esitlik 16’da verilmistir.

olarak saldir1

E=2E,(1— %) (16)

Esitlik 16’da, [-1,1] araliginda deger alan Ep avin
baslangi¢ enerjisini, T maksimum yineleme sayisini, t
mevecut iterasyonu gosterir.

HHO’da sémiirii asamasy, [0,1] arasinda deger alan, avin
kacip kacamayacagina karar veren r rastgele sayis1 ve
E'nin degerine gore 4 farkh strateji ile somiirii asamasi
gergeklestirilir. r>0.5 ve |E|<0.5 durumu yumusak
kusatma ve r>0.5 ve |E|<0.5 durumu sert kusatma
stratejisinin gelistirildigi durumlardir. Yumusak kusatma
17 ve 18 esitlikleri ile yapilir. Esitlik 19 ile sert kusatma
gergeklestirilir.

x(t+1) = Ax(t) = ElJXrappic(t) — x(0)| (17)
Ax(t) = Xrapbie(t) = x(t) (18)
x(t +1) = Xpappie (t) — E|Ax(t)] (19)

Esitlik 17-19’da, 4Ax(t) t. anindaki konum ile avin konumu
arasindaki mesafeyi, / av hareketini benzetmek i¢in her
iterasyonda degisen bir degeri ifade eder.

Diger bir strateji asamali hizli dalislarla yumusak
kusatma olarak adlandirilir. Yumusak kusatma, r<0.5 ve
|E| > 0.5 oldugunda gergeklesir. Bu asamada av kagmak
icin yeterli enerjiye sahiptir. Bu strateji iki adimda
gerceklesir. ilk adimda 17 esitligi kullamilir ve konum
iyilesmezse ikinci adimla konum giincellenir. ikinci
adimda esitlik 20 ve 21 uygulanir.

z = Ax;i(t) — E|/Xrappic — xi(t)| + s levy(D) (20)

1
o [(1+ B) s\
levy(x) =001 — , o0=| ———F%—
e 1+p).,2-1
lulP )2
Esitlik 20 ve 21'de u ve v, [0,1] araliginda rastgele

(21)

degerler alir, § degeri 1,5 olan bir sabit ve D problemin
boyutudur. Son olarak yumusak kusatma 17 esitligine Y
dersek, bu stratejide karar, esitlik 22’ye gore verilir.
Burada s€RP olup D boyutunda rastgele bir vektordiir.

Yo f() <fx(®) ise

Z @) <f(x®)ise (22)

x(t+1) = {
Son strateji ilerlemeli hizli dahslar ile sert kusatmadir ki
bu durumda av kagmak icin yeterli enerjiye sahip
degildir. Bu durumda esitlik 23-25 kullanilir.

Ly fO) < f(x(®) ise
xe+1) = {z f(2) < f(x(1))ise (23)
Y = Xrappit — E |J Xrabbit = Xmean ()| (24)
z=y+slevy(D) (25)
3. Bulgular ve Tartisma
Deneylerde, tim meta-sezgisel optimizasyon

algoritmalarinda popiilasyon sayisi 50 ve iterasyon sayisi
50 olarak alinmistir. Her bir algoritma 30 kere
kosturulmustur. Optimizasyon o6ncesi k-EYK ile yapilan
siniflandirma dogruluk performansi %60,05 olarak elde
edilmistir. Calismalar, i7 islemcili ve 8 GB bellege sahip
bilgisayarda Matlab 2017 ile yapilmistir.

Tablo 1'de; ortA tekrarli kosturulmalarin dogruluk
ortalamasinin ytizdelik (%) degeridir. maxA erisilen en
ylksek ve en disik dogruluk yiizdesidir.
Kosturmalarda elde edilen dogruluklarin standart
sapmalar1 sdA siitununda verilmistir. CPUs ortalama
saniye ifade
Kosturmalarda elde edilen en kiigiik uygunluk degeri
(fitness) minF ile gosterilmistir. Calismada elde edilen en
kiciik 6zellik sayis1 minFM siitununda verilmistir.

Tablo 1'de algoritmalarin 50 iterasyon ile 30 kez tekrar

minA

islem  siiresini cinsinden eder.

edildiginde elde edilen sonuclarin ortalamalari
verilmistir. Tablodan 10 ozellik se¢cimi ile GWO
algoritmasinin  en  yiiksek  basariy1  yakaladigl

goriilmektedir. Diger yandan dogruluk ortalamasi en
ylksek HHO algoritmasinin dogruluk standart sapmasina
gore daha kararli sonuclar elde ettigi gozlemlenmektedir.
Ozellik sayisim1 667’den 5’e kadar azaltan WOA ve HHO
algoritmalar1 olmustur. Algoritmalar birbirine yakin
fitness degerleri liretmistir.

Sekil 1-3’te sirasiyla gri kurt, balina ve harris sahini
algoritmalarinin en iyi yakinsama egrilerinden 6rnekler
verilmistir. Sekillerde, gri kurt algoritmasinin 40, balina
optimizasyonu algoritmasinin 5 iterasyonda yakinsamay1
sagladig1 goziikmektedir. Harris sahini algoritmasinin
yakinsamasi 50 iterasyondan daha fazlasina ihtiyag
duydugu soylenebilir. Ancak mevcut yakinsamada, diger
algoritmalardan daha iyi sonuclar elde edebilmistir.
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Tablo 1. Meta-sezgisel algoritmalarin basarim sonuglari

Algoritma ortA maxA minA sdA CPUs minF minFM
GWO 67,0862 80,164 62,107 0,063542 86,487 0,16535 10
WOA 71,9015 79,207 61,286 0,042895 67,450 0,16968 5
HHO 74,0173 79,343 64,432 0,036386 82,955 0,16859 5
En Iyi Yakinsama Egirisi
034 L L : a gl
032
03
Jeh028 H
()
]
=026
=
Soo4f
=1y}
=
=022+
02+
018t
016 { { | | | | ! i i
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Sekil 1. Gri kurt optimizasyonu algoritmasinin en iyi yakinsama egrisi.

En lyi Yakinsama Egirisi

0.2

0.195

=]
jry
w

fid
u
==
o

=

s

==}
T

Uygunluk Degeri

s
L
=
o

0.165 : : : . .
5 10 15 20 25 30 35 40 45 50

iterasyon

Sekil 2. Balina optimizasyonu algoritmasinin en iyi yakinsama egrisi.
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En iyi Yakinsama Egirisi
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25 30 35 40 45 50

iterasvon

Sekil 3. Harris Sahinleri Optimizasyonunun en iyi yakinsama egrisi.

4. Sonug¢
Bu c¢alismada, meta-sezgisel algoritmalarin 6zellik
seciminde  kullanilarak  simiflandirma  basarisinin

artirtlmasina ¢alisilmistir. Yapilan ¢alismalar sonucunda

epilepsi  tanisi tlm

ozelliklerin

icin kullanilan verisetindeki
siniflandirilmada  kullanilmasina  gerek
olmadig1 anlasilmaktadir. Bu 6zelliklerin meta-sezgisel
yontemlerle secilmesi sonucunda dogruluk performansi
artis gozlemlenmistir. Tablo 1'de gorildigi gibi,
kullanilan algoritmalar kendi icinde degerlendirildiginde,
ortalama dogruluk performansi, standart sapma ve
ozellik say1s1 bakimindan HHO algoritmasinin digerlerine
gore daha basarili performans sergilemis olarak kabul
edilebilir.

Bu calismada, epileptik sinyallerin siniflandirilmasina
calisilmis ve 5 en yakin komsuluk
algoritmasinin performansinda artis
sagladigl gozlemlenmistir. EEG sinyallerinin bagka tani
veya eylemler icin kullanilmasinda farkl o6zelliklerin
secilmesi gerekebilir. Sonu¢ olarak c¢alisma EEG
sinyallerinden ozellik sec¢iminin meta-sezgisel
algoritmalarla yapilabilecegini gostermektedir. Yine EEG
sinyallerinin yorumlanmasinda, anomali tespiti icin
normal sinyaller meta-sezgisel olarak elimine edilerek
uzmanlara daha temiz veri sunulabilir. Calismada, meta-
sezgisel yontemlerin basarisini test amaciyla 3 tane
meta-sezgisel algoritma kullanilmistir. EEG sinyalleri i¢in
daha biiytik verisetleri ile pek ¢ok algoritma yaristirilip
en basaril algoritmalar belirlenebilir.

ozellik ile
smiflandirma

Katki Oran1 Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

E.G. T.Y.
K 60 40
T 60 40
Y 80 20
VTI 20 80
VAY 60 40
KT 20 80
YZ 70 30
KI 80 20
GR 80 20
PY 70 30

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyami

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir c¢alisma yapilmadigi icin etik kurul onay1
alinmamustir.
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Abstract: Rapid technological advances and population growth are causing global energy shortages and environmental problems. All
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environmentally friendly vehicles that run on electric energy. In the very near future, there will be a shortage of qualified personnel in
the field of battery electric vehicle (BEV) failure diagnosis, maintenance and repair, electric vehicle production, and after-sales services,
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1. Introduction Because the energy used in EVs can be obtained from

In parallel with the rapid increase in the global renewable energy sources such as wind, solar, and

population and technological advances, there has been a
significant rise in the number of vehicles being used by
people. One of the major contributors to global climate
change is the emission of exhaust and non-exhaust
pollutants from fossil fuel-powered internal combustion
engines. Pollutants such as CH, CO, NOx, and particulate
matter (PM) are released into the atmosphere and have
detrimental effects on the environment (Giiney and
Kigiiksariyildiz, 2019; Gliney and Aladag, 2020; Gliney
and 0Oz, 2020a; Giiney and Oz., 2020b; Giiney and Aladag,
2021; Gliney and Aladag, 2022; Shang et al.,, 2024). At the
forefront of efforts to address air pollution and global
warming is the promotion of vehicles that utilize
electrical energy to power their mechanical systems.
Among the various types of alternative vehicles studied,
battery-powered electric vehicles (BEVs) have received
significant attention. BEVs are considered a promising
solution to reduce dependence on fossil fuels and
mitigate pollution arising from the transportation sector.
These vehicles rely on battery technology to store
electrical energy and provide a cleaner and more

hydroelectricity (Ajanovic and Haas, 2016). In addition to
the outstanding performance features of these vehicles,
such as zero exhaust emissions, low noise pollution, and
high energy efficiency, their clean energy consumption is
attractive (Giiney and Kilig, 2020). Also, thanks to
government initiatives and technological advances,
interest in BEVs continues to increase worldwide.

BEVs are similar to internal combustion engines (ICE) in
terms of basic technology. However, there are missing or
excess systems in BEVs. For example, while the fuel
combustion system, fuel tank, and combustion system
are not available, there are systems connected to
electrical energy such as traction batteries. The main
components of an BEV are; the electric traction motor,
transmission, multimedia system, electronic engine
computer (EVC), traction battery, auxiliary battery,
battery management system (BMS), smart battery
charger, AC/DC-DC/AC converter, charger, high voltage,
and low voltage wiring system, braking system,
regenerative braking system (RBS), vehicle body,
chassis/body system, thermal cooling and lubrication

sustainable mode of transportation (Alves et al,, 2016). systems  (Dhameja, 2001). These components,
particularly those specific to BEVs, are described below.
BS] Eng Sci / Bekir GUNEY 724
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1.1. Electric Traction Motor

It is the rotor/stator component that converts electrical
energy into mechanical energy or mechanical energy into
electrical energy and works with classical electrical
principles. It is controlled by the electronic engine
computer (EVC). EVC regulates the amount of current
and voltage that the electric motor receives (Jouda et al,,
2024). These motors are of two types, either the motor
that uses the direct current (DC) in the traction battery as
DC directly or the motor that uses it by converting it to
alternating current (AC). The accelerator pedal generates
the appropriate torque by sending a signal to the
controller that adjusts the speed of the vehicle by
changing the frequency of the current power from the
inverter to the motor. Operating voltages can be 360 V or
higher. The controller receives a signal from the vehicle's
accelerator pedal and controls the electrical energy
supplied to the engine, causing torque to turn the wheels.
In the past, DC motors were widely used for variable-
speed applications. However, with technological
advances in electronics, AC motors are now more widely
used for these applications. DC motors are generally
easier and cheaper to control, but they are usually larger
and heavier than AC motors. At the same time, AC motors
and controllers often have higher efficiency at very
different operating parameters. Today, both AC and DC
technologies are used in commercial cars (Dhameja,
2001). It drives the wheels of the vehicle with the help of
gears in the electric transmission. Some vehicles use
motor generators that perform both driving and
regeneration functions. In these vehicles, when the brake
is applied or the vehicle is slowing down, the motor
becomes a generator and produces regenerative energy
and sends it back to the traction battery.

1.2, Charger Unit

It is the part that mediates the vehicle to provide energy
input by connecting to an external power source in order
to charge the traction battery.

1.3. DC/DC Converter

The direct current (DC) voltage taken from the external
electricity network is stored in the traction battery by
converting the voltage too high voltage by means of the
charger. It also converts the high voltage stored in the
traction battery to low DC voltage to power the vehicle
accessories and recharge the auxiliary battery.

1.4. Charger

Via the AC to DC converter in the charger, it takes the
supplied AC electricity and converts it to DC voltage to
charge the traction battery. It also communicates with
the charging equipment and monitors the traction
battery's state of charge (such as current, temperature,
and voltage characteristics). The charger has single-
phase or 3-phase residual current relays and induction
coils to prevent undesirable situations such as leakage
current and electrification, and to obtain clean and
undisturbed current.

1.5. Electronic Power Control Unit

It is the unit that manages the electrical energy coming

from the traction battery to control the speed of the
electric traction motor and the torque it produces.

1.6. Thermal System (Cooling)

This system is an electronic processor equipped with
sensors to manage and control the proper operating
temperatures of the engine, electric motor, power
electronics, and other components. Liquid-based thermal
management systems are generally preferred over BEVs,
where cold plates are used to circulate the coolant more
efficiently (Kalkan et al., 2022).

1.7. Traction Battery

A traction battery is a high-voltage element that can store
the energy required to move the vehicle. Traction
batteries are generally produced with a weight of 200 -
400 kg, a working capacity of 20-100 kWh, and a voltage
of 100-600 volts. By combining multiple modules, the
total traction battery capacity is created. Modules; It is
produced with technologies consisting of cells such as
Iron-Nickel, Lead-Acid, Nickel-Cadmium, Lithium-
Polymer, Sodium-Sulphur, Aluminium-Silver and Zinc-
Silver, Aluminium-Air, and Zinc-Air (Hamurcu et al,
2021; Malozyomov et al,, 2024). Among these batteries
produced for use in EVs, Lithium-Ion batteries are mostly
preferred due to their performance features such as high
voltage, energy density, and long life (Zenk and Ertugral,
2021).

Each module is enclosed in a metal frame insulated with
spacers and connected in series to each other in a
sequential manner. The current consisting of the
combination of the modules is transmitted to the electric
motor by the power circuit. Since the power circuit has a
high-voltage capacity, it is insulated and secured. In
addition, high-voltage voltage is controlled with energy-
cut safety interlocks. It is mounted on vehicles in robust
enclosure cabinets. The charging time, discharge rate,
charge/discharge frequency, charge, and discharge
temperature usage modes of the batteries are the main
factors affecting the efficiency of environmental
conditions. Regenerative braking systems (Giiney and
Kilig, 2020) can increase the driving range of EVs by
around 25%.

1.8. Auxiliary Battery

Elements in an electrically driven vehicle that provides
low-voltage electricity to power vehicle accessories.

1.9. The Electronic Engine Computer (EVC)

It is programmed to communicate with all components
by managing all driving and usage phases starting from
charging the vehicle. It controls the functions of the
components. For example; speed, pedal pressure, airbag,
wiper, tire pressure, etc. It is a complex multimedia
system that enables the management of the vehicle by
communicating with more than 100 sensors. Also, on
each traction battery; there is an electronic electronic
management system (BMS) to control data such as
charge status, module/cell voltage, cell temperature, and
fault status. This system is used by integrating into the
EVC.
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1.10. Electro-Mechanical Transmission

It is an electro-mechanical gear mechanism that moves
the wheels by converting the electrical power at different
speeds and torques coming from the electric traction
motor into mechanical power. Smooth and consistent
gear changes are achieved through this electro-
mechanical system. It has vibration damping, acoustic
comfort, and high-strength properties.

In the general physical structure of the system, unlike the
ICE, there are low-speed input motors, clutches,
planetary gear, and a powerful motor and physical
powertrain.  Clutches plate
electromagnetic brakes. A spring keeps the plates apart
until the electromagnet is activated, which magnetizes
the floating plate and brings the braking surface into
contact (Beaudoin and Boulet, 2022). The load motor
provides the driving or braking torque to the wheels by
generating the torque expected by the powertrain via the
electromechanical system. The input motor can
accompany the load motor if necessary (He et al., 2022).
1.11. Regenerative Braking System

By integrating an electric motor into the RBS front and
rear wheels, many advantages can be gained from the
system over conventional vehicles. First, the additional
torque coupling mechanism can be eliminated. Second,

work like friction

when the required torque is relatively large, all-wheel
drive can be applied. Finally, during the deceleration
process, the electric motor can be used as a generator by
applying regenerative braking (Lv et al, 2015), thus
providing energy economy with recovery from
regenerative braking (Lv et al, 2017). This electrical
energy is then stored in energy storage systems (e.g.
batteries or ultra-capacitors) and used as a drive for
electric motors as needed. Regenerative and mechanical
braking systems must be fully integrated to ensure the
reliable and effective operation of regenerative braking.
To meet the driver's demand, this integration requires
smooth and accurate control of combined regenerative
and mechanical braking (Setiawan et al, 2019).
Therefore, a operation between the
hydraulic braking system and the regenerative braking
system is an important element in the design of the EV
brake control strategy (Peng et al., 2008).

In EVs, hydraulic oil is used in the brake and power

harmonious

steering systems, coolants are used in the engines and
electronic control modules, coolants and lubricants are
used in the air conditioning compressors, and oils are
used in the engine of the driveline, differential, and
transmission. Low-freezing antifreeze coolants are used
to cool the engine, control unit, and battery pack. In most
cases, these lubricants and coolants are the same as those
used in ICE. EVs do not store large volumes of flammable
liquids. Usually, electrical devices are used to heat or cool
the passenger compartment (Dhameja, 2001).

In the absence of expert technical personnel on the
traction battery and high-voltage line, no action should
be taken. For this reason, high-voltage cables and
components are used in orange-colored reinforcements.

Maintenance work on the traction battery requires the
use of personal protective equipment and the use of
safety precautions such as the correct use of technical
knowledge. Therefore, every operation to be carried out
on the traction battery should be carried out by persons
with technical equipment. Any voltage higher than the
voltage at the auxiliary battery connection is considered
high voltage.

As a customer feature in reverse, the motor torque and
speed are limited by the EVC computer. If the EVC
computer didn't limit performance, the reverse would
have just as much speed and torque as the forward. Its
reverse gear is activated by reversing the fed phases. The
electric motor rotor and reduction box are connected to a
gear assembly. There is no special gear for reverse
movement.

In this training model, individuals studying in the field
should receive training on both theoretical and real tools
by using all the possibilities of technology. In this way,
the human resources needed by the industry will be
trained and socio-economic development will be
achieved. With the of new-generation
vocational education trends in the education system, it
will be possible to increase the technological literacy
level of individuals, improve their ability to use new

inclusion

technologies, and can solve the problems they will
encounter in the future.

The main reason why we focus on education in the field
of electric vehicle repair, maintenance and repair, which
will be one of the leading professions of the global trend,
is to seek a solution to the personnel gap that will arise in
electric vehicle production and after-sales services as
qualified technical staff of individuals who will be trained
in this field. Very soon there will be a large number of
new professions for electric vehicle maintenance in the
In this technological transformation, some
professions will become obsolete, but with the right
model, the workforce will be able to switch to new
business lines. For example, carburetor, spark plug, or

world.

exhaust experts can become battery experts in a short
time.

The technological progress of countries, their economic
and social development, and their competitiveness at the
global level is closely related to their success in
vocational and technical education. All scientists,
experts, and professionals agree that
vocational and technical education is the secret behind
the technological progress and economic strength of
developed countries around the world (Dangote, 2013).
The main purpose of gaining the ability to practice on the
real tool is to increase the students’ performance as it
reveals the assessment areas to the students. This

improvement reduces the waste of resources such as

industrial

time, effort, and money by educating students with the
right knowledge and skills, which in turn produces
students with the right knowledge and skills desired. In
order to assess these skills, it is necessary to develop a
document containing the design of the assessment tool,
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namely assessment parameters that can be used to
evaluate the performance of the student's practical task
activities. In addition, the reliability and validity of this
technique are possible with the development of training
modules that will determine the criteria for practical
skills in the new field.

The quality of learning skills that an education program
provides to students is evaluated by the extent to which
the objectives of technological knowledge or practical
skill acquisition are achieved (Okwelle, 2012). The
greater the effectiveness and efficiency with which
individuals can apply the learned skills at the end of a
course or study program, the more successful the
acquired skill will be (Hager et al., 1994). In the field of
vocational and education, technological
teaching and practical application form an important part
of the activities of developing applied skills.

On-the-job training in vocational and technical education
that prepares the individual for the real work
environment in an organized and coordinated way can be

technical

described as a process with its physical, mental,
emotional, social, economic, and personal aspects by
gaining the knowledge, skills, attitudes, and professional
habits required for a profession that is necessary for the
maintenance of individual and social life (Alkan et al,
2001; Ozkan, 2021; Kong et al, 2024). Therefore,
assessing skill test subjects by practical application
rather than answering questions (Kong et al,, 2024) is
considered by most to be a more reliable technique.
Performance criteria require students to apply the
practical skills and operations taught and to perform
adequately in conditions similar to industrial working
conditions (Igaru, 2023).

Educational institutions providing vocational and
technical education in Tiirkiye offer training at different
levels with apprenticeship, technician, and engineering
programs to train qualified manpower in line with the
current global developments needed for the economic
and technological development of the country. Applied
sciences operate to train professionally educated
manpower who has acquired minimum knowledge and
skills in the scientific and industrial fields to ensure
commercial and economic development. Personnel
studying in this field participates in real business life by
completing the modules of basic technology and
application skills required by the program they are
studying.

The method used for successful teaching and learning is
of interest to educators because teaching methods play
an important role in stimulating students' creative and
critical thinking by persuading students to look at an
event or problem from many angles as a team (Eison,
2010). These can only be achieved when an appropriate
teaching method is applied.

Students' skills testing methods may be in the form of
process management and the ability to do the
implementation activity correctly, or a combination of
both (Moses et al.,, 2017). Process management includes

the evaluation of student performance with careful and
consistent instructor observation. The skill of the
application activity is evaluated by whether the student
correctly applies the parameters in the defined work
module. This means that the skills test includes
evaluating how students are doing as well as the task or
product completed. Both process and application skills
are performed by the trainer using checklist tables to be
used to rate students' performance.

In line with the work done in the areas of global climate
change, clean air and energy-saving, activities related to
electric vehicles have gained great momentum all over
the world. With the
vocational education trends in the education system,
students will be able to increase their technological
literacy level, improve their ability to use new
technologies, and can solve the problems they will
encounter in the future. The many complex subsystems
of today's electric cars are extremely demanding to
maintain and therefore require experienced expertise.

inclusion of new-generation

These systems require regular inspection, maintenance
and repair. For this reason, it is necessary first to take a
long theoretical training for the technical personnel who
will work on electric vehicles to specialize in the details
of EVs. Afterwards, they should be equipped with
knowledge, skills, and experience through applied
training. In terms of safety and comfort, customers
expect the motor vehicle technician to diagnose, maintain
and fully repair any malfunction in the car. This study
was carried out to contribute to the training of qualified
personnel needed by the industry in the field of electric
vehicles, which is expected to be one of the technologies
of the future. In the study, the practical skills of the
students who received sufficient theoretical education in
Karaman/Tiirkiye were evaluated. For this purpose,
evaluation parameters of the training modules have been
determined to test student experiences. Students' success
rates were calculated according to these parameters.

2. Materials and Methods

2.1. Design, Area and Population of the Study

Figure 1 illustrates the flowchart of the processes
outlined in the study plan. Figure 2 illustrates image of
the electric vehicle under application. Practical skills
tests were conducted on 14 individuals who are studying
in the field of electric vehicles in Karaman/Tiirkiye.
These comprehensive
theoretical knowledge in the field of electric vehicles
throughout their education. The assessment of their

individuals have received

practical skills was based on a set of parameters
developed for the failure, diagnosis, maintenance, and
repair of electric vehicle components. The practical skills
assessment was performed on a fully electric passenger
car located in Karaman/Tiirkiye, and its specifications
are provided in Table 1. In instances where individuals
made errors in specific skill steps, the trainer provided
corrections, and the
completed. Maintenance and repair of electric vehicles

remaining sub-tasks were
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are generally the same as maintenance of ICEs, with
notable exceptions such as the traction battery, electro-
mechanical transmission, regenerative braking, and
auxiliary systems. In the design of BEVs, basic
components such as chassis, braking, lighting, bodywork,
steering system, suspension, and undercarriage are the
same as ICEs.

I
I

Figure 1. Flow chart showing the working methodology.

Figure 2. Image of the electric vehicle under application.

Table 1. Application car technical specifications

Car features

Motor type Electric
Motor power 68 kW
Maximum speed 135 km/h
Torque 226 Nm
Range 185 Km
Traction battery capacity 22kWh
Traction battery voltage 398v

Traction battery type Lithium-ion
Transmission Automatic
Weight 1605kg
Model year 2012

2. 2. Data Collection and Method of Data Analysis

The prerequisite of the study was determined to
complete the compulsory field courses of the automotive
program. For the study, application skill control
parameters in BEV automotive breakdown, diagnosis,
maintenance, and repair determined. The
determined parameters were applied by expert technical
personnel before testing on the individual. Afterwards, it
was applied to each person separately. The total skill
assessment was calculated based on the percentages of
making the application skills correct.

Customers expect the optimal combination of the
growing popularity of electric vehicles, environmental
friendliness, comfort, excellent technical and operational
characteristics, and low maintenance costs to be
consistently provided. They desire their needs to be met
without any dissatisfaction in the event of any
malfunction. However, with the rapid expansion of the

were

market share in this sector, it is crucial to have qualified
technical staff equipped with the necessary technical
expertise to quickly respond to the demands. Another
expectation is for fast, reliable, and cost-effective vehicle
transactions.

Individuals who will be technical personnel for electrical
vehicle breakdown, diagnosis, maintenance and repair
should have gained the expected personal characteristics
expected from them and the minimum level of technical
knowledge. In other words, for a failed electric vehicle to
be prepared for safe use again, it is expected to be an
expert on the technical details of its components and
parts. To summarize these requirements, Table 2
presents the criteria for technical knowledge, skills, and
their corresponding subtasks for individuals aspiring to
become specialists in electric vehicle fault diagnosis,
maintenance, and repair. This table outlines the specific
qualifications and competencies necessary for these
professionals in order to effectively carry out their roles
in the field.
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Table 2. Ability to conform to the general characteristics of individuals who will be electric vehicle breakdown,
diagnosis, maintenance, and repair specialists

N Practice name NPPC CPP

1 Knowing and applying general occupational health and safety rules 13 0.93
Know and practice the use of personal protective equipment and

2 equipment to make the vehicle safe for any operation on the 13 0.93
components of an electric vehicle.

3 Meticulously following all necessary instructions from the very 12 0.86
beginning

4 Carry out an external inspection of the vehicle 13 0.93

5 Controlling warning and lighting systems 12 0.86

6 To be able to perform the traction battery deactivation procedure 12 0.86

7 To know about general motor vehicles, mechanics, transmission 12 0.86
groups, bodywork, and undercarriage

8 General knowledge of auto electrical and electronics 13 0.93

9 Absence of any health or mental condition that may pose a danger to 13 0.93
the specialist while working on an electric motor vehicle

10 To have the knowledge of authorization and maintenance and safety 13 0.93
information to be applied while operating on an electric vehicle.
Have professional training to perform electrical work such as

11 removing a traction battery or diagnosing a traction battery chain 14 1.00
component

Average application skill rate 0.91

NPPC= number of persons who practice correctly, CPP= correct practice percentage.

According to the 11 sub-assessment criteria in Table 2
above, in terms of the general characteristics of the
participants, the percentage of eligibility criteria was
determined as 91%. The participants correctly applied
the sub-tasks of the skill rating criteria "Ability to know
the factors affecting the performance of the electric
vehicle" in Table 3.

According to the 8 sub-assessment criteria in Table 3
above, in terms of the "Ability to know the factors
affecting the performance of the electric vehicle"
application skKill, the correctness level was determined as
85%. The participants who correctly applied the sub-
tasks of the skill rating criteria of "Ability to recognize
and maintain the regenerative braking system" were

identified in Table 4.

According to 9 sub-assessment criteria in Table 4 above,
in terms of application skill, “Ability to recognize and
maintain the regenerative braking system”, the
correctness level was determined as 69%. The
participants who correctly applied the sub-tasks of the
skill rating criteria of "Ability to Adjust Contact Breakers"
were identified in Table 5.

According to the 13 sub-assessment criteria in Table 5
above, in terms of the "Ability to Adjust Contact
Breakers" application skill, the correctness percentage
was determined as 76%. The participants correctly
applied the sub-tasks of the skill rating criteria of "Ability
to charge auxiliary battery" as in Table 6.

Table 3. Ability to know the factors affecting the performance of the electric vehicle

N  Practice name NPPC CPP
1 Preliminary training in securing an electric vehicle and intervening in all 14 1.00
parts of the vehicle
2 Maintenance of mechanical parts 12 0.86
3 Checking the multimedia system and checking that its integration is working 10 071
properly
4 Checking the climatic conditions of the driving environment 12 0.86
5  Checking the driving road conditions 13 0.93
6  Checking the driving road conditions 14 1.00
7  Driver's driving style 10 0.71
8  Checking the topography of the driving environment 10 0.71
Average application skill rate 0.85
NPPC= number of persons who practice correctly, CPP= correct practice percentage.
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Table 4. Ability to recognize and maintain the regenerative braking system

N  Practice name NPPC CPP
1 Knowing and maintaining the regenerative braking system in addition to 11 0.79
hydraulic braking
Checking the braking force distribution between the separated pedal
2 braking system computer, electric motor, and hydraulic braking. Checking 10 0.71
the maximum amount of energy recovered.
Checking whether the auxiliary battery is periodically replaced according
3 . . . 13 0.93
to the electric vehicle maintenance schedule
4  Getting to know the electric brake system and hydraulic brake system 10 0.71
Checking whether the dedicated pedal braking system, which analyzes the
driver's needs, simulates the classic brake pedal feel, replenishes the
5 ] . . . 10 0.71
braking pressure, manages and distributes the braking between the electric
motor and the hydraulic receiving cylinders, is performing these tasks
Checking the vehicle stability, the limits of the powertrain, additional safety
6 mechanisms such as ABS, ESC, and the distribution of resistive torque 9 0.64
based on comfort mechanisms controlled by the dedicated braking
computer
7 Checking whether the computer is optimizing the braking distribution 8 0.57
using the driving parameters and the traction battery level
8 According to the state of charge of the traction battery; checking whether it 8 0.57
operates electric braking or hydraulic braking mechanisms.
9 Controlling the intelligent braking mechanism of the separated pedal 8 0.57
braking system.
Average application skill rate 0.69
NPPC= number of persons who practice correctly, CPP= correct practice percentage.
Table 5. Ability to adjust contact breakers
N Practice name NPPC CPP
1 Putting the vehicle in neutral 14 1,00
2 Finding the distributor and opening the cap of the contact breaker 10 0.71
3 Unclip the fasteners and carefully place the cap in position next to the 10 071
dispenser
4 Removal of the rotor, noting its position and method of insertion 10 0.71
5 Carefully turning the motor by hand with the help of the motor pulley 10 071
until the dots are at the widest opening
7 Examination of contact breaking points in terms of wear conditions 10 0.71
Checking the condition of the mechanical advance and retard weights by
8 removing the distributor base plate. Checking whether the weights move 10 0.71
freely and the holding springs are in place and intact
9 Checking vacuum advancing and retarding units 10 0.71
10  Locating contact breaker points, installing and replacing the setscrew 10 0.71
11 U.se of the appropriate gauge to check the general condition of the 10 071
dispenser
12 Restarting the system 10 0.71
13 Putting the vehicle in neutral 14 1.00
Average application skill rate 0.76
NPPC= number of persons who practice correctly, CPP= correct practice percentage.
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Table 6. Ability to charge the auxiliary battery

N Practice name NPPC CPP
1 Cleaning the battery box and terminals 14 1.00
2 Opening the ventilation flaps 14 1.00
3 Checking electrolyte levels and adding enough distilled water 10 0.71
4 Determination of charge rate and time 13 0.93
5 Make sure the charge timer and the main switch are off 13 0.93
6 Connecting the negative charge cable to the negative terminal and the 13 0.93
positive charge cable to the positive terminal
7 Plugging the charger's power cord into a power outlet 14 1.00
8 Adjusting the charger voltage switch to the appropriate battery voltage 10 0.71
and then delivering energy to the battery
9 Adjusting the charging time of the battery with the timer 11 0.79
10 Current control to obtain the appropriate charge rate 11 0.79
11 Turning off the charger to test the battery 10 0.71
12 Checking that the battery is sufficiently charged and reconnecting to 10 0.71
the vehicle
13 Checking if the vehicle is working properly 13 0.93
Average application skill rate 0.86

NPPC= number of persons who practice correctly, CPP= correct practice percentage.

In Table 6 above, in terms of the "Ability to charge
auxiliary battery” application skill, the percentage of
correctness was determined as 86% according to 13 sub-
evaluation criteria. The participants correctly applied the
sub-tasks of the skill rating criteria of "Ability to battery
maintenance and leak testing" as shown in Table 7.

In Table 7 above, in terms of applying "Battery
maintenance and leak test skills", the percentage of
correctness was determined as 80% according to 7 sub-
assessments. The participants who correctly applied the
sub-tasks of the skill rating criteria of “Ability to fault
check and replace bulbs " are in Table 8.

According to the 9 sub-assessment criteria in Table 8,
“Ability to fault check and replace bulbs” application skill,
the correctness percentage was determined as 85%. The
participants who correctly applied the sub-tasks of the
skill rating criteria of “Ability to control the cooling unit”
were identified in Table 9.

Table 7. Ability to battery maintenance and leak testing

In Table 9 above, in terms of the "Ability to control the
cooling unit" application skill, the percentage of
correctness was determined as 70% according to 10 sub-
assessment criteria. The participants who correctly
applied the sub-tasks of "Ability to traction battery
maintenance" skill rating criteria were identified in Table
10.

According to the 25 sub-assessment criteria in Table 10,
“Ability to traction battery maintenance” application skill
above, the correctness percentage was determined as
78%. The participants correctly applied the sub-tasks of
the skill rating criteria of "Ability to control in-car
comfort accessories" as in Table 11.

According to the 8 sub-assessment criteria in Table 11
above, in terms of the "Ability to control in-car comfort
accessories” application skill, the accuracy rate was
determined as 87%.

N Practice name NPPC CPP
1 Getting a voltmeter 13 0.93
2 Disconnecting the negative battery cable before the positive cable 13 0.93
3 Connecting the negative voltmeter wire to the battery terminal 9 0.64
4 Placing and touching the positive voltmeter wire at various points on 11 0.79
the top and side of the battery
5 Reading and confirming the voltage on the voltmeter 10 0.71
6 Clean the battery and battery cable with cleaner 9 0.64
7 Disconnecting the negative battery cable 13 0.93
Average application skill rate 0.80
NPPC= number of persons who practice correctly, CPP= correct practice percentage.
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Table 8. Ability to fault check and replace bulbs

N Practice name NPPC CPP
1 Disconnecting the electrical connections on the back of the bulb by 10 071
pinching to release the connector

2 Removing the protective rubber cap 13 0.93

3 Removing the bulb by freeing it from the clip holding it in place 10 0.71

5 Correct installation of the new bulb 12 0.86

6  Attaching the bulb to the sockets of the energy cables 12 0.86

7  Checking the protective cap, replacing it with a new one if necessary 13 0.93

8 Energizing the bulb to test 13 0.93

Average application skill rate (%) 0.85

NPPC= number of persons who practice correctly, CPP= correct practice percentage.
Table 9. Ability to control the cooling unit

N Practice name NPPC CPP

1 Checking the coolant flow 14 1.00

5 Knowing and controlling the functions of the coolant pump at 8 0.57
temperatures below 50 °C and above 50 °C

3 Knowing the temperature limit values of the components when the 8 0.57
coolant flow rate reaches its maximum

4 Knowing the speed limits of the cooling unit depending on the vehicle’s 8 0.57
characteristics

5 Knowing and controlling the functions of the relays and the resistor 8 0.57
unit in the refrigeration unit

6 Controlling the cooling pump, which is controlled by the EVC computer 9 0.64
and works while driving

7 Checking the cooling level of the motor transmission group 9 0.64

8 Checking the fan group operation and activation temperature 10 0.71

9 Checking if the coolant is passing through the charge pump 11 0.79
Controlling the activation of the fan while driving, depending on

10 various factors (such as vehicle speed, temperature rise, motor 13 0.93
temperature, outside temperature, motor operating conditions, and
current level)

Average application skill rate 0.70

NPPC= number of persons who practice correctly, CPP= correct practice percentage.
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Table 10. Ability to traction battery maintenance

N Practice name NPPC CPP
1 Before all operations on the traction battery, the vehicle must be 14 1.00
safely stopped, and the ignition switched off )
2 Knowing the meanings of the electric vehicle dashboard 10 0.71
3 Locking each power cable with a high voltage interlock suitable for 9 0.64
electrical disconnection '
Controlling the ambient temperature (such as interior and exterior
4 temperature, motor temperature, pressure sensors, motor cooling fan 10 0.71
zone, instrument panel, multimedia system sensors, valves, and ’
gauges)
5 Recognition of socket types, power supply of sockets, knowing the 9 0.64
highest current and highest voltage values ’
6 Knowing the charging times of the battery according to the socket 9 0.64
modes ’
7 Charging and checking the battery in domestic socket mode 13 0.93
8 Charging the battery in socket mode on the special terminal with the 10 0.71
mobile cable or the cable integrated into the terminal '
Charging the battery in DC station mode with the cable integrated
9 ) . 12 0.86
into the terminal
Knowing the meanings of the warning signs and rectifying the
10 resulting faults to check whether they are working properly while the 11 0.79
vehicle is being started
11 Checking whether the safety relays in the EVC computer are activated 10 0.71
when the charging cable is connected to the electrical socket )
Checking whether the voltage from the charger is charged to the
12 . o : 11 0.79
battery module via the positive and negative poles
13 Detection of whether the charging process of each module is 10 0.71
controlled by the battery computer ’
14 Knowing the measurement of high voltage and leakages with 10 0.71
15 Performing all tests with “VOLTAGE-FREE” power disconnected 9 0.64
Making sure that the electrical load of the circuit is discharged and
16 o 10 0.71
checking it with a voltmeter
17 DC voltages can be high, so limit personnel access and use personal 9 0.64
protective equipment '
Ensuring that the electrical load of the circuit is discharged by
18 . . L . 9 0.64
applying appropriate procedures (such as short circuit or earthing)
19 Disconnecting the negative battery cable from the positive cable 13 0.93
before
20 Connecting the negative voltmeter wire to the battery terminal 13 0.93
21 Placing the positive voltmeter cable at various points on the top and 12 0.86
side of the battery and checking the energy )
22 Checking and confirming the voltage value on the voltmeter 14 1.00
If an incorrect value is read, clean the battery, battery cable ends, and
23 . . . 13 0.93
battery connections with cleaner, baking soda, or water
Supplying electricity to the power cables by unlocking the high
24 ; 9 0.64
voltage of the charging battery
25 Checking whether the vehicle motor is running 13 0.93
Average application skill rate 0.78
NPPC= number of persons who practice correctly, CPP= correct practice percentage.
Table 11. Ability to control in-car comfort accessories
N Practice name NPPC CPP
1 Controlling warning and lighting systems 13 0.93
2 Knowing and checking the meaning of the signs on the instrument 13 0.93
panel '
3 Checking the alignment of the car steering wheel and mirrors 13 0.93
4 Checking the airbag systems 12 0.86
5 Checking air conditioner systems 11 0.79
6 Controlling sound and broadcast systems 11 0.79
7 Controlling drive and mechanical systems 12 0.86
8 Checking window, door, and hood systems 12 0.86
Average application skill rate 0.87
NPPC= number of persons who practice correctly, CPP= correct practice percentage.
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3. Results and Discussion

In parallel with the rapid increase in electric vehicles in
the world, the need for professionals who can design,
malfunction, diagnose, maintain, repair and sell in this
field also increases. Maintenance of electric vehicles is
very practical and less than that of internal combustion
engine vehicles. For example, there are no extra tasks in
electric vehicles such as maintenance and repair of spark
plugs, exhaust lines, and carburetors in internal
combustion engines. However, for the vehicle to be used
safely for a long time, its maintenance must be done on
time and by expert personnel. In the field of electric
vehicles, especially traction batteries, electro-mechanical
transmissions and the technologies of the elements
connected to them are new, so they differ from
traditional vehicle maintenance. In addition, it is
necessary to be careful as there is high voltage electrical
energy in the vehicle. Practice skills tests were carried
out to ensure that the professional personnel who will
respond to the expectations of the customers quickly
take charge in the field. The skill performance averages of
these tests are presented in Table 12. According to the
test results, the performance of "compliance with the

Table 12. The rate of students' general practice ability

adjust contact breakers" was the highest with a value of
92%. The lowest skill performance was obtained in the
application skills "battery maintenance and leak testing"
with a value of 69%. Students' general practice ability
was accepted as a good level with a grade 82%.

EV specialist: It is the technical staff who can successfully
perform the above-mentioned application skills and sub-
tasks specific to the vehicle. It was thought that the good
result of the application skill assessment with a value of
85% was due to the fact that the majority of students had
previously received education in the field of vocational
and technical education and areas similar to EV
education. In addition, it was observed during their
theoretical education that the general tendencies of the
individuals were prone to practical skills. In light of the
data obtained, during the vehicle maintenance process of
the students who were trained, it can be accepted that
they are capable of performing the external inspection of
the warning, lighting, brake, cooling, lighting, comfort,
traction battery, auxiliary battery, accessory and driving
kit systems for malfunction, diagnosis, maintenance, and
repair.

Average practice

N Practice name skill rate
1 Ability to conform to the general characteristics of individuals who will be electric 091
vehicle breakdown, diagnosis, maintenance, and repair specialists
2 Ability to know the factors affecting the performance of the electric vehicle 0.85
3 Ability to recognize and maintain the regenerative braking system 0.69
4 Ability to Adjust contact breakers 0.76
5 Ability to charge an auxiliary battery 0.86
6 Ability to battery maintenance and leak testing 0.80
7 Ability to fault check and replace bulbs 0.85
8 Ability to control the cooling unit 0.70
9 Ability to traction battery maintenance 0.75
10 Ability to control in-car comfort accessories 0.87
The rate of students' general practice ability 0.81

4. Conclusions

The electric vehicle industry is growing rapidly due to
many issues such as energy scarcity, environmental
problems and high costs. The aim of this study is to
evaluate the practical application skills of individuals
regarding electric vehicles in Karaman/Tiirkiye. The
primary goal was to prepare and equip qualified
personnel for the future of electric vehicles, recognizing
their importance as an important technology in the
coming years. In the tests conducted according to 10
application skill criteria and 112 sub-task definitions, it
was determined that 81% of the individuals had the
characteristics of an EV technical staff with good general
application skills. In the upcoming period, it has been
revealed that sufficient vocational and technical training
is provided to meet the personnel demand that will occur
in the field in parallel with the spread of EVs.
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Abstract: Aligned arrays of anatase TiOz nanotubes on a Ti sheet were created by a dual-step electrochemical anodizing
treatment and extended calcination step at 400 °C under an ambient atmosphere, as shown in FESEM images. A diffuse
reflectance approach was adopted to measure the energy bandgap is 3.42 eV. The nanotubular pattern is utilized to
assemble a fast-response UV photodetector as recognized by Metal-Semiconductor-Metal assembly. The photodetector
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1. Introduction

Various features of nanomaterials have garnered
significant attention in nano-optoelectronic devices due
to their unique electronic properties (Khudiar et al,
2022; Ibrahem et al.,, 2023). Aligned arrays of anatase
TiOz nanotube arrays (ATNT) synthesized by
electrochemical anodizing treatment of Ti sheet and
followed by calcination at high temperatures which has
been frequently scrutinized over the past decade,
exhibition prominent potential uses in nano-
optoelectronics devices (Chahrour, et al, 2019;
Ikreedeegh et al., 2024). As compared to crystalline thin
film and randomly oriented nanostructures, the ATNT
features are assumed to maintain unidirectional charge
carriers inside the nanotubes that thrust further charge
carriers

optoelectronics device’s performance. Numerous recent

driven which is crucial for the nano-
studies have highlighted that the transport speed of
charge carriers within nanotubes is slower compared to
other nanostructured films attributed to the presence of
exciton-like traps that hinder the charge -carriers'
mobility and cause reducing of the efficiency of ATNT-
based nano-optoelectronics (Richter and
Schmuttenmaer, 2010).

The exciton-like traps in ATNT architecture could be
lowered by calcination at high temperatures in an oxygen

devices

environment, which pushes for a decrease in oxygen

vacancies. In addition, the ATNT architecture’s main
impact is the photo-activity, which is only sustained
around 400°C. Subsequently, this temperature value
represents a transformation from amorphous to anatase
phase and the fulfilment of orientation and arrangement
might be preserved. Maintaining the nanotubular
configuration at a temperature of 400°C with decreased
exciton-like traps continues to be a challenge for
attaining competent photoactivity of the TiO2
nanotubular based nano-optoelectronic designs (Rao and
Roy, 2014). Moreover, the large surface area, well-
defined charge carrier transport channels, and selective
UV  absorption properties of ATNT architecture
effectively enable UV band detection (Zhang et al., 2016).
Numerous TiO2 dependent on UV
photodetection experiments have been described (Zou et
al., 2010; Zheng et al,, 2017; Chahrour et al,, 2020a; Li et
al, 2022). Few experiments have been performed to

nanostructures

exploit UV photodetection devices built on the anatase
Ti02 nanotube arrays matching to metal-semiconductor-
metal. Anatase TiO2
distinctive

nanotube arrays, with their

morphological  characteristics,  could
potentially be considered an optimal substitute for
ultraviolet photodetection (Yu et al., 2018).

In this study, a simple calcination method was employed
in Laboratory atmosphere conditions to fabricate a

mono-phase anatase TiO: nanotube array on a Ti
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substrate, enabling the creation of a UV photodetector.
The UV photocurrent properties were meticulously
examined and demonstrated that the photodetector
exhibited excellent gain, rapid response, consistent
repeatability, and substantial stability in photodetection
over the UV band.

2. Materials and Methods

A dual-step electrochemical anodizing treatment has
been experimented with controllable
parameters in the ethanol glycol to grow aligned arrays
of anodic TiOz nanotubes film. This electrochemical
anodizing treatment was depicted in detail in earlier
published research (Chahrour et al, 2019; Chahrour et
al, 2020b; Chahrour et al, 2020c). Amorphous TiO:
nanotubes film was calcined at 400°C under ambient

convenient

conditions in a tube furnace for 3 hours to transform
them into anatase TiOz nanotube arrays. The single-
phase anatase nanotube arrays were amenable for
constructing a
photodetector. Nickel element was chosen as the
Schottky metal contacts with a thickness of 200 nm were
deposited over anatase TiOz nanotube arrays film via
radio frequency (RF) sputtering (Edwards A500, UK) ata
base pressure of 1.5 x 10-5 mbar at room temperature
onto a metallic mask, following the design of two-
terminal electrodes with four fingers on each terminal.
The current-voltage (I-V) distinctive characteristic and

metal-semiconductor-metal uv

Keithely 2400

Ti Pt
[ l

Electrolyte

photo-current response time for the assembled
apparatus were assessed at altered bias potentials (3, 4,
and 5 V) and under UV photon illumination (365 nm, 1.5
mW/cm?) by applying Keithley source meter (model No.
2400) at research laboratory atmosphere.

The ATNT films were shown by FESEM (Nova NanoSem
model-450). Crystalline structures were realized through
High-Resolution XRD (PANalytical X'’pert PRO MRD
PW3040) with a CuK-a source of 0.154 nm wavelength.
Diffuse reflectance spectrum was acquired from 200 to
800 nm via applying a UV-VIS-NIR spectrophotometer
(Agilent Cary model-5000).

3. Results and Discussion

Figure 1 exhibitions FESEM overview images for
summarizing the microstructural procedure of
manufactured nanoporous TiO2 nanotubes: (i) irregular
nanoporous TiOz nanotubes film manufacture during the
first-step anodizing process on the Ti sheet, (ii) the well-
organized bottom view of the irregular nanoporous TiO2
film, iii) formation of a regular domain of indentations on
Ti sheet after denudation of nanoporous TiO: film, and
(iv) highly-organized hexagonal nanoporous TiO2
nanotubes film after the second-step of anodizing
treatment. The nanopores have grown promisingly on
the indentations of the Ti sheet, which caused the
creation of admirable ordered hexagonal nanoporous
structures of amorphous TiOz nanotubes film.

Figure 1. presents FE-SEM overview images for summarizing the microstructural procedure of manufactured
admirable ordered hexagonal nanoporous anodic TiO2 nanotubes. (i) irregular nanoporous TiO2 nanotubes film during
the first-step anodization, (ii) the well-organized bottom view of the irregular nanoporous TiO: film, (iii) formation of a
regular domain of indentations on Ti sheet after denudation of nanoporous TiO:z film, and (iv) highly-organized
hexagonal nanoporous TiOz nanotubes film after the second-step of anodization.
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Figure 2. (a) FESEM prototypes expose the overhead view and (b) the lateral view of calcined anodic TiO2 nanotube

arrays film at 400°C, respectively.
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Figure 3. XRD distribution of anodic TiO2 nanotube arrays film (a) without calcination (b) with calcination at 400°C.

Figure 2(a) depicts an overhead FESEM image view of the
ATNT film extended calcination process at 400°C,
revealing a hexagonal highly structured honeycomb-like
web assembly with an average pore diameter exceeding
90 nm. Figure 2 (b) denotes the FESEM image lateral
view for the ATNT film, where the tubular walls appear
to be planner and flat. It is quite apparent that the
tubular morphology of the calcined sample has
significant characteristics. When the nanotubes were
focused on, the swelled edges of honeycomb-web
designed nanotubes can be observed, and the tubular
assemblies were sustained at such a high-temperature
calcination process.

Figure 3(a) presents the x-ray diffraction distribution of
the amorphous ATNT film without calcination as a
pristine sample, where no peaks of the anatase phase
were observed only exhibiting five distinct peaks that can
be attributed to the underlying Titanium substrate:
(100), (002), (101), (102), and (103) at 31.62°, 38.37°,

40.18°, 52.93°, and 70.6° respectively. Figure 3 (b)
presents the x-ray diffraction distribution for ATNT film
calcined at 400°C. Correspondingly, four record standard
peaks can be credited to Titanium as well: (002), (101),
(102), and (103) at 38.37°, 40.18°, 52.93° and 70.6°,
respectively. The anatase standard peaks showed at
25.1°, 37.5°, 47.6°, 53.8°, 55° 62.21° and 68.6° were
distinctly knowing over the crystalline patterns (101),
(112), (200), (105), (211), (204) and (116). However,
some peaks due to the anatase phase partly coincided
with the crystalline phase of Titanium (Chahrour et al.,
2023).

A diffuse reflectance approach was adopted to measure
the energy bandgap of the TiO: nanotubes. The
experiment was accomplished in a wide spectral range
from 200 nm to 800 nm, as depicted in Figure 4 (a). The
Kubelka-Munk relationship F(R) was implemented to
compute the energy bandgap, which is represented by
Equation (1) (Aper etal., 2021).
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(1-R)?

R (1)

F(R) =

Figure 4 (b) exhibits (F(R) hv)1/2 as a function of the
bandgap (hv) plot. The indirect energy band gap (Eg) of
anatase TiO: nanotube arrays could be computed by
assuming a direct portion of the (F(R)hv)1/2 to pass
across the bandgap (hv) axis. The bandgap was estimated
at 3.42 eV for AATNTs film. This quantity is comparable
with the earlier studies (Jubu et al, 2022; Jubu et al,
2023). Additionally, this established value of the energy
bandgap enables significant UV light absorption to
generate excited pairs of electron-hole combinations.

Figure 5(a) presents a diagram of the apparatus
employed to assess the current-voltage (I-V) behaviors
and photo-response in both dark and UV irradiation.
Figure 5(b) demonstrates the distinctive current-voltage
(I-V) behaviors observed when the apparatus
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darkened and illuminated with 365 nm light at 1.5
mW/cm2, characterized by a proportional relationship
and nonlinear curve behavior. This direct observation
strongly substantiates the formation of a Schottky
potential barrier between the Ni metal probes and the
TiO2 nanotubes. Moreover, the Fermi energy of Ni metal
contacts becomes lower than the Fermi energy in the
TiOz nanotubes, which reduces the potential barrier
region across it (Gong et al,, 2017; Rosli et al,, 2020). The
photocurrent process mainly generating
electron-hole pairs using focused UV radiation with a
wavelength of 365 nm, then brought together in the
Schottky barrier region between TiO2 nanotubes and Ni
metal contacts, where applied bias potential triggers the
separation  of which
photoelectrons are diffused in the Ni metal probes
(Abdalrheem et al., 2019) as illustrated in Figure 5 (c).
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Figure 4. (a) Diffuse reflectance spectrum and (b) Tauc plot of the (F(R) hv)1/2vs hv of anodic anatase TiO2 nanotube

arrays film calcined at 400°C.

(a)

“
L3
L
N
&£
2

UV Light

Silver Past
Ni Metal

300
(b) — Dark (C)
200{ ——Light
S

100 eo:é\o& Recombination Ec
< 0 l = Es
E -100 'Y ";é:“\
—
:=; -200 - Ni 000  To: Ev Nij

L. OOe
-300 Hole diffusion
-400
6 5 4 324012 3 45 6
Voltage (V)

Figure 5. (a) Diagram of the UV photodetector apparatus. (b) The current-voltage (I-V) behaviors of the photodetector
apparatus in both dark and light UV luminescence. (c) Schematic-diagram for the creation process of electron-hole pairs
for Ni-TiO2 nanotubes-Ni photodetector under UV luminescence.
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Figure 6. Photo-response curves of the photodetector apparatus at bias potentials 3, 4, and 5 V, respectively.
Normalized current-time behaviors indicate the response and recovery times at 3, 4, and 5 V, respectively.

Photocurrent gain (g) is a valuable factor that is
employed to evaluate the photodetector performance,
which can be formulated by Equation (2) (AlShammari et
al, 2021).
- % @
ark

lighe is the light current, lsark is the dark current. The
quantitative gain of the photodetector apparatus
amounted from Figure 5 (b) to nearly 6 at the bias
potential of 5 V. The remarkable
photocurrent generation appears from the enhanced

increase in

surface per volume ratio and superior crystalline nature
of TiO2 nanotubes. The larger surface area of the
nanotube arrays accommodates more UV photon
absorption, effectively accumulating more light energy
and boosting the photocurrent output. Additionally, the
exceptional crystalline structure of the nanotubes
minimizes the formation of trapping sites or vacancies
that can impair charge carriers, significantly enhancing
the photo-response and overall efficiency of the system
(Chahrour etal, 2016).

Figure 6 displays the current-time curves obtained at 3,

4, and 5 V bias potentials when the UV photon
illumination of 365 nm was turned on and off repeatedly.
The peak current remains consistent for multiple cycles
across all applied bias potentials, highlighting the
exceptional repeatability and stability of the device.
Additionally, the near-instantaneous and fall
responses  with exponential in the
photocurrent pulses signify that the photocurrent
originates from direct inter-band electron transitions.

rise
minimum

Moreover, the increase in photocurrent with increasing
bias potential indicates an enhancement in charge carrier
drift velocity due to a short in charge carrier diffusion
time. To assess the UV photodetector's performance, key
parameters such as the response time (Ton) is defined as
the duration it takes for the current to rise to 90% of its
saturation value, and recovery time (Tof) is defined as the
duration for current to drop from 90% of its saturation
value were measured. As depicted in Figure 6, by
extending the time duration for switching on and off the
UV light source, it was observed that Ton values are 0.98,
0.97, and 0.92 seconds, respectively, and Tof values are
0.97, 0.95, and 0.94 seconds at bias potentials of 3, 4, and
5 V, respectively. This points out that the Ton and Tof
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recorded in this research are moderately faster
compared to previously reported (Wang et al,, 2015; Ng

etal, 2018).

4. Conclusion

In the final remarks, well-aligned arrays of TiO:
nanotubes were produced on Ti sheets using a dual-step
electrochemical anodization process, followed by
calcination at 400°C under ambient conditions. The
remarkable morphological properties of these aligned
arrays of anatase nanotubes were utilized to create UV
photodetector devices exhibiting superior photoresponse
characteristics, remarkable repeatability, and exceptional
stability over time. The outstanding implementation of
these devices confirms that TiO2 nanotube arrays with
anatase phase uniformity hold strong potential in the
domain of nano-optoelectronic devices.

Author Contributions

The percentage of the author contributions is presented
below. The author reviewed and approved the final
version of the manuscript.

K.M.N.C.
C 100
D 100
S 100
DCP 100
DAI 100
L 100
w 100
CR 100
SR 100
PM 100
FA 100

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision, PM= project management, FA= funding
acquisition.

Conflict of Interest
The author declared that there is no conflict of interest.

Ethical Consideration

Ethics committee approval was not required for this
study because of there was no study on animals or
humans.

Acknowledgements

The corresponding author gratefully acknowledges the
financial support provided by the Scientific Research
Projects Coordination Unit of Karabuk University under
grant no. KBUBAP-22-ABP-151.

References
Abdalrheem R, Yam F, Ibrahim AR, Lim H, Beh K, Ahmed AA,
Oglat AA, Chahrour KM, Farhat OF, Afzal N. 2019.
Improvement in

photodetection  characteristics  of

graphene/p-Silicon  heterojunction  photodetector by
PMMA/graphene cladding layer. ] Electronic Mater, 48: 4064-
4072.

AlShammari A, Halim M, Yam F, Chahrour K, Raypah M, Kaus N.
2021. The effect of spray cycles on the morphological,
structural, and optical properties of rGO thin film deposited
using spray pyrolysis technique. Mater Sci Semiconductor
Proces, 127: 105655.

Aper T, Yam F, Saw K, Beh KP, Chahrour KM. 2021. Atmospheric
pressure chemical vapor deposition of indium oxide
nanostructured films for photoelectrochemical application.
Results Physics, 24: 104187.

Chahrour KM, Ahmed NM, Hashim M, Elfadill NG, Bououdina M.
2016. Self-assembly of aligned CuO nanorod arrays using
nanoporous anodic alumina template by electrodeposition on
Si substrate for IR photodetectors. Sensors Actuators A:
Physical, 239: 209-219.

Chahrour KM, Ooi PC, Nazeer AA, Al-Hajji LA, Jubu PR, Dee CF,
Ahmadipour M, Hamzah AA. 2023. CuO/Cu/rGO
nanocomposite anodic titania nanotubes for boosted non-
enzymatic glucose biosensors. New ] Chem, 47(16): 7890-
7902.

Chahrour KM, Yam F, Abdalrheem R. 2019. High-performance
UV photodetector of anodic rutile TiO2 nanotube arrays.
Mater Lett, 248: 161-164.

Chahrour KM, Yam F, Eid A, Nazeer AA. 2020b. Enhanced
photoelectrochemical properties of hierarchical black Ti02-x
nanolaces for Cr (VI) photocatalytic reduction. Int ] Hydrogen
Energy, 45(43): 22674-22690.

Chahrour KM, Yam F, Eid A. 2020a. Water-splitting properties
of bi-phased TiO2 nanotube arrays subjected to high-
temperature annealing. Ceramics Int, 46(13): 21471-21481.

Chahrour KM, Yam F, Lim H, Abdalrheem R. 2020c. Synthesis of
anodic TiO2 nanotube arrays annealed at 700° C for UV
photodetector. ] Physics: Conf Ser, 1535: 012012.

Chahrour KM, Yam F, Samuel ]], Abdalrheem R, Beh K, Lim H.
2019. Controlled synthesis of vertically aligned honeycomb
TiO 2 nanotube arrays: effect of high-temperature annealing
on physical properties. Appl Physics A, 125: 1-9.

Gong XX, Fei GT, Fu WB, Zhong BN, Gao XD, De Zhang L. 2017.
Metal-semiconductor-metal infrared photodetector based on
PbTe nanowires with fast response and recovery time. Appl
Surface Sci, 404. 7-11.

Ibrahem MA, Verrelli E, Lai KT, Cheng F, O'Neill M. 2023. Effect
of atmospheric conditions on ultraviolet photoconductivity of
zinc oxide nanoparticles. ] Appl Sci Nanotechnol, 3(1): 115-
123.

Ikreedeegh RR, Hossen MA, Tahir M, Abd Aziz A. 2024. A
comprehensive review on anodic TiO2 nanotube arrays
(TNTAs) and their photocatalysts  for
environmental and energy applications: Fundamentals,

composite

recent advances and applications. Coord Chem Rev, 499:
215495.

Jubu PR, Chahrour KM, Muhammad A, Landi S, Obaseki O,
Igbawua T, Gundu A, Chahul H, Yam F. 2023. Considerations
about the determination of optical bandgap from diffuse
reflectance spectroscopy using the Tauc plot. ] Optics. 2024:
1-11.

Jubu PR, Chahrour KM, Yam F, Awoji O, Yusof Y, Choo EB. 2022.
Titanium oxide nanotube film decorated with (-Ga203
nanoparticles for enhanced water splitting properties. Solar
Energy, 235: 152-162.

Khudiar SS, Nayef UM, Mutlak FA. 2022. Preparation and
characterization of porous silicon for photodetector
applications. ] Appl Sci Nanotechnol, 2(2): 64-69.

BS] Eng Sci / Khaled M. N. CHAHROUR

741



Black Sea Journal of Engineering and Science

Li Z, Li Z, Zuo C, Fang X. 2022. Application of nanostructured
TiO2 in UV photodetectors: A review. Adv Mater, 34(28):
2109083.

Ng S, Yam FK, Sohimee SN, Beh KP, Tneh SS, Cheong YL, Hassan
Z. 2018. Photoelectrochemical ultraviolet photodetector by
anodic titanium dioxide nanotube layers. Sensors Actuators
A: Physical, 279: 263-271.

Rao BM, Roy SC. 2014. Anatase TiO2 nanotube arrays with high
temperature stability. RSC Adv, 4(72): 38133-38139.

Richter C, Schmuttenmaer CA. 2010. Exciton-like trap states
limit electron mobility in TiO2 nanotubes. Nature
Nanotechnol, 5(11): 769-772.

Rosli N, Halim MM, Chahrour KM, Hashim MR. 2020.
Incorporation of zinc oxide on macroporous silicon enhanced
the sensitivity of macroporous silicon MSM photodetector.
ECS ] Solid State Sci Technol, 9(10): 105005.

Wang L, Yang W, Chong H, Wang L, Gao F, Tian L, Yang Z. 2015.
Efficient ultraviolet photodetectors based on TiO 2 nanotube

arrays with tailored structures. RSC Adv, 5(65): 52388-
52394.

Yu A, Zhan S, Qiu L, Wang X, Yang H, Li Y. 2018. Ultraviolet
detector with ultrahigh responsivity based on Anatase TiO2
nanotubes array modified with (001) exposed nanofacets.
Vacuum, 151: 237-242.

Zhang DY, Ge CW, Wang ]JZ, Zhang TF, Wu YC, Liang FX. 2016.
Single-layer graphene-TiO2 nanotubes array heterojunction
for ultraviolet photodetector application. Appl Surface Sci,
387:1162-1168.

Zheng L, Hu K, Teng F, Fang X. 2017. Novel UV-visible
photodetector in photovoltaic mode with fast response and
ultrahigh photosensitivity employing Se/TiO2 nanotubes
heterojunction. Small, 13(5): 1602448.

Zou ], Zhang Q, Huang K, Marzari N. 2010. Ultraviolet
photodetectors based on anodic TiO2 nanotube arrays. ]
Physical Chem C, 114(24): 10725-10729.

BS] Eng Sci / Khaled M. N. CHAHROUR

742



Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1479324

Open Access Journal
e-ISSN: 2619 - 8991

Research Article

Volume 7 - Issue 4: 743-751 / July 2024

DIRECT REACTIVE EXTRUSION OF PLA IN THE PRESENCE OF A
MULTIFUNCTIONAL CHAIN EXTENDER

Yonca ALKAN GOKSU1*

1Istanbul Technical University, Faculty of Chemical and Metallurgical Engineering, Department of Metallurgical and Materials
Engineering, 34469, Istanbul, Tiirkiye

Abstract: The environmental impact of non-renewable, fossil fuel-based polymers has led to growing interest in sustainable
alternatives such as Poly(lactic acid) (PLA). PLA is biodegradable and suitable for packaging application, however due to limited
number of efforts to effectively recycle PLAs, its disposal still contributes to the plastic pollution problem. In general, plastic recycling
methods could be categorized into three main groups: (i) incineration for energy generation, (ii) chemical recycling, and (iii)
mechanical recycling. Among those strategies, mechanical recycling would be the optimal choice due to its applicability to current
plastic production lines. However, limited thermal stability of PLA during melt mixing make its mechanical recycling challenging. This
study explores the direct use of ketene-based chain extenders in the melt mixing step without any pre-treatments to enhance PLA's
properties during thermal recycling. Those ketene-based chain extenders could increase the molecular weight and hence melt viscosity
of PLA by reacting its hydroxyl and carboxylic acid end groups. For this purpose, copolymers of styrene, methyl methacrylate and
2,2,5-trimethyl-5-(4-vinylbenzyl)-1,3-dioxane-4,6-dione (MA) were synthesized and directly melt mixed with PLA in micro
compounder at 210 °C for 3 mins. Force values were monitored simultaneously through this mixing step. Final molecular weights and

thermal properties of PLAs were also analyzed through GPC and DSC analyses.
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1. Introduction

Poly(lactic acid) (PLA) is a bio-based polymer that has
received considerable academic and industrial attention
in recent decades due to its advantageous features for
especially food packaging applications (Auras et al,
2004; Rocca-Smith et al, 2017). Lactic acid, the major
component, is generated through fermentation from
renewable feedstocks such as food crops (corn) and
waste sugars (cellulosic material) (Abdel-Rahman et al.,
2013; Huysman et al, 2017). While PLA offers the
advantage of being derived from renewable sources, its
improper disposal keeps contributing to the issue of
plastic waste in the environment. Despite the fact that
PLA is classified as a biodegradable polymer, that
attributes frequently leads to the misperception that this
material would degrade quickly in nature (Haider et al,,
2019). The degradation of PLA in soil or residential
composters requires approximately one year at a
temperature of 20 °C, while higher temperatures can
expedite the process (Rudnik and Briassoulis, 2011).
Investigating the degradation of PLA
environments is also a challenging endeavour since
factors such as water temperature, salinity, and microbial
activity all contribute to the complicated conditions
influencing PLA degradation (Bagheri et al,, 2017; Atalay

in marine

etal, 2021).

Indeed, given the time and specific environmental
conditions required for PLA to naturally degrade,
mechanical recycling emerges as a beneficial alternative
in the end-of-life phase. Mechanical recycling involves
reprocessing PLA waste to produce new materials,
mitigating the environmental impact associated with
disposal. This approach not only addresses the
challenges posed by the relatively slow degradation of
PLA but also contributes to the overall sustainability of
the material. By incorporating mechanical recycling into
the life cycle of PLA, it would be possible to extend its
utility, reduce waste, and foster a more environmentally
conscious approach to the management of biodegradable
polymers in various industries (Ramos-Hernandez et al.,
2023).

The reprocessing of PLA through thermal methods poses
a significant challenge due to the inherent limitations in
PLA's hydrolytic and thermal stability. As the recycling
process involves exposure to elevated temperatures, PLA
is susceptible to chain scission, resulting in a decrease in
its average molecular weight. This chain scission
phenomenon is a Kkey factor contributing to the
subsequent decline in the mechanical properties of PLA.
The compromised molecular structure adversely affects
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the material's strength and integrity, making it
challenging to maintain or reproduce the original
mechanical characteristics through thermal reprocessing.
Overcoming these challenges necessitates innovative
approaches and technologies in thermal recycling
methods to minimize the detrimental effects on PLA's
molecular mechanical
performance, ultimately enhancing the sustainability of
the recycling process for this biodegradable polymer (Liu
et al, 2010; Badia and Ribes-Greus, 2016; Beltran et al.,
2018).

Chain

structure and preserve its

extension, a type of post-polymerization

modification, involves employing chemical reactions to
increase the molecular weight of condensation polymers
like PLA. By introducing multifunctional chain extenders
during the melt compounding process, it becomes
induce chain branching, allowing the

possible to

modulation of chain length (Meng etal., 2012; Tavares et
al,, 2016; Grigora et al, 2021; Guclu et al, 2022). Chain
extenders consist of two or more reactive chemical
functions, such as anhydrides (Piyamawadee and Aht-
Ong, 2013; Yahyaee et al, 2020), oxazolines (Berg et al,,
2019; Zhao et al,, 2019; Karayannidis and Psalida, 2000;
Kylma et al., 2001), isocyanides (Kawashima et al.,, 2023;
Raffa et al., 2012; Tuna and Ozkoc, 2017), and epoxides
(Wang et al., 2016; Tuna and Ozkoc, 2017; Al-Itry et al,,
2012; Ramos-Herndndez et al, 2023). Among these,
Joncryl ADR, recognized as a multifunctional styrene-
acrylate-glycidyl methacrylate copolymer (Figure 1),
stands out as a widely employed chain extender to
enhance thermal and mechanical properties of polymers,
including PLA (Standau et al, 2022; Kahraman et al,
2023).

Figure 1. Chemical representation of Joncryl ADR.

The study conducted by Mihai et al. 2010 is noteworthy
for introducing branched PLA through the incorporation
of Joncryl. According to their results, a notable
improvement was observed in shear viscosity and melt
elasticity of PLA. The research conducted by Corre et al.
(2011) reveal a significant alteration in the molecular
weight distribution (MWD) of pure PLA, specifically
through the addition of a high molecular weight shoulder
indicating the incorporation of longer polymer chains, a
result of the chain branching. Jaszkiewicz et al, 2014)
investigated the effects of two chain extenders on the
melt processing of PLA and found that a masterbatch
composed of Joncryl ADR4368 and PLA significantly
boosted the molecular weight. Moreover, Joncryl
ADR4368 acted as a nucleating agent, leading to
improved PLA crystallinity and enhanced mechanical
properties, including tensile, flexural, and impact
strength. In contrast, Joncryl ADR3229, despite having
primary ADR4368 but
functionalized with maleic anhydride, failed to
compatibility =~ with  the

the same structure as

demonstrate  chemical

O

components. Cisneros-Lépez et al., 2020) utilized Joncryl
ADR4368 as a chain extender in both virgin and recycled
3D-printed PLA blends. This chain extender effectively
curtailed PLA's thermal degradation, enabling improved
control over the melt flow index (MFI) and enhancing
both storage and loss modulus. Najafi et al, 2012
investigated the impact of three chain extenders—
policarbodiimide (PCDI), tris(nonylphenyl) phosphite
(TNPP), and Joncryl ADR4368—on the
degradation of PLA. TNPP was found to improve the
rheological properties, such as viscosity and storage
modulus, whereas Joncryl ADR4368 provided even
greater enhancement. Meng et al, 2012 evaluated
hexamethylene diisocyanate (HDI), Joncryl ADR4368,
and pyromellitic dianhydride (PMDA) for their
effectiveness in controlling the thermal degradation of
PLA. Joncryl ADR4368 yielded the most favorable results,
creating a branched and cross-linked PLA structure. This
significantly increased the complex viscosity from 4,700
to 23,000 Pa s and provided remarkable thermal
stabilization.

thermal
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Although chain extenders like Joncryl ADR are used to
improve the properties of polymers, very recent
literature has pointed out that the use of glycidyl
methacrylate (GMA) as the functional monomer raises
significant health concerns (Aasa et al,, 2019; Elkholy et
al,, 2024). Upon degradation, GMA releases glycidol, a
substance classified as carcinogenic by the National
Toxicology Program (NTP) (Aasa et al, 2019). This
alarming
development of glycidyl-free chain extenders to ensure
consumer safety.

In the context of elevating the molecular weight and
hence the melt strength of PLA by using glycidyl-free

characteristic also necessitates the

chain extenders, the utilization of ketene intermediates
that are highly reactive towards both hydroxyl and
carboxyl end groups in PLA might emerge as a promising
strategy (Alkan Goksu et al, 2019). Meldrum's acid

o) o) Thermolysis
—_—
- acetone
0 0 - CO,
R R’

thermolyses (Figure 2) above 200 °C result in the
formation of ketene intermediates, which could readily
react with nucleophiles to produce the corresponding
esters or amides (Leibfarth et al, 2010; Leibfarth and
Hawker, 2013). In our early studies of ketene-based
chain extenders, ketene bearing copolymers in the
presence of styrene as comonomer were synthesized and
these copolymers were blended with PLA through
solution casting method to ensure thorough mixing, and
then processed in a micro compounder. The GPC results
confirmed that the molecular weight of PLA increased
when chain extenders were added. Moreover, the
incorporation of branching resulted in a noticeable
increase in the UV absorption of PLA, indicating potential
practical uses in the packaging applications (Alkan
Goksu, 2024).

Q @) Nu
” Nucleophile
C (Nu)

—_—

R’

ketene

intermediate

Figure 2. Thermolysis of Meldrum’s acid to ketene intermediate, acetone and carbon dioxide.

In order to further enhance industrial processes for
ketene-based chain extension, it is definitely more
efficient to use direct melt mixing instead of solution
casting, as the latter presents challenges when it comes
to scaling up. In order to provide a better dispersion of
chain extender in the PLA matrix, its chemical structure
was redesigned by incorporation methyl methacrylate as
a third comonomer and copolymers of styrene, methyl
methacrylate and 2,2,5-trimethyl-5-(4-vinylbenzyl)-1,3-
dioxane-4,6-dione
conventional free radical polymerization and reactivity of
this chain extender towards PLA in molten state without

were synthesized through

use of any solvent was further investigated. The primary
distinctions between the study conducted by (Alkan
Goksu, 2024) and the current research are noteworthy
and should be highlighted. The earlier solvent casting
approach employed by (Alkan Goksu, 2024) has been
replaced with a direct melt mixing method, eliminating
the need for any solvent. Furthermore, to enhance the
compatibility between the chain extender and PLA, the
chemical composition of the chain extender has been
modified. This incorporating
methacrylic polystyrene backbone
previously used in (Alkan Goksu, 2024). Obtained results
from current study were compared with the Author’s
previous study (Alkan Goksu, 2024) and discussed in
detail.

modification involved

units into the

2. Materials and Methods

2.1 Materials

The compound 2,2,5-trimethyl-1,3-dioxane-4,6-dione
was purchased from Sigma Aldrich and used as is,
without any further alterations. Styrene (St, 99% Aldrich)
and 1-chloromethyl-4-vinyl benzene (90%, Aldrich) were
purified by passing them through a basic alumina column
to remove the inhibitor. The following chemicals were
used without additional processing: K2CO3 (Merck),
NaHCO3 (Merck), MgSO4 (Aldrich), Azobisisobutyronitrile
(AIBN, 98%, Fluka), acetone (Merck), hydrochloric acid
(HCl, 1N, Merck), ethyl acetate (EtOAc, Merck), and
(Hex, Merck). The anhydrous N,N-
dimethylformamide (DMF) was obtained from the
solvent still. The PLA Ingeo 4043D with 94% L-lactide
and 6% D-lactide content was sourced from
NatureWorks and had a melt flow rate (MFR) of 6 g /10
minutes.

2.2. Synthesis of 2,2,5-trimethyl-5-(4-vinylbenzyl)-
1,3-dioxane-4,6-dione [1]

4.0 g (26 mmol) of 2,2,5-trimethyl-1,3-dioxane-4,6-dione
(MA) and 4.0 g (29.0 mmol) of K2CO3 were combined in
80 mL of acetone and stirred for 30 minutes. Then, 1-

hexane

chloromethyl-4-vinyl benzene (4.0 mL, 28.0 mmol) was
slowly added dropwise at room temperature. The
reaction mixture was then heated to 55°C and refluxed
for 48 hours. After evaporating the acetone under

BS] Eng Sci / Yonca ALKAN GOKSU

745



Black Sea Journal of Engineering and Science

vacuum, the remaining solid was neutralized with 1N HCl
and extracted with ethyl acetate (EtOAC). The organic
phase was washed successively with water (2 x 50 mL)
and saturated aqueous NaHCOs solution (2 x 50 mL). The
combined organic extracts were dried over MgSOs,
filtered, and concentrated to yield a yellowish solid. The
further purified by
chromatography (using EtOAc/Hex: 1/5 as the eluent,
Re= around 0.3), resulting in 3.1 g (42% yield) of product.
The H-NMR spectrum (600 MHz, CDCl3, 6, ppm)
exhibited peaks at 7.32 (d, ] = 7.2 Hz, 2H), 7.15 (d, ] = 7.2
Hz, 2H), 6.67 (dd, J=17.6 and 10.9 Hz, 1H), 5.73 (d, ] =
17.6 Hz, 1H), 5.24 (d, J]= 10.9 Hz, 1H), 3.33 (s, 2H), 1.76 (s,
3H), 1.61 (s, 3H), and 0.98 (s, 3H). In the 13C-NMR
spectrum (150 MHz, CDCls), signals appeared at § 169.73,
136.98, 136.20, 134.78, 130.21, 126.43, 114.04, 105.19,
52.09, 44.62, 29.36, 28.35, and 25.71.

final product was column

Table 1. Preparation of PLA/CE Samples

2.3. Synthesis of Poly(St-MMA-[1]) copolymer (CE)
Methyl methacrylate (1.2 g, 12 mmol), styrene (1.25 g,
12.0 mmol), [1] (0.73 g, 2.66 mmol), and 2,2'-azobis(2-
methylpropionitrile) (AIBN) (45 mg, 0.27 mmol) were
dissolved in 4 mL of dry DMF in a Schlenk tube. The
mixture underwent three freeze-pump-thaw cycles.
Subsequently, the Schlenk tube was immersed in an oil
bath preheated to 80 °C and stirred for 4 hours. The
resulting polymer was precipitated in cold methanol
(1.75 g, 55% conv.).

2.4. Preparation of PLA/CE samples

PLA and CE were pre-blended at various proportions as
outlined in Table 1, then individually treated in a micro
compounder (Xplore Instruments Micro compounder 5
mL: MC 5) at 210°C and 100 rpm for a duration of 3
minutes.

PLA 4043D (mg) CE (mg) CE (wt %) Conditions
PLAa 2000 0 0
PLA_0.25CE 1995 5 0.25 210 °C
PLA_0.5CE 1990 10 0.50 ’
100 rpm,
PLA_1.0CE 1980 20 1.00 .
3 min,
PLA_2.5CE 1950 50 2.50 Under N,
PLA_5.0CE 1900 100 5.00
aPLA directly used
2.5. 1H Nuclear Magnetic Resonance (1H-NMR) determined using equation (1).
analysis . _
xheating _ Mn—Blec . 1) 1)

1H-NMR of the synthesized [1] monomer, CE1, PLA,
PLA_0.25CE, PLA_0.5CE, PLA_1.0CE, PLA_2.5CE and
PLA_5.0CE samples were recorded at room temperature
on a Bruker AVANCE III 600 MHz using CDCl3 as the
solvent.

2.6. Gel Permeation Chromatography (GPC) analysis
Tosoh EcoSEC Elite GPC system with a TSKgel Super HM-
M (17392) column was used for GPC analysis of CE. The
column was held at 40 °C and was connected to a
refractive index (RI) detector as well as a Tosoh LENSTM
3  multi-angle light scattering detector (MALS).
Tetrahydrofuran was used as the mobile phase in this
experiment, with a flow rate of 0.5 mL/min. The
molecular weight and dispersity values are presented
with respect to polystyrene standards. GPC analysis of
PLA, PLA_0.25CE, PLA_0.5CE, PLA_1.0CE, PLA_2.5CE and
PLA_5.0CE samples were conducted using Waters 2690
Alliance System equipped with two consecutive Polymer
Labs PLGel 5 mm Mixed-D and Mixed-E columns with
refractive index detection at 35 °C and CHCIs was used as
solvent.

2.8. Differential Scanning Calorimetry (DSC) Analysis
The DSC analysis was conducted in a TA Instruments
equipment, model QS100, using nitrogen as purge gas in
a continuous flow of 50 mL min-1. Samples were initially
heated from 0 °C to 250 °C at a heating rate of 10 °C/min.
The degree of crystallinity (Xc) of PLA samples were

WpLaXAHD,

Here WPLA is the PLA weight fraction, AHm and AH. are
the heat enthalpies of melting and crystallization,
respectively. AHey, is the heat of fusion required to melt
100 % crystalline PLA, which is given as 93.6 ] /g.

3. Results and Discussion

To produce chain extender (CE) with Meldrum's acid
component, the initial step was the reaction between
2,2,5-trimethyl-1,3-dioxane-4,6-dione and p-
chloromethyl styrene (Figure 3). As a result, [1] was
synthesized with a moderate yield and it is characterized
using H-NMR and FTIR analyses and results were
reported elsewhere (Alkan Goksu, 2024).

After synthesis and characterization of [1] monomer, its
copolymer in the presence of methyl methacrylate
(MMA) and styrene was synthesized via free radical
polymerization (Figure 4). The obtained GPC results are
summarized in Table 2 and H-NMR spectrum, shown in
Figure 5, confirms the copolymer structure.

The differential scanning calorimetry (DSC) spectra
depicted in Figure 6 reveals the thermal behavior of CE.
The observed endothermic peak starting at around 190
oC signifies the heat release during the formation of
ketenes, a crucial step in the proposed reaction pathway.
The reactivity of these

in-situ formed Kketene
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intermediates with the carboxylic and hydroxyl end
groups of PLA is a key aspect of the intended chemical
modification. This interaction is likely to lead to the
desired chain extension and molecular weight increase in
PLA, aligning with the overall goal of enhancing the
material's properties (Figure 7).

The compounding process of synthesized CE with PLA
was executed using a micro compounder set at 210 °C
and 100 rpm. Various pre-mixed PLA/CE ratios (0.25, 0.5,
1.0, 2.5, and 5.0 wt%) underwent mixing under these
conditions for 3 minutes. The force versus time graphs,
as depicted in Figure 8, was obtained during this
compounding process. The interaction of mechanical
forces in an extruder may reveal important information
on the changing mechanical characteristics of the
polymer material. When the force values display an
apparent increase during the extrusion process, it
generally corresponds to a substantial improvement in
mechanical strength and resistance, as the polymer
experiences a series of structural modifications. The
material's improving strength provides an indication of
its ability to withstand and adapt to the mechanical
stresses and shear forces associated with the extrusion

S

N
A

Meldrum”s acid
(MA)

process. The GPC results for neat PLA, PLA processed in
the absence of CE under identical conditions, and PLA/CE
mixtures have been compiled in Table 3. These GPC
findings align seamlessly with the force-versus-time
profiles documented during the compounding process,
establishing a harmonious correlation between the
material's molecular characteristics and its dynamic
mechanical behavior. The molecular weight of PLA
typically undergoes a during
processing in the absence of CE, attributed to bond
scission reactions induced by high temperatures and
applied shear forces. This inherent characteristic poses a
considerable challenge in the thermal reprocessing of
PLA. However, a noteworthy breakthrough emerged with
the incorporation of CE at a concentration of 0.25 wt%,
leading to a substantial increase in the molecular weight.
This positive impact on molecular weight indicates the
effectiveness of the CE in mitigating the usual
degradation associated with thermal processing.
Interestingly, with higher CE concentrations of 2.5 and 5

decrease thermal

wt%, the observed molecular weight increase is not as
pronounced, potentially due to a sudden viscosity surge
that hinders further reactions.

K,COj3

Acetone
Reflux

S
48 h © o
Cl
O><O

[1]

Figure 3. Synthesis of 2,2,5-trimethyl-5-(4-vinylbenzyl)-1,3-dioxane-4,6-dione [1].
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Figure 4. Synthesis scheme of CE.
Table 2. Copolymerization of [1], MMA and Styrene
Monomer in the Feed (mol%)
Conv.a (%) Mnb (kDa) Mwb (kDa) PDIb
[1] Styrene MMA
CE 10 45 45 55 149 25.6 1.71

aQverall conversion was determined gravimetrically. ® Determined by GPC measurements according to polystyrene standards.
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Figure 5. 1H-NMR spectrum of CE.
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Figure 6. DSC analysis of CE.
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Figure 7. Schematic representation of PLA branching,
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Figure 8. Force vs time graphs of PLA, PLA_0.25CE, PLA_0.5CE and PLA_1.0CE, PLA_2.5CE and PLA_5.0CE.

Table 3. GPC measurements of PLA, PLA_0.25CE, PLA_0.5CE and PLA_1.0CE, PLA_2.5CE and PLA_5.0CE

Sample Mna (kDa) M (kDa) PDIa
Neat PLA 90.5 140.3 1.55
Processed PLA 66.8 120.1 1.79
PLA_0.25CE 96.6 143.1 1.48
PLA_0.5CE 96.8 1411 1.46
PLA_1.0CE 108.9 150.2 1.38
PLA_2.5CE 97.5 140.8 1.44
PLA_5.0CE 96.6 137.0 1.42

aDetermined by GPC measurements according to polystyrene standards and CHCl; as the solvent.

DSC data of neat PLA, processed PLA and PLA/CE
samples summarized in Table 4. In the chain extension
process of PLA, glass transition temperature (Tg)
undergoes changes with varying
concentrations of the added CE. Specifically, as the
amount of CE is increased from 0.25 wt% to 1.0 wt%,
there is a consistent decrease in Tg. This reduction in Tg
could be attributed to the incorporation of the CE, which

intriguing

likely introduces more flexible segments into the
polymer matrix, leading to a decrease in the overall Tg.
However, when the concentration reaches 1.0 wt% CE, as
Tg begins to exhibit an increase. This sudden rise could
be indicative of a complex interplay between the chain
extension reactions and the polymer's molecular
dynamics. It is reasonable that, beyond a certain
threshold, the network formation induced by the chain
extender impact the

arrangement, resulting an

structural

of Tg.
Simultaneously, the crystallization peak temperature and
melting temperature (Tm) display an ascending trend
with the addition of CE, suggesting an enhancement in
the material's crystalline characteristics. As stated
earlier, in our previous research (Alkan Goksu, 2024),
copolymers of styrene and [1] in the absence of methyl
methacrylate were synthesized, PLA and those chain
extenders were dissolved in chloroform to provide and
effective mixing. Then, those dried mixtures were fed

starts to overall

in elevation

into micro compounder for 5 mins. Obtained T values of
2.5 wt% CE including PLA samples prepared through
solution casting (Alkan Goksu, 2024) and direct melt
mixing approaches (in these experiments) are 153.9 oC
and 154.9 oC, respectively. Also, when the T, values of 5
wt% PLA/CE samples were compared, the value is 150.7
in solution casted samples while 154.4 °C in our current
work. Moreover, higher percent crystallinity values are
obtained in the present work. These changes might have
arisen from the presence of methyl methacrylate unit as a
comonomer and the absence of solvent during the pre-
mixing step. In other words, incorporation of methyl
methacrylate into the chain extender backbone has
increased the compatibility between PLA matrix and CE
revealing more promising experimental results. Further
investigation on the effect of different comonomers in the
CE structure on the final PLA properties is an ongoing
process in our laboratory.
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Table 4. DSC analysis of PLA, PLA_0.25CE, PLA_0.5CE and PLA_1.0CE, PLA_2.5CE and PLA_5.0CE

Tg (°C) Tee (°C) Tm (°C) xe (%)
PLA 56.9 1132 151.4 1.60
PLA_0.25CE 55.1 1181 153.2 1.10
PLA_0.5CE 54.9 12338 154.7 1.74
PLA_1.0CE 56.5 124.4 154.3 1.92
PLA_2.5CE 58.9 1243 154.9 2.24
PLA_5.0CE 58.3 124.6 154.4 2.79

4. Conclusion

In conclusion, the synthesis and characterization of the
CE incorporating Meldrum's acid component have been
successfully accomplished. The initial step involved the
reaction between 2,2,5-trimethyl-1,3-dioxane-4,6-dione
and p-chloromethyl styrene, resulting in the synthesis of
[1]. The subsequent copolymerization of [1] with methyl
methacrylate (MMA) and styrene (St) via free radical
polymerization in the presence of AIBN as radical
initiator, produced a structurally confirmed copolymer
(CE). The DSC spectra illustrated the thermal behavior of
CE, showcasing an endothermic peak around 190°C,
signifying the crucial in-situ ketene formation in the
proposed pathway. The  subsequent
compounding of synthesized CE with PLA through direct
melt mixing without use of any solvent, as revealed

reaction

through force-versus-time graphs and GPC results,
demonstrated a significant enhancement in molecular
weight, particularly with a 0.25 wt% concentration of CE.
Moreover, the DSC thermograms of PLA/CE blends
exhibited a complex interplay between chain extension
reactions and the polymer's molecular
influencing the glass
crystallization peak temperature (Tc), and melting point
(Tm). The study not only advances our understanding of
PLA chain extension in the presence and absence of

solvent casting treatment but also presents a modular

dynamics,
transition temperature (Tg),

approach to tailor properties by chemically selecting
suitable monomers in the chain extender design, offering
avenues for optimizing materials for specific
applications. Further studies in this line are now in
progress.
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KEMIK KIKIRDAK DOKU DEFEKTLERINDE YENi TASARLANMIS
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Ozet: Kemik dokusu organik ve inorganik bilesenlerden olusan bir yapidir. Kemik dokusunun kirilmasiyla ilgili sorunlar mevcuttur.
Kirigin kaynamasi ve rehabilitasyon stireci ¢esitli nedenlerden dolay1 uzun zaman almaktadir. Yan etkiler arasinda kemik kiriklarinin
iyilesmesinde gecikme, kemigin kaynamamasi ve enfeksiyonlar yer alir. Son yillarda yapilan ¢alismalar ortopedi cerrahlarimn hiicresel
tedaviye ve biyomateryallere yonlendirmistir. Calismamizda kollajen, lif kabagi, PRP ve kondrosit (kikirdak hiicresi) igeren iskeleleri in
vivo iyilesme acisindan arastirdik. Calisma rastgele 4 gruba ayrilan 12 adet tavsan Uzerinde gerceklestirildi. Tavsanlar
implantasyondan 8 hafta sonra yiiksek doz anestezi uygulanarak sakrifiye edildi. Ameliyatindan sonra 8. haftada sakrifiye edilen
hayvanlardan alinan numuneler {izerinde histolojik analiz yapildi. Sonuglarimiz lif kabagi+PRP+kondrosit hiicre iceren iskelelerinin
biyouyumlu oldugunu ve iyilestirme miihendisligine miikemmel bir alternatif oldugunu gosterdi.
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Investigation of Newly Designed Scaffolds in Bone Cartilage Tissue Defects

Abstract: Bone tissue is a structure composed of organic and inorganic components. There are problems with the fracture of bone
tissue. The fracture healing and rehabilitation are a long term processes for various reasons. Complications of bone fractures include
delayed healing, bone nonunion, and infections. Studies conducted in recent years have directed orthopedic surgeons to cellular
therapy and biomaterials. Our study investigated loofah, PRP, and chondrocyte (cartilage cell) scaffolds for in vivo healing. The study
was carried out on rabbits randomly divided into 4 groups. Animals were sacrificed 8 weeks after implant surgery by applying high-
dose anesthesia. Histological analyses were performed on samples from animals sacrificed in week 8 after implant surgery. Our results
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bilinmektedir (Alshammari ve ark., 2023). Calismalar
kemik hiicrelerinin icerdikleri enzimler nedeniyle kemik
dokusunun iyilesmesine daha fazla katki sagladigini
gostermistir (Liu ve ark., 2013; Li ve ark., 2018; Zhang ve
ark., 2019; Sakeena ve ark., 2023; Mito ve ark., 2023). Bu
calismada, yeni tasarlanmis bir kemik iskelesi olarak lif
kabag: kullanarak kikirdak hiicre tedavilerine yeni bir
yaklasim  getirmek ve  kikirdak-kemik  dokusu
mithendisligiyle tiretilmis iskeleleri kullanarak

1. Giris

Kirik iyilesmesinin gecikmesi veya kaynamamasi
tedavide zorluklar1 da beraberinde getirir (Géransson,
1993). Bu durum siklikla kronik fonksiyonel ve fizyolojik
bozukluklara ve hastada strese yol agar (Uthgenannt ve
ark, 2007). lyilesmede kan akiminin miktar1 ve
periosttaki hasar 6nemlidir (Han ve ark., 2016; Suzuki ve
ark., 2020). Bircok nedenden dolay:1 kirik iyilesmesinde
gecikme (kaynamama) veya psddoartroz goriilebilir.
Literatiirde bazi doku miihendisligi temelli ¢aligmalar lyilesmede gecikme sorununu ¢6zmek amaglanmistir.

mevcuttur; ancak kaynamama problemi olan vakalarin

tedavisinde alternatif bir tedavi saglayabilecek, kemik
dokusuna uygun biyomateryaller kullanilarak iiretilmis
yeni bir kemik dokusu iskele tasariminin hem in vitro
hem de in vivo olarak arastirilmasi ve kikirdak
hiicrelerinin etkinliginin arastirllmasi gerekmektedir
(Liu ve ark., 2022). Literatiirde kikirdak hiicre kékenini
karsilastiran doku miihendisligi c¢alismalar1 sinirhidir
(Blazquez-Carmona ve ark., 2023). Son yillarda doku
mithendisligi tekniklerinin gelismesiyle kok hiicre
tedavilerinin kemik rejenerasyonu amaciyla kullanildig1

2. Materyal ve Yontem
Kontrol gruplar: olarak, lif kabagi+PRP ve kollajen+PRP
tavsan kondillerine implante edildi. Karsilastirmali grup
olarak ise, kollajen+PRP+kikirdak hiicresi ve lif
kabagi+PRP+kikirdak hiicresi olmak iizere toplam 4 grup
olusturuldu.

1. Grup: Kollajen + PRP

2. Grup: Lif kabagi + PRP

3. Grup: Kollajen + PRP + Kikirdak hiicresi

4. Grup: Lif kabag: + PRP + Kikirdak hiicresi
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Kollajen (SpongeCol, Sigma-Aldrich), PRP (Lando) iiretici
firmadan temin edilmistir. Dogal lif kabag satin
alinmistir. Lif kabagi veya kollajen numuneleri PRP
soliisyon icine daldirilarak 24 saat boyunca PRP
emdirilmis, daha sonrada 370 °C'de 2 saat boyunca
kurutulmustur. Skafoldlar 2 mm ¢apinda ve 2 mm
kalinliginda olusturulmustur. Skafoldlar hiicre ekimi
yapilmadan once etilen oksit kullanilarak sterilize
edilmistir. Skafold basina 5x104 hiicre ekilerek 48 saat
370C' de inkiibe edilmis. Hazirlanan skafoldlar tavsanlara
implante edilmistir. Calisma rastgele 4 gruba ayrilan 12
adet tavsan lzerinde gerceklestirilmistir. Her grup icin
ortalama agirliklart1 350 gr olan dger tavsan
kullanilmistir. Tavsanlar 10ml/kg Xylazine ve 50ml/kg
ketamin ile anestezi edildi. 2cm lateral insizyondan sonra
kondilde 4 mm kadar bosluk olusturulup 2 mm
boyutundaki skafoldlar defektli bolgeye implante edildi.
Tavsanlar yaklasik 8 hafta sonra yiiksek doz anestezi ile

sakrifiye edildi.
2.1. Doku Takibi Protokolii
Histolojik incelemeler icin  %10’luk formaldehit

soliisyonunda dokular 48 saat fikse edildi. Fazla fiksatifin
uzaklastirilmasi i¢in, fikse edilen dokular bir gece
boyunca akarsu da bekletildi. Rutin doku takibindeki tiim
islemler 60 °C etiivde gergeklestirildi. Dokular, %70’den
%96’ya artacak sekilde, etil alkol serilerinden 20’ser
dakika gecirilerek dehidrasyon gergeklestirildi. Daha
sonra, aseton ¢ozeltisiyle her biri 20 dakika siiren dort
islem gordiikten sonra, iki kez 30 dakika boyunca
ksilolde bekletildi. 60 °C'lik etiivde, her biri bir saat siiren
iki kez parafin daldirma islemi uygulanarak, dokular
parafin bloklarin icine yerlestirildi. Doéner (Rotary)
mikrotom cihazi (RM 2255, Leica) yardimiyla 5 p
kalinhiginda kesitler alindi.

2.2. Hematoksilen ve Eozin Protokolii

Alinan kesitler deparafinizasyon islemi igin 1 gece
60°C'lik ettivde tutuldu. Ardindan ilki etiivde diger ikisi
oda sicakliginda 20’ser dakikalik siirelerle ksilole tabi
tutuldu. Ardindan, rehidratasyon islemi icin kesitler, 5
farkli azalan konsantrasyonlardaki alkol serilerinden
(absolii - %70) gecirilerek, distile su ile ¢calkalandi. Daha
sonra, 10 dakika boyunca Hematoksilen ile niikleuslarin
boyanmasi saglandi. Boyamanin ardindan, fazla boyay:

uzaklastirmak icin kesitler 10 dakika boyunca akan su
altinda yikandi ve 2 dakika boyunca Eozin ile boyanarak
hiicre sitoplazmasinin boyanmasi saglandi. Boyama
isleminden sonra, kesitler sirasiyla %70, %80, %96 ve iki
seri absolii alkol ile isleme tabi tutuldu. Seffaflagtirma
amaciyla, Kkesitler ti¢ kez 20'ser dakika ksilolde bekletildi
ve ardindan sentetik recine (Entellan) ile kapatildi.”

3. Bulgular

1. Grup (kollajen+PRP) ile 2. Grup (lif kabagi+PRP)
karsilastirildiginda iyilesmenin fibréz doku ve kikirdak
doku karisimi oldugu gézlenmektedir. lyilesme alaninda
bag dokunun yogunlukta oldugu goriilmektedir (Sekil 3).
Fibroz doku ile birlikte kikirdak hiicre gruplar1 da
iyilesme bolgesine katilmistir. 2. Grupta (lif kabag1+PRP)
ise iyilesme gozlenmemis ancak az miktarda hasar
ylzeyinde kikirdak hiicre olusumu izlenmistir.

3. grup (kollajen+PRP+kikirdak hiicresi ekilmis grup) ile
4. grup (lif kabag1+PRP+kikirdak hiicresi ekilmis grup)
karsilastirildiginda 4. grupta iyilesme gorilmistir,
yuzeyde kikirdak altinda kemik doku ve vaskiilarize
yapilarin olusumu gergeklesmistir (Sekil 3).

1. Grup (kollajen+PRP) ile 3. grup
(kollajen+PRP+kikirdak hiicresi ekilmis grup)
karsilastirildiginda, bos defektte hasarli alanda herhangi
bir iyilesme olmadig1 ancak sadece bos defekt bolgesinde
az miktarda yiizeyel dizgiin bir fibréz doku varhigi
gorillmistiir. Fibréz dokunun yogunlukta oldugu bolgede
kikirdak hiicrelerine rastlanmamistir ve kemik dokuda
herhangi bir iyilesme gézlenmemistir.

Calismamizda, histokimyasal incelemede 4. grup (lif
kabag1+PRP+kikirdak hiicresi ekilmis grup) ile bos hasar
bolgesinde irregiiler bir iyilesme gorilmiistiir. 1. Grup
(kollajen+PRP) , 3. grup (kollajen+PRP+kikirdak hiicresi
ekilmis grup) ve 4. grup (lif kabagi+PRP+kikirdak hiicresi
ekilmis grup) histokimyasal olarak degerlendirildiginde,
tlim gruplarda osteokondral kaynama olup, ekstraseliiler
matrikste gozlendi. 3. Grupta kirik defektinde
hiperseliiler bag dokusu benzer sekilde gozlendi (Sekil
3). 4. Grupta ise ise diger gruplara gore hiperseliiler bag
dokusu yapisinda artis izlendi ve kondrositlerin diger
gruplara gore daha fazla oldugu izlendi.

Sekil 1. Bos defekt ve Lif kabagi+PRP+kikirdak hiicresi grubun implante goriintisii.
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Lif kabagi+PRP

Bos

Sekil 2. implantasyon sonrasi (8. hafta) gériintiiler.

Lif kabagi+PRP

Bos

Kollajen+PRP

Kollajen+PRP

Kollajen+PRP+kikirdak hiicresi

Lif kabagi+PRP+kikirdak hicresi

Kollajen+PRP+kikirdak hiicresi

Lif kabagi+PRP+kikirdak hlcresi

Sekil 3. Kondil kemik dokusunda Hematoksilen-Eozin boyama (40X biiyiitme). Sar1 oklar kaynama dokusunu

gostermektedir.

4. Tartisma

Hastalarin artan beklentileri nedeniyle kirik iyilesmesine
yonelik deneysel ve Kklinik ¢alismalar yogunlasmis;
gerekli cerrahi veya konservatif tedavi uygulanarak ve
hastanin erken mobilize edilmesiyle kirik iyilesmesinin
mimkiin olan en hizli sekilde saglanmasi 6nemlidir
(Ramzan ve ark, 2023). lyi biyouyumluluklari ve
mekanik biitiinlikleri nedeniyle doku miihendisligi
iskeleleri, osteokondral defektlerin
rejenerasyonunda temel bir yontem haline gelmistir
(Baysan ve ark, 2023; Yang ve ark, 2024). Icsel
ozelliklerini gelistirmek, dejeneratif siirelerini kontrol
etmek ve hiicre yapismasini ve farklilasmasini arttirmak

onarimi ve

icin ¢ok sayida iskele mimarisi ve olusum ydntemi
gelistirilmis ve test edilmistir (Baysan ve ark., 2022; Peng
ve ark, 2023), ancak ideal iskele tasarimi hala
tartismalidir (Ding ve ark., 2023). Ayrica iskele, histolojik
fiksasyonu, implantasyon sonrasi onarimi ve yenilenmeyi
onemli olctide etkiler (Cao ve ark., 2023; Sun ve ark,
2023). Calismamiz, tavsanlarin baski yaparak hareket
etmesini ve goreceli stabilizasyon saglayarak normal
ginlik yasama dontslerini kolaylastirdi. Bdylece
tavsanlarda mikro harekete izin vererek, Kkirik
kaynamasinin saglanmasi hedeflendi.
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5. Sonug

Dogal bir seliiloz kaynagl olmasi ve hidrofilik 6zellige
sahip olmasi nedeniyle skaffold olarak lif kabag: tercih
edilmistir. Elde edilen doku iskeleleri bu agidan uygun
olup, kemik kikirdak doku miihendisligi
gelistirilen yapilarla ayni biyouyumlu 6zelliklere sahiptir.

alaninda

Doku iskeleleri i¢in toksik o6zellik gostermemis ve
hiicrelerin  ¢ogalmasini etkilemistir.
Gelistirilen bu doku iskeleleri, hiicrelerle birlikte klinik
ortamda saklanmasi yoluyla ticari olarak da
kullanilabilir.

olumlu yoénde

Katki Oran1 Beyani
Yazarin katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

B.U.
K 100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedir.
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Ozet: Siriicii davramislarmin trafik giivenligine 6nemli derecede etkisi vardir. Bu nedenle, siiriiciilerin davranigsal ériintiileri ve bu
ortntiileri etkileyen etmenler tanimlanmalidir. Siiriiciiler, araglarini daha verimli ve kurallara uygun kullanmaya yénlendirilmelidir.
Bu baglamda, stiriiciiniin aracini nasil kullandig1 gézlemlenerek, siiriiciilerin siiriis risk derecelerine uygun olarak sigorta ya da kasko
ticretleri belirlenebilir. Bu ¢alismada, Arag i¢ci Teshis (On Board Diagnostics-1I, OBD-II) ve Kiiresel Konumlandirma Sistemi (Global
Positioning System, GPS) cihazlarindan alinan islenmis ve etiketlenmis telemetri verileri ile Makine Ogrenmesi (Machine Learning, ML)
algoritmalar1 kullanilarak striciilerin risk gruplarinin simiflandirilmasi gergeklestirilmistir. OBD-II ile aractan elde edilen verilerin
islenerek siiriiciilerin risk derecesinin belirlenip bu risk derecesine gore sigorta sirketlerinin kisiye 6zel sigorta ticreti belirlemesinde
yardimci rol oynanmasi planlanmaktadir. Calismada Destek Vektor Makinesi (Support Vector Machine, SVM, CatBoost, k-NN (k-nearest
neighbors, K-En yakin komsuluk) ve Hafif Gradyan Artirma Makinesi (Light Gradient Boosting Machine, LGBM)) olmak {izere dért
model kullanilmistir. Test sonuglari incelendiginde en iyi tanimaya SVM modeli ile erisilmistir.
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Driving Style Classification Using Machine Learning Techniques

Abstract: Driver behavior has a significant impact on traffic safety. Therefore, drivers' behavioral patterns and the factors affecting
these patterns should be identified. Drivers should be directed to use their vehicles more efficiently and in accordance with the rules.
In this context, by observing how the driver uses his vehicle, insurance or car insurance fees can be determined in accordance with the
drivers' driving risk levels. In this study, the risk groups of drivers are classified using Machine Learning (ML) algorithms with
processed and labeled telemetry data obtained from On Board Diagnostics-II (OBD-II) and Global Positioning System (GPS) devices. It
is planned to determine the drivers' risk level by processing the data obtained from the vehicle with OBD-II and to play an auxiliary
role in determining the personal insurance fee of the insurance companies according to this risk level. Support Vector Machine (SVM),
CatBoost, k-NN (k-nearest neighbors), and Light Gradient Boosting Machine (LGBM) were used in the study. The best recognition was
achieved with the SVM model.
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1. Giris

Siiriiciilere kendi siirlis davramislart hakkinda geri
bildirimde bulunmak ve dolayisiyla siirticiilerin daha
dogru ve giivenli siiriis deneyimleri edinmelerine katki
saglamak amaciyla, ara¢ kullanimi sirasinda arag
icerisinde olusan veriler kullanilabilir. Veri siniflandirma
icin cesitli
gelistirilmistir. Ancak, hangi smiflandiricinin = stris
stillerini belirlemede daha iyi performans gosterdigi
konusunda fikir birligi yoktur. Bu nedenle, siniflandirma

literatiirde siniflandirma = modelleri

modellerinin bahsedilen amag dogrultusunda
degerlendirilebilmesi i¢in farkll performans metriklerini
kullanan daha fazla arastirmaya ihtiya¢ oldugu

soylenebilir (Silva ve Eugenio Naranjo, 2020).
Dikkatsiz ve agresif siiriis, trafik kazalarinin en yaygin
Riskli siiriis davranislari,

nedenlerindendir. Oonemli

maddi ve manevi zararlara yol acan kazalara sebebiyet
verebilir. Bu baglamda, trafik kazalarinin azaltilmasi ve
yol giivenliginin saglanmasi i¢in siiriici davranislarinin
gerekmektedir. Ayrica,
tarzlarinin taninmasi amaciyla giivenilir
tekniklere ihtiya¢c duyulmaktadir. Ornegin, Nesnelerin
interneti (Internet of Things, IoT) teknolojilerindeki
birlikte,
siiriis izlenmesi,
taninmasi ve siirtiis davranisinin modellenmesi miimkiin
hale gelmistir (Mohammed ve ark., 2023).
Literatiirde, siiriicii davranislarinin izlenmesi problemine
onerilen bazi calismalar mevcuttur. Ornegin Warren ve
(2019) c¢alismasinda, akill
kullanilarak siiriis davraniglar1 igin kiimeleme islemi
gerceklestirilmistir. San Francisco metropol bolgesindeki

izlenmesi striiciilerin  siiriis

ve etkili

gelismelerle sensorler kullanilarak

surucunin

uygun
ozelliklerinin uzaktan

ark. telefon verileri
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trafik hizinin ve farkli bolgelerdeki striiciilerin
manevralarinin modellenmesinde, sehirdeki bes yiiz
slirticiden alinan cep
kullanilmistir. ~ Striiciiler, siiris davranislarina gore

gruplandirilmistir.  Arastirmacilar ~ San  Francisco

telefonu sensor verileri

sehrindeki siiriici davranisinin; agresif siiriiciiler,
temkinli siirticiiler ve agresif doniisler yapan temkinli
stirticiler gibi  farklh  gruplara ayrilabilecegini
bulmuslardir. Zhang ve ark. (2019) calismasinda,
otonom siiriis ve yol giivenligi konusunda Derin Ogrenme
(Deep Learning, DL) kullaniminin, siiriicii davraniglarini
tanima ve dogrulugunu iyilestirme konusunda umut
verici oldugu 6ne striilmiistiir. Bunun i¢in alt1 eksenli bir
hareket islemcisi kullanan arag siiriis davranisi tanima
yontemi onerilmistir. Bu yontemde, yerlesik bir sensor
tarafindan toplanan o6rnek verileri 6grenmek i¢in DL
teknolojisi kullanilmistir. Kii¢iik 6rneklem boyutu ve
kolay fazla uydurma problemini ¢ézmek icin, ortak bir
veri artirma (Joint Data Augmentation, JDA) semasi
onerilmis ve yeni bir¢ok-goriniimli evrisimli sinir agi
modeli (Multi-View Convolutional Neural Network, MV-
CNN) tasarlanmistir. CNN modeli ile bilgi yayiliminin
yonii iyilestirilmis ve siiriis davranisinin egitimi,
ogrenilmesi ve taninmasi i¢in yeni bir MV-CNN modeli
gelistirilmistir. Ara¢ hareketleri hizlanma, sola doniis,
saga doniis, carpisma ve normal siiriis olmak lizere bes
sinifa ayrilmistir. MV-CNN'nin performans: deneysel
olarak CNN, Ozyinelemeli Sinir Aglan1 (Reccurrent Neural
Network, RNN), Uzun Kisa Stireli Bellek (Long Short-
Term Memory, LSTM), CNN+LSTM ve ti¢ boyutlu CNN ile
karsilastirilmistir. Sonuglar, bu yontemlerle
karsilastirildiginda MV-CNN'nin en iyi hatirlama, kesinlik
ve F1 puanini elde ettigini géstermektedir.

Zantalis ve ark. (2019) c¢alismasinda, akilli ulasim
sistemleri igerisindeki Makine Ogrenmesi (Machine
Learning, ML) ve IoT uygulamalarinin bagimsiz bir
incelemesi yapilmistir. Akilli ulasim sistemi uygulama
kategorileri icin 10T yaklasimlarinin; rota optimizasyonu,
park etme ve kaza oOnleme gibi konularda oldukca
kullanigh oldugu sonucuna varilmistir. Buna ek olarak bu
calismada, 10T ve ML yardimiyla akillh ulagim alaninda
simdiden ¢ok biiyiik gozlemlendigi
vurgulanmistir. Silva ve Eugenio Naranjo (2020), iki
farkli sehirden 50 siiriiciiniin verilerini iceren bir

ilerlemeler

calismadir. Ham verilerden bes 6zellik ¢ikarilmistir. Veri
kiimesinin gercek degerini tiliretmek icin veri
etiketlemesine 15 uzman katilmistir. Elde edilen veri
kiimesi, bes farkli modelle (Destek Vektdr Makineleri,
(Support Vector Machine, SVM), Yapay Sinir Aglari
(Artificial Neural Networks, ANN), Bulanik Mantik (Fuzzy
Logic, FL), k-En Yakin Komsu (k-Nearest Neighbor, k-NN)
ve Rastgele Ormanlar (Random Forests, RF)) islenmistir.
Bu modeller, bir dizi performans metrigi ve istatistiksel
testlerle degerlendirilmistir. Deney sonuglarina gore,
degerlendirmeye konu performans metrikleriyle SVM'nin
diger dort modele gore daha iyi performans gosterdigi
tespit edilmistir. SVM, ortalama dogrulukta %0.96, F1-
Skorunda %0.9595, Egri Altinda Kalan Alan (Area Under

Curve, AUC) degerinde %0.9730 ve Kappa degerinde
%0.9375 basar1 elde etmistir. Ayrica, Wilcoxon testleri,
ANN'nin diger doért modele goére farkli tahminler
yaptigini gostermistir.

Bao ve ark. (2020) ¢alismasi, siiriiciilerin otobanda serit
degistirmeleri sirasinda ortaya c¢ikan Kisisellestirilmis
6znel siiriis riskinin modellenmesini amaglayan yeni bir
yaklasim sunmustur. Dolayisiyla, siiriis esnasindaki 6znel
riski etkileyen faktorleri belirlemek bu calismadaki temel
amacgtir. Buna yonelik olarak siiriis sinyalleri ve
cevredeki arag amac¢ i¢in
kullanilmistir. Ayrica, belirli bir bireyin 6znel durumunu
tahmin etmek i¢in serit degistirmeden hemen 6nceki risk
seviyesi belirlenmeye c¢ahsilmistir. Risk faktorlerinin
analizinde, Genetik Algoritmalar (Genetic Algorithms,
GA) tarafindan optimize edilmis RF tabanli bir yontem
kullanilmigtir. Oznel riski cift yonlii bir LSTM ile tahmin
etmek amaciyla birlesik cerceveli kisisellestirilmis 6znel
slirtis riski modeli Onerilmistir. Sonuglar, 6znel risk
faktorlerinin bireysel farklihiklarinin ¢ikarilabilecegini ve

konumlar1  belirtilen

bireysellestirilmis risk faktorlerinin tanimlanmasinin,
kisisellestirilmis riskinin daha iyi
modellenmesine yol agtifim gostermektedir. Oznel risk
algisinin  bireylerin kisisel faktdrlerinden etkilendigi
dogrulanmis ve onerilen entegre bireysel modelin daha

O0znel slris

iyi  risk  degerlendirme performansina ulastigl
gosterilmistir. Marafie ve ark. (2021) ¢alismasinda akilli
bir Yapay Zeka (Artificial Intelligence, Al) araci olan
AutoCoach ayrica, ML
algoritmalar1 kullanarak siiriictileri farkl siiriici kisilik
gruplarina gore Buna gore
kisisellestirilmis ve yapici bir geri bildirim saglamak
amaciyla, bir siiriiciiniin ge¢mis siiriis verileri toplanmus,
analiz edilmis ve bu verilerden 6grenme uygulamasi

sunulmaktadir. Autocoach

siniflandirabilmektedir.

yapilmistir. Bu islemler icin bulut tabanh bir Android
uygulamasi olusturulmustur. Calismada yeterli veriye
sahip 36 siiriicii, glivenlik sirasina gore en iyi, iyi,
ortalama ve en koti stiriicliler olmak tizere dort gruba
ayrilmistir. Bu gruplar, modeldeki en ytiksek riskli doniis
ozelligine dayanarak etiketlenmistir. Calisma sonuglari
tasarimin, Kkisilik temelli bir siliriis araci kullanilirken
deneyimini gelistirmede etkili oldugunu
kanitlamaktadir.

kullanici

Yuksel ve Atmaca (2021) c¢alismasinda, ivmedlcer ve
jiroskop sensorlerinden elde edilen veriler kullanilarak
dort ana riskli stiriis davranisi modellemesi yapilmis ve
siirticii profilleri olusturulmustur. C4.5 Karar Agaci, RF,
ANN, SVM, k-NN, Naif Bayes ve K-Star algoritmalar: gibi
yaygin kullanilan ML algoritmalar1 davranis analizinde
kullanilmistir. Riskli siirlis davraniglari ve risk seviyeleri
trafik memurlarinin uzman goérisleri dogrultusunda
degerlendirilmis ve riski, FL yontemiyle
modellenmistir. Deneylerde, K-Star algoritmasi %100

surucu

dogrulukla en basarili algoritma olmustur. Sonug olarak,
sliriciinlin  kara kutusu olarak islev goren yiiksek
dogruluklu ve diisiik maliyetli bir sistem gelistirilmistir.

BS] Eng Sci / Dogan YILDIZ ve ark.

Bu sistem araglara entegre edilebilir, siiriicliniin
davraniglarini  kaydedebilir ve riskli davranislar
757



Black Sea Journal of Engineering and Science

belirleyebilir. Ayrica, sigorta sirketlerine kullanima gore
politikalar belirleme imkani sunar. Ornegin sigorta
sirketleri, glivenli sliriis yapan miisterilerini diisiik arag
sigortas1 primleri ile 6diillendirebilir. Escottd ve ark.
(2022) g¢alismasinda 1D ve 2D CNN'lere dayanan
denetimli DL modelleri incelenmistir. Bu modeller, aracin
gosterge paneline yerlestirilmis bir akill telefonun Atalet
Olciim Birimi (Inertial Measurement Unit, IMU)
sensorlerinden elde edilen dogrusal ivme ve agisal hiz
sinyallerini kullanarak stiriis etkinliklerini siniflandirmak
amaciyla kullanmilmistir. Hizlanma, frenleme, serit
degistirme ve donme gibi siiriis olaylarinin izlenmesiyle
agresif ve tespit
edilebilmektedir. Elde edilen deneysel sonuglarda en iyi
siniflandirma modeli ile %82.40'a kadar dogruluk
degerlerine ve sirasiyla %75.36 ve %82.40 olan makro ve
mikro ortalama F1 puanlarina ulasimistir. Bu da siiris
etkinliklerinin siniflandirmasindaki elde edilen yiiksek
performansi gostermektedir.

Malik ve Nandal (2023) calismasinda Araca Yerlesik
Teshis-Il (On-Board Diagnostic, OBD-II) arag¢ teshis
sistemi ve ML algoritmalar1 ile elde edilen bilgilere
dayanarak davranislarinin  etkinligi  ve
iyilestirilme potansiyelleri incelenmistir. OBD-II'den elde
edilen belirli verilerin kullanilmast ve belli ML
tekniklerinin uygulanmasiyla, siiriiciilerin neredeyse tiim
davranislar1 modellenebilmektedir. Siirticii-Arag-Cevre
sistemine bagimh {i¢li parametreli sistem ve bunlarin
etkileri detayli bir sekilde ele alinmistir. Daha sonra OBD-
II, Elektronik Kontrol Birimleri (Electronics Control
Units, ECU) ve sliriis davranisi iizerindeki etkileri en iyi
ve etkili siiriis teknikleri ve parametreleriyle birlikte ele
alinmistir.  Analizde kullanilan en iyi dokuz ML
algoritmasi, tek tek tartisilmistir. Mohammed ve ark.

agresif olmayan davranislar

stiricu

(2023) calismasinda temel amag, bir elektronik Kkart
sistemi kullanarak gercek zamanl siiriisii izlemektir. Bu
amagla, Kontrol Alan Ag1 (Control Area Network, CAN) ve
OBD-II standartlarina sahip her araca takilabilen veri
kaydedici bir cihaz kullanilmistir. Bu cihaz, aracin mevcut
hareketlerini izleyebilen hiz, motor hizi, sogutma suyu
sicaklig1 ve aracin konum koordinatlari gibi ana faktorleri
toplamaktadir. Ara¢ takibi ve siirlicii davranisinin
bilinmesi i¢cin dikkate alinan tiim parametreler
Dakikadaki Devir Sayis1 (Revolutions per Minute, RPM),
motor sogutma, sicaklik, enlem, boylam, zaman, tarih ve
hizdir. Bu bilgiler, araca takilacak olan izleme sistemi
tarafindan  toplanmistir. ~ Kurulan  sistem, PIC
Mikrodenetleyici, MCP2551 verici alici, GPS modiili ve
WIFI alici-vericisi gibi bilesenler icermektedir. Toplanan
bilgiler, sabit bir IP adresi ile HTTP protokoliini
kullanarak bir web sunucusuna iletilir. Daha sonra
gelistirilen grafik araytiz, sunucuya bagh web sayfasindan
alinan verileri okumaktadir. Tim veriler, uzaktan izleme
blogu olarak islev goren sanal bir gosterge tablosunda
goriintiilenir ve aracin siiriis ve hareket ge¢misi olarak
depolanir. Deney sonuglarina gore oOnerilen yaklasim,
siirtisi etkili bir sekilde izleyebilmektedir.

Bu c¢alismada, ML algoritmalar1 kullanilarak OBD-II ve

GPS cihazlarindan alinan islenmis ve etiketlenmis
telemetri risk gruplarina gore
siniflandirilmasi gergeklestirilmistir. OBD-II ile aragtan
elde edilen islenerek
derecesinin belirlenmesi ve sigorta sirketlerinin bu risk

verilerinin  sirici

verilerin siriiciilerin  risk
derecesine gore kisiye 0zel sigorta iicreti belirlemesinde
yardimcr rol oynanmas: planlanmaktadir. Calismada
SVM, CatBoost, k-NN ve Hafif Gradyan Artirma Makinesi
(Light Gradient Boosting Machine, LGBM) olmak iizere 4
model kullanilmistir. Test sonuglari incelendiginde en iyi
performansina SVM modeli ile erisildigi
soylenebilmektedir. Elde edilen sonuglar, arastirmacilara
siiriis stilleri siniflandirmasi i¢in hangi ML modelinin
uygun olabilecegi konusunda 6nemli fikirler vermektedir.

tanima

2. Materyal ve Yontem

Bu calismada, Github tarafindan yayinlanan bir csv
dosyasinda bulunan 1366 telemetri verisini iceren bir
veri seti kullanilmistir (Judson, 2015). Kullanilan veri
setindeki veriler etiketlenerek risk derecelerine gore 4
gruba ayrilmistir. Striciiler i¢in tanimlanan doért kategori
Yiiksek, Orta, Iyi, Diisiikk olacak sekilde diigiikk risk
grubundan en yiiksek risk grubuna dogru 1’den 4’e dogru
siralanmustir (Judson, 2015). Sekil 1 ile veri seti igindeki
4 smif etiketinin dagilimi gosterilmistir.

550
500
450
400+
350
300+
250

Frekans

Sekil 1. Sinif etiketlerinin dagilimu.

Orijinal veri setinde bir¢ok 6znitelik olmasiyla birlikte
risk kategorisinin belirleyicisi olan ¢ok fazla 6znitelik
yoktur. Belirleyiciligi yiiksek o6znitelikleri tespit etmek
amaciyla farkli deneyler yapilmistir. Calismada kullanilan
oznitelikler hizlanma, serit degistirme, donme ve
frenlemedir (Judson, 2015).

ML modelinde hizlanma, serit degistirme, donme ve
frenleme olmak tizere 4 farkli parametre kullanilmistir.
Tablo 1 ile ilgili veri setinden bir kesit gosterilmistir.

2.1. Kullanilan Yontemler

Bu calismada kullanilan modellerin olusturulmasi ve
egitimi icin Python programlama ve gelistirme dili
kullanilmistir. ML modeli egitiminde izlenilen adimlar
Sekil 2 ile verilmistir.
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Tablo 1. Veri setine ait bir kesit

Sinif Etiketi Hizlanma Frenleme Donme Serit Degistirme
1 0,24258265 0,41338630 0,45 0,41731518
3 0,16233399 0,12206573 0,44 0,19747082
3 0,03532071 0,05429156 091 0,24319066
3 0,07332580 0,09365595 0,33 0,33657588
4 0,15710653 0,06693150 0,21 0,27042802
1 0,12249223 0,32791622 0,55 0,48151751
2 0,08222662 0,15998555 0,55 0,32295720
4 0,09522464 0,06488504 0,36 0,39299611

| O | Two-Class Support Wector Ma...
L

\

v

I | one-vs-all Multiclass

Sekil 2. ML modeli egitiminde izlenen adimlar.

Veri ayristirma (data decomposition) yoluyla ¢ok etiketli
(multi-label) bir veri seti bir ya da daha fazla tek etiketli
alt kiimelere boliiniir. Her bir alt kiime i¢cin de tercih
siniflandirma teknigi ile ayrn bir alt

(sub-classifier) olusturulur. Bu alt

edilen bir
siniflandiric
siniflandiricilarin hepsi birlestirilerek tek bircok sinifh
siniflandiricl olusturulur. Yaygin olarak kullanilan dort
adet veri ayristirma teknigi vardir: etiket giic seti (label
powerset, LP), bire karsi kalanlar (one-versus-rest, OVR),
birer birer (one-by-one, OBO) ve bire karsi bir (one-
versus-one, OVO).

OVR tekniginde her simnif i¢in ayr1 bir ikili (binary)
siniflandirial egitilir. Bu egitimde hedef sinifin verileri
pozitif, diger tiim veriler negatif olarak kabul edilir. Yeni
bir verinin siniflandirmasi yapilirken egitilen biitiin
siniflandiricilar bu verinin sinifin1 tahmin eder ve en
ylksek olasilikli sinif bu verinin sinifi olarak segilir. Her
bir veri sinifi icin veri seti negatif ve pozitif olmak iizere
iki sinifa ayrilir ve her bir sinifi tahmin etmek i¢in bir ikili
siniflandiria egitilir.

g - - -
B telemetri_verileri.csv

»
!
E .
AT select Columns in Dataset
T
;E!r_"_ Split Data
[ ] L ]
'/’//l
— !
@ Score Model
[ ]
——

Bu ¢alismada kullanilan yontemler, SVM, CatBoost, k-NN
ve LGBM’dir. Smiflandirma islemleri icin ise, “scikit-
learn” kiitiiphanesine ait OneVsRestClassifier fonksiyonu
kullanilmistir. Kullanillan parametreler igin “default”
secenegi kullanilmistir.

2.1.1. Destek vektér makinesi (SVM)

SVM’ler siniflandirma ve regresyon problemlerinde
cesitli algoritmalar ile birlikte kullanilan denetimli
6grenme modelleridir. SVM’lerdeki amag¢ eldeki veri
setini iki sinifa bolen bir hiper-diizlem elde edebilmektir.
2.1.2. CatBoost

"CatBoost" ismi, "Category" (Kategori) ve "Boosting"
(Artirma) kelimelerinin birlesiminden gelen bir ML
kiitiiphanesidir. CatBoost (Prokhorenkova ve ark., 2018),
daha az parametreye sahip bir Gradyan Artiricr Karar
Agaclar1 (Gradient Boosting Decision Trees, GBDT)
cercevesidir ve kategori tabanl degiskenleri destekler.
Temel o6grenici agaclarini
kullanarak ytiksek dogruluk saglar. CatBoost, Gradient
Bias ve Prediction Shift sorunlarini ¢ézer. Boylece asiri

olarak simetrik Kkarar
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uyumun (overfitting) ortaya ¢ikma olasiligimi azaltir ve
bu sayede algoritmanin dogrulugunu ve genelleme
yetenegini artirir.

Gradient Bias, ozellikle diisiik 6rneklemli veri kiimesi
durumunda, gradyan tabanl algoritmalarin dogrulugunu
etkileyen bir sorundur. CatBoost, bu tiir problemleri ele
alirken simetrik karar agaglarimi temel 6grenici olarak
kullanarak daha dengeli bir yaklasim benimser.
Prediction Shift, modelin egitim ve test verileri arasinda
farkli performans gostermesine yol agan bir durumdur.
CatBoost, kategori tabanli degiskenleri etkili bir sekilde
ele alarak ve diizenlemeye (regularization) odaklanarak
bu tiir problemleri 6nlemeye yardimci olur.

Tim bu o6zellikler, CatBoost'un daha giivenilir ve dogru
tahminler yapmasina ve asirt uyum, genelleme gibi
problemleri azaltmasina yardimci olur. Sonug¢ olarak,
CatBoost'un, ¢esitli ML uygulamalarinda yiiksek
performans ve genis bir kullanim alani sunan etkili bir
algoritma oldugu sdylenebilir (Chen ve Wu, 2022).

2.1.3. k-en yakin komsular (k-NN)

k-NN yontemi, siiflandirma ve tahmin yapmak igin
kullanilan popiiler bir denetimli ML teknigidir. Potansiyel
sorunlarin kategorize edilmesi veya gruplandirilmasi gibi
islemler ile endiistride sik¢a kullamilmaktadir. Ozellik
benzerligi, k-NN ML modelinde yeni veri noktalarinin
degerlerinin belirlenmesinde kullanilir. Her yeni veri
noktasi, egitim kiimesindeki noktalara ne kadar yakin
olduguna bagh olarak bir deger almaktadir (Akhiladevi
ve ark., 2022).

2.1.4. Hafif gradyan artirma makinesi (LGBM)

LGBM (Ke ve ark, 2017), Microsoft tarafindan 2017
yilinda onerilen ve aga¢ tabanl 6grenme algoritmalarini
kullanan bir gradyan artirma gergevesidir. LGBM, derin
ve bagimsiz agaglarin (Rastgele Orman) birlestirilmesi
yerine, s1g ve zayif ardisik agaglarin birlestirilmesiyle bir
birlesik model olusturur. Her agag, onceki sonuglari
Ogrenir ve gelistirir. LGBM, diger tiim gradyan artirma
algoritmalarindan daha hizli egitim hizi ve dogruluk
saglar (Huang ve ark., 2022).

3. Bulgular ve Tartisma

Bu calismada kullanilan telemetri veri seti; 1. siniftan
215, 2. siniftan 275, 3. siniftan 561 ve 4. siniftan 315 veri
icermektedir. Esit sayida veri kullanabilmek amaciyla en
diistik sayida veri iceren sinmif etiketinin (1.) boyutu baz
alinmistir. Dolayisiyla, her bir veri siifindan 215 adet
veri alinarak toplamda 860 veri elde edilmistir. Bu veri
%70 egitim ve %30 test olmak tzere iki gruba
ayrilmistir.

Egitim seti lizerinde SVM, ANN, CatBoost, k-NN ve LGBM
gibi algoritmalar kullanilmis ve one-vs-rest teknigiyle bes
model egitilip test edilmistir. Model gelistirilirken model
performansini belirleyici olarak AUC metrigi secilmis ve
maliyet fonksiyonu olarak ortalama mutlak hata
fonksiyonu secilmistir. Bu modellerin test seti lizerinde
denenmesi sonucu elde edilen karmasiklik matrisleri ve
Aha  Islem Karakteristikleri Operating
Characteristic, ROC) egrileri de sonuclara eklenmistir.

(Receiver

Ayrica, tim modellere iligkin her bir sinifa ait kesinlik,
duyarlilik ve F1-skor sonuglari da verilmistir.

3.1.SVM ile Elde Edilen Sonuclar

SVM ile egitilen modelin test seti lizerinden elde edilen
karmasiklik matrisi ve ROC egrisi sirasiyla Sekil 3 ve Sekil
4 ile gosterilmistir. Ayrica, modelin test seti lizerinde her
sinifa ait kesinlik, duyarhlik ve F1-skor sonuglar1 Tablo 2
ile verilmistir. Sonuglara gore Sinif 1 ve Sinif 4, SVM'de
verilen oOznitelikler ile diger iki sinifa gore daha iyi
tahmin edilmistir.

Karmasiklik matrisi w/SVM
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Tahmin edilen etiket

Sekil 3. SVM ile egitilen modelin test seti lizerinden elde
edilen karmasikhik matrisi.
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Sekil 4. SVM ile egitilen modelin test seti lizerinden elde
edilen ROC egrisi.
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Tablo 2. SVM ile egitilen modelin test seti lizerinde her sinifa ait kesinlik, duyarlhilik ve F1-skor sonuglari

Sinif Kesinlik Duyarhhk F1-skor
1 0,85 0,63 0,73
2 0,57 0,65 0,60
3 0,55 0,55 0,55
4 0,71 0,80 0,75

3.2.k-NN ile Elde Edilen Sonuglar

Benzer sekilde, k-NN ile egitilen modelin test seti
iizerinden elde edilen karmagsiklik matrisi ve ROC egrisi
sirasiyla Sekil 5 ve Sekil 6 ile gosterilmistir. Ayrica
modelin test seti lizerinde her sinifa ait kesinlik,
duyarlilik ve F1-skor sonuglar1 Tablo 3 ile verilmistir.
Sonuglara gore Sinif 4, en yliksek F1-skor degeri ile en iyi
tanima oranina sahiptir. Bu sinifi sirasiyla Siif 1, 3 ve 2
takip etmektedir. SVM ile benzer olarak 2 ve 3 etiketine
sahip smiflar diger iki sinifa gére daha disiik tanima
dogruluguna sahiptir.

Karmasiklik Matrisi w/k-NN
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Sekil 5. k-NN ile egitilen modelin test seti tizerinden elde
edilen karmasiklik matrisi.
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Sekil 6. k-NN ile egitilen modelin test seti lizerinden elde
edilen ROC egrisi.

Tablo 3. k-NN ile egitilen modelin test seti lizerinde her
sinifa ait kesinlik, duyarhlik ve F1-skor sonuglari

Simif Kesinlik Duyarlihk F1-skor
1 0,67 0,71 0,69
2 0,47 0,26 0,34
3 0,49 0,55 0,51
4 0,68 0,86 0,76

3.3.LGBM ile elde edilen sonuclar

LGBM ile egitilen modelin test seti {izerinden elde edilen
karmagiklik matrisi ve ROC egrisi Sekil 7 ve Sekil 8 ile
sirasiyla gosterilmistir. Ayrica, modelin test seti lizerinde
her sinifa ait kesinlik, duyarhlik ve F1-skor sonuglari
Tablo 4 ile verilmistir. Sonuglar incelendiginde, daha
disiik olmakla birlikte SVM’ye yakin degerlerin elde
edildigi goriilmektedir. 1 ve 4 etiketli siniflar, 2 ve 3
etiketli siniflardan daha iyi tahmin edilmistir.

Karmagiklik matrisi w/LGBM
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Sekil 7. LGBM ile egitilen modelin test seti lizerinden
elde edilen karmasiklik matrisi.
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Sekil 8. LGBM ile egitilen modelin test seti lizerinden

elde edilen ROC egrisi.

Tablo 4. LGBM ile egitilen modelin test seti lizerinde her
sinifa ait kesinlik, duyarlilik ve F1-skor sonuglari
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Sekil 10. CatBoost ile egitilen modelin test seti tizerinden
elde edilen ROC egrisi.

Tablo 5. CatBoost ile egitilen modelin test seti lizerinde
her sinifa ait kesinlik, duyarlilik ve F1-skor sonuglari

Simif Kesinlik Duyarlihk F1-skor
Siif Kesinlik Duyarlilik F1-skor 1 0,82 0,65 0,72
1 0,74 0,62 0,67 2 0,57 0,65 0,60
2 0,54 0,58 0,56 3 0,52 0,58 0,55
3 0,54 0,59 0,56 4 0,76 0,73 0,75
4 0,73 0,70 0,71

3.4. CatBoost ile elde edilen sonuglar

CatBoost ile egitilen modelin test seti lizerinden elde
edilen karmasiklik matrisi ve ROC egrisi Sekil 9 ve Sekil
10 ile sirasiyla gosterilmistir. Ayrica, modelin test seti
izerinde her sinifa ait kesinlik, duyarlilik ve F1-skor
sonuclar1 Tablo 5 ile verilmistir. Bu model, uygulanan
modeller arasinda ikinci en yiiksek dogruluk degerine
sahiptir. LGBM yonteminden daha yiiksek olmak iizere,
benzer sekilde 1 ve 4 etiketli siniflar, 2 ve 3 etiketli
siniflardan daha iyi tahmin edilmistir.

Karmasikhik Matrisi w/CatBoost
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Tiim modellerin test dogruluk sonuglar1 Tablo 6 ile
verilmistir. Sonuglar incelendiginde en yiiksek dogruluga
%66 degeriyle SVM ile erisildigi goriilmektedir. Bu
modeli, Catboost algoritmasi %65 ile takip etmistir. Tiim
modeller arasinda en diisiik tanima dogruluguna k-NN ile
ulasilmistir. Ayrica verilen ROC egrileri, karmasiklk
matrisleri ve diger karsilasirma  metriklerine
bakildiginda egitilen bes modelin diisiik risk ve yiiksek
risk grubundaki siiriiciileri basar1 ile ayirt edebildigi,
normal risk ve orta risk grubundaki siiriiciilerin ise,
ozellikle k-NN algoritmasi ile ayni basar1 ile ayirt
edilemedigi gorilmiistiir. Bunun sebebinin de veri
setinde bulunan normal risk ve orta risk grubundaki
verilerin birbirine yakin olmasindan kaynakli oldugu
diisiiniilmektedir.

Tablo 6. Tiim modellerin test dogruluk sonuclari

Model Dogruluk
SVM 0,66
KNN 0,59
LGBM 0,62
CatBoost 0,65

4. Sonug
Cogu kaza, tehlikeli siiriis davranislarinin sonucudur ve
bunlar biiyiikk bedensel ve maddi zararlara yol acar.

1 2 3 4
Tahmin edilen etiket Ayrica, kaza sayisindaki artisi durdurmak igin tehlikeli
o | K . | -
Sekil 9. CatBoost ile egitilen modelin test seti lizerinden surueu davrams“arml tanimak - ve msan.arl surl}s
elde edilen karmasikiik matrisi davranislarina goére siniflandirmak gerekir. Sensor
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teknolojisindeki gelismeler ve bu teknolojilerin gémiilii
sistemlere veya OBD sistemine entegre edilebilmesi
sayesinde, gilivenilir bir siliriicli davranisi gelistirmek
mimkiin hale gelmistir. Bu calismada, OBD-II ve GPS
cihazlarindan alinan telemetri verileri kullanilarak ML
yontemleriyle siiriis riskleri siiflandirmasi yapilmistir.
Bu smiflandirma igin veriye dayali ML yontemlerinin
karsilastirmasi yapilmistir. Dort farkli model egitilmis ve
test sonuglari karsilastirilmistir. Sonuglar incelendiginde,
en yiiksek siniflandirma dogruluguna SVM ile ulasildig:
gorilmiistiir. Ayrica, genel olarak tiim modellerde yiiksek
ve distik risk grubu, orta ve normal risk grubuna gore
daha iyi tahmin edilmistir. Orta ve normal risk verileri
arasinda Onemli farklarin olmamasi, tanimanin az
olmasina neden olmus olabilir. Ayrica, ikisi de ara seviye
riskleri  temsil  ettigi icin  benzer  sonuclar
tretebilmektedir. Ek olarak dikkat edilecek diger bir
husus, tiim modellerde ytiksek riskli veriler, hi¢bir zaman
diisiik risk olarak degerlendirilmemistir. Bu da modelin
gercek zamanli uygulanmasi durumunda 6nemlidir.

Gelecek calismalarda ANN gibi farkh
karsilastirmaya dahil edilebilir. Ek olarak modellerin
performanslarini  karsilastirmak i¢in farkli metrikler
calismaya eklenebilir. Ornegin model karmagsikhigi, model
egitim ve test hiz1 eklenebilir. Ayrica, gercek zamanlh

modeller

uygulama yapilarak ¢alisma genisletilebilir. Literatiirde
bulunan veri setlerine bu ¢alismada kullanilan modeller
uygulanarak performans karsilastirmasi yapilabilir.

Katki Oran1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

D.Y. GY. S.D.
K 30 30 40
T 35 30 35
Y 25 25 50
VTI 25 35 40
VAY 30 40 30
KT 35 30 35
YZ 45 35 20
KI 35 35 30
GR 50 25 25
PY 35 20 45
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigin
beyan etmektedirler.

Etik Onay Beyani

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigl igcin etik kurul onay:
alinmamustir.
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Abstract: Bees and beekeeping activities are very important for the sustainability of natural life. Beekeeping has become one of the
main sources of income of our country due to products such as pollen, royal jelly, honey and wax obtained from beekeeping activities.
In addition, our country's rich geography, climate and topography are very suitable for beekeeping activities. Interest in beekeeping
activities has increased because it does not require large areas and costs, requires less maintenance than other agricultural activities,
and has high income. With the increasing interest, conscious beekeeping, increasing the efficiency obtained from beekeeping activities
and therefore determining suitable beekeeping places have gained importance. For this purpose, a study was carried out to determine
suitable places for beekeeping in Sinop province, which is suitable for beekeeping activities due to its flora, climate and location. ArcGIS
10.7.1 program was used to determine suitable areas and weighted overlay analysis was performed using criteria such as slope, aspect,
elevation, precipitation, vegetation, and distance to roads, streams and settlements. As a result of the analysis, it was determined that
96.38% of Sinop province was suitable for beekeeping. Additionally, it was checked whether the existing beekeeping sites were in

suitable locations, and as a result, it was observed that approximately half of the beekeepers were in the correct locations.
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1. Introduction

Beekeeping, one of the most common agricultural
activities in the world, starts from the nuclear family and
dramatically contributes to the environment and
economy with products for the agricultural sector, food,
health, cosmetics, and paint. At the same time, they
contribute to the economy and the natural environment
with pollination, in which they play a role in the
sustainability of the natural cycle. Although almost every
part of our country is suitable for beekeeping activities
with its topography, rich geography, and suitable climatic
conditions, wax and honey production is decreasing
despite the increasing number of hives, according to the
General Directorate of Agriculture and Forestry data so
the low efficiency obtained from beekeeping activities
shows a deficiency in performing beekeeping activities
(TOB, 2023).

Although Sinop province is a very suitable location for
beekeeping (Alkan, 2020) since it receives much
precipitation and has a diverse flora such as pine, fir, oak,
hornbeam and beech, and the winters are cool, and the
summers are warm (Ayan et al,, 2014; Albayrak, 2019) it
has been observed that the potential of the region has not
been fully utilized so determining suitable locations and
criteria for beekeeping activities will enable the correct
use of the region's potential and increase yield and

production.

Determining suitable beekeeping places to increase the
efficiency obtained from beekeeping activities, continue
beekeeping activities healthily and consciously, and
contribute more to the environment and the country's
economy will provide a solution to this problem to a
large extent.

Before determining suitable places, it is important to
determine suitable conditions for bees, know the
geography, and offer them appropriate opportunities. For
bees to continue their activities, many criteria, such as
natural water resources, habitat types, settlements,
roads, precipitation, and temperature, must be suitable.
According to experiments, bees cannot operate at
temperatures below 10 °C and above 36 °C, but they
operate very effectively at temperatures between 29-33
°C (Yalgin et al.,, 2019). Similarly, while determining the
hive locations, it is important to choose the diversity and
continuity of the flora, the locations that do not receive
much wind and precipitation and are not exposed to
direct sunlight, and away from the city and traffic (Yal¢in
et al, 2019). The Ministry of Food, Agriculture and
Livestock published a regulation in the Official Gazette on
30 November 2011. In paragraph “k” of Article 5 of the
regulation, “Apiculture is placed at least 200 meters from
the road in areas with heavy traffic, and at least 30
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meters away from stabilized side roads”, in paragraph “1”,
“Fixed beekeepers place their colonies in villages and
towns in a way that does not disturb the environment
and at least 200 meters away from similar areas such as
mosques, schools, health centers, police stations, where
people receive services collectively. In areas where the
settlement is scattered, this distance should be at least 50
meters to the nearest house” (Anonymous, 2023).
Topographic criteria such as land surface, slope, aspect,
and height, which are directly related to beekeeping
activities, are important. Considering these terms and
conditions, the right places should be determined at the
beginning since changing the apiary places will be
difficult and troublesome after the beekeeping activity
has started.

Considering that the world we live in is a purely
geographical space, it is seen that all events occurring on
Earth are directly or indirectly related to geography
(Kapluhan, 2014), so using Geographic Information
Systems (GIS), which is a decision-making mechanism
that provides the storage, analysis, and presentation of
data by associating all kinds of verbal/textual data with
each other and their geographical locations, appropriate
location analysis is a correct decision and is a tool.
Beekeeping activities are related to the
agriculture and land resources and modern beekeeping
uses various information technology solutions that
support beekeepers in their activities (Kotovs and
Zacepins, 2023). The geographical information system
(GIS) has been used in apiculture (Rogers and Staub,
2013; Kotovs and Zacepins, 2023). for many purpose
such as classifying regions according to their suitability
honey bees, impacts of climate change and land cover on
apiculture (Abou-Shaara et al., 2013; Abou-Shaara, 2013;
Abou-Shaara, 2016), mapping floral resources for honey
bees (Adgaba et al, 2017; Ausseil et al, 2018) and
regional recognition of multifloral honey (Radovic et al,,
2014).

In the present study, we determined suitable beekeeping

closely

places of Sinop province by using weighted overlay
analysis in terms of flora, climate and hive location. With
this context, Weighted Overlay Analysis was carried out
for Sinop province by using ArcGIS 10.7.1 program with
the criteria of precipitation, flora, water resources, road,
settlement, slope, aspect, and elevation.

2. Materials and Methods

2.1. Study Area

Sinop province, which is located between 41° 12" and 42°
06' north latitudes and 342 14' and 362 26' east
longitudes, was determined as the study area. It is a
suitable location for beekeeping because of the low-
temperature difference between the seasons, cool
winters, warm summers, rich vegetation, and year-round
rainfall. The map of the study area is given in Figure 1.
2.2. Data Collection

The study created a suitability map by weighted overlay
analysis with ArcGIS 10.7.1 desktop software. Flora,

distance to water sources, road and settlement, slope,
aspect, elevation and precipitation data are required for
analysis, so data collection was carried out in the first
stage of the study. The sources from which the data were
obtained are shown in Table 1.
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Figure 1. Study area Sinop province and its borders.

Table 1. Data and data sources used in the study

Data Name Data Source

Provincial and General Directorate of
District Boundary
The settlement,
Road, and Water

Resources

Maps
Open Street Map

CORINE 2018
USGS Earth Explorer

Flora
Digital Elevation Model

Criteria have been determined by considering suitable
conditions for beekeeping activities. Details of the
selected criteria are given below.

Flora: Flora affects honey yield and quality, so flora
selection should be made sensitively by paying attention
to the plant species in the environment where the
beehives are located and the product diversity in
agricultural areas for beekeeping activities (Kouchner,
2019).

Slope: Flat or low-slope lands are more suitable
environments for beekeeping activities. It is a critical
criterion because it depends on topography and height.
Aspect: Priority should be given to the hive entrances
facing south while determining the hive locations. It is
known that the morning sun hitting the hive entrances
forces the bees to fly (Yal¢in et al., 2019).

Altitude: The altitude of the study area is related to
meteorological events and flora. The decrease in air
temperature as you go higher is not suitable for
beekeeping activities. It is important to determine the
appropriate height.

Precipitation: The precipitation criterion, which directly
affects flora diversity and vegetation density, is one of the
criteria for beekeeping activities.

Distance to Roads and Settlement: To get the highest
efficiency from the work area and the products, the hives
should be away from the roads and settlements.

Distance to Water Sources: The proximity of the hives to
clean water sources is another critical criterion to
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increase the efficiency obtained from beekeeping
activities.

2.3. Determination of Class Ranges and Criterion
Weights

After obtaining the data of the determined criteria,
ArcGIS 10.7.1 software was used to create the analysis
and result in visual maps. First, since the provincial and
district borders obtained from the General Directorate of
Maps are in line format, the study area was selected by
converting it to polygon format. Then, the data needed to
analyze the distance criteria to water sources, roads, and
settlements were obtained from the Open Street Map
platform, and these data were cropped to suit the study
area. Taking into consideration the “k” and “1” paragraphs
of the 5th article of the Beekeeping Regulation published
in the Official Gazette No. 28128 on 30 November 2011,
buffer zones of 1000 meters each for the distance to
water sources, roads, and settlements were created with
the “multiple buffer” process. Digital Elevation Model
(DEM) data were downloaded from the USGS Earth
Explorer page, and slope, aspect, and elevation data
suitable for the study area were produced. Flora base
was created from the data of CORINE 2018 by the study
area. The areal precipitation data were obtained by
processing the annual precipitation amount received
from the General Directorate of Meteorology on a
provincial basis in the region. After creating the map
bases for each criterion, the class ranges of the data were
determined to carry out weighted overlay analysis, which
includes weighting and overlapping concerning each

other and creating the resulting map. The studies in the
literature were taken as references in determining the
class intervals (Ceylan and Sari, 2017; Yilmaz et al,
2021).

The criteria were given a value from 1 to 9, considering
their contribution to beekeeping activities and their
importance. Table 2 shows the class ranges and
importance levels of the criteria.

According to these values, 9 class values were given to
the most suitable class range, and 1 class value was given
to the unsuitable class range. A weighted overlay analysis
model was established with “Model Builder”, and the
analysis was performed by entering the weight value of
the criteria. Table 2 also includes the weight values of the
criteria. In the resulting layer map, 9 indicates the most
suitable areas for beekeeping activities, while 1 indicates
areas not suitable for beekeeping activities.

As a result of the study, suitable places for beekeeping
were determined by weighted overlay analysis. At the
same time, it was evaluated whether the existing
beekeeping places were in suitable locations. Weighted
overlay analysis is a multi-factor analysis used in
Geographic Information Systems (GIS). It is the process of
obtaining the resulting map by evaluating, weighting, and
combining more than one thematic map concerning each
other. Each criterion is represented by its thematic map,
and these maps are combined by multiplying the weights.
The mathematical representation of this process is given
in the formula below.

Table 2. Assignment of criteria class ranges and severity levels

Criteria 1 2 3 4 5 6 7 8 9
Altitude 1845> 1435- 1230- 1025- 820- 615- 410- 205- 205<
1845 1435 1230 1025 820 625 410
Slope 50-80  40-50 30-40 25-30 20-25 15-20 10-15 5-10 0-5
NE West-
Aspect North ! - - es - - SE, SW South
NW East
. 1540>
Precipitation 680 780 880 980 1080 1180 1280 1380
Sparse Natural
Ci Rock F i
Flora ity (_)C Y - arming Plant - Meadows Plant Forests
Areas Field Areas
Areas Areas
Distance to
Water 8000> 8000 7000 6000 5000 4000 3000 2000 1000
Resources
Distance to 1000 2000 3000 4000 5000 6000 7000 8000 8000>
settlement
Distance to
Roads 1000 2000 3000 4000 5000 6000 7000 8000 8000>

3. Results and Discussion

It is important to choose a suitable place and get high
performance of bee colonies in order to continue
beekeeping activities and increase the yield of these
activities. Beekeeping and bee performance are affected
by several factors, such as the distance of the beehives to

clean water sources, settlements and highways, the
altitude of the location where the hives are located,
precipitation and flora. Each of these factors can have
different effects on beekeeping activities. Weighted
overlay analysis helps us to determine the land selection
and management strategy (Yilmaz et al, 2021). In the
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present study, we determined suitable beekeeping places

of Sinop province by using weighted overlay analysis in
terms of flora, climate and hive location.

The thematic map for each criterion, used in the

weighted overlay analysis was created to determine
suitable beekeeping places in Sinop province (Figure 2).
The green areas on the maps show suitable beekeeping
areas, and the red areas show unsuitable areas.

Sinop Elevation Map
Sinop Slope Map

A Sinop Aspect Map

(d) 0o3® 2 »
. —

=:.u° (b) 0510 20 » wm =:!~* (c) 0810 2 30 &
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Sinop Flora Map
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Figure 2. The class ranges and suitability map of the criteria (a: slope map, b: elevation map, c: aspect map, d: distance
to settlements map, e: distance to roads map, f: distance to water resources map, g: flora map, h: precipitation map).
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It was determined that a large part of Sinop province,
where is the study area, is covered with mountains and
that it has altitudes between 205 m and 1845 m and
contains large plains between the mountains and the
coast. In addition, when the slope and settlement maps
are examined, it was determined that the land has a high
slope and the scattered settlement type is seen in the
coastal areas. When the aspect map is examined, it was
determined that the aspect direction of the region is
often northwest, south and southeast. There are many
large and small valleys in the region and the mountains
generally extend in the east-west direction. When the
precipitation map is examined, it is seen that the amount
of precipitation increases from south to north direction
and the annual average precipitation varies from 680
mm to 1540 mm. When looking at the flora map, it has
been determined that the presence of forests, natural
plant areas and meadows is high due to rainfall and the
distance to the stream.

After the thematic map of each criterion classified
according to their importance was created, their weights
were entered into the established weighted overlay
model. As a result of this process, the suitability map for
determining the suitable beekeeping places for Sinop
province is given in Figure 3.

SUITABILITY MAPS
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Figure 3. Map of suitable beekeeping places in Sinop
province.

After the weighted overlay analysis, the appropriate
places in the resulting map were classified to be
evaluated from 1 to 9. Based on the 6, 7, 8, and 9 classes

of values suitable for beekeeping, it was determined that
96.38% of the region is suitable for beekeeping activities.
On the map, the red color corresponding to the value 1
represents the places unsuitable for beekeeping
activities, the cream color corresponding to the 5 value
represents the medium suitable places, and the green
color corresponding to the 9 value represents the
suitable places. Considering the weight values of the
criteria, the fact that the most significant contribution is
in the flora criterion, with a weight value of 44%, shows
that it plays a significant role in determining suitable
places, so when looking at the flora of suitable and
unsuitable places, it is seen that suitable places are forest
and meadow areas, and unsuitable places are areas such
as cemeteries and bushes.

After the suitable places were determined, it was a
matter of curiosity whether the 12 beekeepers reached
were in the suitable places, and the current positions of
the beekeepers were matched with the suitability map.
The location is shown in Figure 4.

CURRENT BEEKEEPING LOCATIONS
AND SUITABLE LOCATION INTERSECTION MAP
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Figure 4. Existing beekeeping locations and intersection
map of available locations.

In a recent study carried out by Yilmaz et al. (2021), the
most suitable places for beekeeping in Savsat district of
Artvin province was determined by using weighted
overlay analysis. The analysis in that study was carried
out according to 8 criteria, and as a result of the study,
suitable places for beekeeping were determined by
dividing the study area into 5 classes such as very low,
low, medium, high and very high suitability. Similarly,
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suitable places for beekeeping in the Karaburun, Cesme
and Urla districts of izmir were determined by using
multi-criteria decision analysis and weighted overlay
analysis (Yalgin et al, 2019). The applications of
Geographic Information System (GIS) and Multi-Criteria
Decision

Analysis to determine beekeeping locations were
discussed in detail in Selangor (Maris, 2008). In the most
recent study, suitable beekeeping locations for

Bolu province were determined by using weighted
overlay analysis. As a result of the study, it was
determined that 90.95% of Bolu province was suitable
for beekeeping (Yaman and Yaman, 2023).

Our results show similarities with the literatures
mentioned above. However, appropriate beekeeping
locations determined by weighted overlay analysis were
verified with actual data from existing beehives. A
reasonable consistency was determined as a result of the
study.

4. Conclusion

In this study, suitable beekeeping sites for Sinop province
were determined by weighted overlay analysis for the
first time. The results in this study will contribute to
beekeepers finding suitable places. Furthermore, our
study will lead to other studies in this field. On the other
hand, the resulting map in this study is only in the
context of Sinop province. Increasing the number of
criteria used in the study, keeping more detailed records,
and opening source data will increase the efficiency of
the study.
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difficult aspects of PV systems. The main cause of this
problem is the nonlinear properties of the solar cells and
the lack of complete parameter availability. Therefore, a

1. Introduction
Recently, the development and application of renewable

energy have become more important due to the rising
precise model needs to be developed to accurately study

and assess the real behavior of PV systems (Yang et al,
2020).
In the literature, a number of mathematical models, the

consumption of non-renewable energy sources and their
associated environmental pollution. The abundance and
low pollution of solar energy, especially, make it stand
out (Wang et al., 2022). The utilization of solar energy is

crucial for improving the ecological environment since it ~ Most prominent of which is the diode-based model, have

may be used to generate electricity or thermal energy
without the need for fuel or water, nor does it produce
pollution (Yang et al, 2020). Many researchers have
undertaken various studies in order to address and
overcome the problems in PV systems, where the aim is
to decrease the total costs while increasing efficiency. PV
systems must be thoroughly investigated and analyzed
from a variety of perspectives as their popularity
develops (Naeijian et al,, 2021). The precise and effective
modeling of solar cells is one of the most important and

been developed to characterize PV properties under
various operating conditions. The most well-known PV
models presented in the literature are the PV module
model, single diode, double diode, and triple diode
models (Naeijian et al.,, 2021). The modeling of the solar
PV system includes parameter identification and
mathematical formulations. Unfortunately, the lack of
easy access to these parameter values restricts the
usefulness of these models. This problem, which is
inaccurate

parameter identification, can lead to
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significant errors in performance evaluation, quality
control, and maximum power point tracking of PV
systems. Therefore, the accurate model parameters, such
as the number of diodes, ideality factor,
resistances, and shunt resistances, are necessary for

series

correct results. Thus, the accurate parameter extraction
of the solar cells is a growingly significant issue for
researchers (Wang et al,, 2022).

Many methods have been presented in the literature to
determine the parameters of PV cells, which are
classified as analytical, iterative, and meta-heuristic
algorithms (Wang et al,, 2022). Analytical methods use
complicated mathematical equations to calculate these
values and can be easily implemented (Cardenas et al,
2016). However, they have significant drawbacks, such as
the requirement for particular mathematical features and
assumptions. These assumptions can occasionally cause
significant errors or affect the accuracy of the solutions
(Chenche et al, 2018). Iterative algorithms, such as
Newton-Raphson and Lambert W-functions, rely heavily
on initial guesses and gradient information. These
methods require the equations of the system to be
continuous, convey, and differentiable, which limits their
usefulness (Ortiz-Conde et al,, 2006; Ayang et al,, 2019).
To solve the drawbacks of the first two methods, meta-
(MHS) algorithms have gained
popularity for determining PV cell parameters due to
their improved performance in nonlinear and complex
optimizations.

In the literature, many studies have been carried out to
identify the parameters of the PV cell. A hybrid algorithm
incorporating the trust-region reflective algorithm and
the artificial bee colony algorithm was introduced to
estimate the PV model (Wu et al, 2018). The authors
used the slime mould optimization algorithm to estimate
the PV cell parameters, where three diode model were
considered (Kumar et al,, 2020). An improved version of
the whale optimization algorithm using the refraction-
learning strategy was presented for parameter
estimation of the PV model, where only the single-diode
PV model was considered (Long et al.,, 2020). The authors
used the transient search algorithm to solve the PV
parameter problem. Here, only the
parameters of the triple-diode model were determined

heuristic search

estimation

under changing temperatures and solar irradiance (Qais
et al, 2020). An improved version of the Harris Hawks
optimization algorithm was introduced to extract the
model parameters of PV, where four diode model and
two different commercial PV cells (Naeijian et al,, 2021).
An improved equilibrium optimizer was proposed to
determine the unknown parameters of the PV models. In
this study, the simulations were carried out under
constant conditions, and under partial shading and
changing weather conditions (Wang et al, 2021). An
improved JAYA algorithm based on chaotic learning
methods was proposed for parameter identification of PV
cells (Premkumar et al,, 2021). The authors proposed a
heterogeneous evolution

differential algorithm to

identify the parameters of PV cells, where six different PV
modules were considered (Wang et al, 2022). An
improved moth flame optimization algorithm based on
opposition-based learning method was proposed to
estimate the parameters of the PV cell. The parameters of
the three commercial PV cell were extracted using the
reported algorithm (Sharma et al,, 2022). To extract the
PV cell/module parameters, an improved version of the
teaching-learning-based artificial bee colony algorithm
using fitness-distance balance method was proposed
(Duman et al, 2022). A hybrid seagull optimization
algorithm was presented to identify the parameters of PV
models for the SD, DD, and PV module models (Long et
al, 2022). An enhanced gradient-based optimization
algorithm by using the orthogonal learning mechanism
was proposed to estimate the PV model parameters.
Here, the experiments were carried out using the four PV
models and two commercial PV modules (Yu et al., 2022).
To specify the parameters of the two types of PV cell, the
atomic orbital search algorithm was used (Ali et al,
2023). The authors presented a comprehensive analysis
on the PV parameter estimation using eight MHS
algorithms for three types of PV models (Navarro et al,,
2023). In another study, an improved version of Harris
Hawks optimization algorithm was introduced for
determining the unknown parameters of the three diode
model. In the study, the parameters of the most
commonly used commercial PV cell and PV module were
estimated using the proposed algorithm (Garip, 2023).
To estimate the parameters of the three types of PV
models, the chimp optimization algorithm was used
(Yang et al, 2023). The authors used the northern
goshawk optimization algorithm for identifying the PV
model parameters, where only the three diode model
was considered (El-Dabah et al, 2023). An improved
moth flame algorithm including the local escape
operators was proposed to estimate the PV model
parameters (Qaraad et al.,, 2023). The ranking teaching-
learning-based optimization to solve the PV parameter
estimation problem. In the study, three types of
commercial PV modules were used to show the efficiency
of the proposed algorithm (Yu et al,, 2023). The authors
used a squirrel search algorithm for the estimation of PV
parameters. Here, the simulation study was performed
under two case study, where R.T.C. France silicon solar
cell and polycrystalline CS6P-220P solar module (Maden
et al,, 2023). The artificial hummingbird algorithm was
used to estimate the electrical parameters of the single-
and double-diode PV cell (El-Sehiemy et al, 2023). A
hybrid optimization algorithm including white shark
optimizer and artificial rabbit optimization was proposed
to extract two PV cells and six PV modules (Cetinbas et al.
2023). The authors proposed an enhanced version of the
artificial gorilla troops optimizer to estimate the
parameters of two PV module (Shaheen et al. 2023). The
artificial humming bird algorithm for solving the
parameter estimation of the PV models was presented,
where two different PV module were carried out
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(Ayyarao and Kishore, 2024). A multi-strategy gaining-
sharing knowledge-based algorithm was introduced to
identify the unknown parameters of the PV modules

(Xiong et al. 2024). The author used the weighted leader

search algorithm for estimating the parameters of the PV

cells and modules (Cetinbas, 2024). An enhanced prairie
dog optimization algorithm was proposed to determine
the parameters of the PV model (Izci et al., 2024).

In this study, an enhanced crayfish optimization

algorithm (ECOA) based on opposition-based learning

(OBL) strategies was proposed to solve the PV parameter

estimation problem and benchmark problems. Three

OBL strategies were applied to improve the exploration

ability of the COA. Using these OBL strategies, six

variations of the COA using these OBL strategies were
created. To validate the ECOA’s performance, a complete
simulation study was conducted using the benchmark
problems and PV parameter estimation problems. In the
first simulation study, all variations and the base COA
were implemented for solving the CEC2020 (Yue et al,

2019) benchmark problems for five different

dimensional search spaces (10/20/30/50/100). The

performance of them was compared using the statistical
analysis methods, and the best COA variation was
selected. In the second experimental study, the ECOA and
the base COA were applied to solve the PV parameter
estimation problem. Here, only single-diode PV cell
model was used. Three case studies using the PV module,
including Photowatt-PWP201, STP6-120/36, and STM6-
40/36, were considered. Their results were compared
with the reported results in the literature.

The contributions of this paper to the literature are as
follows:

e An improved crayfish optimization algorithm based
on opposition-based learning strategies was
proposed to the literature as a strong MHS
algorithm.

e A comprehensive experimental study was
performed to validate the performance of the
proposed ECOA for solving both benchmark
problems and PV parameter estimation problems.

e The proposed ECOA presented the best optimal
solutions in the literature for solving the PV
parameter estimation problem.

e The
determine the effect of the unknown parameters on
the objective function.

This study includes four sections after the introduction,

and these are summarized accordingly. Section 2

sensitivity analysis was carried out to

includes two sub-sections. In the first sub-section, the
mathematical model of the PV cell or module and the
formulation of the PV parameter extraction problem are
presented. In the second sub-section, the proposed ECOA
is explained. Section 3 analyzes and presents the
simulation results of the benchmark problems and PV
models of the three PV modules. Section 4 presents the
conclusions.

2. Materials and Methods

This section consists of two sub-sections. In the first sub-
section, the mathematical model of the PV module and
the formulation of the objective function considered in
the PV parameter estimation problem are described. In
the second sub-section, the proposed ECOA is presented.
2.1. Mathematical Model of the PV cell and Problem
Formulation

The behavior of photovoltaic (PV) cells and modules has
been modeled by many mathematical formulas and the
most popular of which is the diode model. This is due to
the fact that PV cells, which are made up of
semiconductor components, have an I-V curve that is
exponential and resembles a diode. There are multiple
parameters in every diode-based model that need to be
calculated with accuracy, and the precise estimation of
these parameters is essential (Wang et al.,, 2022).

The single-diode (SD) model is a generally used
mathematical expression of a photovoltaic (PV) cell that
simplifies its complex physical behavior into an
equivalent electrical circuit s in Figure 1 (Wang et al,
2022). This model consists of a current source (Ip) for
the photocurrent produced by sunlight, a diode for the p-
n junction, a series resistance (Rs) for resistive losses
within the cell, and a shunt resistance (Rsx) for leakage
Accordingly, the output current (IL) is
mathematically expressed as in Equation (1) (Isen and
Duman, 2024).

currents.

(P Tzz [f[] Ry

O

Figure 1. The equivalent circuit model of the single-
diode.

Ryl +V, (R +V)a
Io=lpy =l —lg =1, ——5—L | exp[is" L -1 1
L pv sh d pv Rsh ol|: T-k-a [ )

Here, Vi, Ish, I, and lo1 represent the terminal voltage, the
current passing through R, the current passing through
the diode, and the reverse saturation current of the
diode, respectively. a, q, T, and k denote the ideality
factor of the diode, the electron charge (1.60217646e-1°
C), the temperature in Kelvin, and the Boltzmann
constant (1.3806503e-23 J /K), respectively.

The models that are most frequently used in PV have
been described above. These equations are converted
into corresponding optimization problems so that an
optimization algorithm can determine the parameter
values with accuracy. By employing the ideal parameter
values, the objective function seeks to minimize the
difference between the measured and experimental data.
The error function for the SD model is expressed as in
Equation (2), where x is the decision variables (Wang et
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al, 2022).

f(\/L’|L’X):|pv_M_|01 exp M —1]-1,,
Rep T-k-a )

x:{a, RsyRshvlp\/' Iol}

The objective function used in this study is the total root
mean square error (RMSE), which serves to quantify the
difference between the observed and simulated results.
The mathematical expression of the objective function
considered in this study is evaluated by Equation (3),
where m is the experimental I-V data and fos; represents
the objective function (Wang et al., 2022).

L 1
Minimize fobj(x)z\/—Zf(VL,IL,x)2 3)
m =
j=1
2.2. Method
2.2.1. Overview of the Crayfish Optimization

Algorithm

The Crayfish Optimization Algorithm (COA) proposed in
the literature draws inspiration from the foraging,
summer vacationing, and competitive behaviors of the
crayfish. It includes two stages focused on exploitation
(foraging and competition) and one stage dedicated to
exploration (a summer resort). The equilibrium between
these stages is managed by a temperature variable (Jia et
al, 2023).

The initial population for the COA involves randomly
creating a set of candidate solutions (x) in the search
space, where x;; is the position of the ith individual in the
jth dimension and is created using Equation (4). Also, LB
and UB denote the lower and upper bounds of the search
space, respectively (Jia et al., 2023).

x,; =rand -(UB; - LB; )+ LB, )
Temperature changes influence crayfish behavior,
prompting them to enter various stages. When the
temperature (temp) value is greater than 30°, the COA
moves into either the competition or the summer resort
stage. In the summer resort stage, the crayfish aim to get
closer to the cave, representing the optimal solution. This
movement towards the cave strengths the exploitation
ability of the COA. During this stage, new solutions are
updated based on the positions of individual crayfish (x:)
and the cave (Xshade), Where Xsnade is the average of the x¢
and x;. Here, x¢ and x. represent the best solution
obtained so far and the best position of the current
population, respectively. The competition among crayfish
for caves occurs randomly. If rand < 0.5, it indicates no
other crayfish are vying for the caves, allowing a crayfish
to directly enter the cave for its summer vacation. At this
point, the crayfish will move into the cave for the
summer resort stage according to Equation (5), where c
is a decreasing curve (Jia et al., 2023).

t t-1 t-1
X, j :rand'cz'(xshade_xi,j )+Xi,j (5)

When rand = 0.5 and the temp is higher than 30° it

indicates that other crayfish are also interested in the
cave, leading to competition for it. The crayfish competes
for the cave using Equation (6) (Jia etal., 2023).

1

Xt = Xshade + Xi

t-1
i,] shade Xz, j

(6)
When the temp is equal to or less than 30°, the crayfish
will move towards the food source. Upon finding the
food, they assess its size. The crayfish adjust their feeding
behavior based on the size of the food, which is
determined by the current solution (fitnessfoq) and the
fitness value of it (fitness;). They generate new solutions
when food is suitable, considering their position, a food
intake constant (p), and the food’s position (xo0d). If the
food is too large, the crayfish will use their claws to tear
it apart and eat it using their second and third walking
legs alternately. The crayfish control the food intake,
influenced by temperature and following a positive
distribution. expression of the
alternating feeding of the crayfish is defined as follows in
Equation 7 (Jia et al,, 2023):

The mathematical

X j = p-(cos(2- 7 rand) —sin(2-w-rand)) X oo - +x | (7)

When the food size is deemed suitable for direct
consumption by the crayfish, they move directly to the
food location and start eating. The formula for this direct
feeding behavior is as follows in Equation 8 (Jia et al,,
2023):

X =x 7 rand - p+ pe (X} = Xge0q) ®8)
During the foraging stage, crayfish employ varying
feeding techniques depending on the size of their food,
with food location xe¢ Ssymbolizing the optimal solution.
Progressing through this stage, the COA moves closer to
the optimal solution, improving its exploitation capacity
and demonstrating strong convergence capabilities.
2.2.2. Overview of the Opposition-Based Learning
Strategies

Opposition-based learning (OBL) strategies in MHS
algorithms aim to improve the search process by
considering both the present candidate solutions and
their opposites. This dual consideration increases the
exploration ability, helps avoid local optima, and
accelerates the convergence of optimal solutions. The
algorithm can be made more effective and efficient by
analyzing opposing solutions, which will produce higher-
quality solutions and preserve population diversity.
Ultimately, OBL enhances the overall performance of
meta-heuristic algorithms by facilitating a more thorough
and balanced search for optimal results (Mahdavi et al.,
2018).

In the literature, different OBL strategies have been
presented for improving the performance of the MHS
algorithms. In this paper, three OBL strategies have been
considered and are explained below:

(i) Strategy-1: It is the classical OBL strategy proposed in
the literature and can be mathematically described in
Equation (9) (Tizhoosh, 2005). Here x; is a point in D-
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dimensional search space and E is the opposite of x;.
0 _ ‘L

(ii) Strategy-2: It is the quasi-opposition based learning
(QOBL) strategy introduced (Rahnamayan et al,, 2007). It

is described as in Equation (10), where x]q is the quasi-

opposite point of x; and M; is the mean value of the ub;
and [b;. r is a random number between 0 and 1.

B Mjﬂ.(ﬁ_Mj), if X, <M
XI={_ - ,j=12,..,D (10)
le?+r.(|\/|j—x‘j’), otherwise

(iii) Strategy-3: It is the quasi-reflection opposition based
learning (QROBL) strategy proposed in the literature. It

can be modeled as in Equation (11), where

x]" is the quasi-reflected point of x; and r is a random

number between 0 and 1 (Ergezer et al.,, 2009).

— X+ X =M ), if X; <M;
IR i ‘7 j=12..D (1)
Mj+r~(Mj - xj), otherwise

2.2.3. Proposed Enhanced Crayfish Optimization
Algorithm

Similar to the other MHS algorithms, COA might
experience sluggish convergence and become stuck in a
local optimum. For this reason, three OBL strategies
explained in section 2.2.2 were used in the COA. These
strategies were implemented in two stages in the COA.
Firstly, they were applied in population initialization to
increase the variety and quality of the initial population.
Secondly, it was applied in the population update phase
to improve the convergence performance of the
algorithm.

Inputs: N, maxFEs, D
Output: Best solution

2. Select OBL strategy.

Case-2, and Equation (11) for Case-3.

22. Select OBL strategy.

25. end while

1. Generate the initial population randomly using Equation (4).

/I Apply the OBL strategies for Case-1, Case-2, and Case-3 //

3. Create the oppositional population using Equation (9) for Case-1, Equation (10) for

4 Compute the fitness value of the population and obtain x; and x;.

5 while FEs < maxFEs

6. Calculate the temp value.

7 if temp > 30°

8 Determine the Xshade

9 if rand < 0.5

10. The crayfish performs the summer resort stage using Equation (5).
11. else

12. The crayfish competes for the cave using Equation (6).

13. end if

14. else

15. The food size (Q) and food intake are determined.

16. ifQ>2

17. The crayfish rends the food and foraging according to Equation (7).
18. else

19. The crayfish foraging according to Equation (8).

20. end if

21. end if

/I Apply the OBL strategies for Case-4, Case-5, and Case-6 //

23. Create the oppositional population using Equation (9) for Case-4, Equation (10).
for Case-5, and Equation (11) for Case-6.

24. Compute the fitness value of the population and obtain x¢ and x;.

Figure 2. Algorithm-1: The pseudocode of the ECOA algorithm.
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The pseudocode of the ECOA is presented in Algorithm-1
in Figure 2. According to Algorithm-1, the population
initializes in line 1. Then, the OBL strategy is selected in
line 2. In line 3, the oppositional population is created
based on the selected OBL strategy. Accordingly, for
Case-1, the oppositional population is created using the
Strategy-1, where Equation (9) is used. On the other
hand, for Case-2, the oppositional population of the initial
population is created using the Strategy-2, where
Equation (10) is used. For Case-3, the Strategy-3 is
considered and Equation (11) is used to obtain the
oppositional population. The oppositional population is
created according to the Case-1, Case-2, or Case-3 based
on the selected strategy in line 3. The fitness values of the
population are computed, and x¢ and x. are determined
in line 4. In lines 5 to 25, the search process life cycle of
the algorithm is carried out. The temp value is calculated
in line 6. If temp value is higher than 30° the summer
resort stage or competition stage is applied according to
the rand value; otherwise, the foraging stage is
performed in lines 14 to 21. In line 22, the OBL strategy is
selected, and the oppositional population is generated
according to Case-4, Case-5 or Case-6 based on the
selected strategy in line 22. For Case-4, Case-5, and Case-
6, Strategy-1, Strategy-2, and Strategy-3 are considered,
respectively. Lastly, the fitness values of the population
are calculated, and x¢ and x. are obtained in line 24. This
process continues until the stopping criterion is met.

3. Results and Discussion

In this study, to prove the performance of the ECOA, a
comprehensive experimental study was performed. This
section consists of two sub-sections. In the first sub-
section, the six variations of and base COA were
implemented to solve the CEC2020 benchmark problems
in 10/20/30/50/100 dimensional search space. Using
the Friedman test and convergence analysis, the best COA
variation was determined. In the second sub-section, the
best COA variation, called ECOA, was implemented on the
PV parameter estimation problem.

3.1. Determining the Best COA Variation on Solving
Benchmark Problems

In this section, the performance of the base COA and six
variations of it were applied to solve the CEC2020
benchmark suite. The CEC2020 benchmark suite includes
10 benchmark problems (Yue et al, 2019). In order to
ensure a fair comparison between the algorithms, the
maximum number
(maxFEs) was set as the stopping criteria for the

of fitness function evaluations
algorithms, which was taken as 10000*D. Moreover, each
algorithm was run 51 times for each problem. The
parameter settings of the algorithm are taken as given in
its original paper, and the parameters for COA variations
are the same as the base COA algorithm.

In order to evaluate the results of all algorithms, the
Friedman test and Wilcoxon pairwise test were carried
out. The Friedman test results are presented in Table 1.
In Table 1, the algorithm with the best Friedman score

for each experiment is in bold. Besides, in the last column
of Table 1, the mean Friedman score value obtained from
the experiments carried out in five different dimensions
for each algorithm is presented. Moreover, the mean
Friedman score values obtained by each algorithm in five
different experiments are given in the last column of
Table 1. Accordingly, Case-3 achieved the best Friedman
score value among all algorithms in all experiments.
Other variations were not able to exhibit as stable search
performance as Case-3 against the base COA. Case-6
ranked second according to the mean score value,
achieved better score values than the base COA in the 10,
30, 50, and 100 dimensions, but fell behind the COA in
the 20 dimensions. On the other hand, Case-4 ranked
third according to the mean score value obtained better
score values than the base COA in 3 of 5 experiments.

In addition to the Friedman test, the Wilcoxon test was
performed to assess the performance of the variations
pairwise with the base algorithm. The results of the
Wilcoxon pairwise results of the COA and its variations
are presented in Table 2. To explain how to interpret the
data in the table, for example, the expression “Case-1 vs.
COA” indicates that a pairwise comparison is made
between Case-1 and the COA. The “+”sign indicates that
Case-1 is superior to the COA, the “-” sign indicates that
the COA is superior to Case-1, and the “=” sign indicates
that the two algorithms are equal. When the results given
in Table 2 were examined, it was clearly seen that Case-3
was superior to COA in all experiments.

The convergence analysis as well as the statistical
analysis are performed to evaluate the
performance of the algorithms. The CEC2020 benchmark
suite includes four problem types: unimodal, multimodal,
hybrid, and composition. To evaluate the performance of

methods

the algorithms in these four different problem types, F1
(unimodal), F3 (multimodal), F6 (hybrid), and F10
(composition) were selected. The convergence curves of
the six COA variations and the base COA in 20-
dimensional search space are presented in Figure 3.
According to the convergence graph given in Figure 3 (a),
it was seen that Case-3 achieved an error value below
500 for the F1 problem compared to other algorithms.
For problems F3 and F6, Case-3 achieved significantly
smaller error values than its competitors. Lastly, for the
F10 problem, Case-3 achieved better results than its
competitors by a slight margin. To sum up, when the
convergence curves for all problem types given in Figure
3 were examined, it was seen that Case-3 obtained the
lowest error values among all algorithms.

The convergence graphs alone are not sufficient to
evaluate the search performance of an algorithm because
they are drawn based on the run in which each algorithm
achieved the lowest objective function value among 51
runs. Therefore, the box-plot graphs were drawn based
on the results of 51 runs of the algorithms given in Figure
4. For this, four different problem types, F1 (unimodal),
F2 (multimodal), F5 (hybrid), and F9 (composition) were
selected. According to box-plots of all problems given in
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Figure 4, Case-3 obtained the lowest min, max, and
median values among all algorithms. These results
showed that Case-3 had a more stable search
performance than its competitors.

To sum up, when overall analysis results based on the

Friedman test, Wilcoxon test, and convergence analysis
were evaluated, Case-3 outperformed its competitors in
the simulation study where CEC2020 benchmark
problems were solved in five different dimensions. In the
remainder of the study, Case-3 was referred to as ECOA.

Table 1. Friedman score of the COA and its variations

Method D=10 D=20 D =30 D=50 D=100 Mean Score
Case-3 3.4588 3.7176 3.5784 3.4098 3.4314 3.5192
Case-6 4.0569 4.1725 3.9039 3.9706 3.8922 3.9992
Case-4 3.9510 41039 41157 4.1588 3.8941 4.0447
COA 4.0667 3.9706 4.0843 4.2039 4.0627 4.0776
Case-2 4.2745 3.9471 3.8961 41745 4.2333 41051
Case-1 4.0608 3.9608 4.2294 4.1451 4.2039 4.1200
Case-5 41314 4.1275 4.1922 3.9373 4.2824 4.1341
Table 2. Wilcoxon pairwise results of the COA and its variations
vs.COA(+ /=/-) D=10 D=20 D=30 D=50 D=100
Case-1 5/4/1 5/5/0 4/2/4 5/4/1 5/3/2
Case-2 3/3/4 6/4/0 6/2/2 4/4/2 4/3/3
Case-3 8/2/0 7/3/0 7/2/1 7/2/1 6/3/1
Case-4 7/3/0 4/5/1 5/3/2 5/3/2 5/3/2
Case-5 3/4/3 4/5/1 4/3/3 6/2/2 4/2/4
Case-6 6/4/0 3/4/3 5/4/1 6/2/2 6/2/2
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Figure 3. Convergence curves of the COA algorithm and six variations for 20 dimension.
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Table 3. Parameter range for STP6-120/36, Photowatt-PWP201, and STM6-40/36 PV modules

Parameter Photowatt-PWP201 STP6-120/36 STM6-40/36

Ib ub Ib ub Ib ub
a 1 50 1 50 1 60
Rs (Q) 0 2 0 0.4 0 0.4
R (Q) 0 2000 0 1500 0 1000
Iov (A) 0 2 0 8 0 2
Lot (HA) 0 50 0 50 1 50

3.2. Implementation of the ECOA Algorithm for the PV
Parameter Estimation Problem

In this sub-section, the performance of the proposed
ECOA is tested in detail for the PV parameter estimation
problem. Here, three test cases are considered using
three different PV modules including STP6-120/36,
Photowatt-PWP201, and STM6-40/36. They have 36
series connected solar cells and operate at 1000 W/m?2
and the temperatures of 45° 55° and 51°, respectively.
While the current (I) / voltage (V) data of the Photowatt-
PWP201 can be extracted from (Wu et al,, 2018), the I/V
data of STP6-120/36 and STM6-40/36 can be obtained
from (Premkumar et al.,, 2021). Moreover, the lower and
upper bounds of the PV parameters are set to be the
same as in the literature and are given in Table 3.

3.2.1. Results of the Photowatt-PWP201 module

The Photowatt-PWP201 module has five unknown

parameters for the single-diode model. To estimate these
parameters, the proposed ECOA and the base COA were
applied. The optimal parameters obtained from them are
listed in Table 4. Accordingly, the ECOA and COA
obtained the 0.00238035 and 0.00382927 objective
function values, respectively, where the result of the
ECOA was 37.8378% lower than the COA. In Table 5, the
mean, minimum (min), standard deviation (std), and
maximum (max) of the ECOA, COA, and the optimization
algorithms reported in the literature are tabulated. From
Table 5, the ECOA achieved the best min, mean, and max
values among the rivals. Besides, the objective function
value of the ECOA was lower by 1.8441%, 15.3275%,
1.8441%, 1.8410%, 1.8451%, and 1.8439% than the
ABCTRR (Wu et al,, 2018), SMA (Kumar et al,, 2020), HDE
(Wang et al., 2022), WHHO (Naeijian et al.,, 2021), RTLBO
(Yu et al, 2023), and TLABC (Chen et al, 2018),
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respectively. Figure 5 (a) presents the convergence
graphs of the proposed ECOA and COA. Accordingly, the
ECOA converged faster than the COA. Figure 6 (a)
presents the box-plot graphs for the ECOA and COA
algorithms, where it was clearly seen that the ECOA

Table 4. Optimal parameters obtained from ECOA and COA for Photowatt-PWP201 module

algorithm had a more stable performance than COA. In
Figure 7, the I-V and P-V curves of the experimental and
calculated data by ECOA are given. These curves clearly
show that the proposed algorithm obtained the module
parameters with high accuracy.

Method a Rs () Rsn () Ipv (A) Io1 (HA) RMSE
ECOA 48.55280659 1.21074419 996.27014927 1.03047082 3.39999999 0.00238035
COA 50.13811413 1.14691709 777.56118051 1.03591932 5.06086952 0.00382927
0.25 Photowatt-PWP201 model ’s STP6-120/36 model
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Figure 5. Convergence graphs of the ECOA and COA for (a) Photowatt-PWP201, (b) STP6-120/36, (c) STM6-40/36.

Table 5. Comparison of the results of ECOA with the results of the literature studies for Photowatt-PWP201 module

Method Min Mean Max Std

ECOA 0.00238035 0.00238637 0.00239472 4.13E-06
COA 0.00382927 0.00842824 0.01223100 1.79E-03
ABCTRR 0.00242508 0.00242508 0.00242508 9.68E-17
SMA 0.00281125 0.00335278 0.10799200 1.08E-02
HDE 0.00242507 0.00242507 0.00242507 3.15E-17
WHHO 0.00242500 0.00242500 0.00242500 N/A

RTLBO 0.00242510 0.00242510 0.00242510 1.80E-17
TLABC 0.00242507 0.00242647 0.00244584 4.00E-06

BS] Eng Sci / Bur¢in 0ZKAYA

779



Black Sea Journal of Engineering and Science

%1072 Photowatt-PWP201 model

2.395
2.39
2 81 2385
3 2.38
6l
al

(3]

STP6-120/36 model

0.07
0.0163 !
0.06
0.0162 -/
= 0.05
- 0.0161 l;l
~0.04
ECOA
0.03
0.02 / =
ECOA COA
(b)

STMG6-40/36 model

ECOA COA
(a)
-3
3.8 x 10
-3
1.7263 —
[ =
‘j_: 1.7262 B
225
ECOA
2t /
ECOA

(c)
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Figure 7. (a) I-V, (b) P-V curves of the experimental and calculated data by ECOA for Photowatt-PWP201.

3.2.2. Results of the STP6-120/36 Module

In order to estimate the parameters of the STP6-120/36
module, the proposed ECOA and base COA were
implemented. The optimal parameters obtained from
both ECOA and COA are presented in Table 6. From Table
6, the ECOA and COA achieved the 0.01607573 and
0.01625257 objective function values, respectively. In
Table 7, the mean, min, std, and max of the ECOA, COA,
and the optimization algorithms reported in the
literature are listed. From Table 7, the minimum
objective value obtained by the ECOA was lower by
1.0880%, 3.1618%, 3.1641%, 3.1618%, and 3.1618%

than the HDE (Wang et al, 2022), RTLBO (Yu et al,
2023), IMFOL (Qaraad et al., 2023), DPDE (Wang et al,,
2022), and RLDE (Wang et al., 2022), respectively. Figure
5 (b) shows the convergence curves of the ECOA and COA
algorithms. It is seen that the convergence performance
of the proposed algorithm was better than its rival.
According to Figure 6 (b), the ECOA obtained the lowest
minimum, mean, and median objective function values
than the COA algorithm. Figure 8 presents the [-V and P-V
curves of the experimental and calculated data by ECOA.
It shows that the proposed algorithm found the
parameters of the STP6-120/36 module most accurately.
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Table 6. Optimal parameters obtained from ECOA and COA for STP6-120/36 module

Method a Rs (Q) Rsn () Ipv (A) Loz (MA) RMSE
ECOA 44.19052491 0.18426534 1401.42330369 746334747 1.50240004 0.01607573
COA 44.67749123 0.17788827 1020.92793143 746882458 1.80016445 0.01625257
Table 7. Comparison of the results of ECOA with the results of the literature studies for STP6-120/36 module
Method Min Mean Max Std
ECOA 0.01607573 0.01613596 0.01631576 5.34E-05
COA 0.01625257 0.02315716 0.07545616 1.01E-02
HDE 0.01660060 0.01660060 0.01660060 1.86E-16
RTLBO 0.01660100 0.01660100 0.01660100 1.10E-11
DPDE 0.01660060 0.01660060 0.01660060 7.67E-17
RLDE 0.01660060 0.01660060 0.01660060 1.98E-16
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_ 80
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Figure 8. (a) I-V, (b) P-V curves of the experimental and calculated data by ECOA for STP6-120/36.
Table 8. Optimal parameters obtained from ECOA and COA for STM6-40/36 module
Method a Rs (Q) Rsh (Q) Ipv (A) o1 (HA) RMSE
ECOA 56.53886354 0.00000010 603.02089356 1.66323522 2.91000000 0.00172618
COA 55.71193861 0.06329994 578.11228241 1.66374528 2.31970890 0.00174028
Table 9. Comparison of the results of ECOA with the results of the literature studies for STM6-40/36 module
Method Min Mean Max Std
ECOA 0.00172618 0.00172623 0.00172629 2.85E-08
COA 0.00174028 0.00204472 0.00342965 3.71E-04
HDE 0.00172981 0.00172981 0.00172981 7.89E-18
RTLBO 0.00172980 0.00172980 0.00172980 3.40E-15
IMFOL 0.00188700 0.00303350 0.00467490 8.55E-04
DPDE 0.00172981 0.00172981 0.00172981 1.10E-17
RLDE 0.00172981 0.00172981 0.00172981 1.58E-17

3.2.3. Results of the STM6-40/36 Module

The STM6-40/36 module has five unknown parameters,
and the proposed ECOA and base COA were implemented
to determine them. The optimal parameters obtained
from both ECOA and COA are presented in Table 8.
According to Table 8, the ECOA and COA obtained the
0.00172618 and 0.00174028 objective function values,
respectively. In Table 9, the mean, min, std, and max of
the ECOA, COA, and the optimization algorithms reported
in the literature are given. When evaluating the values

given in Table 9, the minimum objective value achieved
by the ECOA, was lower by 0.8106%, 0.2102%, 0.2094%,
8.5226%, 0.2102%, and 0.2102% than the COA, HDE
(Wang et al, 2022), RTLBO (Yu et al, 2023), IMFOL
(Qaraad et al, 2023), DPDE (Wang et al, 2022), and
RLDE (Wang et al, 2022), respectively. Figure 5 (c)
presents the convergence curves of the ECOA and COA
algorithms, where the convergence performance of the
ECOA was better than the COA. According to Figure 6 (c),
the ECOA showed superior performance than the COA
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algorithm, where it achieved the lowest minimum, and
mean, and median objective function values than the
COA. The I-V and P-V curves of the experimental and
calculated data by ECOA are presented in Figure 9. It is
seen that the ECOA estimated the unknown parameters
of the STM6-40/36 module most accurately.

3.2.4 Sensitivity Analysis

In this study, the aim of the PV parameter estimation
problem is to identify the five unknown parameters (a,
Rs, Rsn, Iy, and Iloz) of the STP6-120/36, Photowatt-
PWP201, and STM6-40/36 modules. In this section, the
sensitivity analysis is performed to identify the most
important parameters influencing the PV module’s
performance. Therefore, the sensitivity analysis was
carried out to identify the effect of five unknown
parameters (a, Rs, Rs, Ipv, and 1) on the objective
function. Within the range of -10%, -5%, +5%, and +10%
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of the base case values, the objective function values
obtained by varying the determined parameters were
recorded. The results of sensitivity analysis using the
ECOA algorithm for the Photowatt-PWP201, STP6-
120/36, and STM6-40/36 modules are presented in
Table 10. Here, the objective function values were
calculated in line with the change rates of all parameters
given one by one. According to Table 10, it is seen that
the change in the a parameter seriously affects the
objective function value. While the second parameter
that most seriously affects the objective function value is
Ipv, the third parameter is the I,; affecting the objective
function significantly. On the other hand, the parameter
that has the least impact on the objective function value
is Rsn. Thus, the parameters affecting the performance of
PV modules were determined.
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Figure 9. (a) I-V, (b) P-V curves of the experimental and calculated data by ECOA for STM6-40/36.

Table 10. The results of sensitivity analysis using ECOA algorithm for Photowatt-PWP201, STP6-120/36, and STM6-

40/36 modules
Type a Rs () Rsn (Q) Ipv (A) Io1 (HA)
§ p -10% 1.76417217 0.01424594 0.00283344 0.10312068 0.05788966
% & § Base 0.00238035 0.00238035 0.00238035 0.00238035 0.00238035
= A +10% 1.76417217 0.01424594 0.00283344 0.10312068 0.05788966
o2 -10% 6.19388096 0.10764357 0.01608878 0.74638378 0.15803240
£ P Base 0.01607573 0.01607573 0.01607573 0.01607573 0.01607573
ZI +10% 6.19388096 0.10764357 0.01608878 0.74638378 0.15803240
& © -10% 0.39742699 0.00172618 0.00301994 0.16633338 0.01497132
E g Base 0.00172618 0.00172618 0.00172618 0.00172618 0.00172618
L +10% 0.39742699 0.00172618 0.00301994 0.16633338 0.01497132

4. Conclusion

In this paper an enhanced version of the crayfish
optimization algorithm including OBL strategies was
proposed to determine the parameters of the three PV
modules. In this study, three OBL strategies were
considered and were applied in different phases of the
COA. Accordingly, six COA variations were created, and
their performances were compared on solving the
CEC2020 benchmark problems in five dimensional
search space against the base COA. To evaluate their

results, the statistical analysis methods and the
convergence analysis were performed. According to all
results obtained from the Friedman and Wilcoxon tests,
and the convergence analyzes, the best COA variation
was determined and it was called ECOA. On the other
hand, to prove the proposed ECOA algorithm on solving
the PV parameter estimation problem, the parameters of
three PV modules including STP6-120/36, Photowatt-
PWP201, and STM6-40/36 were determined using the
ECOA and base COA. According to the simulation results,
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the proposed ECOA achieved the 37.8378%, 1.0880%,
and 0.8106% lower fitness value than the base COA for
Photowatt-PWP201, STP6-120/36, and STM6-40/36,
respectively. Besides, the results of the ECOA were
compared with the results reported in the literature. It
shows that the proposed ECOA algorithm achieved more
accurate results in estimating model parameters for
three PV modules than the results presented in the
literature. On the other hand, the sensitivity analysis was
conducted to show the effect of the PV model parameters
on the objective function. According to the results of the
sensitivity analysis, while Iy and a parameters were the
most effective parameters on the objective function, the
change of Rs has very little effect on the objective
function. To sum up, the proposed ECOA is a viable
solution to the PV parameter estimation problem since it
extracts more accurate and stable parameters with
greater efficiency. In future studies, it is considered to
apply the ECOA for the estimation of double-diode and
triple-diode PV module parameters.

Author Contributions

The percentage of the author contributions is presented
below. The author reviewed and approved the final
version of the manuscript.

B.O.
C 100

100
S 100
DCP 100
DAI 100
L 100
w 100
CR 100
SR 100
PM 100
FA 100

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision, PM= project management, FA= funding
acquisition.

Conflict of Interest
The author declared that there is no conflict of interest.

Ethical Consideration

Ethics committee approval was not required for this
study because of there was no study on animals or
humans.

References

Ali F, Sarwar, A, Bakhsh, FI, Ahmad, S, Shah, AA, Ahmed, H.
2023. Parameter extraction of photovoltaic models using
atomic orbital search algorithm on a decent basis for novel
accurate RMSE calculation. Energy Convers Manag, 277:
116613.

Ayang A, Wamkeue R, Ouhrouche M, Djongyang N, Salomé NE,

Pombe JK, Ekemb G. 2019. Maximum likelihood parameters
estimation of single-diode model of photovoltaic generator.
Renew Energy, 130: 111-121.

Ayyarao TS, Kishore GI. 2024. Parameter estimation of solar PV
models with artificial humming bird optimization algorithm
using various objective functions. Soft Comput, 28(4): 3371-
3392.

Cardenas AA, Carrasco M, Mancilla-David F, Street A, Cardenas
R. 2016. Experimental parameter extraction in the single-
diode photovoltaic model via a reduced-space search. IEEE
Trans Ind Electron, 64(2): 1468-1476.

Cetinbas [, Tamyurek B, Demirtas M. 2023. Parameter
extraction of photovoltaic cells and modules by hybrid white
shark optimizer and artificial rabbits optimization. Energy
Convers Manag, 296: 117621.

Cetinbas I. 2024. Parameter Extraction of Single, Double, and
Triple-Diode Photovoltaic Models Using the Weighted Leader
Search Algorithm. Glob Chall, 8(5): 2300355.

Chen X, Xu B, Mei C, Ding Y, Li K. 2018. Teaching-learning-
based artificial bee colony for solar photovoltaic parameter
estimation. Appl Energy, 212: 1578-1588.

Chenche LEP, Mendoza OSH, Bandarra Filho EP. 2018.
Comparison of four methods for parameter estimation of
mono-and multi-junction photovoltaic devices using
experimental data. Renew Sustain Energy Rev, 81: 2823-
2838.

Duman S, Kahraman H.T, Sonmez Y, Guvenc U, Kati M, Aras S.
2022. A powerful meta-heuristic search algorithm for solving
global optimization and real-world solar photovoltaic
parameter estimation problems. Eng Appl Artif Intell, 111:
104763.

El-Dabah MA, El-Sehiemy RA, Hasanien HM, Saad B. 2023.
Photovoltaic model parameters identification using Northern
Goshawk Optimization algorithm. Energy, 262: 125522.

El-Sehiemy R, Shaheen A, El-Fergany A, Ginidi A. 2023.
Electrical parameters extraction of PV modules using
artificial hummingbird optimizer. Sci Rep, 13(1): 9240.

Ergezer M, Simon D, Du D. 2009. Oppositional biogeography-
based optimization. In: IEEE International Conference on
Systems, Man and Cybernetics, October 11-14, San Antonio,
TX, US, pp: 1009-1014.

Garip Z. 2023.
photovoltaic model using fractional-order Harris Hawks
optimization algorithm. Optik, 272: 170391.

Isen E, Duman S. 2024. Improved stochastic fractal search
algorithm involving design operators for solving parameter
extraction problems in real-world engineering optimization
problems. Appl Energy, 365: 123297.

Izci D, Ekinci S, Hussien AG. 2024. Efficient parameter
extraction of photovoltaic models with a novel enhanced
prairie dog optimization algorithm. Sci Rep, 14(1): 7945.

Jia H, Rao H, Wen C, Mirjalili S. 2023. Crayfish optimization
algorithm. Artif Intell Rev, 56(2): 1919-1979.

Kumar C, Raj TD, Premkumar M, Raj TD. 2020. A new stochastic
slime mould optimization algorithm for the estimation of
solar photovoltaic cell parameters. Optik, 223: 165277.

Long W, Jiao ], Liang X, Xu M, Tang M, Cai S. 2022. Parameters
estimation of photovoltaic models using a novel hybrid

Parameters estimation of three-diode

seagull optimization algorithm. Energy, 249: 123760.

Long W, Wu T, Jiao ], Tang M, Xu M. 2020. Refraction-learning-
based whale optimization algorithm for high-dimensional
problems and parameter estimation of PV model. Eng Appl
Artif Intell, 89: 103457.

Maden D, Celik E, Houssein EH, Sharma G. 2023. Squirrel search
algorithm applied to effective estimation of solar PV model

BS] Eng Sci / Bur¢in 0ZKAYA

783



Black Sea Journal of Engineering and Science

parameters: a real-world practice. Neural Comput Appl,
35(18): 13529-13546.

Mahdavi S, Rahnamayan S, Deb K. 2018. Opposition based
learning: A literature review. Swarm Evol Comput, 39: 1-23.
Naeijian M, Rahimnejad A, Ebrahimi SM, Pourmousa N, Gadsden
SA. 2021. Parameter estimation of PV solar cells and modules
using Whippy Harris Hawks Optimization Algorithm. Energy

Rep, 7: 4047-4063.

Navarro MA, Oliva D, Ramos-Michel A, Haro EH. 2023. An
analysis on the performance of metaheuristic algorithms for
the estimation of parameters in solar cell models. Energy
Convers Manag, 276: 116523.

Ortiz-Conde A, Sanchez FJG, Muci ]J. 2006. New method to
extract the model parameters of solar cells from the explicit
analytic solutions of their illuminated I-V characteristics. Sol
Energy Mater Sol Cells, 90(3): 352-361.

Premkumar M, Jangir P, Sowmya R, Elavarasan RM, Kumar BS.
2021. Enhanced chaotic JAYA algorithm for parameter
estimation of photovoltaic cell/modules. ISA Trans, 116: 139-
166.

Qais MH, Hasanien HM, Alghuwainem S. 2020. Transient search
optimization for electrical parameters estimation of
photovoltaic module based on datasheet values. Energy
Convers Manag, 214: 112904.

Qaraad M, Amjad S, Hussein NK, Badawy M, Mirjalili S,
Elhosseini MA. 2023. Photovoltaic parameter estimation
using improved moth flame algorithms with local escape
operators. Comput Electr Eng, 106: 108603.

Rahnamayan S, Tizhoosh HR, Salama MM. 2007. Quasi-
oppositional differential evolution. In: IEEE Congress on
Evolutionary Computation, September 25-28, Singapore, pp:
2229-2236.

Shaheen AM, Ginidi AR, El-Sehiemy RA, El-Fergany A, Elsayed
AM. 2023. Optimal parameters extraction of photovoltaic
triple diode model using an enhanced artificial gorilla troops
optimizer. Energy, 283: 129034.

Sharma A, Sharma A, Averbukh M, Rajput S, Jately V, Choudhury
S, Azzopardi B. 2022. Improved moth flame optimization
algorithm based on opposition-based learning and Lévy flight
distribution for parameter estimation of solar module.
Energy Rep, 8: 6576-6592.

Tizhoosh HR. 2005. Opposition-based learning: a new scheme

for machine intelligence. In: International Conference on
Computational Intelligence for Modelling, Control and
Automation and International Conference on Intelligent
Agents, Web Technologies and Internet Commerce,
November 28-30, Vienna, Austria, pp: 695-701.

Wang D, Sun X, Kang H, Shen Y, Chen Q. 2022. Heterogeneous
differential evolution algorithm for parameter estimation of
solar photovoltaic models. Energy Rep, 8: 4724-4746.

Wang ], Yang B, Li D, Zeng C, Chen Y, Guo Z, Yu T. 2021.
Photovoltaic cell parameter estimation based on improved
equilibrium optimizer algorithm. Energy Convers Manag,
236: 114051.

Wu L, Chen Z, Long C, Cheng S, Lin P, Chen Y, Chen H. 2018.
Parameter extraction of photovoltaic models from measured
IV characteristics curves using a hybrid trust-region
reflective algorithm. Appl Energy, 232: 36-53.

Xiong G, Gu Z, Mohamed AW, Bouchekara HR, Suganthan PN.
2024. Accurate parameters extraction of photovoltaic models
with  multi-strategy  gaining-sharing knowledge-based
algorithm. Inf Sci, 670, 120627.

Yang B, Wang ], Zhang X, Yu T, Yao W, Shu H, Sun L. 2020.
Comprehensive overview of meta-heuristic algorithm
applications on PV cell parameter identification. Energy
Convers Manag, 208:112595.

Yang C, Su C, Hu H, Habibi M, Safarpour H, Khadimallah MA.
2023. Performance optimization of photovoltaic and solar
cells via a hybrid and efficient chimp algorithm. Sol Energy,
253:343-359.

Yu S, Heidari AA, Liang G, Chen C, Chen H, Shao Q. 2022. Solar
photovoltaic model parameter estimation based on
orthogonally-adapted gradient-based optimization. Optik,
252:168513.

Yu X, Hu Z, Wang X, Luo W. 2023. Ranking teaching-learning-
based optimization algorithm to estimate the parameters of
solar models. Eng Appl Artif Intell, 123: 106225.

Yue CT, Price KV, Suganthan PN, Liang J], Ali MZ, Qu BY, Biswas
PP. 2019. Problem definitions and evaluation criteria for the
CEC 2020 special session and competition on single objective
bound constrained numerical optimization. Comput. Intell.
Lab., Zhengzhou Univ,, Technical Report, 201911, Henan,
China, pp: 65.

BS] Eng Sci / Bur¢in 0ZKAYA

784



Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1391997

Open Access Journal
e-ISSN: 2619 - 8991

Review

Volume 7 - Issue 4: 785-796 / July 2024

BARKHAUSEN NOISE AS A MAGNETIC NONDESTRUCTIVE
TESTING TECHNIQUE

Omer ADANUR?, Oguz KOCARZ?, Ahmet Serdar GULDIBIi3*, Engin KOCAMAN#, Erhan BAYSALS

ISakarya University of Applied Sciences, Faculty of Engineering, Department of Manufacturing Engineering, 54100, Sakarya, Tiirkiye
2Zonguldak Biilent Ecevit University, Faculty of Engineering, Department of Mechanical Engineering, 67980, Zonguldak, Ttirkiye
3Karabiik University, Faculty of Technology, Department of Manufacturing Engineering, 78000, Karabiik, Ttirkiye

“Zonguldak Biilent Ecevit University, Faculty of Engineering, Department of Aeorospace Engineering, 67980, Zonguldak, Tiirkiye
sZonguldak Biilent Ecevit University, Alapli Vocational School, 67980, Zonguldak, Tiirkiye

Abstract: Magnetic Barkhausen Noise (MBN) is a magnetic-based non-destructive electromagnetic testing method. Due to the
electromagnetic working principle of MBN, it can be used for ferromagnetic materials, which consist of small magnetic fields
discredited by domain walls and oriented in various directions. In an external magnetic field application, the fields turn to the magnetic
direction, and the domain walls move and cause magnetic flux jumps. The jumps are named Barkhausen Noise (BN). The domain wall
movements are sometimes pushed down by microstructure, composition, and defects. As the magnetic domain walls break away from
the pinning sites produce MBN signal. MBN can be used for different material properties such as microstructure, composition, residual
stress, and hardness. The paper's purpose is to analyze MBN as an improved NDT, clarify the relationship between material properties
and MBN profile, and introduce MBN's applications and test equipment of MBN.

Keywords: Magnetic barkhausen noise, Material properties, MBN applications, MBN experimental setup, MBN signal, Non-Destructive

testing

*Corresponding author: Karabiik University, Faculty of Technology, Department of Manufacturing Engineering, 78000, Karabiik, Tiirkiye

E mail: serdarguldibi@karabuk.edu.tr (A.S. GULDIBI)

Omer ADANUR https://orcid.org/0000-0001-5591-9661
0guz KOCAR https://orcid.org/0000-0002-1928-4301
Ahmet Serdar GULDIBI https://orcid.org/0000-0001-7021-060X
Engin KOCAMAN https://orcid.org/0000-0001-5617-3064

Erhan BAYSAL https://orcid.org/0000-0002-2767-8722

Received: December 01, 2023
Accepted: May 15, 2024
Published: July 15, 2024

Cite as: Adanur 0, Kogar 0, Giildibi AS, Kocaman E, Baysal E. 2024. Barkhausen noise as a magnetic nondestructive testing technique. BS] Eng Sci, 7(4):

785-796.

1. Introduction

Materials and manufactured/products often need to be
tested before distribution to ensure they meet
expectations and ensure quality during a specified period
of service (Blitz, 2012). The industry has two kinds of test
methods: destructive test methods (DT) and non-
destructive test methods (NDT).

In destructive testing, tests usually
deformation or failure of samples/material (called test
samples or pieces) to determine mechanical properties,
such as strength, toughness, and hardness. DT can be
used to predict the performance of products during their
service life. However, for the predictions to be reliable,
the test conditions must be very similar to the
environment in which the product operates. However,
there are certain limitations in the test conditions and,
therefore, cannot be applied to the products in service
(McMaster, 1959). In NDT, these tests are performed
without any damage to the product. Thus, the product

can continue to be used. Hence, it is called "non-

contain the

destructive testing". NDTs can be used for semi-products,
materials, assemblies, or constructions. NDTs are often
required to verify the quality and estimate a product’s or

system's strength and serviceability. There are many
NDT methods. Each of these is based on various physical
features. NDT methods can be listed as visual, penetrant,
pressure and leak, acoustic, thermal, radiography,
magnetic, electrostatic, and
electromagnetic induction (Ping et al.,, 2010). One of the

electrical and

non-destructive methods is MBN measurement, which is
advisable for materials and is an
electromagnetic testing method (Cullity and Graham,
2011) used mainly in the aviation and automotive

industry. The method of BN has been quite common due

ferromagnetic

to its compliance with automation, being fast, and
enabling characterization with the measurement of
parameters (Yelbay, 2008). In 1907, the domain theory of
ferromagnetism was first introduced by the French
physicist Pierre-Ernest Weiss (Fischer, 2013). In 1919,
Barkhausen found "noise" in an earphone during a piece
of iron-induced voltage in a pick-up coil. He found the
sound of magnetization changes during induction and
"Magnetic Noise." This
experiment is the first evidence of the presence of
magnetic domains in a ferromagnetic material (Clapham
et al, 2000). A ferromagnetic material is comprised of

was called Barkhausen
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magnetic domains (magnetic areas in microscopic
dimensions). Magnetic domains are separated from each
other by domain walls. Magnetization in domain limits is
dispersed in a homogenized way, and there are 1012-
1018 dipoles oriented in the same direction in magnetic
domains (Yelbay, 2008). Though the domains are
oriented the same within themselves, they are oriented
randomly according to other domains. Thus, the average
effect of magnetism is set to zero, and metal does not
have any specific magnetic characteristics (Cullity and
Graham, 2011). When an external magnetic field is
applied to the material, domain walls start to move.
When the magnitude of the applied magnetic field
reaches a sufficient level, domains create a single field,
moving the domain walls away (Figure 1), and dipoles
are oriented in the same direction. Thus, the metal will
have a powerful magnetism ( Lo et al,, 2000; Durin and
Zapperi, 2004).

some field strong field

Figure 1. Movement of domain walls.

Even if the magnetic field changes correctly during the
movements of the domain walls, jumps occur over the
hysteresis curve. These abrupt jumps cause rapid
changes in the magnetization of the material. Due to
these changes, a signal like a noise called MBN arises.
This signal gives information on many characteristics of
the material, such as its particle size (Yelbay, 2008),
residual stress (Cullity and Graham, 2011), or phase
ratios.

This article introduces the necessary equipment for MBN
measurements giving explanations of basic concepts of
MBN. Moreover, its areas of usage and the relation of the
BN signal with the characteristics of the material are
clarified.

2. Magnetic Barkhausen Noise Methods

2.1. Basis of MBN

When ferromagnetic materials are exposed to an external
magnetic field, atoms comprising the material line up
with their poles in the same direction. This causes the
material to demonstrate the characteristics of the
magnet. With these materials, the relation between
magnetic field strength "H" and magnetization "M" is not
linear. The following the first
magnetization curve during "M" (magnetization). This
curve has a high slope at first, but later, as the material

material forms

gets closer to the point of magnetic saturation, the slope
of the curve declines. After the material reaches
saturation, even if we raise the strength of the magnetic
field, the material cannot be magnetized anymore. After

this point, if the magnetic field's strength is reduced, the
time curve starts to follow a different path. When the
magnetic field strength is reduced to zero, magnetization
is still on the material called "retentivity” (remanence).
When the relation of H-M is observed on magnetic fields
that act in two opposite directions, the hysteresis curve
appears (Figure 2) (Graham and Chikazumi, 1997). If the
hysteresis loops of ferromagnetic material are analyzed
in high resolution, discontinuous magnetic flux bounces
are observed (Figure 3). The reason is that the domain
walls' movements are shaky and discontinuous (Paper et
al.,, 2000).

H

Ec E

Figure 2. Hysteresis loop (Graham and Chikazumi,
1997).

B
]

H

Figure 3. Magnetic flux jumps on hysteresis.

As a result of an applied magnetic field, domain walls
start to move. Domain walls run through defects in the
internal structure during their movements. The internal
structure of the metals is not perfect and consists of
defects. These defects can be dislocations, residual micro
stresses, and particle boundaries (Kemal and Giir, 2008).
These parts in the material's internal structure are called
"pinning sites." Domain walls squeeze between these
fields, and when the external magnetic field is powerful
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enough, they suddenly split away from their coupling
points in an irreversible way (Figure 4). Sudden bounces
that occurred during the split cause abrupt changes in
magnetic flux. With the determination of these changes, a
signal like a noise comes out called BN noise. It is the
effect of crystal structure defects just as the dislocations
on magnetization (Graham and Chikazumi, 1997; Spaldin,
2010; Manh et al. 2020).

1 H i fly
[]

Defect

Domain wall motion

Figure 4. Movement of domain walls.

The MBN experimental setup consists of a signal
generator, two amplifiers, a U-shaped core (ferrite yoke),
a coil to capture the magnetic flux change (MBN sensor),
and a data processing card/oscilloscope (Figure 5). The
signal generator is used for getting alternating magnetic
fields. Both sinusoidal (Ping et al, 2013; Ghanei et al,
2014) and triangular (Blaow et al., 2004; Hucailuk et al,,
2015) waveforms have been used in research. The
frequency interval applied to get the magnetic field
divides into two parts high frequency (>10 Hz) and low

frequency (<1 Hz). High frequencies cause low
measurement depths (Lo et al, 2000; Moorthy et al.,
2005; Wilson et al., 2009). Ferrite yoke and MBN sensors
are placed on the sample. Ferrite yoke is shaped U and
made with Fe-Si alloy to increase the effect of the
magnetic field. It can also be produced in different shapes
according to the surface on which the measurement is
done. The sinusoidal/ triangular wave produced by the
signal generator is oriented with the yoke to create the
magnetic field. The MBN sensor senses the magnetic flux
changes, filtered by boosting with the amplifier. The
signals are transferred to the computer using a data
processing card or oscilloscope. A typical BN signal
obtained by a magnetism circuit is seen in Figure 6. MBN
events during the current have small amplitude.
Therefore, a much smaller signal is generated on the
magnetic hysteresis. This makes it necessary to filter the
MBN signal. Filtering is done with a high-pass or band-
pass filter in signal processing electronics (Figure 7.a).
Typical band-pass filtering can be from 300 Hz to 300
kHz. Alternatively, a ferromagnetic core and a receiver
coil are placed vertically on the test specimen. During
magnetization, the magnetic
magnetically connected to the core (Figure 7.b). Thus, the
small magnetic core will not be affected by voltage

small core will be

induction. Magnetic core should be made of a material
which has much lower MBN activity than the main
sample (Zurek, 2017).
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Figure 5. MBN experimental setup.

Figure 6. BN signal.
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Figure 7. a) Using band-pass filter b) Using magnetic core.

2.2. MBN Signal

As obtained signals are produced as voltage impulses by
MBN sensor, they require statistical analysis. A signal
obtained with a magnetic circuit consists of two parts.
One represents the circuit's positive side, and the other
represents the negative side. The average of them is
nominally zero (Blaow et al, 2006). Thus, parameters
need to explain both the positive and the negative
amplitudes of sudden BN incidents (lordache et al,
2003).

To compare it with previous works,
generally use different methods of BN signal analysis.
The most common ones of them are the number of the
total peak, Total Sum of Amplitudes (TSA), and Root
Mean Square (RMS) (Figure 8).

researchers

Filtered Barkhausen noise

Applied magnetic field

Figure 8. Calculation of peak width.

Data of BN obtained during a magnetization circuit hide
in a sequence. The sequence's total amplitude of absolute
values is added together in 20 consecutive cycles. To
represent the BN events better (equation 1):

. =20
Sum of Amplitudes = ZIZI=1 (ka=1(|ak|))n (1)
RMS (equation 2) is the most used parameter of BN and
easy to calculate (Spaldin, 2010). where N = number of
elements in the input sequence and Xi is the MBN
amplitudes.

1 N
RMS = /ﬁ DN (2)

Another essential feature of MBN energy is derived using
the squared signal and one MBN envelope. The two
features are integrated into each other (Kim et al. 1992).
The envelope consists of measurements from half of one

b) Magnetic Core

magnetization loop. Then, BN energy is calculated from
all measurement signals (Gauthier et al, 1998). Peak
position (p) and height (h) are obtained by fitting a
second-order polynomial to the profile top. Figure 8
shows peak height (h) and peak weight (w). Peak width
(w) can be calculated using different peak heights (0.25,
0.5 and 0.75) (Sorsa and Leiviskd, 2009).

3. The Relationship between Material

Characterization and MBN

The microstructure of the material affects magnetic
characteristics of the materials. Many researchers have
analyzed the relationship between the BN profile and
microstructural properties of the material such as grain
size, residual stress, grain segregation (Ranjan et al,
1987; Moorthy et al,, 1997; Anglada-Rivera et al.,, 2001;
Yamaura et al, 2001; Kim and Kwon, 2003), phase
structure (Saquet et al, 1999; Moorthy et al, 2000;
D’Amato et al., 2003; Koo et al,, 2003; Kaplan et al., 2007;
Kleber et al,, 2008), or carbon content (Gatelier-Rothea et
al, 1998; Koo et al, 2003; Capo6-Sanchez et al, 2004;
Pérez-Benitez et al., 2005) in the internal structure.

The number of magnetic domains and domain walls
with the of grain size in
microstructure. The increase in the number of the
domain walls leads to more magnetic flux bounces but
smaller amplitudes (Anglada-Rivera et al., 2001; Sipabhi,
1994). Furthermore, it is determined that increasing
carbon content also makes the particle size smaller, so it
raises the activities of MBN (Cap6-Sanchez et al., 2004;
D’Amato et al,, 2003). It's established that there is a good
correlation between the MBN profile and the ferrite
amount ( Moorthy et al,, 2000; Kleber et al., 2008) of the
material together with the contents of martensite (Saquet
etal, 1999) and pearlite (Koo et al., 2003).

Because of the increase in the hardness of the material,
the movements of the domain walls get complicated, and
so it causes a decrease in MBN activity (Sipahi, 1994;
Cullity and Graham, 2011). With the increasing hardness,
the value of Magnetic Barkhausen Noise RMS and peak
altitude are determined to decrease.

increases decrease

MBN is too sensitive for the stress situations on the
material (Stefanita et al, 2000b). Truong it can use the
assessments of stress situations. It has been found that
BN activity increases during tensile stress, while it
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decreases during compressive stress (Jagadish et al,
1990; Lindgren and Lepistd, 2002; Santa-aho et al,
2009). The changes in the stress situation can be found
by using the characteristics of the BN profile like its RMS
peak altitude, BN energy, and peak
position/amplitude (Gatelier-Rothea et al, 1998;
Gauthier et al, 1998; Lindgren and Lepistd, 2002;
lordache et al,, 2003; Blaow et al,, 2007;). The measuring
device should be calibrated for each material while

value,

measuring stresses (Gauthier et al.,, 1998; Lindgren and
Lepisto, 2002; Blaow et al., 2007). This is because many
factors affect the BN in the internal structure of the
material. These make the estimation of residual stress
more difficult. It is also reported that measuring direction
affects the measurement and should be taken into
consideration with the application of MBN noise
measurement (Ruikun et al,, 2021).

4. Applications of MBN

4.1. Deformation state detection

Materials under stress deform and change shape or
fracture/failure may occur. The amount of deformation
that occurs because of stress varies according to the
material. The change in the shape of material is
experienced in two ways: elastic and plastic. Plastic
deformation comprises four phases: perfectly elastic,
micro-yielding, macro-yielding, and progressive plastic
deformation (Moorthy et al, 1999). The deformation
starts at stresses lower than the yield strength.

MBN is preferred for NDT determination of elastic and
plastic deformation of materials because it has a high
sensitivity to stress (Moorthy et al., 1999; Stefanita et al,,
2000a; Dhar et al,, 2001; Kleber and Vincent, 2004). MBN
can be used in different deformation stages ( Moorthy et
al,, 1999; lordache et al,, 2003). One of the advantages of
MBN compared with other methods is that different
stages
differentiated according to the obtained results (Moorthy
etal, 1999; lordache et al,, 2003). Accordingly, BN can be
used for situation assessment of parts and structures
within their service lives. According to the deformation
situation, the changes that took place in MBN are shown
in Table 1.

Piotrowski (Piotrowski et al, 2009) examined magnetic
hysteresis loops B(H), magnetic Barkhausen noise (MBN)
and magnetoacoustic emission (MAE) signals in Fe-2%Si
samples with up to 8% plastic deformation. They stated
that the hysteresis loops properties and the MBN signal
intensity changed rapidly from the first stages of plastic

of deformation can be determined and

deformation. They showed that the MBN signal is very
sensitive to the initial stage of deformation and can be
used to determine the onset of deformation. In addition,
there are studies examining changes in MBN signal below
yield point changes in MBN signal in plastic deformation
(Stefanita et al, 2000b) and changes caused by cold
rolling (Stefanita et al,, 2001).

Table 1. Deformation and Bn

Kind f
n . ° Feature of BN  Increase/Decrease
Deformation
) . MBN energy Increase ( Kleber and
Tensile Elastic .
Strain and peak Vincent, 2004;
height Ruikung et al,, 2021)
MBN
Compressive energy Decrease (Moorthy et
and peak
stress ) al,, 1999)
height
Decrease (Kleber and
Initiation  of MBN V.mcent, . 2004;
. . . Piotrowski et al,
micro yielding  Amplitude

2009; Hucailuk et al.,
2015)

Increased ( Moorthy
et al,, 1999; Stefanita
et al, 2000a; Kleber
and Vincent, 2004)

Early stage of
plastic
deformation

MBN activity

Final stage of
Decrease (Moorthy et

lastic MBN activi
P , YL, 1999)
deformation

) Increased (Stefanita
Rolling . ..
. ; MBN activity et al, 2001; Schijve,
direction

2009)

4.2. Fatigue Monitoring

Fatigue essentially describes changes in a material which
the initiation and propagation of cracks when it is under
a cyclic load. The mechanism of fatigue has three steps.
Once: a small amount changes leading to crack initiation,
crack growth, and lastly: the fracture of the material
(Sagar et al.,, 2005; Schijve, 2009). The BN method is an
alternative method for fatigue monitoring (Vincent et al,,
2005). A typical nonlinear relationship is detected
between BN and the number of stress cycles (Btachnio et
al,, 2002) because fatigue at different stages affects BN
differently (Table 2). This situation has been confirmed
by the microstructure changes caused by dislocation
movements (Govindaraju et al, 1993; Lindgren and
Lepistd 2003; Sagar et al,, 2005).

4.3. Case Depth Evaluation

BN is susceptible to alteration in the surface condition of
ferromagnetic material. The frequency bandwidth of the
BN signal can be used to analyze the material condition at
different depths. Steel's frequency range is between 20-
160 kHz. Changes in the material at different depths are
evaluated according to the change in the high-frequency
components of the BN signal. Jiles and Suominen (Jiles
and Suominen, 1994) showed the relationship between
BN and the stress on the material surface. Accordingly,
the BN envelope signal gradually decreased with the
compressive stress. In the study, 5 different frequency
values were used to determine the depth of penetration
of the BN signal to the surface. In Table 3, the frequency
value and the corresponding depth of penetration are
given.
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Table 2. Fatigue and MBN

Increase
Kind of fatigue Feature of MBN /
Decrease
First stage MBN activity Increase
Second stage MBN activity Decrease
. . Further
Final stage MBN activity .
increase

Table 3. Penetration depth of MBN at different detection
frequency bandwidths

Bandwidths (kHz) Penetration Depth (mm)

120-160 95x10-3
100-120 107x10-3
80-100 119x10-3
50-80 140x10-3
20-50 190x10-4

4.4. Grinding Burn Detection

The grinding process is used for the surface finishing of a
component/product. But during this process, undesirable
conditions may occur on the part's surface. These
undesirable situations may be softening or burns,
residual stress, and micro-cracking. The reason for this is
the increased localized temperatures (Malkin and Guo,
2008). Some studies on BN have shown that grinding
burns on the surface can be detected by using the BN
method. The peak height (h) and width (w) are sensitive
to grinding burns (Gupta et al,, 1997; Wilson et al,, 2009).
Moorthy et. al detected grinding burns using low and
high-frequency values (Moorthy et al., 2005). As a result,
they obtained a single peak BN profile at high-frequency
measurements and a two peak BN profile at low
frequencies. They stated that the peak height of the high-
frequency profile accorded well with the residual stress
changes due to grinding damage. The second peak of the
low-frequency profile was indicated to echo the changes
in stresses and microstructure near the surface. It is also
known to be widely used by the US air force and navy
department, SAE, FAA and AST. On the other hand, it is
known that this method has been used successfully in the
evaluation of coating thicknesses on aircraft landing gear
(Jiles et al,, 1989).

4.5. Corrosion and surface treatments evaluation

In the modern world, the importance of steel, which is
used in many fields from the automotive industry to
many machine parts, from the ship industry to the
construction industry and steel constructions, increases
day by day. Steels are widely used because they are
relatively inexpensive, have high strength and hardness,
are suitable for manufacturing methods such as welding
and casting, and are relatively easy to process. Although
steels have specified properties, they have some
disadvantages. The important  of
disadvantages is corrosion. The weakening of the
material occurs with the narrowing of the cross-section

most these

of the steels as a result of the surface oxides formed

especially in the ship and machine parts, vehicles or steel
construction structures operating in marine atmospheres
(Antunes et al., 2014; Pastorek et al, 2021). Today,
material losses caused by steel structures and machine
parts damaged because of corrosion constitute an
important part of the country's economy. In addition to
the direct economic losses that occur as a result of
corrosion, the cost of damage increases significantly as a
result of indirect losses such as production stoppage,
energy losses, accidents, environmental effects and loss
of time (Secer and Uzun, 2017). On the other hand,
various measures are taken to reduce corrosion damage.
Despite these precautions, it is not possible to prevent
corrosion damage. The most effective method to
minimize the effects of corrosion is the early-stage
detection of corrosion. For this reason, it is important
that corrosion damage can be detected beforehand
(Agarwala et al., 2000; Liu et al, 2022; Zhang and Tian,
2016).

There are various industrially used methods such as
ultrasonic method (Zhang et al, 2021), ultrasonic
tomography (Martin et al. 2001), gamma rays (Peng and
Wang, 2015), magnetics flux leaking method (Christen et
al,, 2009) for the evaluation of corrosion to which a steel
machine part or construction is exposed. On the other
hand, another method that can be an alternative to these
methods is the BN method (Neslusan et al., 2019;
Pastorek et al,, 2021).

As a result of corrosion, a new oxide layer is deposited on
the surface of the material or material dissolutions such
as microcracks may occur (Tullmin and Roberge, 1995).
Corrosion causes various changes in the internal
structure and surface properties of the material (Manh et
al,, 2020). For example, in Figure 9, a cross-sectional view
of a steel piece exposed to oxidation for 24 hours at 625
°C in open atmosphere conditions and Figure 10, SEM
image of the metallic layer formed/deposited on the
surface of the corroded steel wire is given.
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Fe,0; (Hematite)

Fe;0, (Magnetite)

FeO (Wustite)

-—— Fe (Iron)

Figure 9. Cross-section of oxide layers formed on iron in air at 625 °C after 24 hours (Mrowec, 1967; Colwell and Babic,

2012).

Thick
metallic
layer

Figure 10. SEM image of steel wire (Li et al.,, 2017; Rao and Singh, 2019).

Steel materials are affected by acids and gases such as
HCl, HCL, SOz SOs3, NO, NO2, H2S04+ and NH3 in their
environment and suffer corrosion damage (Colwell and
Babic, 2012; Leygraf et al.,, 2016; So et al, 2020). Such
corrosive environments also change the structure of the
surface and near-surface areas. As it is known, the BN
technique is very sensitive to microstructural changes
such as mechanical stresses, chemical composition and
grain size, inclusions, precipitates, and dislocations
(Tuzun et al,, 2023). This situation causes changes in the
BN envelope with the section exposed to corrosion. For
this reason, the BN method is used as an alternative
method for the detection of corrosion damage. Various
studies on the MBN method have shown that corrosion

damage can be successfully evaluated. (Neslusan et al,
2019) investigated the detectability of corrosion damage
in steel wire rope using the BN Method. At the end of the
study, it was reported that using BN Methot, corrosion
can be detected, and the thickness of the steel rope wire
can be determined. Pastorek et al. (2021) used different
low alloy steel materials with yield strengths of 235, 700,
and 1100 MPa. The prepared samples were subjected to
various levels of corrosion using the STN EN ISO 9227
standard in the VSC KWT 1000 chamber. The
temperature was maintained at 35°C, with a pH range of
6.5 to 7.2, and a chamber pressure of 120 kPa. It was
observed that MBN activities decreased as the worn layer
thickness on the sample increased (as the base metal
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thickness decreased). Especially in the early stages of
corrosion (low number of days in the chamber), MBN
activities decrease steeply and then reach saturation.
This is because it inhibits MBN activities by increasing
the corroded layer thickness. (Jancula et al,, 2021) have
reached similar findings in their study on Steel S460MC
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to examine the relationship between MBN and corrosion.
Figure 11.a shows that as the corrosion time increases,
the corroded layer thickness increases, and the wall
thickness decreases. Figure 11.b shows the relationship
between corrosion exposure time and MBN activity.
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Figure 11. Relationship between MBN and corrosion (Jancula et al,, 2021), a) Wall and corroded layer thickness, b)

MBN and days in the chamber.

4.6. Surface treatments evaluation

All the wear, corrosion, etc. damage that the materials are
exposed to depending on the environment in service
conditions begin on the surfaces of the material facing
the atmosphere or the service environment. For this
reason, the use of a coating suitable for the surface
properties of a material is effective in reducing damages
such as wear and corrosion that may occur in the
material (Kocaman et al, 2020). On the other hand, no
coating method is sufficient to preserve a material
forever. For this reason, the service life of a coated
material affects the coating performance depending on
many parameters such as the thickness of the coating
applied to the material and the phases formed on the
surface. For this reason, both determining the
performance of a coated material and using the material
with the highest efficiency and time in the environment
to which the material is exposed under service conditions
depends on the examination of the uncoated material and
periodic maintenance. The use of non-destructive testing
method in periodical maintenance and inspection of
materials under service conditions is a fast and
economical method. In the literature, non-destructive
testing methods such as ultrasonic method (Honarvar
and Varvani-Farahani 2020), laser ultrasonic, infrared
thermography, X-ray radiography, eddy current (Alamin
et al, 2012; Kittinan et al.,, 2019) and acoustic emission
(Tian-Shun et al, 2019) can be used in the control of
coated samples and examining various properties such as
coating thickness. Among these methods, the relatively
newly developed BN method is an alternative to other
non-destructive testing methods in the evaluation of
coated materials (Jayakumar et al. 2012; Rao and
Jayakumar, 2012). Krkoska et al. (2020) used BN method

for the evaluation of parts exposed to different surface
treatments such as galvanization, phosphorization and
compaction. BN signals are associated with
metallographic and SEM observations as well as
microhardness measurements. Figure 12 shows the SEM
image of the crack under the wire coating to which the
BN signal responds. Neslusan et al. (2017) investigated
the thickness of the heat-affected zone, dislocation
density, microhardness profile, and carbide distribution
in 18NiCrMo14-6 material. These characteristics were
examined after surface hardening using the MBN method.
Santa-aho et al. (2012) performed the hardening process
on 34CrNiMo6 and 42CrMo4 steels. As a result, they used
the BN method to evaluate the hardening depth and
found that the results were consistent with the
destructive testing of the cross-section of the specimen
(Santa-aho et al, 2012). Stupakov et al changed the
surface carbon concentration by decarburizing EN
54SiCr6 steel material in their study (Stupakov et al,
2011). As a result of the study, they determined the
depth of decarburization in the material with MBN and
suggested that the method can be used in practical
applications with certain parameters (Figure 13 a-b).
Sorsa et al. (2019) used the BN method to measure the
nitriding thickness of 32CrMoV5 (GKP), BS S132 (S132),
709M40 (En19), and 722M24 (En40B) steels in which
they applied nitriding process. At the end of the study,
the researchers stated that the BN method could be used
efficiently in the evaluation of the nitride layer. (Cillikova
et al, 2020) evaluated the thermal damage of the
material after quenching of 100Cr6 steel using the MBN
Method and its effects on the hardness of the coating
process. Seemuang and Slatter (2017) coated high speed
tool steel with EBPA-PVD method using two different
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coating materials (TiN or CrN) and 3 different coating
thicknesses (~5, 10.9 and 14.4 micron). They used the
BN method to measure the coating depths on the high-
speed tool steel they covered. As a result of the study,
they reported that the BN method can be used

wire bulk matrix

SEM HV: 30.00 kV
View field: 209.3 ym
SEM MAG: 1.01 kx

WD: 25.00 mm
Det: SE Detector

successfully in the evaluation of coating thicknesses.
(Saquet et al, 1998) measured the depth of hardening
after nitriding on steel using the BN Method. Successful
results were obtained at the end of the study.
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Figure 12. Galvanized steel wire section view (Krkoska et al., 2020).
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Figure 13. a) After the decarburization process, metallographic picture of cross-section of the sample (Stupakov et al.,

2011) and b) Dependence of the rms value of BN voltage.

5. Results

In this paper, MBN, which is one of the non-destructive
testing methods, is discussed. Basic concepts of the MBN
method like domain, domain walls, dipole, and hysteresis
loop have been explained. Necessary equipment for the
measurements has been defined. With the literature
review, it is determined that the BN profile is sensitive to
the microstructure of the material, its grain size,
hardness, phase structure, stress, and residual stress. It is
seen that it can be used for many NDT experiments. MBN

method has a wide area of application, such as product
quality control and product improvement, strength
estimation, deformation/fatigue
situation, and examination of the surface situation. This
method stands out mainly due to the affordable

determination  of

equipment prices, its compliance with automation, and
applicability during the manufacture/service period.
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1. Introduction

As stated by World Bank (2023), today, 56% of the
world's population, or 4.4 billion people, live in cities, a
trend that's expected to double by 2050, with nearly 7 in
10 residing in urban areas. In their report Luzzi and
Vassiliev (2005) concludes that noise pollution is on the
rise, affecting over 60% of major city dwellers, impacting
around half of the global population. With a singular
sound being the source of a noise measured with decibel
(dB), it is designated as “Noise” when it reaches beyond
the limits of human threshold up to a level it could
identified as noise pollution or environmental problem in
respect to the effect of human health both physiological
and psychological aspects. Governments, national and
supranational organizations who strive to reduce noise,
tried to determine how noise is assessed, regulated, and
mitigated as an environmental policy issue Murphy et al.
(2020).Thus, Noise data collection and mapping
techniques plays a major role in order to effectively draft
and implement those policies.

Noise mapping smartphones has
significantly over the years, initially relying on the use of
geotagged microphones but calibrated to
internationally recognized standards such as Class 2 of

using evolved

normal

IEC standards to collect noise data. Early studies, such as
those by demonstrated the feasibility of utilizing
smartphones equipped with microphones to gather noise
data and create noise maps. And forward came the
research of accuracy standardization of standard
microphones for noise mapping such the study
conducted by Bostanci (2018) and Celestina et al. (2018)
the environmental scenarios like soundscape, and the
method of collecting highly stable reliable data that could
potentially affect the equipment while collecting noise
data as conducted by Murphy and King (2014a). These
pioneering works laid the foundation for subsequent
research exploring the potential of smartphones for noise
mapping purposes.

As technology advanced, so did the methodologies for
noise mapping using smartphones. Researchers began
integrating additional sensors and improving algorithms
to enhance the accuracy and reliability of noise
measurements. For instance, the study by Socoré et al.
(2015) introduced a method that combined smartphone
data with machine learning techniques to improve noise
mapping accuracy. Similarly, advancements in signal
processing algorithms, such as those described by Socoré
et al. (2015), have further refined the process of
extracting noise data from smartphone recordings.
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Today, the trend in noise mapping using smartphones
continues to evolve with the emergence of crowd-
sourced data collection platforms and the integration of
cutting-edge sensor technologies. Studies like the works
of Picaut et al,, (2019) and Lee et al. (2020) highlight the
potential of leveraging crowdsourcing and participatory
sensing to gather large-scale noise data sets for more
comprehensive mapping efforts. Furthermore, the
integration of advanced MEMS
microphones and accelerometers, as explored in the
research by Zamora et al. (2017) promises to further
enhance the capabilities of smartphones for noise
mapping applications. Overall, the trajectory of research
in this field underscores the ongoing efforts to harness
the ubiquity and sensing capabilities of smartphones for
effective noise mapping.

Different methodologies are used for the preparation of a
noise map: Noise levels can be determined by on-site
measurements at predetermined points Tsai et al. (2009)
Noise maps can be generated from the results obtained

sensors such as

with noise prediction models (Aletta and Kang, 2015;
Ventura et al, 2017; Zhou et al, 2017); Hybrid models
can also be used in a mixed system, i.e.,, to complement
and validate measurements obtained mainly through
prediction programs; (Cai et al,, 2015; Maisonneuve et al,,
2010). Recently, advances have been made in generating
noise maps using sound sensors of smartphones (Dubey
etal, 2020; Lee et al., 2020; Picautetal,, 2019).

While multiple recent studies have explored the potential
smartphones for mapping and
measurement. The NoiseSPY project, conducted by Kanjo
(2010), developed a mobile phone application that could
measure environmental noise levels and map noise
pollution in urban areas using crowdsourced data from
carrying with the
application. Over a two-week trial with eight participants
in Cambridge, UK, the Noise-SPY system collected 72,626
noise data entries from approximately 50,000 different
locations, demonstrating the feasibility of using

of using noise

citizens smartphones installed

crowdsourced mobile phone sensors for environmental

noise monitoring and mapping in urban areas.

This literature review focuses on traditional noise

mapping and smartphone-based data collection methods

and probable gaps existing smartphone applications to
improve further.

1.1. Literature Questions and Objectives

This literature review addresses several key research

questions and objectives:

* How have smartphones been utilized in noise
mapping, and what methodologies and technologies
are commonly employed for this purpose?

* What is the accuracy and reliability of noise data
collected through smartphones compared to
traditional noise measurement equipment?

*  What are the practical applications of smartphone-
based noise mapping in different domains, and what
case studies demonstrate their effectiveness?

*  What challenges and limitations are associated with

smartphone-based noise mapping, and what are the

potential solutions or areas for improvement?
*  What emerging trends and technologies are shaping

the future of noise mapping using smartphones?
In their study, Murphy and King (2016c) the current state
of smartphone-based noise mapping, including its
methodology and perspectives. They concluded that
smartphone-based noise mapping is a rapidly developing
field with the potential to revolutionize the way we
measure and manage noise pollution. Picaut et al. (2019)
investigated the use of smartphone-based participatory
sensing and crowdsourcing for environmental noise
monitoring. They concluded that these approaches are
emerging as cost-effective methods for environmental
noise supervision.
Andrachuk et al. (2019) discussed the innovation of
citizen science in open science, society, and environment.
They highlighted the role of smartphone technologies in
community-based environmental monitoring. They also
found that this approach has broadened the scope of
noise mapping, making it more participatory and data
rich.
Berglund et al. (2000) developed guidelines for
community noise. They summarized the studies on noise
mapping in countries like China, Brazil, and Ecuador,
finding that traffic noise prediction models such as RLS-
90 and NMPB were primarily utilized. The most common
mapping programs employed was Sound PLAN and
ArcGIS, with a standard grid size of 10 x 10 m.
Bocher et al. (2017) proposed collaborative noise
measurement via smartphones as a more accessible and
participatory way of assessing noise levels. They
recognized the health impacts of noise pollution and
emphasized the need for alternative methods to classical
noise assessment approaches.
Brambilla and Pedrielli (2020) reviewed the use of
smartphone-based noise and soundscape mapping in
urban planning. They discussed the growing traction of
the soundscape concept, which treats sound as a
resource rather than waste.

2. Review

Geographic Information Systems (GIS) are information
systems designed for collecting, storing, processing, and
presenting both graphical and non-graphical information
derived from location-based data, offering a
comprehensive view to users Yomralioglu (2000).
Various analyses can be made using noise data measured
by sound sensors in mobile phones and stored in GIS.
Thanks to these analyses, it is possible to make location-
based decisions, query noise data, and display this data
on maps Uygunol (2009). Noise mapping involves
determining the disturbance experienced by a population
in a region due to noise and modeling the environmental
noise exposure over a specific time period. Developed
countries such as Germany, France, the Netherlands, the
United Kingdom, and Sweden are among those where
significant studies on noise mapping have been
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conducted.
Aletta and Kang (2015), argued for a comprehensive
approach to managing urban sound environments, as
suggested by the European Environment Agency (EEA)
guidelines. Noise Mapping emphasizes the integration of
traditional noise mapping with soundscape methods in
urban redevelopment projects. It offers insight into the
spatial and temporal variations of noise in urban and
suburban areas, helping policymakers, urban planners,
and researchers make informed decisions. Noise maps
facilitate the identification of noise hotspots, the
assessment of noise exposure, de Kluijver and Stoter
(2003) and the development of effective noise abatement
strategies.
Noise maps are needed to investigate current noise level
distributions, examine noise level regulations and
identify noise sources (Tsai et al., 2009). According to de
Kluijver and Stoter (2003), the following steps are
followed in noise mapping:
e collecting raw data, preparing, storing and querying
this data;
e calculation of noise levels in computer models;
e cumulative noise levels (when there are different
sources);
¢ identification of noise contours;
e determination of noise impacts;
e presentation of the impact of noise.
Studies on noise maps have been carried out in European
countries for many years. For example, studies on this
subject have been carried out in Germany for more than
25 years. With the 2002/49/EC Declaration on
Assessment and Management of Environmental Noise,
the European Union made noise mapping studies
mandatory for some regions in cities with a population of
more than 100,000 for member states until 2008. (Tsai
ve ark. 2009; Bostanci, 2018).
Noise measurement devices are used to measure with
higher accuracy and precision under laboratory and field
conditions. According to the standards or regulations of
many countries, the instrument must meet at least Type |
(Figure 1) requirements for the measurement to have
official validity (Guidelines for Environmental Noise
Measurement and Assessment, 2010).
In addition, noise measurements are carried out using
types and
sensitivities, including cell phones (Bostanci, 2018). In
recent years, the proliferation of smartphones with built-
in microphones, GPS, and various sensors has sparked
interest in their potential as data collection devices for

measurement instruments of various

noise mapping. This development offers an opportunity
for cost-effective, widespread noise data collection,
enabling more extensive and detailed noise maps Cho et
al. (2007). Smartphones, carried by individuals as they
move through their daily routines, can capture data that
reflects the real experiences of residents and commuters
Maisonneuve et al. (2010).

Figure 1. Type 1 noise measurement device.

2.1. Noise Mapping using Smartphones.

Regarding the methodology for noise measurement and
mapping with smartphone applications, the NoiseSPY
project by Kanjo (2010) provides a practical example.
The NoiseSPY application, developed for Nokia Symbian
smartphones, used the phone's microphone as a noise
sensor and the GPS for location tracking. The application
measured sound levels in decibels (dB) use the phone's
microphone, applying A-weighting filtering to account for
human hearing perception. The sound level data was
combined with GPS coordinates and uploaded to a server
over GPRS/cellular network in real-time or at specified
intervals. The server processed the data, combining noise
measurements from multiple users, and provided
visualizations through a web interface, including noise
maps overlaid on geographic maps.

Kardous and Shaw (2016) conducted a study to evaluate
the accuracy of selected smartphone sound measurement
applications (apps) when using external calibrated
microphones. They tested four iOS apps (SoundMeter,
SPLnFFT, SPL Pro, and NoiSee) with two different
external microphones (Dayton Audio iMM-6 and MicW
i436).

Can et al. (2023) conducted a study to ascertain whether
noise measurement could be an effective way to assess
sound environments and people's
involvement in sound environment issues. The article

encourage

evaluates a collaborative approach between researchers
and local authorities in the city of Rezé (France) on the
use of the smartphone application NoiseCapture, which
enables a resident-based urban noise diagnosis and
participatory measurement of sound They
proposed a method that could be used as an alternative
to regulatory noise maps. The
smartphone apps to measure sound levels. Any user

levels.
researchers used

could measure sound levels through their smartphone
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and send the data to a server for evaluation. This
approach not only allowed data to be collected from
various locations but also involved residents in the data
collection process. The utilization of smartphones for
noise mapping has given rise to various methodologies.
2.1.1. Crowdsourced data collection

Harnessing the ubiquity of smartphones, crowdsourced
data collection involves citizens contributing noise data
through dedicated apps. This approach leverages large-
scale, real-time data collection. For example, as per the
studies of multiple researchers like Picaut et al. (2019),
and Dubey et al. (2020) it is now possible to collect and
map noise data using social media (Figure 2).

2.1.2. Dedicated noise mapping applications
Numerous apps specifically designed for noise mapping

enable users to record noise levels, often incorporating
GPS and timestamp data. These apps streamline the data
collection process.

2.1.3. Smartphone sensors

Certain research such as Zamora et al. (2017)employs
smartphone sensors such as microphones,
accelerometers, and GPS for noise measurement and
mapping. This method provides adaptability by making
the most of the device's innate features. Data collection
involves complex and multifaceted legal situations
between different governments or service providers.
Concerns are being raised about the establishment of the
legal framework governing how end users can participate
in passive data collection or provide informed consent.

M Anll
e

Construction noise

AN
S
S

& researchers

s (]

Management departments

i

Social media

Web crawler & text mining

Noise mapping & analyzing

Figure 2. Noise Crowd sourcing from social media using Smart phones (Zhou et al., 2017).

2.2. Smartphones as Data Collection Devices
Smartphones, with their global presence, offer unique
capabilities for data collection.

2.2.1. Built-in microphones

Smartphones are equipped with built-in microphones
that can capture ambient noise levels. This feature
facilitates convenient data collection without the need for
additional equipment.

2.2.2. GPS and sensors

The integration of GPS and various sensors, such as
accelerometers, provides valuable metadata, including
geolocation and timestamp information. This contextual
data enhances the precision of noise mapping.

2.2.3. Real-world data

Smartphones accompany individuals in their daily
activities, making them ideal for capturing real-world
noise experiences. This user-centric approach provides
data that reflects actual living conditions.

2.3. Applications and Use Cases

Smartphones' potential for noise mapping is evident in
various practical applications:

2.3.1. Urban planning

Noise mapping informs urban planners on land use,
zoning, and transportation infrastructure, helping design

cities that prioritize residents’ well-being as such study
conducted by Bangtao et al. (2019); Zhao et. Al, (2019).
2.3.2. Environmental studies

Murphy et al. (2020), in noise mapping assesses noise
pollution's impact on ecosystems, aiding in public health
and in ecological research is made to assess available
state-of-th-Art for conservation efforts and biodiversity
preservation.

2.3.3. Public health

Public health experts employ noise maps to assess noise
exposure and its impact on public health, helping shape
interventions aimed at protecting community well-being.
For instance, in 2011, noise maps created under the EU
Environmental Noise Directive (END), as per a study by
the World Health Organization (WHO), revealed that in
Europe, one out of every three people is bothered by
daytime noise, and one out of every five experiences
sleep disruption solely due to traffic noise Murphy and
King (2014Db).

2.4. Data Accuracy and Quality

The accuracy and reliability of noise data collected
through smartphones
throughout all the literatures reviewed so far:

Quality Factors: Various factors, including smartphone

are essential considerations
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specifications, parameters and mathematical models of
applications used to clean, categorize noise data,
environmental conditions, and data processing
techniques were the key influencers of data quality
through calibration procedures. These factors must be
carefully managed to ensure accurate results in mass
data collection. For example, Lee et al. (2020) developed
an app for both Android and iOS and ask 29 graduate
students to collect noise recordings and data in the
streets.

Whether measuring noise levels with smartphones is
sufficient has not yet been fully demonstrated, but it is an
interesting avenue that has been researched in recent
years due to its potential to contribute to this field. Figure
3 shows how smartphones can contribute to urban noise
monitoring and noise mapping measurement processes
in article of Padilla-Ortiz et.al. (2023).

Kardous and Shaw (2016) conducted a study to evaluate
the accuracy of selected smartphone sound measurement
applications (apps) when using external calibrated
microphones. They tested four iOS apps (SoundMeter,
SPLnFFT, SPL Pro, and NoiSee) with two different
external microphones (Dayton Audio iMM-6 and MicW
i436). The researchers generated pink noise from 65 to
95 dB SPL in a reverberant chamber and compared the
app measurements to a reference sound level
measurement system. Their study found no evidence of
differences between the four apps when using either
external microphone, or the measurements from the
apps did not differ significantly from the reference
system. The researchers concluded that using external
calibrated microphones significantly enhances the
accuracy and precision of smartphone-based noise
measurements compared to using the built-in
microphones.

Ventura et al. (2017) conducted a flow up study by using
the Ambiciti app to determine the quality of noise
measurements obtained from various Android phones.
To evaluate the accuracy of the smartphones, pink and

narrowband noises were used at levels ranging from
background noise to 90 dB(A) in the laboratory. This
data was used to improve the calibration model of the
cell phones. As a result, the standard deviation of the
noise measurements for 12 of the 15 phones calibrated in
the laboratory was below 1.2 decibels over a wide range
of noise levels [45 to 75 dB(A)]. This deviation is very
good for noise measurements using cell phones.

Comparison to Traditional Devices: Zamora et al. (2017)
assessed smartphone-derived against
measurements from traditional noise measurement

noise data

devices as a benchmark was crucial over the literatures
reviewed. Understanding the degree of accuracy and
potential discrepancies is fundamental to assessing the
reliability of smartphone-based data.

Alvares-Sanches et al. (2021) conducted a study aimed at
developing an improved approach for mapping urban
noise pollution from all sources and at fine spatial
resolution across entire cities. They argue that
conventional noise mapping methods based on traffic
flow data and propagation algorithms may not accurately
reflect true noise exposure levels because they fail to
consider noise from non-traffic sources and may leave
spatial gaps. Their method involved conducting mobile
surveys by walking 733 km of routes throughout the city
of Southampton, UK, while continuously recording audio
clips. Machine learning models were then built to predict
mean sound levels in 30m pixels across the city as a
function of urban form characteristics and modeled
traffic data. The results showed that the spatial patterns
of predicted noise levels differed across frequency bands,
highlighting the importance of considering the full
frequency spectrum relevant for health impacts. The
authors concluded that mobile surveys combined with
machine
comprehensively map noise exposure from all sources at
high spatial resolution, potentially providing a more
accurate representation of true exposures compared to
conventional strategic noise mapping approaches.

learning offer an alternative way to

Moise assessmeant
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Noise mapping “=———— Urban noise monitoring
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models noise measurements Aeaustic j e ]
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Figure 3. Schematic of smartphone use for noise assessment: Creating noise maps and monitoring urban noise (Padilla-

Ortiz et al,, 2023).
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2.5. Challenges and Limitations

Despite the promise of smartphone-based noise
mapping, several challenges and limitations must be
acknowledged:

Data Privacy: Issues regarding the privacy of individuals
who contribute data via smartphones need to be
addressed. Safeguarding privacy while collecting
valuable data is a delicate balance.

Battery Life: Continuous data collection can strain
smartphone battery life. Managing power consumption is
critical to ensure the feasibility of long-term noise
mapping.

Crowdsourced Data Representativeness: Assessing the
representativeness

Variability in user behaviors and device types can impact

of crowdsourced data is vital

data accuracy.

Gap of Data Processing and method of Noise
Measurement procedures:
reviewed had focused on standardizing smartphone
based noised measurement hardware and noise filtering

Most of the literatures

specifications in respect with environmental conditions
to be assessed.

2.6. Future Trends and Technologies

The field of smartphone-based noise mapping is poised
for innovation and growth, with several emerging trends
and technologies:

2.6.1. Advancements in smartphone sensors
Ongoing smartphone
technologies, including microphones and accelerometers,
will enhance data collection accuracy and expand the
scope of noise mapping applications.

2.6.2. Artificial intelligence (AI)

Al-powered algorithms can impower noise filtering
before filed as formal data and can support to analyze

improvements in sensor

vast datasets collected by smartphones, offering real-
time insights into noise levels, trends, and potential
interventions.

2.6.3. Community-sourced data collection
Smartphones make large-scale data collection possible.
By utilizing people using smartphones, researchers can
collect noise data from geographical locations and
comprehensive noise mapping can be performed.

2.6.4. Data analysis and visualization tools

Advanced data analysis and visualization tools will make
noise mapping more accessible and actionable for
researchers, urban planners, and policymakers.

3. Conclusion

In this general review, we have explored the evolving
landscape of noise mapping using smartphones,
uncovering its potential to address the pressing
challenges of noise pollution in urban environments. The
utilization of smartphones as data collection devices for
noise mapping offers a cost-effective and widespread
means of gathering data, leading to real-time insights and
enhanced practical applications in urban planning,
environmental studies, and public health.

While smartphone-based noise mapping holds promise,

it is not without challenges. Data accuracy, privacy
concerns, and device limitations necessitate careful
consideration. Nevertheless,
increasingly being addressed through technological
advancements and innovative methodologies.

these limitations are

Looking ahead, the future of smartphone-based noise
mapping is bright. Advancements in sensor technologies,
but with further need to apply artificial intelligence, and
improved data analysis tools will empower researchers,
urban planners, and policymakers to make more

informed decisions regarding noise pollution. With
ongoing developments, smartphone-based noise
mapping stands as a valuable tool in the pursuit of
quieter, healthier, and more sustainable urban
environments.
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Abstract: Long non-coding RNAs (IncRNAs) gradually play significant roles in many fundamental biological functions. These genetic
elements are considered major components of transcripts and critical components of cancer cells. Most genetic alterations in cancer
cells occur in comparatively long, non-protein-encoding areas typically translated into IncRNAs. LncRNAs have essential functions in
the pathophysiology of human diseases, particularly in the genesis, advancement, and metastasis of tumors, acting as either tumor
suppressor genes or oncogenes. As a correlation, understanding the function and dynamic activity of IncRNAs is thought of as de novo
and a promising biomarker for cancer therapeutics. The existence of differentially expressed IncRNAs with functional diversity in
diverse anaplastic changes makes them valid elements in monitoring cancer cells. The application of sophisticated genetic tools such as
next-gene sequencing on cancer transcriptomes has discovered multiple IncRNA functions in the context of anaplastic changes. Various
IncRNAs expressed in different phenotypic situations have been found using the following and third-generation sequencing methods;
however, many still need to be appropriately identified. This review summarizes and discusses previous studies on the role of IncRNAs
in cancer cells, and underscores the therapeutic strategies associated with cancer-related IncRNAs.
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1. Introduction

Cancer is the most life-devastating disease, with high
morbidity and mortality worldwide (Qian et al,, 2020).
Despite crucial advances in recent years, several matters,
such as deferred diagnosis and inadequate prognosis,
remained unknown (Bartonicek et al., 2016; Patra et al,,
2021). In clinical settings, proteins comprise most
cancer-related indicators and treatments, although only
2% of the human genome's overall content gets
translated into proteins. Due to the higher mutation rates
compared to coding areas, scientists and researchers
must concentrate more on non-coding regions
(Cuykendall et al., 2017). During the last decade, RNA-
based modalities against cancers have gradually been
modified from concept to reality (Zhao et al, 2016).
Among these treatments, non-coding ribonucleotide
sequences (ncRNAs) without translation, with the
suppression of mRNA transcription and direct physical
inhibition of proteins, exert their treatment effects on
(Wang and Chang, 2011). Long ncRNAs
(IncRNAs) lack the functionality of open reading frames
(ORFs) and the ability to code for proteins (Bartonicek et
al., 2016). The presence of >100,000 IncRNAs in the
human genome was evaluated with the sequencing data

tumors

ordinarily scattered in both the cytosol and nucleus
(Ponting et al.,, 2009). The dynamic role of IncRNAs in
cellular processes is complex and depends on the
interaction with biological molecules such as DNA, RNAs,
proteins, and other molecules. Even though IncRNAs are
not subjected to the translation process, they interface

with RNA-binding proteins, and can concurrently activate
transcription factors or suppress target genes' post-
transcriptional or post-translational level promoters
(Khalil et al, 2009; Ulitsky and Bartel, 2013). Also,
IncRNAs can regulate target genes both during
transcription and translation, and the majority of them
continue to exist in the nucleus even after transcription.
LncRNAs participate in the control expression of genes,
coding and non-coding RNAs' transcription and post-
transcriptional processes, histone modification and
epigenetics, and chromatin rearrangement. LncRNAs, like
protein-coding genes, are ordinarily polyadenylated
transcribed using the activity spliced and produced by
RNA polymerase II (Pol II). Furthermore, IncRNAs can
promote or curb the constitution of transcription loops,
resulting in the enlistment and/or inhibition of
regulators controlling gene transcription (Huarte, 2015;
Jarroux et al.,, 2017).

Additionally, IncRNAs have been shown to act as tumor
suppressors or oncogenes in human cancers, similar to
through various signaling
pathways and molecular machinery (Smolle et al,, 2017).
A growing body of studies advocates the role of IncRNA
in many aspects of biology, including the differentiation
of cells, organ development, genome-wide imprinting,
development, tumorigenesis, and quantitative
compensation. Additionally, IncRNAs control the splicing

protein-encoding genes

of mRNA and function as the beginnings of other
IncRNAs, like microRNAs (Jarroux et al, 2017). The
occurrence of mutations, amplifications, and deletions in
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diverse cancer types can modify the expression of mature
and precursor IncRNAs (Jiang et al, 2019). The various
expressions or malfunctions of IncRNAs are closely
related to cancer development, several pathologies, and
expansion. Prior information has indicated that IncRNA
profiling can allow us to distinguish certain genetic
signatures regarding diagnostics and therapeutic
outcomes in cancer patients. Upon finding the close
relationship between IncRNAs and anaplastic conditions,
certain IncRNA types can be introduced as putative
biomarkers or therapeutic targets with acceptable
accuracy for cancer diagnosis
(Jendrzejewski et al., 2012).

Several abnormalities can affect IncRNA expression
profiles in different tumor types and tissues. A significant
genomic fragment of ultra-conserved regions (UCRs)
encodes a particular group of IncRNAs whose expression
is changed with high probability in cancers. UCRs are in
fragile or cancer-susceptible sites and/or genomic
regions related to various anaplastic changes, also known
as cancer-associated genomic regions (CAGRs). Different
genomic profiling research has demonstrated the
particularity of UCRs in leukemias and other cancers
(Ponting et al., 2009).

Recent studies showed that many IncRNAs are present
hotspots in various tumor conditions; it is estimated that
nearly 102,000 IncRNAs can affect the dynamic growth of
several cancer cells, holding promise for cancer
treatment (Qian et al, 2020). Specifically, the role of
IncRNAs in normal conditions and various pathologies
emphasizes their critical role in cell bioactivity (Ghosal et
al, 2013). For instance, BC-819 plasmid, including
diphtheria toxin sequence and H19 promoter, has been
utilized in clinical trials to treat ovarian, bladder, and
pancreatic cancers (Smaldone and Davies, 2010). The
transcription of the toxin from diphtheria with the
activation of the H19 promoter occurs in the tumor sites.
Therefore, BC-819 can effectively destroy tumor cells,
diminish tumor expansion, and prolong the time to
recurrence with local toxicity (Gofrit et al,, 2014). The
inhibition of IncRNA, namely LINC01212, as an effective
anti-melanoma therapeutic strategy,

detection and

increased the

Genomic location of SNP W Intergenic M Intronic

apoptotic changes of melanoma cells. Furthermore,
although IncRNAs participate in cell
proliferation/growth, several aspects of IncRNAs in the
cancer niche are still unknown and require further
investigation. Perception of the molecular mechanisms
that patronage the pattern of IncRNAs in cancer
advancement or their potential applications in cancer
treatment seems critical.

2. Association between LncRNAS and

Cancers

Cancers are multifaceted and complex conditions with
several predisposing factors. types of
malignancies, it is mandatory to enhance management
tools and the number of available appraisements for
better regenerative outcomes (Bartonicek et al, 2016).
Irrespective of tumor niche, the function of IncRNAs is
exceptionally complex and unpredictable. It has been
shown that the bioactivity of IncRNAs is different inside
cells under physiological conditions. For instance, the
inhibition of gene expression, encoding polypeptides
involved in the adjustment of the transcriptional process,
and playing a role as suppressors of transcription factors
in the nucleus (Schmitz et al, 2016). LncRNAs can
regulate equilibrium, mRNA splicing, permanence of
protein, and translation of protein to control cell
bioactivities in  the  post-transcriptional step.
Interestingly, the involvement of IncRNAs in DNA
methylation, epigenetic changes, and adjustment of
particular genes can make IncRNAs powerful genetic
elements in tumorigenesis (Manolio et al, 2009).
Numerous single-nucleotide polymorphisms (SNPs) with
the potential to cause cancer hazards have been
confirmed in non-coding portions of the human genome,
according to genome-wide association studies (GWAS)
(Figure 1) (Hindorff et al,, 2009). Many SNPs in cancer
cells were in proximity to the regions that encode
IncRNAs and affect the expression of IncRNAs. More than
90% of SNPs are situated upstream in the exon of coding
genes for protein (Pearson and Manolio, 2008).

In most

UTR Coding

Prostate cancer
Ovarian cancer
Lung cancer

Colon cancer

Breast cancer

L)

20

O

40 60 80 100

L) A L)

Genomic distribution of associated of SNPs (%)

Figure 1. Genomics distributed single-nucleotide polymorphisms (SNPs) (%) in certain cancer types. Only few
percentages of SNPs are discovered in coding parts of the genome; the majority of cancer-associated SNPs are intergenic

or intronic non-coding areas (Cheetham et al., 2013).

BSJ Eng Sci / Ferzane VALIOGLU

805



Black Sea Journal of Engineering and Science

The possible role of SNPs (rs7463708 into 8q24.21 gene)
has been shown in the prostate cancer-sensitive IncRNA,
PCAT-1 (ENSG00000253438). Therefore, it is imperative
to investigate and register SNPs and introduce them as
potential candidates for pathological conditions
(Jendrzejewski et al, 2012). Additionally, the role of
IncRNAs in particular tumors can be traced by employing
GWAS and concentrating on the potential overlap of
cancer risk regions (Pearson and Manolio, 2008). SNPs
may be situated in a non-coding RNA sequence and, thus,
participate in several different mechanisms. Presently, it
is presumed that illness-related SNPs can occur in long
non-coding RNAs. Also, functional SNPs can potentially
be situated in open chromatin regions adjacent to
IncRNAs and protein-coding genes. Since numerous
IncRNAs are adjacent to non-coding SNPs, it provides a
strong investigating the
association between non-coding SNPs and IncRNAs
(Cheetham et al, 2013). Notably, approximately 80% of
SNPs linked to traits exist in non-coding introns or

rationale for functional

intergenic regions. Therefore, the development of more
for the exposure of RNA is
fundamental. For instance, a preceding GWAS analysis
identified an SNP (rs9442890) related to thyroid cancer
sensibility. The suppression of the thyroid-specific
lincRNA gene (PTCSC3) that indicates differentiated
thyroid cancer prompted the appearance of decreased
PTCSC3 in PTC cell lines and reduced tumor cell growth.
As a result, compared to healthy thyroid tissue, PTCSC3

specific techniques

expression in tumors was considerably reduced, and the
danger allele was associated with noticeably higher
PTCSC325 suppression (Pasmant et al.,, 2011). This study
indicates that many non-coding cancer-related danger
regions identified by GWAS are translated into IncRNAs
with critical control roles in cancer biology. LncRNAs are
related with enhanced sensitivity to cancer and are
engaged in tumor development and cell-cycle regulation.
Thus, the concentrated rescreening of cancer-related
areas for new, unique, and distinctive non-coding
transcripts that might be essential regulators of
carcinogenesis is therefore made possible by this method
(Jendrzejewski et al., 2012).

3. LncRNAS
Prognosis

in Cancer Diagnosis and

LncRNAs play essential roles in cancer pathogenesis, and
their dysfunction is closely related to progression and
cancer development (Schmitz et al,, 2016). The advancing
of cancer coincides with the accumulation of epigenetic
and genetic changes in the host cells. Many possible
mechanisms whereby IncRNAs can impact chromatin
structure,

modifications, other

chromatin-associated

transcription, or
functions  orchestrated by
epigenetic mechanisms have been evaluated. So, the
capability to function in recruiting protein factors to
regulate methylation and chromatin states the stability of
proteins and complexes is vital in IncRNA biology

(Campos and Reinberg, 2009). Regarding prognosis,
IncRNAs are associated with tumor cell invasion,
proliferation, metastasis, and patient survival. Although
IncRNAs cannot code for proteins, several IncRNAs can
be translated into neuropeptides. Indeed, several studies
have utilized these polypeptides to create antibodies for
detecting and treating cancer, for instance IncRNA-6585
and the antibodies in treating cervix cancer
(CN109337903A). Lately, clinical trial complexes have
advocated for the unique abilities of several IncRNAs.
Expression of IncRNAs has been linked to tumor rate,
metastases, stage, and overall survival (0S) in cancer,
suggesting that they may be used as a prognostic
indicator (Bartonicek et al., 2016).

Besides, some IncRNAs overlap with different cancers,
and approximately 60% of improperly expressed
IncRNAs are specific to cancer and may be isolated from
the blood without interfering with normal functions.
These characteristics make IncRNAs potential candidates
for cancer identification. For example, one report has
demonstrated that IncRNA UCA1 is sensitive to bladder
cancer. UCA1 has been identified as a biomarker for
bladder cancer, particularly in individuals with cursory
G2-G3 (Campos and Reinberg, 2009). Also, IncRNAs
cannot be only utilized as an autonomous biomarker but
can also be composite with other IncRNAs or proteins to
enhance the accuracy and sensitivity of detection. By
assessing the expression of different IncRNAs in
peripheral blood, tissue samples, or urine precipitates,
many pertinent IncRNAs have been classified as ancillary
or identified biomarkers in cancer detection and
prediction (Liu et al, 2019). As well, some studies have
reported that changes in circulating IncRNA levels
correlate with cancer development. For instance, Weber
et al., in their research with peripheral blood cells as a
IncRNA source, demonstrated that MALAT-1 levels could
reflect the presence of nonsmall cell lung cancer with a
specificity of 96%25. Additionally, LncRNA MALAT-1 was
also identified at considerably higher levels in the plasma
of patients with prostate cancer as compared to healthy
people, and these changes in circulating MALAT-1 levels
were connected with prostate cancer with rather high
specificity (84.8%) (Ren et al, 2012). Also, IncRNAs
enhance prognostic
independent or auxiliary biomarkers non-invasively

distinctive or precision for
extracted from tissues, biofluids, and tumor -cells.
Moreover, the fundamental mechanisms of IncRNAs as
therapeutic targets were considered in various cancers.
Because of the crucial functions of IncRNAs in cancer
biology, IncRNA-based therapies could be promising for
cancer patients (Mercer et al, 2009). Despite the
potential of IncRNAs as diagnostic and treatment targets,
there are several challenges to IncRNAs in the context of
cancer. One of the challenges associated with IncRNA in
cancer therapy is the lack of specificity in function and
the lack of understanding of the mechanisms underlying
IncRNA. Despite, many IncRNAs have been implicated in
cancer

development and progression, the precise
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molecular mechanisms through which they exert their
effects are often not well understood. Another challenge,
due to the instability and susceptibility of IncRNA to
degradation by nucleases in the bloodstream, is the
delivery of IncRNAs to target tissues or cells. So, to
address the challenges, there is a need for further
research to better understand molecular mechanisms
and the functions of IncRNAs in cancer.

4. Chromatin State and Methylation

A significant number of IncRNAs can interact with
chromatin-remodeling
certain genomic loci, while others have been implicated
in the architectural conformation and activity of
transcriptional enhancers (Mattick, 2001). Abnormal
expression of genes drives modifications in chromatin

complexes, driving them to

architecture that cause instability in genomics. LncRNAs
can arbitrate the chromatin-modifying apparatus to
cooperate  with
transcriptional silencing of numerous genes. These
IncRNAs are situated in the nucleus and interact with

chromatin and mediate the

CRCs to control the expression of genes located on a
similar chromosome in cis or another chromosome in
trans by fine-tuning chromatin architecture (Liu et al,,
2019). So, epigenetic remodeling is attained with the
interplay of a IncRNA through the polycomb repressive
complex (PRC1 and PRC2), which is essential for histone
methylation (Mattick, 2001; Mercer et al, 2008a).
Extensive GWAS of RNA-protein linkages demonstrated

PRC2 PCR1

that chromatin-modifying assemblies, such as PRC2,
connect via many IncRNAs (Khalil et al, 2009).
Additionally, proteins, including PRC1, PRC2, poly
compressor complexes, and components of the Trithorax
family members a significant function in the molecular
pathogenesis of cancer types that regulate chromatin
architecture (Kanhere et al, 2010). PRC2 offers a
potential explanation that many IncRNAs could influence
CRCs (Mercer et al., 2008b). A few IncRNAs identified in
several human tissues can bind to Trithorax CRCs and/or
activated chromatin, and at least 38% can integrate into
PRC2 (Dinger et al, 2008). Thus, it is assumed that
several IncRNAs (ANRIL, HOTAIR, XIST, and KCNQ10T1)
are engaged in the control of chromatin structure, and
the method for operation of IncRNAs via interaction with
CRCs may be more widespread (Kim and Sharpless,
2006). non-coding RNAin the INK4
locus (ANRIL) is one of the oncogenic long non-coding
RNAs, that is needed to enlist the PRC1 and PRC2
polycomb complexes to the INK4B loci and mute the

Antisense

tumor suppressor gene pl5INK4B, which is important
for senescence, cell-cycle suppression, and stress-related
apoptosis (Figure 2) (Kotake et al., 2011).

HOTAIR (HOX transcript antisense RNA) is a metastasis-
related gene situated in the mammals HOXC locus that is
a poor prognostic biomarker of many cancer types,
transcribed through the HOXC loci at 12q13.13 (Gupta et
al,, 2010).

—p Cell cycling

—p Cell cycle arrest

ANRIL I
ANRIL gene INK4 lokus
ANRIL gene

INK4 lokus

Figure 2. Schematic of antisense non-coding RNA in the INK4 locus's (ANRIL's) position and role in controlling the cell

cycle.

HOTAIR IncRNA suppresses gene expression at the HoxD
locus by interacting with PRC2 and deciding the location
of PRC2 (Rinn et al, 2007). The interaction of HOTAIR
with PRC1 and PRC2 promotes histone alterations at
specific sites and may be potential regulators of
epigenetic transcriptional suppression (Gupta et al,
2010). It was recently discovered that HOTAIR is a
scaffold component for at least two different histone-
distinct alteration assemblies. Thus, HOTAIR has been
associated with the inactivation of metastasis repressor
genes, reschedules the chromatin to encourage cancer

metastasis, and enhances CRC proliferation and
metastasis through the PCR2 combine. Also, HOTAIR
IncRNAs with direct transcription factors to specific sites
can direct MEG3 (maternally expressed gene 3) to
interact with PRC2 and make a complex with DNA
(Kotake et al., 2011). Currently, the relationship between
HOTAIR overexpression in breast cancer tissues and
patients' lower survival times has been established.
Hence, HOTAIR can be utilized as a biological agent for
the early identification of breast cancer and is nearly
connected with the metastasis of breast cancer. Besides,
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HOTAIR has been entangled in tumorigenesis in
pancreatic cancer. Also, HOTAIR has demonstrated high
efficacy in recognizing specimens from colorectal cancer
patients with a specificity of 92.5%. (Figure 3) (Gupta et
al, 2010).

Distinguished instances of histone-modifying complexes
communicating with IncRNAs are interactions of a non-
coding RNA with PRC2 derivation from X-chromosome
inactivation studies in mammals. This mechanism
epigenetically silences one of two X chromosomes in
female embryos of mammals to ensure that females have
the same number of genes linked to X as male embryos
(Hung et al,, 2011). The X-inactivating-specific transcript
(Xist) is a IncRNA that is known to play a crucial role in
the deactivation of X during female development and is a
regulator of repressive complexes on the X chromosome
inactivation (XCI) (Pontier and Gribnau, 2011). As for its
structure, its function depends on six conserved Repeat
regions (Rep A to F). Xist only is transcribed from the X
chromosome's future inactive isoform (Xi) and is
accountable for PRC1/2 binding.

PRC1 has been reported to interact with Xist B-repeats
and PRC2 with Xist A-repeats. For example, a section
encompassing the Xist B/C-repeat is required for PRC1

recruitment in the case of PRC1-Xist B repetitions (Da
Rocha et al, 2014). Also, HNRNPK, which interacts
physically with PRC1, was shown to play a role in RNA
binding by mapping this relationship to the B repeat
primarily (Pintacuda et al, 2017). For the PRC2
interaction with the RepA, Xi can institute the PRC2
binding and release to induce histone trimethylation and
its across-Xi H3K27 trimethylase activity. Xist A-repeats
have been demonstrated to engage EZHZ2 directly by
interacting with its stem and loops (Zhao et al.,, 2008).
Eventually, a natural heterochromatin arrangement and
hushing of one of the two X chromosomes can result from
transcriptional silencing of the whole Xi (Au et al,, 2011).
For example, studies with the X chromosome in
mammalian species indicate that IncRNAs are expressed
at various amounts in various cellular stages and may be
essential for organizing chromatin structure, creating
and preserving epigenetics throughout various biological
processes, which can be transformed into signals that
serve as markers to represent the status of development
or sickness (Pontier and Gribnau, 2011). For instance, the
inactivation of the X chromosome can be detected by Xist
gene expression, that is normally transcribed by the
passive X chromosome (Au et al,, 2011).

HOTAIR a—chr.lz
o

Figure 3. Illustration of the HOX transcript antisense RNA (HOTAIR), a long noncoding RNA that controls the
expression of HOX genes in trans. LncRNA HOTAIR, which is translated from the HOXC group of genes (chr. 2) attaches

polycomb repressive complex (PRC2) combination of the polycomb-group of proteins and directs it to the HOXD group
(chr.257 12) cause to methylation of H3K27 and silence nearby HOXD genes.

5. LncRNAS in the Stability of Protein

Complexes

Elucidating the expression patterns of IncRNAs is
essential for a comprehensive understanding of their
roles in many model systems (Bartonicek et al., 2016).
Many IncRNAs apply their oncogenic roles by interacting
directly with proteins or protein complexes. As a scaffold,
they can collect whole protein complexes and affect the
epigenetic programs of the transcriptome. Dyscontrol of
IncRNA expression is related to various developmental

flaws and diseases. In this manner, HOTAIR interfaces
with PRC2 to bring in EZH2 to increase H3K27
trimethylation or LSD1 to demethylate H3K4me2 (Gupta
et al, 2010). Other IncRNAs function as essential
of protein signaling networks, which
contribute to carcinogenesis. The promoter region of

controllers

LincRNA-p21 has binding locations for the tumor
inhibitor p53, which is triggered by p53 in reactions to
DNA. Thus, lincRNA-p21 acting as a
transcriptional repressor, like the p53 activator, could
have a significant function in tumor suppression (Fatima

harm to
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et al, 2015). So, research has revealed that IncRNAs can
affect cancer mechanisms via various statuses because
large parts of the human genome are transcribed into
IncRNAs. For example, IncRNAs disrupt transcriptional
mechanisms or possibly maintain the shape of nuclear
speckles (Liz et al., 2014). LncRNAs influence mRNA
stability and miRNA-mediated gene regulation by
assisting as natural sponges for miRNA or competitive
endogenous RNA (Hanahan and Weinberg, 2000). In
other cases, IncRNAs function post-transcriptionally as
splicing, mRNA decay, protein translation, protein
stability regulators, or as molecular tools for microRNAs
(Hanahan and Weinberg, 2011).

6. Regulatory Roles of LncRNAs in Cancers
6.1. Identification of LncRNAs in Tumor Pathogenesis
Oncogenes or Suppressors

Finding the regulatory role of IncRNAs has led to exciting
applications in diagnosis and treatment. It is crucial to
postulate that lincRNAs could have essential functions in
multiple oncogenic pathways and tumor suppressors.
LincRNAs may impede cell cycle progression because of
damage to DNA caused by stress and the environment
(Huarte et al, 2010). Future studies are critical in
determining whether LincRNAs can act as a tumor
suppressor or oncogenic factor.

For the evaluation of IncRNAs,
approaches like expression with microarrays, tiling
arrays, next-generation sequencing, and methylation
analysis have been described. LncRNAs were initially

many molecular

Tumoringenesis regulation

LincRNA-p21

p53-mediated s
gene repression ¢

APOptoSis gt PANDA o )

v

ApOptosis g Pycard €= LINCRNA-EPS 4~~~

recognized in phenomena associated with carcinogenesis
owing to their varied expression compared to normal
tissues. Other research has argued the implications of
multiple IncRNAs in carcinogenesis or
development or involved in p53 regulation. The
promoters of the p53-induced LincRNAs had
dramatically increased levels of retained p53 domains
contrasted with the promoters of all LincRNAs (Khalil et
al,, 2009; Papait et al.,, 2013). These IncRNAs appear as
vital controllers of gene expression via synergistically
interacting with other fundamental mechanisms. The role
of lincRNAs in various biological processes, as well as the
expression patterns of specific lincRNAs (IncRNA-p21,
PANDA, H19, MEG3 IncRNA, and lincRNA-EPS) and genes
in the p53-dependent transcriptional pathway are
summarized in Figure 4. Several IncRNAs are implicated
in oncogenic and tumor suppressor functions (Huarte et
al.,, 2010).

Similarly, A-p21 (named for its locality to the
CDKN1A/p21 locus) in its promoter includes binding

cancer

regions for the tumor suppressor p53, which is straight
upregulated by p53 upon DNA damage in the classical
p53 pathway, IncRNA-p21 is localized in the promoters
of genes and is downregulated, especially in maintaining
gene repression and genes regulating apoptosis
(Baldassarre and Masotti, 2012). LincRNA-p21, a
downstream repressor in the p53 transcriptional
response and transcriptional repressor, may be crucial in
tumor suppression by working similarly to the p53
activator (Figure 5).

/ Mpm2 ——("

downstream target genes

Proliferation inhibition and
tumor suppression

Figure 4. In the p53 path, maternally expressed 3 (MEG3) can either straight activate p53 through RNA-protein
association or indirectly by inhibiting MDM2, the control of tumorigenesis is determined by the interaction of H19 with
p53.The text has explored the functions of the long intergenic noncoding RNAs (IncRNAs); Long intergenic noncoding
RNA p21(LincRNA-p21), P21-associated ncRNA DNA damage -activated (PANDA), and LincRNA-EPS.
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Figure 5. Mechanism of the roles of LincRNA-p21 in the transcriptional response to p53. LincRNA-p21 is triggered by
the stimulation of p53 by attaching to its promoter (top left). LincRNA-p21 interacts with heterogeneous nuclear
ribonucleoprotein K (hnRNP-K) to suppress genes which are downregulated as a result of the standard p53

transcriptional response.

Curiously, LincRNAs act as a suppressor in
transcriptional dependent on p53, and
LincRNA-p21-determined transcriptional suppression is

reactions

accomplished through the interaction of its genomic
targets via  hnRNP-K  (heterogeneous
ribonucleoprotein K). LincRNA-p21 is required for the
induction of apoptosis and hnRNP-K binding. LincRNA-
p21 has been shown to inhibit a vast range of genes
associated with the p53 transcriptional response.
Because hnRNP-K deficiency induces repression of
similar genes that p53 and lincRNA-p21 suppress,
lincRNA-p21-mediated gene suppression requires a
physical link among LincRNA-p21 and hnRNP-K (Mitra et
al,, 2012). Indeed, two main phenotypic implications of
p53 pathway activation are induction of apoptosis and
growth stop which demonstrate the dysregulation of
numerous genes controlling cell cycle and apoptosis by
LincRNA-p21 and p53. Nevertheless, the accurate
techniques in that LincRNA-p21 induced oppression at
certain locations is just unknown (Baldassarre and
Masotti, 2012).

6.2. LncRNA-Panda (P21 Associated ncRNA DNA
Damage Activated)

The Long Non-coding RNA-PANDA is another DNA hurt
respondent that is located upstream and is caused by p53
of p21. PANDA is a 1.5 kb transcript that intercede anti-
apoptotic effects and is created by damaged DNA in a
p53-dependent mode. It is positioned 5 kb upstream of
the CDKN1A (p21) transcription begin spot (Hung et al.,
2011). PANDA regulates gene expression by precluding
the binding of transcriptional regulators.

nuclear

PANDA is involved in the regulation of pro-apoptotic
genes like BIK and FAS by functioning for the
transcription element nuclear transcription factor Y
subunit alpha (NF-YA). For instance, p53-reliant PANDA
by directly sequestering NF-YA restrains apoptosis

(Krappinger et al., 2021). PANDA decrease increases the
levels of NF-YA at pro-apoptotic target genes such as
CCNB1, FAS, BBC3 (PUMA), and PMAIP1 (NOXA). PANDA
increases the survival of cells by interacting through the
apoptotic gene expression pathway, whilst CDKN1A
(p21) induces cell cycle arrest (Barsyte-Lovejoy et al.,
2006).

P53 mutations have been determined in an array of
cancers, retaining the gene's capacity to activate the
Panda cascade and exert anti-apoptotic effects, whilst
enhanced survival of tumor cells results from the
removal of its capacity to induce p21 and cause an arrest
in the cell cycle. The attendance of a binding location for
the transcription factor NF-YA, which engages via PANDA
in a very unique way, differentiates the promoter zones
of p53-dependent death of cell genes (Figure 6)
(Krappinger et al., 2021).
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Figure 6. Schematic of orchestrating of the DNA harm response by coding and non-coding transcripts at the CDKN1A
loci. Upon DNA harm, CDKN1A, non-coding transcripts PANDA, and LincRNA-p21 coordinately be activated by p53
binding at the CDKN1A loci. Cell cycle arrest is caused by CDKN1A, apoptosis is prevented by PANDA through NF-YA,
and gene silencing is caused by LincRNA-p21 by recruiting hnRNP-K

6.3. LncRNA H19

Another IncRNA with extreme specificity and sensitivity
for identification is H19. H19 is a paternally imprinted
gene that is situated upon chromosome 11p15.5. LncRNA
H19 is expressed throughout vertebrate embryogenesis
but excludes bones and skeletal muscle and declines in
post-natal development in the majority of tissues.
Recently, LncRNA H19 was found upregulated in various
tumors. The demise of overexpression and imprinting of
H19 in various cancers causes H19 to act as an oncogene
in the development and progression of tumors (Matouk
et al,, 2007). Genetic silencing of H19 promotes apoptosis
in cancer cells of the stomach while abnormal expression
of H19 has been found to increase cell proliferation. A
recent study demonstrated that the overregulation of
IncRNA H19 causes tumor development with the
regulation of p53 function in stomach cancers. P53
efficiently inhibits the H19 promoter, and the connection
of H19 with p53 identifies tumor development regulation
(Hibi et al., 1996). In recent years, reported that IncRNA
H19 has been significantly related to and upregulated in
severe cancers, such as non-small cell lung, bladder,
breast, thyroid, and liver carcinoma and gastric cancers
(Barsyte-Lovejoy et al., 2006). Thus, several studies were
conducted to scrutinize the indicative significance of
IncRNA H19 in diagnosing cancer. However, there are
still conflicting findings in terms of the identification
reliability and accuracy of the diagnostic marker (Zhang
etal, 2003).

6.4. LncRNA MEG3

Another IncRNA, the MEG3 (maternally expressed gene
3) is expressed in numerous natural tissues but lacking
from a list of basic human tumors and tumor cell lines
(although not from human cancer cells). It has been
announced that various isoforms originate which contain
10 exons from the human MEG3 gene. The most likely
reason for IncRNA MEG3 includes gene deletion,
hypermethylation in various intergenic areas, and

promoter hypermethylation. MEG3 is expressed in the
growing nervous system, the paraxial mesoderm, and the
epithelium of the kidney, pancreas, and salivary glands
during higher levels of development (Kalyana-Sundaram
etal, 2012).

MEG3 may directly activate p53 through RNA-protein
interaction or indirectly by suppressing MDM2, both of
which result in the choosy activation of p53 downstream
targets including GDF-15 with tumor suppressor and
anti-proliferative properties. Also, IncRNA MEG3 induces
p53 protein accumulation and activates transcription
through a promoter that is reliant on p53, selectively
regulating the expression of p53 target genes (Ohtsuka et
al, 2008). LncRNA MEG3 is related to increased
susceptibility to cancer and is concerned with cell cycle
regulation and tumor development. Finally, IncRNA
MEG3 might be investigated as a new tumor suppressor
IncRNA.

6.5. LincRNA-EPS

LincRNA-EPS (long intergenic ncRNA-erythroid pro-
survival) is a 2531 nt transcript with three introns and
four exons that has a 3' poly [A] tail and a 5' end cap
structure that is activated during mice erythroid cell
terminal differentiation (Atianand et al,, 2016). LincRNA-
EPS modulates erythroid cell proliferation. In
comparison with the control cells, LincRNA-EPS
knockdown cells in the G1 phase are enhanced and,
significantly, a major fragment of these cells are in the
sub-G1 population, they are
undergoing apoptosis and/or necrosis. Thus, the cell
cycle analysis demonstrates that LincRNA-EPS is directly

demonstrating that

regulated by p53 and can suppress the expression of
many apoptotic genes and PYCARD, a pro-apoptotic gene,
and inhibit programmed cell death. In addition,
overexpression of the PYCARD gene can prevent
erythroid cells from proliferating to promote apoptosis
and interfere with their ability to differentiate and
enucleate. There are different binding sites of regulatory
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transcription factor p53 in the promoter of the PYCARD
gene (Liu et al., 2016). Collectively, these results partially
demonstrated the inhibition of programmed cell death
(apoptosis) and regulation of erythroid differentiation of
cells by LincRNA-EPS (Hu et al,, 2011).

7. Pseudogene and LncRNA

Pseudogenes are roughly defined at the transcriptional
or post-transcriptional stage as ancestral replicas of
protein-coding genes. Pseudogenes can control original
genes by changing the continuity of ancestral mRNA or
generating endogenous siRNAs and they can additionally
influence the expression of ancestral protein-coding
genes through bimolecular processes that use RNA
sequence homology (Tay et al, 2011). According to
recent research, Pseudogenes are essential suppressors
and promoters of human cancer, and a few of them are
expressed as IncRNAs and play a role in gene silence. The
finest example of a pseudogene acting as a IncRNA is
found in Xist. Xist evolved from the protein-coding genes
of pseudo-degeneration, in the placental mammal's
descent (Poliseno et al, 2010). Other IncRNAs can
perform as sequester biomolecules, a decoy, and restrict
them from essential cellular processes. The instance of
this approach is
suppressor gene PTEN (phosphatase tumor suppressor

demonstrated with the tumor
gene and tensin homolog) and its pseudogene PTENP1.
PTEN is a tumor suppressor gene that is post-
transcriptionally regulated non-coding RNA expressed by
PTEN, PTENpgl. PTENP1 performs a crucial function in
cancer biology and as a microRNA sham for the PTEN
tumor suppressor, limiting cell proliferation (Tay et al,,
2011). PTENpg1 is a IncRNA that acts as a miRNA sponge
to sequester many PTEN target miRNAs (Poliseno et al.,
2010). Besides, PTEN is a negative control of the PI3K-
Akt pathway and is epigenetically muted in several
different cancers. The dose of PTEN expression is related
to the intensity of epithelial cancers. It demonstrated that
the exact regulation of the PTEN gene is vital to
preserving cellular homeostasis (Tay et al.,, 2011).

8. Conclusions

LncRNAs are actively expressed in normal tissues and
have been linked to several intracellular molecular
cooperation systems as the activity of pathways or a part
in cellular signaling through development and
differentiation in response to various stimuli. LncRNAs
play important roles in gene regulation and, more
specifically, operate as scaffolds by recruiting proteins to
control gene expression. This has an impact on a few
cellular homeostasis factors, such as the proliferation of
cells, their existence, migration, or stability of the
genome. Besides, IncRNAs could form higher-ordered
biologically appropriate functioning structures through
RNA: RNA as well as RNA: protein interactions. Also,
IncRNAs act as guides to attract transcription controllers
to certain places by binding to microRNA to prevent
destruction caused by miRNA. Owing to their diverse
functions and highly specific expression IncRNAs,

IncRNAs could serve to hold strong promise for cancer
detection, predictive biomarkers, and treatments. Since
IncRNAs may easily be extracted from bodily fluids like
urine and plasma. So, having a thorough understanding
of the expression, structures, and processes of IncRNAs
can assist in detecting new, responsive biomarkers and
treatment targets, opening new avenues for therapy.
Additionally, IncRNAs are less toxic than protein-based
anti-tumor medications, and because IncRNAs are seldom
expressed, only a very low concentration of inhibitors is
required to have an impact. Furthermore, bioinformatics
and technology offer novel prospects for the discovery of
IncRNA biomarkers. However, there are several obstacles
to overcome, significant challenges remain in the
advancement of efficacious IncRNA-based diagnostics and
treatments, such as the deficit in specificity, limited
understanding of mechanisms, and delivery challenges. yet
in the long run, it is impossible to dismiss IncRNAs'
potential and therapeutic importance. In conclusion, the
extensive research of IncRNAs has given rise to a new
desire for the identification and therapy of cancer.
LncRNA investigation in cancer is expected to progress
quickly in the upcoming years, with an emphasis on
developing targeted therapies, investigating liquid biopsy
diagnostics, and using bioinformatic tools for analysis.
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