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AMAC ve KAPSAM

Karaelmas Fen ve Mithendislik Dergisi (https://dergipark.org.tr/tr/pub/
karaelmasfen), Zonguldak Biilent Ecevit Universitesinin resmi yayin
organidir.

Derginin amact, Fen Bilimleri, Temel Saglik Bilimleri ve Miihendislik
Bilimleri alanlarinda yapilan 6zgin aragtirma makaleleri, derlemeler, kisa
makaleler, teknik not, kitap elestirileri ve bilimsel nitelikli editére mektup-
lar1 yayinlayan uluslar arasi ve saygin bilimsel bir dergi olmaktur.

Bu dergide yayinlanan makaleler, bagimsiz ve onyargisiz ¢ift-korleme
hakemlik (peer-review) ilkeleri dogrultusunda bir danisma kurulu tarafin-
dan degerlendirilir. Makaleler baglica alt: kategoride yayimlanur: (1) “Arag-
tirma Makaleleri”, (2) “Derleme Makaleler”, (3) “Kisa Makaleler”, (4)
“Teknik Not ve Vaka Takdimleri”, (5) “Editére Mektuplar”, (6) “Kitap ve
Yazilim Program: Elestirileri”. Makaleler Tiirkge veya Ingilizce dillerinde
yazlabilir; Ingilizce veya Tirkge Ozetler ile anahtar sézciikler icermelidir.

Karaelmas Fen ve Miihendislik Dergisi, Nisan, Temmuz ve Kasim ayla-
rinda olmak tizere yilda ti¢ kez yayinlanmaktadir ve https://dergipark.org.
tr/tr/pub/karaclmasfen internet adresi tizerinden takip edilebilir.

Yayim Izni

Bireysel kullanim diginda, Karaelmas Fen ve Mihendislik Dergisi'nde
yayimlanan makaleler, sekiller ve ¢izelgeler yazili izni olmaksizin ¢ogal-
tilamaz, bir sistemde argivlenemez veya reklam ya da tamitim amagh
materyallerde kullanilamaz.

Bilimsel makalelerde, uygun sekilde kaynak gosterilerek alint: yapilabilir.

Abone Iglemleri

Karaelmas Fen ve Miihendislik Dergisi, Universite Kiitiiphanelerine ve
bilim insanlarina diizenli olarak ulagtirilmaktadir. Yayimlanan makalelerin
tam metnine, ¢izelgelerine ve ozetlerine ¢evrim-igi olarak https://dergi-
park.org.tr/tr/pub/karaelmasfen adresinden tcretsiz olarak erisilebilmek-
tedir.

Yazilarin Bilimsel ve Hukuki Sorumlulugu

Yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.
Yazilarin iceriginden ve kaynaklarin dogrulugundan yazarlar sorumludur.
Editor, Yardimer Editorler, Yayin ve Danigma Kurulu tyeleri ve Yayimei,
dergideki hatalardan veya bilgilerin kullanimindan dogacak olan sonuglar-
dan dolay1 sorumluluk kabul etmez.

Yazarlarimizin etik ihlalleri ile ilgili tim iddia ve kesinlesmis siirecler
kendi sorumluluklarinda olup, kesinlesen etik ihlalleri durumunda makale
otomatik iptal edilir.

AIMS and SCOPE

Karaelmas Science and Engineering Journal (https://dergipark.org.tr/
en/pub/karaclmasfen), is the official journal of Zonguldak Biilent Ecevit
University.

The journal’s aim is to be scientific journal publishing original papers,
reviews, short communications, technical book reviews and scientific
editorial letters of science in the following areas: basic sciences, basic
medicine science and engineering fields.

Articles submitted to this journal are evaluated in a double blinded peer-
reviewed fashion by an advisory committee. Articles are published mainly
in six categories: (1) “Research articles”, (2) “Review Articles”, (3) “Short
Communications”, (4) “Technical Notes and Case Reports”, (5) “Letters
to the Editor” and (6) “Book/Software Reviews”. All articles may be
written in Turkish or English, and should include English and Turkish

abstracts and key words.

Karaelmas Science and Engineering Journal is published three issues per
year in April, July and November.

The journal has also been available on-line by a website: https://dergipark.
org.tr/en/pub/karaelmasfen

Permission Requests

Manuscripts, figures and tables published in the Karaelmas Science and
Engineering Journal cannot be reproduced, archived in a retrieval system,
or used for advertising purposes, except personal use.

Citations may be used in scientific articles with proper referral.

Subscriptions

Karaelmas Science and Engineering Journal is delivered complimentarily
to University Library and scientists Tables of contents, abstracts and full
texts of all articles published are accessible free of charge through the web
site https://dergipark.org.tr/en/pub/karaclmasfen

Scientific and Legal Responsibilities

Scientific and legal responsibilities pertaining to the papers belong to
the authors. Contents of the manuscripts and accuracy of references are
also at the authors’ responsibility. Editor, Associate Editors, Editorial and
Advisory Board members and the Publisher decline responsibility for
errors or any consequences arising from the use of information contained
in this journal.

All claims and finalized processes regarding violations of ethics by our

authors are under their own responsibility, and in case of ethical violations,
the article is automatically canceled.
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YAZARLARA BiLGILER

Karaelmas Fen ve Mithendislik Dergisi, Fen Bilimleri, Temel Saglik Bilimleri
ve Mihendislik Bilimleri alanlarinda yapilan 6zgiin aragtirma makaleleri,
derlemeler, kisa makaleler, teknik not, kitap elestirileri ve bilimsel nitelikli
editore mektuplar1 yayinlayan uluslararas: bir dergidir. Nisan, Temmuz ve
Kasim aylarinda olmak tzere yilda t¢ kez yayinlanir. Dergi, https://dergipark.
org.tr/tr/pub/karaelmasfeninternet adresi izerinden takip edilebilir.

Dergide yayinlanacak makale tiirleri asagidaki gibidir.
Arastirma makalesi: Makale mutlaka orijinal ve daha 6nce hi¢ bir dergide

basilmamug veya sunulmamis olmali, makale yayinlamada sayfa sinir1 kaynaklar
dahil 30 sayfayr gegmemelidir.

Derlemeler: Herhangi bir aragtirma alanindaki son yillarda yasanan gelismeleri
ve bu konuda son yillarda yapilmis ¢aligmalarin bir araya getirildigi makale
tiridir. 15 sayfayr gegmemelidir.

Kisa makaleler: Kiigiik capta yapilan ¢aligmalar, orijinal aragtirma deneylerinin
6n sonuglarindan, yeni buluglar ve klinik deneylerden olugsmali ve 5 sayfay1
geememelidir.

Teknik notlar, Olgu sunumlars: Bilimsel olarak 6nemli katk: sunan raporlardan
olugmali ve 3 sayfayr gecmemelidir.

Editore mektuplar: Herhangi bir aragtirma konusuna ait fikirler, haberleri,
nerileri kapsamalidir ve 2 sayfayr gegmemelidir.

Kitap veya yazilim programlarima ait elestiriler: Kitap veya yazilim programi
hakkindaki kisa ve 6zet bilgileri icermelidir ve 1 sayfay: gegmemelidir.

YAYIN KURALLARI

Dergide yayinlanacak makalelerin yazim dili Tiirke veya Ingilizcedir. Yazim
kurallarina uymayan makaleler, hakemlere gonderilmeden diizeltilmek tizere
yazara geri génderilir. Bu nedenle derginin yazim kurallar: dikkate alinmalidir.
Makaleler sekiller ve ¢izelgeler dahil 20 sayfayr gegmemelidir. Dergiye yayin
icin gonderilen makaleler iki uzman hakem tarafindan degerlendirilir ve
yayinlanmasina editdr tarafindan karar verilir. Dergiye génderilen yazilar bagka
bir yerde yaymlanmamis veya yayinlamak {izere gonderilmemis olmalidir.
Dergide yayinlanmak tizere kabul edilmis olan yazilarin yayin haklari Karaelmas
Fen ve Mithendislik Dergisine aittir. Diizeltilmis yazilar 3 ay igerisinde editore
gonderilecektir.

DEGERLENDIRME SURECI

Dergi yonergelerine uymayan yazilar, bilimsel degerlendirme yapilmadan
yazarlara iade edilecektir. Dergi yonergelerine uygun olarak génderilen
makaleler, onlar1 hakemlere atayacak olan Bas Editor veya Yardimer Editor
tarafindan incelenir. Inceleme siireci tek kordiir. Hakem onerileri, alan
editorlerinin gorisleri ve yayinin literatiire katkisi dogrultusunda Editor karar
mektubunu yazar. Incelenmemis tiim yazilar 10 giin i¢inde geri gonderilir ve
yazilarin karar mektuplar1 3-6 ay i¢inde gonderilir.

Makalelerdeki tim degisiklikler yazarlari tarafindan yapilir. Son sekli verilen
ve yayina hazirlanan makaleler tizerinde yazarlarca bir degisiklik yapilamaz.
Her ne nedenle olursa olsun makalesinin yayinlanmasindan vazgegen bir yazar,
makalesini dergiye sunum tarihinden itibaren en fazla iki ay igerisinde ¢ekebilir.

Hayvan deneylerinde etik kurul izin belgesi gereklidir.
MAKALE SUNUMU

Makaleler elektronik ortamda sunulacaktir.

vV

YAZIM KURALLARI

*  Makale A4 boyutlu kagida, tek yiize, tim kenarlardan 2.5 cm bosluk
birakilarak bir buguk (1.5) satir aralikli ve iki yana yash yazilmalidir.
Dergimizin yazim kurallarina ulagmak i¢in litfen linke tiklayiniz.
https://dergipark.org.tr/tr/pub/karaelmasfen/writing-rules

*  Yazim bi¢imi tim metin i¢in Times New Roman yaz: tipi ve 12 punto
Microsoft Word kullanilarak hazirlanmalidir. Metnin tamami siyah-beyaz
renkte olmalidur.

e Satir baslar: ilk sayfadan itibaren stirekli olarak (sekiller, cizelgeler ve
kaynaklar dahil olmak tzere) numaralandirilmalidir. Sayfa numaralari,
sayfalarin alt orta bolimlerine konmalidir.

*  Eserin sisteme yiiklenen Tam Metin dosyasinda kor hakemlikten dolay:
yazara ait bilgiler verilmemelidir. Yazara ait bilgiler Kapak Sayfasinda yer
almalidir.

*  Makalenin ana boliimleri, Tiirkge Oz, ingilizce Oz (Abstract), Giris, Ge-
re¢ ve yontem(ler) (Saha tanimlamalar, ¢alisilan malzeme vd. Yontemler
kisminin altinda alt baglik olarak verilmelidir), Bulgular ve tartigma, Sonug
ve Oneriler ve Kaynaklardan olusur.

e Latince isimler italik olarak yazilmalidr.

*  Makale yayinlamada SAYFA SINIRI kaynaklar dahil 30 sayfayr gegme-

melidir.
Kapak Sayfas1: Kapak Sayfas: ayr1 Microsoft Word dosyasi olmalidir. Kapak
Sayfasinda baglik, tim yazarin tam adi, kurumlar ve ORCID’ler; sorumlu
yazarin iletisim adresi ve e-posta adresi verilmelidir.
Kapak Yazis1 Plan:
e Makale tiri
e Tirkge ve Ingilizce baghk
*  Yazar adlari ve adresleri
*  Sorumlu yazarin adi, adresi ve e-posta adresi
e Kisa baghk
e Tim yazarlarin ORCID’leri
*  Etik gerektiren tim ¢aligmalarin Etik Kurul Karar: eklenmelidir.

Tam Metin Sayfasinin Plans
Tlk sayfa Ozet Sayfasidir. Ozet Sayfasinin plant asagidaki gibi olmalidir:

1. Tirkce makalelerde

a) Tiirkge Baslik (12 Punto) d) Anahtar Kelimeler
b) ingilizce Baglik (Italik, 12 Punto) (12 Punto)*
o) Oz (12 Punto) e) Abstract (12 Punto)

f) Keywords (12 Punto)
2. 1ngilizce makalelerde
a) English Title (12 punto) d) Keywords (12 punto)*
b) Tiirkge Baslik (Italik 12 punto) e) Oz (12 punto)
c) Abstract (12 punto) f) Anahtar Kelimeler
(12 punto)

“Anabtar kelimelerden sadece ilk anabtar kelimenin ilk harfi biyiik digerlerinin ilk
harfleri kiigiik olmalidyr.
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Baglik: Metin ile uyumlu, kisa ve anlagilir olmalidir. Ortalanmus olarak, sadece
ilk harfi biytik sonrakiler kii¢iik, 12 punto ve koyu olmalidir.

Yazar adlar1 ve adresleri: Basghigin altindaki yazar isimleri kisaltmasiz
(Akademik unvan kullanilmamalidir), ad: ve soyad: (varsa ikinci ismi veya
soy ismi) kii¢lik harf ile ortalanmug olarak 12 punto ve koyu yazi karakteri ile
yazilmalidir. Yazar isimlerinden sonra adres belirtmek igin st simge olarak
rakam kullanilmalidir (* 2% gibi). Sorumlu yazar isminde yildiz semboli
olmalidir (*). Yazarlarin tam adresleri kiigiik harfle, ortali ve 12 punto olarak
yazilmali, sirastyla Universite, Fakiilte, Bolim, Sehir ve Ulke belirtilmelidir.
Sorumlu yazarin e-posta adresi, adresinin sonunda mutlaka verilmelidir.

Oz ve Anahtar Kelimeler: Ozetler 12 punto ile yazilmali, maksimum 250
kelime olmalidir. Ozetler makaleden elde edilen sonuglari ortaya koymalidir.
Tiirkge ve Ingilizce 6zetin altinda makale baghginda gegmeyen 3-5 kelimeden
olusan Anahtar kelimeler yazilmalidir. Anahtar kelimeler alfabetik siraya gore
verilmelidir. Anahtar kelimelerden sadece ilk anahtar kelimenin ilk harfi biiytik
digerlerinin ilk harfleri kiigiik olmalidir. Anahtar kelimeler virgtl ile ayrilmali
ve sonra bir karakter bosluk birakilmalidir.

Anahtar kelimelerden sonra arada bir satir birakilarak Giris bolimi
baglatilmalidir. Tam metinlerde makaledeki ana bagliklar ve varsa alt bagliklar
anlagilir olmalidir. Ana metin bagliklar: sola hizali, sadece ilk kelimenin ilk
harfi biyiik ve koyu renkli olmalidir. Alt baghklar ki¢ik ve italik yazilmalidir.
Ana ve alt bagliklara numara verilmelidir.

Girig: Aragtirmanin amact, 6nemi ve konusunda yapilmis yayinlar arasindaki
yeri belirtilmelidir.

Gereg ve Yontem(ler): Uygulanan yontemler ve teknikler anlagilir bir seklide
verilmelidir. Daha 6nce yapilmug referanslar ile desteklenmelidir. Tstatiksel
modeller ve analiz yontemleri agik¢a belirtilmelidir.

Bulgular ve Tartigma: Bu béliimde elde edilen bulgulara yer verilmeli, bulgular
gerekirse sekil ve cizelgelerle de desteklenmelidir. Elde edilen bulgular ilgili
literatiirlerle kargilagtirilmalidir. Bulgularin benzer ve farkliliklari yorumlanarak,
caligmadan elde edilen bulgular 6zetlenmelidir.

Sonug ve Oneriler: Sonuglar 5zetlenmeli ve éneriler yapilmalidir.

Tesekkiir: Aragtirmaya destek olan kisi ve kuruluslara yapilan tesekkirleri
icermelidir.

Her tirli ¢ikar catismas, finansal destek, yazarlarin katki beyani, bagis ve diger
editoryal (istatistik analiz, Ingilizce/Tirk¢e degerlendirme) ve/veya teknik
yardim var ise metnin sonunda sunulmalidir.

Yazar Katkasi: Yazar A: calismay: planlamus ve tasarlamistir, Yazar B: Caligma
hakkinda verileri toplamis ve analiz etmistir, Yazar C: Calismanin analizlerini
yaparak makaleyi yazmistir.

Etik Kurul Onay:: Eger varsa etik kurul onayi eklenmelidir. Uzerinde etik
kurul onayini veren kurum, onay numarasi ve tarih yazilmalidir.

Kaynaklar: Gonderilen makalelerin kaynak¢a kismu hari¢ genel benzerlik
orani %20’yi gegmemelidir. Her tirli intihal iceren makale otomatik
olarak reddedilecektir. amug bilgiler kaynak olarak verilmemelidir. Ancak,
tamamlanmig ve jiriden ge¢mis tezler kaynak olarak verilebilir. Kaynaklar,
makale sonunda alfabetik sirada (yazar soyadlarina gére) verilmeli, yazar adi ve
soyadlar1, makalenin basim tarihi koyu olarak yazilmalidir.

Intihal Raporu: Génderilen makalelerin kaynakea kismi harig genel benzerlik
oran1 %20’yi gegmemelidir. Her tiirli intihal iceren makale otomatik olarak
reddedilecektir.

Telif Hakki Devir Sézlesmesi: Sayfada yer alan “Copyright Transfer Form”
baglantisina tiklayarak agilan form doldurulmalidir, imzali yiiklenmelidir.
Dergimizin telif hakki devir s6zlesmesine ulagmak i¢in litfen linke tiklayiniz.

https://dergipark.org.tr/tr/pub/karaclmasfen/page/10931

Kaynaklarin metin igerisindeki kullanim1 agagida verilmistir:
1. Tiirk¢e Makalelerde:

Tek yazarli caligma (Aliskan 2021). Tki yazarl ¢alisma (Yildirim ve Topaloglu
2018) seklinde belirtilmelidir.

Ug ve daha fazla yazar s6z konusu ise (Yilmaz vd. 2007, Erdem vd. 2022)
seklinde, ayn: yazarin birden fazla makalesi kullanilacaksa (Erdem vd. 2022a,
2022b) seklinde olmalidur.

Herhangi bir kaynaktan alinti yapilmigsa: Karahan ve Colgegen (2021)e
gore..... seklinde olmustur; Yilmaz vd. (2007)e gére; diye yazilmalidir.

2. Ingilizce Makalelerde:

Tek yazarl ¢aligma (Aliskan 2021). Tki yazarl alisma (Yildirim and Topaloglu
2018). Herhangi bir kaynaktan alinti yapilmugsa.... according to Unlii and
Gergek (2023)... seklindedir diye belirtilmelidir.

Ug ve daha fazla yazardan olusan cahigmalar (Evans et al. 2023, Landen et
al. 2021) seklinde olmalidir. Alinti yapilacaksa.... according to Landen et al.
(2021)... diye yazilmalidr.

Kaynak gosterilecek yayinda kag isim varsa, kaynaklar boliminde timi
belirtilmeli, kisaltma yapilmamalidir.

Tiirkge ve Ingilizce makalelerde, yazilim programlari metin igerisinde ismi ve
yili belirtilerek (IBM SPSS Statistics 2016) seklinde verilmelidir.

Kaynaklarin metin sonunda verilis sekilleri agagidaki gibidir:
Kaynaklar alfabetik siraya gére yazilmalidir.

Makale:

Tek yazarh

Isinkaralar, K. 2022. Theoretical removal study of gas BTEX onto activated
carbon produced from Digitalis purpurea L. biomass. Biomass Convers.
Biorefin., 12(9): 4171-4181. Doi: 10.1007/s13399-022-02558-2

ikiyaza.rll
Eker Sanli, G., Tasdemir, Y. 2022. Accumulations and temporal trends

of polychlorinated biphenyls (PCBs) in olive tree components. Environ.
Geochem. Health., 44(8): 2577-2594. D0i:10.1007/510653-021-01046-2

Yarali, O., Duru, H. 2016. Investigation into effect of scratch length and
surface condition on Cerchar abrasivity index. Tunn. Undergr. Space Technol.,,
60: 111-120. Doi: 10.1016/j.tust.2016.08.005

Ug ve daha fazla yazarh

Erdem, S., Gonca, E., Basoglu, G., Aydemir, E. 2022. Iskemi sonrast verilen
kannabidiol reperfiizyon ile uyarilan aritmilere kars1 koruyucu etkilidir. Med. J.
West Black Sea, 6(1): 16-23. Doi: 10.29058/mjwbs.1016783

Erkaymaz, O., Yapici, iS., Uzun Arslan, R. 2021. Effects of obesity on time-
frequency components of electroretinogram signal using continuous wavelet
transform. Biomed. Signal Process Control, 66: 102398. Doi: 10.1016/j.
bspc.2020.102398

Oztiirk, S., Hazer Y., Kagkatepe, B., Célgecen, H., Kulak, M. 2023. Kirmiz
kantaron (Hypericum capitatum) bitkisi: fenolik iceriklerinin, antioksidan
aktivitesinin belirlenmesi ve klinik izolatlar tzerinde antimikrobiyal
etkinlifinin aragtirilmasi. Bati Karadeniz Tip Dergisi, 7(1): 57-65. Doi:
10.29058/mjwbs.1251370

Aym yazarmn iki veya daha fazla ¢aligmas: kullanilmigsa kaynaklar tarih
sirasina gore dizilmelidir.

Berndt, T.]. (2022).
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Berndt, T. J. (2023)

Yedi yazardan fazla ise ilk alt1 yazarin ad1 listelendikten sonra ii¢ nokta
koyup son yazarin adi eklenir. Yedi isimden fazlas1 yer almamalidur.

Miller, FH., Choi, M]., Angeli, LL., Harland, AA., Stamos, JA., Thomas,
ST, ...Rubin, LH. 2009. Web site usability for the blind and low-vision user.
Technical Communication, 57: 323-335.

Kitap:

Resat, U. 2001. Uygulamali jeoteknik bilgiler. 4. Basim, TMMOB Jeoloji
Mihendisleri Odas: Yayinlari, Nitelik Matbaacilik, Ankara, 385 s. Sanford, R].
2003.

Principles of fracture mechanics, Prentice Hall, Pearson Education, Inc. Upper
Saddle River, USA, 404 pp.

Kitapta Boliim:

Atar, H., Colgecen, H. 2020. Bioactive compounds of oregano seeds. Victor
R. Preedy, Ronald Ross Watson [eds.], Nuts & Seeds in Health and Disease
Prevention (2nd ed.). Oxford: Academic Press is an imprint of Elsevier,
London, San Diego, Cambridge, pp. 73-77.

Rapor:

Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic phytoplankton
and zooplankton biomass and species composition in Lake Michigan, 1983-
1992. U.S. EPA Great Lakes National Program, Chicago, IL. EPA 905-R-
95-009.

Kongre, Sempozyum:

Karahan, H., Colgecen, H. 2021. Uptake of silver nanoparticles in natural
tetraploid Trifolium pratense L. calli. 10th International Molecular Biology
and Biotechnology Congress, s. 56, Turkey.

internet:

Eger bir bilgi herhangi bir internet sayfasindan alinmug ise (internetten alinan
ve dergilerde yayinlanan makaleler harig), kaynaklar béliimiine internet
sitesinin ismi ve konu bagligi tam olarak yazilmalidir.

Web sayfasi:

TUIK 2023. https://www.tuik.gov.tr/

Yazarli web sayfasi:

Dawson, J., Smith, L. Deubert, K. 31 Ekim 2002. http://studytrekk.lis.curtin.
edu.au/ seklinde belirtilmelidir.

Baskida olan makale:

Evans, MA. 2023. Makale baglig1. Dergi. (DOI).

Tezler:

Duru, H. 2020. Geligtirilen cerchar agindiricilik deney aletiyle kayaglarin
spesifik ¢izme enerjisinin aragtirilmasi. Doktora Tezi, Zonguldak Biilent Ecevit
Universitesi, 175 s.

Yazilim:

SPSS Statistics 24.0. Software, IBM, United States.

Cizelgeler ve Sekiller: Tiim sekil ve gizelgeler makale igerisinde sirayla
numaralandirilmali (Cizelge 1, Sekil 1, Cizelge 2 ve 3, Sekil 2 ve 3, Sekil
4, Cizelge 2) (sekil ve cizelgeler metin igerisinde verilmelidir.), sekillerin
sira numaralar1 ve bagliklari altta, cizelgelerinki ise tstlerine iki yana yash
yazilmalidir, metin i¢inde atiflar1 Cizelge 1, Sekil 1 seklinde olmalidir. Grafik
ve sekiller sayfa boyutlar1 dikkate alinarak ¢izilmelidir. Grafikler, ¢izimler ve
fotograflar JPEG, PNG ya da TIFF formatinda (en az 300 dpi ¢ézintrlikte)

siyah-beyaz veya renkli olarak sunulmalidir. Fotograflarda buyiitmeyi
gostermek i¢cin mutlaka bar kullanilmalidir.

VI

Cizelgede verilecek olan verilerde standart sapma veya standart hatalar (1.42 =
1.36) seklinde, istatistiksel analiz yapilmugsa (731.2ab) seklinde, bunlarin baghik
olarak yazilis sekilleri de (ort + SE; ort + SD, vb.) gibi olmalidur.

Denklemler: Matematiksel ifadeler Cambria Math yaz: stili ile “Equation
Editor” (word ortaminda) kullanilarak 12 punto ve alt ve st indisler 12 punto
yazilmalidir. Metin igerisinde gegen esitlikler normal parantez ( ) igerisinde
numaralandirilmalidir. Denklem sira numarast ile birlikte (parantez igerisinde)
yazilmalidir.

Ekler: Tum ekler ayr1 sayfaya yazilmali ve Romen rakamlar: ile numaralandi-
rilmalidir. Matematik dalinda yayin génderecek yazarlarin konu siniflandirma
numarasint (AMS-Mathematical Subject Classification Number) belirtmeleri
gerekir.

Semboller ve Birimler: Metrik sistem veya SI birimleri (kPa, kN/m?, g/cm?,
m/sn, g/m?, vb.) kullanilmalidir. Gerek metin iginde ve gizelgelerde, gerekse se-
killerde rakamlarin ondalik bélimlerinin belirtilmesi i¢in nokta kullanilmalidir
(10.25 gibi). Yiizdelik birimler (%50) seklinde belirtilmelidir.

Kisaltmalar: Zamanla ilgili olan kisaltmalar: sn (saniye), dk (dakika), sa (saat),
hf (hafta), y (y1l) olarak belirtilmelidir. Tarihler verilirken giin ay ve yil kisaltma
yapmadan tam olarak yazilmalidir (19 Mayis 2023).

Sayilar: Sayilar climle baslarinda yaz: ile verilmelidir. Birden dokuza kadar olan
sayilar yaz1 ile, 10 ve daha biyiik sayilar rakamla belirtilmelidir. Birden kiigiik
olan sayilar (0.05, 0.56,0.50, p<0.05, vb.) olarak belirtilmelidir.

Dipnotlar: Cizelgede kullanilacak olan dipnotlar istatistiksel analiz yapildigt
durumlarda (*p<0.05; ** p<0.01; ** p<0.001; NS, istatistiksel olarak nemsiz-
dir, vb.) seklinde olmalidir. Derginin bir sayisinda, ilk isim olarak bir yazarin
tgten fazla eseri basilamaz. Dénemler igerisinde tgten fazla eser génderilmigse,
ilk ti¢ti diginda kalanlar daha sonraki sayilara aktarilir.

Makale Yazim Kontrol Listesi

Makale dergiye sunulmadan 6nce makalenin yazim kurallarina uygun olup
olmadigindan emin olmak i¢in agagida belirtilen kontrolleri yapiniz.
Kapak sayfasi, Tam metin sayfast, Telif hakk: bildirim formu ve Intihal
raporu eklendi mi?
Imla ve dilbilgisi kontroli yapildi mi?
Tium sayfa diizeni 1.5 satir aralikli yazildi mi?
Koéselerden 2.5 cm bosluk birakildi m1?
Yazi tipi Times New Roman ve biiyiikligi 12 punto mu?
Metin igerisindeki bagliklar sola hizali, 12 punto ve koyu renkli yazildi mr?
Tiim yazarlarin adlar1 ve soyadlar1 kisaltma yapilmadan belirtildi mi?
Adresler belirtildi mi?
Baglik 12 punto koyu yazi karakteri ile ortalanarak yazildi mi?
Oz (Abstract) ve Anahtar kelimeler (Keywords) yazildi mi?
Kaynaklar yazim kurallarina gore ve alfabetik sirayla yazildi m1?
Ondalik dilimler nokta ile belirtildi mi? (10.25 gibi)
Yiizdelik gosterimler (%63, %10 gibi) seklinde yapildi mi?
Cizelgelerin maksimum boyutu 16x20 cm; minimum 8 cm mi?
Cizelgelerin numaralari (Cizelge 1, Cizelge 2, Cizelge 3 vs.) makale igeri-
sinde strayla verildi mi?
Orijinal sekiller eklendi mi?
Sekiller yazim kurallarina uygun olarak diizenlendi mi?
Sekillerin maksimum boyutu 16x20 cm; minimum 8 cm, minimum 300
dpi mi?
Sekillerin numaralar: (Sekil 1, Sekil 2, Sekil 3 vs.) makale igerisinde sirayla
verildi mi?

Tim sayfa ve satirlara numara verildi mi?
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ETIiK KURALLAR

Zonguldak Biilent Ecevit Universitesinin yaymn organi olan Karaelmas
Fen ve Mithendislik Dergisi ulusal ve uluslararas: tim kurum ve kisilere
tcretsiz olarak ulagmay1 hedefleyen hakemli bir dergidir.

Dergimize gonderilen bilimsel yazilarda, ICMJE (International
Committee of Medical Journal Editors) tavsiyeleri ile COPE (Committee
on Publication Ethics)'un Editor ve Yazarlar i¢in Uluslararas: Standartlar
dikkate alinmaktadur.

Yazarlarimizin etik ihlalleri ile ilgili tiim iddia ve kesinlesmis siirecler
kendi sorumluluklarinda olup, kesinlesen etik ihlalleri durumunda
makale otomatik iptal edilir.

Hakemler i¢in Etik Kurallar
Hakemler;

- Degerlendirdigi yazilarin gizliligine saygi gosterir ve makaleyi
tartigmaz veya yazi hakkinda bagka herhangi bir kisiyle iletisim
kurmaz.

- Olast bir ¢ikar catigmasi oldugunda editéri konu hakkinda
bilgilendirir.
- Onerileri igin nesnel ve yapici bir aciklama saglar.

- Makaleye iligkin kararlarinin konudan veya yazarlik bi¢iminden
etkilenmesine izin vermez.

- Guglu bir bilimsel gerek¢e olmadik¢a yazarin kendi makalelerini
belirtmesini istemez.

- Yazarlar tarafindan yayinlanmadan once kendi ¢aligmalarinin
higbirinde incelenen makalenin herhangi bir boliimiini veya bilgiyi
cogaltmaz.

- Hakem degerlendirmelerini sadece uzmanliklar: dahilinde ve makul
bir stire i¢inde kabul eder.

- Yazinin yayima ¢ikmasim geciktirecek ertelemeler yapmaz.
- Hakaret, diismanca veya kii¢tik districi bir dil kullanmaz.

- Gonderilen makaleleri ve ilgili tim materyalleri inceledikten sonra
imha eder.

https://publicationethics.org/files/Ethical guidelines for peer
reviewers 0.pdf

Yazarlar i¢in Etik Kurallar

Yazarlar ve yardimei yazarlar;

- International Committee of Medical Journal Editors (ICMJE)
tarafindan belirtilen yazar kriterlerine uygunluk saglanir;

a. Eserin tasarimina veya tasarimmna Onemli katkilar saglayan
verilerin elde edilmesi, analizi veya yorumlanmas:

b. Calismanin hazirlanmas: veya literatiirin igerik icin elestirel
olarak gozden gegirilmesi

c.  Yayinlanacak versiyonun nihai onay1

d. Calismanin herhangi bir boliiminiin dogrulugu veya butinligi
ile ilgili sorularin uygun sekilde sorusturulup ¢6ziilmesini sagla-
mada, ¢aligmanin tiim yonlerinden sorumlu olacak anlagma.

- Gonderilen makaleler yazar(lar)in ozgin calismast olmalidir ve
eszamanli olarak farkli yayincilara génderilmemelidir

- Yazar(lar) aragtirma Onerisinde, icrasinda ya da aragtirma sonuglarini
raporlarken aragtirma suistimali olarak tanimlanan uydurma, tahrifat
ya da intihalden sorumludur.

- Gonderilen makalelerde ¢ikar catigmasi varsa editore bilgi verilmelidir

- Gonderilen makalelerde 6n kontrol, degerlendirme sireci ya da
yaymnlanmig olan sirimiinde yazar veya yardimei yazarlar tarafindan
hata fark edilirse bilgi vermek, diizeltmek ya da geri ¢ekmek icin
editort bilgilendirmelidir.

- Makale gonderildikten sonra yazar siralamalari ve yazar ekleme-
¢ikartmalar1 6nerilmemelidir

- Yazar(lar), etik kurul karari gerektiren aragtirmalar i¢in etik kurul
onay1 aldiginy; etik kurul ads, karar tarihi ve sayis1 aday makalenin ilk-
son sayfasinda ve yontem bolimiinde belirtmeli, etik kurul kararini
gosteren belgeyi makalenin bagvurusuyla birlikte sisteme yiiklemelidir.

- Yazarlar olgu sunumlarinda olur/onam formunun alindigina iligkin
bilgiye makalede yer vermelidir.

- Kullanilan fikir ve sanat eserleri i¢in telif haklar1 dizenlemelerine
riayet edilmesi gerekmektedir.

- Makale sonunda; Aragtirmacilarin Katki Orani beyani, varsa Destek
ve Tegekkir Beyani, Catigma Beyan: verilmelidir.

http://www.icmje.org/icmje-recommendations.pdf

https://www.case.org.uk/wp-content/uploads/2018/11/d0i.10.20316.

ESE .2018.44.el.tr .pdf

Editérler icin Etik Kurallar
Editérler:

- Okuyucular, aragtirmay: veya diger bilimsel ¢alismalari kimin finanse
ettigi ve fon verenlerin aragtirmada ve yayinlanmasinda herhangi
bir roli olup olmadig1 ve eger dyleyse bunun ne oldugu konusunda
bilgilendirilmelidir.

- Editorlerin yayin i¢in bir makaleyi kabul etme veya reddetme kararlar,
makalenin 6nemi, 6zglinligi ve netligi ile ¢caligmanin gegerliligi ve
derginin gorev alanina uygunluguna dayanmalidir.

- Editorler, gonderimle ilgili ciddi sorunlar tespit edilmedikge,
gonderimleri kabul etme kararlarini tersine ¢evirmemelidir.

- Ciddi sorunlar tespit edilmedikge yeni editorler, bir onceki editor
tarafindan yapilan bagvurulari yayinlama kararlarini bozmamalidir.

- Hakem degerlendirmesi siireglerinin bir agiklamasi yapilmali ve
editorler agiklanan streglerden 6nemli sapmalari ortaya ¢ikarmalidir.

- Yazarlarin editoryal kararlara itiraz edebilmeleri i¢in beyan edilmis bir
mekanizmaya sahiptir.

- Editérler, kendilerinden beklenen her sey hakkinda yazarlara rehberlik
etmelidir. Bu rehberlik diizenli olarak giincellenmeli ve bu koda atifta
bulunmali veya bu koda baglant1 vermelidir.

- Editorler, International Committee of Medical Journal Editors
(ICMJE) 6nerdigi yazarlik kriterlerini belirtmelidir.

- Editérler, kabul etmeden 6nce gozden gegirenlerin rekabet edebile-
cek potansiyel ¢ikarlar: ifga etmelerini istemelidir bir sunumu gézden
gegirin.

VII
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- Edit6rler, hakemlerin kimliklerinin korunmasini saglayacak sistemlere
sahip olmaldir. Yazarlara ve hakemlere bildirilen agik bir inceleme
sistemi kullanir.

- Editorler, yeni yayin kurulu tyelerine kendilerinden beklenen her
sey hakkinda kilavuzlar sunmali ve mevcut tyeleri yeni politikalar ve

gelismeler hakkinda giincel tutmalidir.

- Editorler, derginin kalitesine ve uygunluguna gére ve dergi sahibinin
/ yaymncinin miidahalesi olmadan hangi makalelerin yayinlanacagina
karar vermelidir.

- Editorlerin derginin sahibi ve / veya yayina ile iligkilerini belirleyen
yazili bir s6zlesmesi olmalidir. Bu sézlesmenin sartlar: Dergi Editorleri
i¢cin COPE Davranig Kurallari ile uyumlu olmalidur.

- Editérler dergilerindeki hakem degerlendirmelerinin adil, tarafsiz ve
zamaninda yapilmasini saglamak icin ¢aba gostermelidir.

- Editorler, dergilerine gonderilen materyallerin incelenirken gizli
kalmasini saglayacak sistemlere sahip olmalidur.

- Editorler, dergilerdeki bolumlerin farkli amag ve standartlara sahip
olacagini kabul ederek, yayinladiklar1 materyalin kalitesini saglamak
i¢in tim makul adimlari atmalidur.

https://publicationethics.org/files/ Code%200f%20Conduct.pdf
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YAYIN ETiGi

Karaelmas Fen ve Mihendislik Dergisinin yayin etigi beyani, www.
publicationethics.org adresinde bulunan Yayin Etigi Komitesi'nin
(COPE) Davranis Kurallar: kilavuzuna dayanmaktadr.

Editérlerin Gorevleri
Adil ve editoryal bagimsizlik

Editorler sunulan makaleleri, yazarlarin irki, cinsiyeti, cinsel tercihi,
etnik kokeni, vatandaghgi, dini inanci, siyasi felsefesi veya kurumsal
egilimleri ne olursa olsun, sadece akademik yararlari (6nemi, dzginlik,
calismanin gegerliligi, netligi) ve derginin kapsamiyla olan ilgisine gore
degerlendirirler. Diizenleme ve yayinlama kararlari, hiikiimetlerin veya
derginin disindaki diger kurumlarin politikalari tarafindan belirlenmez.
Genel Yayin Yonetmeni, derginin tim editoryal igerifi ve bu igerigin
yayinlanma zamanlamasi tizerinde tam yetkiye sahiptir.

Gizlilik

Editorler, gonderilen bir makaleyle ilgili hi¢bir bilgiyi ilgili yazar, gézden
gecirenler, potansiyel gozden gecirenler, diger yayin danismanlari ve
yayinct diginda kimseye agiklamaz.

Agiklama ve ¢ikar ¢atigmalar:

Editérler ve yayin kurulu tyeleri, gonderilen bir makalede agiklanan
yayinlanmamus bilgileri, yazarlarin agik yazili izni olmadan kendi aragtirma
amaglar1 dogrultusunda kullanmayacaktir. Yazinin iglenmesi sonucunda
editorler tarafindan elde edilen ayricalikli bilgi veya fikirler gizli tutulacak
ve kisisel avantajlari i¢in kullanilmayacaktir. Editérler, makalelere bagli
herhangi bir yazar, sirket veya kurumla rekabet, isbirlik¢i veya diger
iligkilerden/baglantilardan kaynaklanan ¢ikar catismalari olan yazilarim
dikkate almaktan geri ¢ekilecekler; bunun yerine, yayin kurulunun bagka
bir tiyesinden yaziy1 islemesini isteyecekler.

Yayin kararlar1

Editorler, yayinlanmak tizere degerlendirilen tim makalelerin, alaninda
uzman en az iki gézden gegiren tarafindan hakem incelemesinden geg-
mesini saglar. Sorumlu mudiir, s6z konusu ¢alismanin dogrulanmasina,
aragtirmacilar ve okuyucular i¢in 6nemine, elestirmenlerin yorumlarina ve
iftira, telif hakk: ihlali ve intihal ile ilgili su anda yurirlikte olan yasal
gerekliliklere dayanarak, dergiye gonderilen yazilardan hangisinin yayinla-
nacagina karar vermekten sorumludur. Sorumlu miidiir bu karar1 verirken
diger editorler veya yorumcularla goriigebilir.

Sorugturmalara katilim ve igbirligi

Editérler (yayinct ve/veya kurulla birlikte) gonderilen bir makale veya
yayinlanmig makaleyle ilgili etik kaygilar ortaya ciktiginda duyarh
onlemler alacaktir. Etik olmayan yayincilik davraniglarinin rapor edildigi
her eylem, yayimlandiktan yillar sonra kegfedilmis olsa bile incelenecektir.
Editérler, suistimal stiphesiyle ugrasirken COPE Akis Semalarini takip
eder. Eger, sorusturma tzerine, etik kayg: iyi kurulmugsa, bir duzeltme,
geri ¢ekme, endigenin ifade edilmesi veya ilgili olabilecek diger notlar
dergide yayinlanacaktir.

Gozden Gegirenlerin Gorevleri
Editoryal kararlara katk

Akran incelemesi editorlerin editoryal kararlar almalarina yardimer olur ve
yazarlarla editoryal iletisim yoluyla yazarlarin makalelerini gelistirmelerine

yardimer olabilir. Akran incelemesi resmi bilimsel iletigimin 6nemli bir
bilegenidir ve bilimsel ¢cabanin merkezinde yer alir.

istem

Bir makalede bildirilen aragtirmayr gézden gecirmek icin niteliksiz
hisseden veya derhal gozden gegirilmesinin imkansiz olacagini bilen davet
edilen her hakem, editérleri derhal bilgilendirmeli ve alternatif hakemlerle
iletisime gegilebilmesi i¢in inceleme davetini reddetmelidir.

Gizlilik

Incelenmek icin alinan tim yazlar gizli belgelerdir ve bu gekilde ele
alinmalidir; Genel Yayin Yonetmeni tarafindan izin verilmedikleri
sirece (istisnai ve 6zel durumlarda bunu yapacak olanlar) bagkalariyla
gosterilmemeli veya tartiglmamalidir. Bu, inceleme davetini reddeden,
davet edilen, gézden gegirenler icin de gegerlidir.

Nesnellik standartlar:

Incelemeler objektif olarak yapilmali ve gozlemler, yazarlarin makalenin
iyilestirilmesi i¢in kullanabilmeleri amaciyla destekleyici argiimanlarla net
bir sekilde formiile edilmelidir. Yazarlarin kigisel elestirisi uygunsuzdur.

Kaynaklarin kabulii

Hakemler, yazarlar tarafindan atifta bulunulmamus ilgili yayinlanmig
¢aligmalari belirlemelidir. Onceki yayinlarda rapor edilmis bir gozlem,
tiiretme veya argtiman olan herhangi bir ifadeye ilgili alint1 eslik etmelidir.
Bir hakem ayrica, incelenmekte olan makale ile hakkinda kisisel bilgi
sahibi olduklari (yayinlanmis veya yayinlanmamis) herhangi bir diger
makale arasindaki herhangi bir 6nemli benzerlik veya ortiismeyi editorlere
bildirmelidir.

Agiklama ve ¢ikar ¢atigmalar:

Makaleye bagl yazarlar, sirketler veya kurumlarla rekabet, isbirlikei
veya diger iligkilerden kaynaklanan ¢ikar ¢atigmalari olan davet edilen
hakemler, editorleri derhal ¢ikar catigmalarini beyan etmeleri ve alternatif
hakemlerle iletisime gegebilmeleri i¢in inceleme davetini reddetmeleri
konusunda bilgilendirmelidir.

Gonderilen bir yazida agiklanan yayinlanmamis materyaller, yazarlarin
agtk yazili izni olmadan bir elestirmenin kendi aragtirmasinda
kullanilmamalidir. Akran incelemesi yoluyla elde edilen ayricalikli bilgiler
veya fikirler gizli tutulmali ve gozden gegcirenin kisisel avantaji icin
kullanilmamalidir. Bu, inceleme davetini reddeden, davet edilen, gézden
gegirenler icin de gegerlidir.

Yazarlarin Gérevleri
Raporlama standartlar:

Orijinal aragtirmanin yazarlari, yapilan eserin ve sonuglarin dogru bir
actklamasini sunmali ve ardindan ¢alisgmanin 6neminin objektif bir
tartigmasini sunmalidir. Yazi, bagkalarinin eseri cogaltmasina izin verecek
yeterli ayrinti ve referanslar icermelidir. Inceleme makaleleri dogru,
objektif ve kapsamli olmali, editoryal ‘goriis’ veya perspektif parcalart
acikca bu sekilde tanimlanmalidir. Hileli veya bilerek yanlis ifadeler etik
olmayan davranislar tegkil eder ve kabul edilemez.

Veri erigimi ve saklama

Yazarlardan, ¢aligmalarinin ham verilerini editoryal inceleme i¢in yazi
ile birlikte saglamalari istenebilir ve uygulanabilirse verileri kamuya agik

IX
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hale getirmeye hazir olmaldir. Her haliikarda, yazarlar, katihimecilarin
gizliliginin korunmasi ve 6zel verilerle ilgili yasal haklarin serbest
birakilmasini engellememesi koguluyla, bu verilerin yayimlandiktan sonra
en az 10 yil stireyle (tercihen kurumsal veya konu tabanli veri deposu veya
diger veri merkezi araciligyla) diger yetkili profesyonellere erisilebilirligini
saglamalidir.

Ozgiinliik ve intihal

Yazarlar sadece tamamen orijinal eserler yazdiklarindan ve sunduklarin-
dan ve bagkalarinin ¢aligmalarini ve/veya sézlerini kullanmiglarsa, bunun
uygun sekilde atifta bulunuldugunu saglamalidir. Yazida bildirilen eserin
niteliginin belirlenmesinde etkili olan yayinlar da belirtilmelidir. Intihal,
bagka bir makalenin “yazarin kendi makalesi” olarak “aktarilmasindan”,
bagka bir makalenin 6nemli béliimlerini kopyalamaya veya paraphrasinge
(atif yapmadan), bagkalar: tarafindan yapilan aragtirmadan elde edilen so-
nuglarin iddiasina kadar pek ¢ok bi¢im alir. Tim bigimlerinde intihal etik
olmayan yayincilik davranig: tegkil eder ve kabul edilemez.

Coklu, yinelenen, gereksiz veya eszamanli génderim/yayin

Temelde ayni aragtirmayr agiklayan bildiriler birden fazla dergide
veya birincil yayinda yayinlanmamalidir. Bu nedenle, yazarlar daha
6nce bagka bir dergide yaymnlanmig bir makaleyi degerlendirilmek
uzere gondermemelidir. Bir makalenin ayn: anda birden fazla dergiye
gonderilmesi etik dig1 bir yayin davranigidir ve kabul edilemez.

Bazi makale tirlerinin (klinik kilavuzlar, ¢eviriler gibi) birden fazla
dergide yayinlanmasi, belirli sartlarin kargilanmasi koguluyla bazen hakl
goriilebilir. ilgili dergilerin yazarlar1 ve editérleri, birincil belgenin ayni
verilerini ve yorumunu yansitmas: gereken ikincil yayini kabul etmelidir.
Birincil referans, ikincil yayinda belirtilmelidir.

Makalenin yazarhig1

Sadece bu yazarlik kriterlerini karsilayan kisiler, icerigin kamuya agik
sorumlulugunu istlenebilmeleri i¢in makalede yazar olarak listelenmeli-
dir: (i) ¢aligmanin anlagilmasina, tasarimina, yiritilmesine, veri edinil-
mesine veya analizine/yorumlanmasina 6nemli katkilarda bulunmustur;
ve (ii) yazinin hazirlanmasi veya onemli entelektiiel igerik icin elestirel
olarak revize edilmesi; ve (iii) gazetenin son halini gérmis ve onaylamug
ve yayimlanmak Gzere sunulmasini kabul etmis ve kabul etmis. Yazida
bildirilen eserin 6nemli katkilar1 olan (teknik yardim, yazma ve dizenleme
yardimu, genel destek gibi) ancak yazarlik kriterlerini karsilamayan kisile-
rin yazar olarak listelenmemesi, yazili izin alindiktan sonra “Bildirimler”
bélimiinde kabul edilmesi gerekmektedir. Tlgili yazar, tim uygun ortak
yazarlarin (yukaridaki tanima gore) ve uygunsuz ortak yazarlarin yazar
listesine dahil edilmemesini saglamali ve tim ortak yazarlarin makalenin
son halini goriip onayladigini ve yayina sunulmasini kabul ettigini dogru-
lamalidir.

Agiklama ve ¢ikar ¢catigmalari

Yazarlar miimkiin olan en erken asamada (genellikle gonderim sirasinda
bir agiklama formu gondererek ve makaleye bir ifade de dahil olmak tzere),
sonuglar: veya makaledeki yorumlarini etkilemek i¢in yorumlanabilecek
¢ikar catigmalarini ifsa etmelidir. Agiklanmas: gereken potansiyel ¢ikar
catigmalarina 6rnek olarak, fahri, egitim hibeleri veya diger finansman,
konugmact biirolarina katilim, tyelik, istthdam, danigmanlik, hisse senedi
sahipligi veya diger hisse senedi ¢ikarlari ile tcretli uzman ifadeleri veya
patent lisanslama diizenlemeleri ile kisisel veya mesleki iligkiler, ilgili kisiler,
bilgi veya inanglar gibi finansal olmayan konular veya makalede tartigilan
materyaller verilebilir. Calisma i¢in tim finansal destek kaynaklar:
aciklanmalidir (hibe numarasi veya varsa diger referans numarast da dahil
olmak iizere).

X

Kaynaklarin kabulii

Yazarlar, bagkalarinin ¢aligmalarini dogru bir sekilde kabul ettiklerinden
emin olmali ve bildirilen eserin niteligini belirlemede etkili olan yayinlara
da atifta bulunulmalidir. Ozel olarak elde edilen bilgiler (iiciincii sahislar-
la konusma, yazisma veya tartigma) kaynaktan agik, yazili izin alinmadan
kullanilmamali veya rapor edilmemelidir. Yazarlar, bu hizmetlerde yer alan
eserin yazarinin agik yazili iznini almamgsa, yazilara hakemlik veya hibe
bagvurular gibi gizli hizmetlerin saglanmasinda elde edilen bilgileri kul-
lanmamalidur.

Tehlikeler ve insan veya hayvan denekleri

Calisma, kullanimlarinda olagandis: tehlikeler etiit eden kimyasallar, pro-
sediirler veya ekipmanlar iceriyorsa, yazarlar bunlari yazida agik¢a tanim-
lamalidir. Eger ¢alisma hayvanlarin veya insan katilimcilarin kullanimini
ieriyorsa, yazarlar tiim prosedirlerin ilgili yasalara ve kurumsal yonergele-
re uygun olarak gerceklestirildiginden ve ilgili kurumsal komitenin bunlari
onayladiFindan emin olmalidir; yazi bu yonde bir ifade i¢ermelidir. Yazar-
lar ayrica, insan katilimcilarla deneyler i¢in bilgilendirilmis onam alindi-
gina dair bir ifadeyi de makaleye eklemelidir. Insan katiimeilarin gizlilik
haklarina her zaman uyulmalidir.

Akran incelemesi

Yazarlar, editorlerin ham veri, agiklama ve etik onayi, hasta onaylar1 ve telif
hakki izinleri i¢in isteklerine derhal yanit vererek akran degerlendirme
sirecine katilmak ve tam igbirligi yapmak zorundadirlar. ilk olarak
“revizyon gerekli” karari verilmesi durumunda yazarlar, hakemlerin
yorumlarina sistematik olarak, her noktasina zamaninda yanit vererek,
makalelerini verilen son tarihe kadar gézden gecirip dergiye yeniden
gondermelidir.

Yayinlanan ¢aligmalardaki temel hatalar

Yazarlar kendi yayinlanmig ¢aligmalarinda 6nemli hatalar veya yanliglk-
lar bulduklarinda, derginin editorlerini veya yayimcisini derhal bilgilen-
dirmek ve ¢aligmayi bir hata biciminde diizeltmek veya geri ¢cekmek i¢in
onlarla igbirligi yapmak onlarin yiikimluligudir. Editorler veya yayinc,
yayinlanmus bir ¢alismanin 6nemli bir hata veya yanlislik icerdigini tigtinct
bir taraftan 6Zrenirse, makalenin dogrulugunu dergi editorlerine derhal
duzeltmek veya geri ¢cekmek veya dergi editorlerine kanit sunmak yazar-
larin ytikimlaltgudir.
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Karaelmas Science and Engineering Journal is the international scientific
journal publishing original papers in English or Turkish, reviews, short
communications, technical notes and scientific editorial letters of science in
the following areas: basic sciences, basic medicine science and engineering
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Manuscripts should be submitted online by a website: https://dergipark.org.

tr/en/pub/karaelmasfen
Manuscript Categories:

Research articles: Manuscripts should report original information which have
not been published or submitted previously. Full text should not exceed 30
pages including references.

Review articles: Reviews of recent developments in a research fields and ideas
will be accepted. Manuscripts should not exceed 15 papers of printed text. The
use of tables and figures to summarize critical points is encouraged.

Short communications: These include small-scale investigations, innovative
methods, perspectives on existing laboratory techniques and new
methodologies, clinical trials and epidemiological studies. It should no exceed
5 printed pages.

Technical notes or Case Reports: Scientific reports providing important
contributions their area will be considered in this category. It should not be
exceed 3 pages.

Letters to editor: These include opinions, news and suggestions. Letters should
not exceed 2 pages.

Book/Software Reviews: Short but concise description of the book/software, not
exceeding a page. These types are not peer reviewed.

CONDITIONS FOR PUBLICATION
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be suitable to the formal criteria of Instructions to Authors, otherwise, the
manuscript will be sent back to the authors. Manuscripts should not exceed
20 papers of printed text, including tables, figures and references. Manuscripts
that are found suitable for peer review will be assigned to two expert reviewers.
The final decision to accept or reject a manuscript will be made by the Editor-
in-Chief. After review process, the Editor-in-Chief will inform the authors of
acceptance, rejection or necessity of revision of the manuscript. The paper has
not already been published elsewhere and it is not currently being considered
for publication elsewhere. If accepted, Karaelmas Science and Engineering
Journal have exclusive license to publish. Review process is three months.

THE REFEREE PROCESS

Manuscripts that do not comply with the journal’s guidelines will be returned
to the authors without scientific evaluation. Articles submitted in accordance
with the journal’s guidelines are reviewed by the Editor-in-Chief or Assistant
Editor, who will appoint them to referees. The review process is one-blind.
The Editor writes the decision letter in line with the recommendations of the
referees, the opinions of the field editors and the contribution of the publication
to the literature. All unexamined manuscripts are returned within 10 days, and
the decision letters of the manuscripts are sent within 3-6 months.

PRESENTATION
Papers should be submitted online.

The submitted articles should consist of four separate files: “Cover Page”,
“Blind Article-Full Text”, “Plagiarism Report” and “Copyright Transfer

Form”. Articles should be sent to Karaelmas Science and Engineering Journal
via https://dergipark.org.tr/tr/login

WRITING RULES

Manuscripts should be written double space on A4 sized typing paper with 2.5
cm all margins, with 1.5 line spacing and justified on both sides. Please click on
the link to access the writing rules of our journal.
https://dergipark.org.tr/tr/pub/karaelmasfen/writing-rules

*  Text should be prepared using Microsoft Word with Times New Roman
font and 12 point size. All text should be in black and white.

e All lines should be numbered continuously (including figures, tables and
references). Page numbers should be placed in the bottom middle of the
pages.

e The author’s information should not be given due to blind refereeing, in
the Full Text. Author’s information should be on the Cover Page.

* Full text should be consist of Turkish Abstract, English Abstract,
Introduction, Materials and method(s) (Area descriptions, Study materials,
e.g. should be cited as subheadings), Results and Discussion, Conclusion
and Suggestions, and References.

*  Latin expression should be typed in italics.

*  Full text should not exceed 30 pages including references.

Cover Page

The Cover Page should be a separate Microsoft Word file. Title, full name of all

author, institutions and ORCIDs on Cover Page; Contact address and e-mail

address of the responsible author should be given.

The Plan of Cover Page

e 'The article type should be write (Research article, review article, technical
note, etc.). The article type should be centered at the top of the page.

*  Turkish and English title

e Author’s names and addresses: All Authors full names must be written as
lower case with bold 12 font size in the middle. After authors name and
surnames, authors addresses should be stated with superscript numbers
(e.g. 1 2 3). Corresponding author’s full name should be marked with an
asteriks (*). All authors addresses must be typed with lower case 12 font in
the center. The corresponding author’s contact address and e-mail address
should be given, and University, Faculty, Department, City and Country
should be specified, respectively. Names of institutions and cities each
authors also must be stated.

*  Corresponding author’s name, address and e-mail address
*  Short title
¢ ORCID:s of all authors (Authors’ ORCIDs should be added as footnotes.)

*  Ethics Committee Decision should be attached to all studies that require
ethics.

https://trdizin.gov.tr/wp-content/uploads/2022/04/TRDizin_etik_
ilkeleri_akis_semasi.pdf

'The Plan of the Full Text Page

The first page is the Summary Page. The plan of the Summary Page should be
as follows (Table 1):
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Table 1: The Plan of Full Text Page

The Plan of the Full Text Page
English Title (12 punto)
Abstract (12 punto)

Turkish Title (Italik 12 punto)
Oz (12 punto)
Anahtar Kelimeler (12 punto)

Keywords (12 punto)*

*Of the keywords, only the first letter of the first keyword should be capitalized and the first
letters of the others should be lowercase.

The title: The title should be as short as possible, but give adequate information
regarding the contents. Title must be written on the center with bold 12 font
size. The first letter must be capital and the others must be written as lower
case.

Abstract and Keywords: A brief, informative English and Turkish abstract,
not exceeding 250 words, should be typed in 12 font size. Immediately
following the abstract, authors should provide 3-5 English and Turkish
keywords or phrases that reflect content of the article. Keywords should be
given in alphabetical order. Only the first letter of the first keyword should be
capitalized, the first letters of the others should be lowercase. Keywords must
be separated by commas and followed by a space of one character.

The Introduction section should be started by leaving a line in between after
the keywords. In full texts, the main headings in the article and subheadings, if
any, should be understandable. Main text headings should be left aligned, only
the first letter of the first word should be capitalized and bold. Subheadings
should be written in 12 points and italic. Main and sub-headings should be
numbered.

Introduction: This section should include the topic and importance of the
article and prior works.

Material and Methods: The methods and techniques applied should be
understandable. It should be supported by previous references. Statistical
models and methods of analysis should be clearly stated.

Results and Discussion: The results contain only findings, no writing
comment, and the results should be supported by figures and tables if necessary.
The results should be compared with the relevant literatiire, and compare with
other studies and discuss similarity and distinction.

Conclusion and Suggestions: Results should be summarized and recommen-
dations made.

Acknowledgments: It should include thanks to the people and organizations
supported the research.

Any conflict of interest, financial support, author’s statement of contribution,
donation and other editorial (statistical analysis, English/Turkish evaluation)
and/or technical assistance should be presented at the end of the text.

Author contribution: Author A: Planned and designed the study, Author B:
Gathered and analyzed data about the study, Author C: Wrote the article by
analyzing the study.

Ethics committee approval: If available, ethics committee approval should be
added. The institution giving the ethics committee approval, approval number
and date should be written on it.

References: Unpublished information should not be given as a source.
However, the theses that have been completed and passed the jury can be given
as a source. References should be given at the end of the article in alphabetical
order (according to the surnames of the authors), author’s names and surnames,
and the publication date of the article should be written in bold.

Plagiarism report: The general similarity rate of the submitted articles should
not exceed 20%, excluding the bibliography. Any plagiarizing article will be
automatically rejected.
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Copyright transfer agreement: The form opened by clicking on the “Copyright
Transfer Form” link on the page should be filled, signed and uploaded. Please
click on the link to access the copyright transfer agreement of our journal.

https://dergipark.org.tr/tr/pub/karaelmasfen/page/10931
The use of sources in the text is given below:
1. In Turkish Paper:

*  One author (Aliskan 2021). Two authors (Yildirim ve Topaloglu 2018).

e In the case of multiple authors they should be cited as (Yilmaz vd. 2007,
Erdem vd. 2022), multiple publications by same author(s) should be
written as (Erdem vd. 2022a, 2022b).

e Ifany source is cited: According to Karahan and Célgecen (2021), it was
as.....; according to Yilmaz et al. (2007); it should be written.

2. In English Paper:

*  One author (Aliskan 2021). Two authors (Yildirim and Topaloglu 2018).
If any source is cited: According to Unlii and Gergek (2023), it should be
written.

* In the case of multiple authors they should be cited as (Evans et al. 2023,
Landen et al. 2021). If any source is cited: According to Landen et al.
(2021)... it should be written.

*  References should be given at the end of the text according to alphabetical
order of the first authors surname.

e In Turkish and English articles, software programs should be given as
(IBM SPSS Statistics 2016) by specifying the name and year in the text.

'The references at the end of the text are as follows:

References should be given at the end of the text according to alphabetical
order.

Article:
One author

e Eker Sanh, G., Tasdemir, Y. 2022. Accumulations and temporal trends
of polychlorinated biphenyls (PCBs) in olive tree components. Environ.
Geochem. Health., 44(8): 2577-2594. D0i:10.1007/510653-021-01046-2

*  Yaral, O., Dury, H. 2016. Investigation into effect of scratch length and
surface condition on Cerchar abrasivity index. Tunn. Undergr. Space
Technol., 60: 111-120. Doi: 10.1016/j.tust.2016.08.005

Multiple authors

e Erdem,S.,Gonea, E., Bagoglu, G., Aydemir, E. 2022. Iskemi sonras verilen
kannabidiol reperfiizyon ile uyarilan aritmilere kars1 koruyucu etkilidir.
Med. J. West Black Sea, 6(1): 16-23. Doi: 10.29058/mjwbs.1016783

e Erkaymaz, O., Yapici, iS., Uzun Arslan, R. 2021. Effects of obesity on
time-frequency components of electroretinogram signal using continuous
wavelet transform. Biomed. Signal Process Control, 66: 102398. Doi:
10.1016/j.bspc.2020.102398

o Ouztiirk, S.,Hazer Y., Kagkatepe, B., Colgecen, H., Kulak, M. 2023. Kirmiz1
kantaron (Hypericum capitatum) bitkisi: fenolik i¢eriklerinin, antioksidan
aktivitesinin belirlenmesi ve klinik izolatlar {izerinde antimikrobiyal
etkinlifinin arastirilmasi. Bati Karadeniz Tip Dergisi, 7(1): 57-65. Doi:
10.29058/mjwbs.1251370

If two or more works by the same author are used, references should be listed

in chronological order.

*  Berndt, T.]. (2022).

e Berndt, T.]. (2023).

If there are more than seven authors, the names of the first six authors are

listed, followed by three dots and the name of the last author is added. No more

than seven names should be included.

*  Miller, FH., Choi, MJ., Angeli, LL., Harland, AA., Stamos, JA., Thomas,
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ST., ... Rubin, LH. 2009. Web site usability for the blind and low-vision
user. Technical Communication, 57: 323-335.

Book:

*  Resat, U. 2001. Uygulamal: jeoteknik bilgiler. 4. Basim, TMMOB Jeoloji
Miihendisleri Odas: Yayinlari, Nitelik Matbaacilik, Ankara, 385 s. Sanford,
RJ. 2003.

e Principles of fracture mechanics, Prentice Hall, Pearson Education, Inc.
Upper Saddle River, USA, 404 pp.

Chapter:

e Atar, H., Colgegen, H. 2020. Bioactive compounds of oregano seeds.
Victor R. Preedy, Ronald Ross Watson [eds.], Nuts & Seeds in Health
and Disease Prevention (2nd ed.). Oxford: Academic Press is an imprint
of Elsevier, London, San Diego, Cambridge, pp. 73-77.

Report:

*  Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic phytoplankton
and zooplankton biomass and species composition in Lake Michigan,
1983-1992. U.S. EPA Great Lakes National Program, Chicago, IL. EPA
905-R-95-009.

Conference, Symposium:

e Karahan, H., Célgecen, H. 2021. Uptake of silver nanoparticles in natural
tetraploid Trifolium pratense L. calli. 10th International Molecular Biology
and Biotechnology Congress, s. 56, Turkey.

Internet:

If any information is taken from any website (except for articles taken from the

internet and published in journals), the name of the website and the title of the

website should be written in the references section.

Web page:

e TUIK 2023. https://www.tuik.gov.tr/

Web document with author:

e Dawson, J., Smith, L. Deubert, K. 31 Ekim 2002. http://studytrekk.lis.
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New Schift Base and Its Platinum Complex: Inhibition of Amyloid Aggregation

Yen: Bir Sc/yzﬁ Baz1 ve Platin Komple,ési: Amiloid A (gregasyonunun fn/yiéisyonu

Ozge Ozcan ®, Salih Giinnaz ©, Sevil Irigli*

Ege University, Faculty of Science, Izmir, Tiirkiye

Abstract

This study investigates the synthesis and characterization of a Schiff base (L) comprising amine and imine donor atoms, specifically
N1-(4-(benzyloxy)benzylidene)-N2-phenylethane-1,2-diamine, along with its Platinum(lI) complex (Pt-L). The structural
elucidation of both the ligand and complex is accomplished through various spectroscopic techniques including Fourier-transform
infrared spectroscopy (FT-IR), proton nuclear magnetic resonance ("H-NMR), carbon-13 nuclear magnetic resonance (*C-NMR),
and elemental analysis. Furthermore, the potential inhibitory effects of the Pt-L complex on AB, , aggregation are explored using the
human neuroblastoma cell line (SH-SY5Y) as a model system. The cytotoxicity of the Pt-L complex on SH-SY5Y neuroblastoma cells
is examined, revealing an IC, value of 19.22 pM. The inhibition kinetics of A aggregation are also investigated fluorometrically using
Thioflavine-T. By analyzing the area under the curve, it is calculated that the complex (1.0:1.0 molar ratio) interacts with amyloid at a

rate of 65%. These results obtained in our study show that the complex is promising in terms of inhibition of Af, ,,.

Keywords: Anti-Alzheimer activity, cytotoxicity, schiff base, platinum-schiff base complexes.

Oz

Bu calisma,amine ve imin donératomlariniigeren bir Schiffbazi (L) bilesiginin sentezini ve karakterizasyonunu incelemektedir. Ozellikle,
N1-(4-(benziloksi)benziliden)-N2-feniletan-1,2-diamin bilesigi ve onun Platin(IT) kompleksi (Pt-L) tizerinde durulmaktadir. Hem
ligandin hem de kompleksin yapisal aydinlatilmasi, Fourier-déntisimli kizilotesi spektroskopi (FT-IR), proton niikleer manyetik
rezonans ('"H-NMR), karbon-13 niikleer manyetik rezonans (SC-NMR) ve elementel analiz gibi cesitli spektroskopik teknikler
kullanilarak gergeklestirilmistir. Ayrica, Pt-L. kompleksinin AP, ,  agregasyonu Uzerindeki potansiyel inhibisyon etkileri, insan
noroblastoma hiicre hatt1 (SH-SY5Y') kullanilarak bir model sistem olarak aragtirilmigtir. Pt-L kompleksinin SH-SYS5Y néroblastoma
hiicreleri tizerindeki sitotoksisitesi de incelenmis ve IC_ degeri 19.22 uM olarak belirlenmistir. AP agregasyonunun inhibisyon kinetigi
ayrica Thioflavin-T kullanilarak florometrik olarak incelenmistir. Egrinin altinda kalan alanin degerlendirilmesi ile kompleksin 1.0:1.0
mol oraninda amyloid ile %65 oraninda etkilestigini gostermistir. Caligmamizda elde edilen bu sonuglar, kompleksin Af, .. inhibitéri
olarak umut verici bir bilesik oldugunu goéstermektedir.

1-42°

Anahtar Kelimeler: Anti-Alzheimer aktivitesi, sitotoksisite, schiff bazlari, platin-schift bazi kompleksleri.

1. Introduction many biological fields such as anticancer, antiviral, anti-
inflammatory, antifungal, etc. (Liu et al. 2014, Rao et al.

hiff i f th ile cl
Schiff bases are considered one of the most versatile classes 2013, Mohammed et al. 2022).

of bioactive compounds due to their capacity to interact
with various elements (Garai et al. 2018, Pal et al. 2020).
Schiff bases and their metal complexes are widely used in

(ND) are

progressive disorders that share many common features. The

Neurodegenerative  diseases chronic and
accumulation of death-causing protein aggregates (Especially

AP, ,,,amyloid beta(1-42))in certain areas of the brain causes
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damage and results in memory loss (Ross and Poirier 2004,
Soto and Pritzkow 2018). In Alzheimer’s disease (AD), the
alteration in the nerve transmission with nerve cell death
is recorded by the presence of neurofibrillary tangles with
phosphorylated forms of the tau protein as a microtubule
protein. Studies have been carried out for the future of
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Alzheimer’s disease, which is based on the assumption of
metal ions in the treatment of Alzheimer’s disease (Kepp
2017). In this context, metal ions, especially copper, play an
important role. It should be noted that copper, iron and zinc
ions also participate in various essential components in the
functions of the body. When copper accumulates as a toxic
cation, it also contributes significantly to Alzheimer’s disease
s, (Gaetke et al. 2014).
For this reason, diamine-based pharmacophore chelators

by increasing the aggregation of Af

have been synthesized using aromatic or alkyl amine/imine
groups (Santos et al. 2016). It is important to synthesize
ligands by taking into account some pharmacophore groups
of pro-drug chemicals that can be used in the treatment of
AD (Palanimuthu et al. 2017). Studies on the inclusion of
two nitrogen-containing compounds as chelating groups in
molecules for the removal of metal ions that play a role in
aggregation such as Cu and Zn have gained importance.

Another approach is the use of metal complexes that can
remove metal from AP, , in case of disease or modulate
AP aggregation to prevent disease (Rowinska-Zyrek et
al. 2015). Based on this idea, Pt-based metal complexes
were synthesized and their inhibition activities on Af,
were investigated (Liu et al. 2018). In the metal complexes
formed with these ligands, the metal mostly interacts with
the histidine nitrogens of amyloid, and the pharmacophore
groups of the ligand can also contribute to this interaction
(Valensin et al. 2012). Although Pt has generally been used
in studies on this subject, especially in recent years, there
have been studies including Ru, Ir and Pd complexes (Khan
et al. 2024). There are limited studies on Schiff base-metal
complexes (Heftern et al. 2014, Roberts et al. 2020, Iscen et
al. 2019).

In the study, new platinum(II)-schiff base complex (Pt-
L) which has new Schiff base (L) containing amine/imine
groups was synthesized. The structures of the synthesized
compounds were determined by spectroscopic methods.
Ligand synthesis was planned by taking into account
the groups (pharmaphores) in some drugs used in the
treatment of AD (Palanimuthu et al. 2017). We aimed to
prevent aggregation by binding studies of these synthesized
substances. In vitro study of the complex was performed
on the human neuroblastoma cell line (SH-SY5Y), and
cytotoxicity tests were performed beforehand. The inhibition
kinetic of Thioflavin T fluorescent aggregation of complex
was measured by the method.

2. Material and Methods
2.1. Chemicals

The reagents K PtCl,, 4-Benzyloxybenzaldehyde, methanol,
chloroform, dichloromethane, and diethyl ether used in
the synthesis were commercially purchased from Sigma
Aldrich, and solvents were purified according to standard
methods (Haas 1971). Pt(DMSO),Cl,, used as the starting
complex, was synthesized according to the literature (Price

et al. 1972). The AB, ,,

studies was purchased from Anaspec. A

Aggregation Kit for fluorescence
14, (human) for cell
studies and AFM were purchased from Bachem.

2.2. Instrumentations

Melting points were obtained using an Electrothermal
Melting Point detection apparatus. Elemental analyzes were
performed Ege University. Infrared spectra were recorded
on a Perkin Elmer Spectrum 100 FT-IR spectrophotometer
in the range of 4000- 400 cm™ for ligands, 4000- 200 cm™
for complexes. 'H and “C NMR spectra were measured at
Varian AS 400 MHz spectrometer. CDCI, and DMSO-d,
were used as the solvents and TMS was used as the internal
standard. ThT measurements were made using Thermo
Fisher Scientific, Varioskan Flash microplate reader device
(Temperature 37°C) with 480 nm excitation and 484 nm
emission wavelengths.

2.3. Synthesis

2.3.1. Synthesis of (N1-(4-(benzyloxy)benzylidene)-N2-
phenylethane-1,2-diamine)(L)

Scheme 1. Synthesis pathway for the L.

A solution of 4-Benzyloxybenzaldehyde (15.5 mg, 0.079
mmol) in 2 mL methanol was prepared in a schlenk.
Then, N-phenylethylenediamine (0.01 mL 0.079 mmol)
solution in 1 mL methanol medium was added dropwise
and stirred for 24 hours at room conditions. After 24 hours

Karaelmas Fen Mih. Derg., 2024; 14(3):1-11
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in the reaction, a precipitate was formed. The precipitate
and filtrate were separated. The precipitate was dried in the
vacuum line. Yield: 87.5%, FT-IR (KBr disk, cm™) v =
1642. 'TH NMR (400 MHz, DMSO-d,) 8 (ppm): 8.25 (s,
1H, CH=N), 7.69 (d, 2H, J=8.4 Hz, Ar-H), 7.46 (d, 2H,
J=7.2 Hz, Ar-H), 7.39 (t, 1H, J=7.4 Hz, Ar-H), 7.09-7.05
(m, 4H, Ar-H), 6.62 (d, 2H, J=8.0 Hz, Ar-H), 6.53 (t, 1H,
J=7.2 Hz, Ar-H), 5.57 (t, 1H, J=6.0 Hz, N-H), 5.15 (s, 2H,
O-CH,),3.71 (t,2H, J=6.2 Hz,N-CH,), 3.32- 3.28 (m, 2H,
N-CH,). C NMR (100 MHz, DMSO-d,) 6 (ppm): 161.5,
160.7,149.2,137.2,129.9,129.6,129.3,128.9,128.4,128.2,
116.1,115.3,112.6,69.8, 60.0, 44.3. Elemental analysis (%):
Calculated (C,H_ _N.O) (330,42) C,77.97; H,6.71; N,8.48;

2277227 72

Found, C,77.10; H, 6.64; N, 8.39.
2.3.2 Synthesis of Pt(L)CI2(Pt-L)

O

P{DMSO0),Cl, | -2 DMSO

Scheme 2. Synthesis pathway for the Pt-L complex.

Ligand (L) (38.5 mg, 0.137 mmol) was dissolved in 2 mL
of chloroform medium in a schlenk. Then, in a beaker,
Pt(DMSO),Cl, (58 mg, 0.137 mmol) was prepared as
a suspension in 3 mL chloroform medium and added
dropwise onto Ligand L. The mixture was then stirred at
reflux temperature for 72 hours. As a result of the reaction,
the solvent volume was reduced until 1 mL of solution
volume remained in the vacuum line and the solid was
obtained by precipitation with 5 mL of diethyl ether. The
light-yellow substance was dried under vacuum. Yield:
61%, Melting Point: 197 °C. FT-IR (KBr disk, cm™) v _
=1599, v, = 328 (with shoulder). 'H NMR (400 MHz,
DMSO-d,) 6 (ppm): 9.14 (s, 1H, CH=N), 7.79-7.15 (m,
14H, Ar-H),5.51(d, 1H,-NH), 5.20 (s, 2H,-CH,), 4.09 (bs,
1H,N-CH,),3.92 (bs, 1H,N-CH,), 3.03 (bs, 1H,N-CH,),
2.77 (bs, 1H, N-CH,). *C NMR (100 MHz, DMSO-d,)
d(ppm): 165.8, 161.5, 146.5, 133.1, 129.4, 129.0, 128.3,
124.5, 124.3, 124.0, 115.8, 115.3, 112.5, 70.0, 61.1, 60.1,
46.0. Elemental analysis (%): Calculated (C,,H,,CL N, OPt)

227722
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(596,41) C,44.30; H,3.72; N,4.70; Found, C,43.81; H, 4.18;
N, 4.08.

2.4. Thioflavin T Assay

Concentrations of the Af, ,, Aggregation Kit, purchased
from AnaSpec, were prepared according to the kit procedure.
For this purpose, stock solutions of complexes and AP,
4, prepared as specified in the biological measurements
above were diluted with buffer containing 50mM Tris /
150mM NaCl, 20mM HEPES (4-(2-hydroxyethyl)-1-
piperazinepropanesulfonic acid) / 150mM NaCl, 10mM
Phosphate / 150mM NaCl and final concentrations 10 plM
for AB, ,, and 10 pM for the complexes (corresponding to
an interaction ratio of 1: 1) were prepared. The final DM SO
concentration does not exceed 1 %. ThT solution prepared
with bufter was adjusted to the final concentration of 42.6
pM. It was determined by the literature data that an effective
signal was obtained at this concentration (Xue et al. 2017).

Negative controls consisting of ThT and assay buffer and
consisting of ThT-complex (Pt-L) was run to ensure that
complex does not alter ThT fluorescence. Samples were
plated in a black 96-well plate. The plate was sealed with
aluminum sheets to prevent samples from light and kept
in the dark. Fluorescence was measured through the plate
bottom every 5 min for 165 min. at excitation 440 nm and
emission 484 nm on a Thermo Fisher Scientific, Varioskan
Flash microplate reader. Samples were kept at 37 °C un-
der orbital agitation (550 rpm) in the plate reader between
reads. Kinetic was plotted using GraphPad Prism.

2.5. Biological Activity

2.5.1. Preparation of monomeric A}
solutions

1.0, and complexes stock

Commercially purchased A, , first interacted with HFIP,
resolved, and published in accordance with the literature.
This method primarily aimed to remove oligomers that
may be present in commercial amyloid. Insoluble parts were
separated by adding HFIP and the resulting solution was
concentrated in a vacuum concentrator. Again, the literature
was used to determine the concentration according to its
effects (Ryan et al. 2013). It was then brought to the con-
centration to be studied by diluting with 1xPBS. In all mea-
surements, amyloid solution was freshly prepared. Due to
the low water solubility of the complexes, the complexes for
the prepared stock solution were dissolved in 2:1 DMSO/
H,O medium and diluted to the targeted concentrations
with phenol-free DMEM (Dulbecco’s Modified Eagle Me-
dium). In all cell measurements, an application method was
followed in which the DMSO rate did not exceed 1%.
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2.5.2. Cell culture studies

Human neuroblastoma cancer cell (SH-SY5Y) was used
in cell culture studies. After removing the frozen cell from
-80°C in the cryotube. Then it was quickly thawed in a
water bath and transferred to a flask and filled with DMEM
medium. Phenol-red-free DMEM was selected as the
medium used to determine the cytotoxicity levels of the cells,
and all procedures were carried out under sterile conditions.
The DMEM medium was prepared with 1% penicillin/
streptomycin, 1 % L-Glutamine, 1 % non-essential amino
acid, and 1 % Sodium-pyruvate added to the bottle, and it
was completed to 500 mL. For an optimal environment for
cell growth, the cells were kept in an incubator at 37 °C,
containing 95% humidity and 5% CO, conditions.

2.5.3. Cytotoxicity studies

In 96-well plates, 1 x 10° SH-SY5Y cells (for 72 hours) were
seeded in each well. To determine the cytotoxicity of the
complexes alone, master stock solutions of the complexes
were diluted with DMEM to the obtained concentrations
and added to the wells at (0.1;0.5;1;10;50;100) pM concen-
trations. After 72 hours of cell cultivation, the medium was
removed from the cells and the wells were washed 2 times
with 1x PBS. At the end of the relevant time, the medium
was removed from the cells, 100 pL of 0.5 mg/mL MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) was added to each well and incubated at 37 °C
for 3 hours. After the incubation was completed, the me-
dium with MTT was removed from each well and 150 pl
of DMSO (Dimethyl sulfoxide) was added to dissolve the
MTT crystals in the cell. The absorbance of the wells was
measured at 570 nm with a microplate reader (Thermo Sci-
entific, Varioskan Flash). The percent viability of the control
group (untreated group) was considered 100% and the ab-

sorption value of each well was calculated as a percentage
relative to the control group, and the experiments were re-
peated three times.

As a result of this study, the inhibitory effect of the

complexes on the toxicity of AP, ,, in neuronal cell culture

1-42
was determined by MTT measurement. Neuronal cells

were incubated with A, , for 72h (Interaction with HFIP
(Hexafluoroisopropanol) may give erroneous results for the
first 24 hours with a final concentration of 10 pM in the
presence of complexes at concentrations of 10 and 5 uM
respectively.

After removing the medium from the installation, 0.5 mg/
mL MTT was added to the wells and incubated at 37°C
for 3 hours. After the incubation period was completed, the
medium with MTT was removed from each well and 150
pL of DMSO was added to open the MTT crystal cells
inside. The absorbance of the wells was measured at 570 nm
with a microplate reader and again compared with the con-
trol group to calculate the percentage of cell viability (Mos-
mann 1983).

3. Results and Discussion
3.1. Synthesis Studies of Ligands and Complexes

Synthesis schemes of the ligand and complex are shown in
Schemes 1 and 2, and '"H NMR and ®C NMR spectra of
the ligand and complex are given in Figures 1, 2, 3 and 4,
respectively.

'H NMR and ®C NMR spectra of L and complex Pt-L were
recorded in DMSO-d, media according to their solubility.
The imine peak seen at 8.25 ppm in the ligand shifted to
9.14 ppm with complex formation. The signal of the CH,
group bound to oxygen in the ligand shifted from 5.15 ppm

nnnnnnnnnn

105  Se—

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

9 N o o v o T
R3¢ 53 3 3 LEEI
13 12 11 10 9 8 7 6 S 4 3 2 1 0 1
1 (ppm)

Figure 1. 'H-NMR spectrum of Ligand (L).
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Figure 4. BC-NMR spectrum of complex (Pt-L).
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to 5.20 ppm with complex formation. The proton signal of
the CH, group bound to nitrogen is seen as a singlet at 3.71
ppm in the free ligand, while it is observed as two separate
singlets at 3.92 and 4.09 ppm with complex formation.
When the 'H NMR and *C NMR spectra for L and Pt-L.
are examined, shifts are seen relative to the free ligand. In
particular, the characteristic imine proton (N=CH) and
imine carbon (N=CH) shifts to higher ppm from the free
ligand indicated that the complex were imine bound (Miles
et al. 2016, Patterson ez a/. 2014, Shiju et al. 2015). The peaks
of the protons in the CH, group are also seen by separating
them in ligand spectrum (Damoc et al. 2020). A shift in
CH, protons was observed relative to the free ligand in the

complex spectrum. The results of the NIMR assessments are
presented in Table 1.

The FT-IR spectra of the complex obtained was compared

with the ligand. This spectrum shows that the v ., modes

change with complexation. While there is a cle(ZrN)distinc—
tion in cis- Pt-Cl peaks of the starting complex [PtCI(DM-
S0O),], it was observed as a peak containing a shoulder in the
FT-IR spectra of the Pt-L complex (Figure 6 and 7). How-
ever, when the literature data are examined, it is seen that
this distinction is not fully observed in some cis-structured

complexes (Gimis et al. 2009).

Elemental analysis results of the ligand and complex are
compatible with the suggested structure.
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Figure 5. FT-IR spectrum of Ligand (L).
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Figure 6. FT-IR spectrum of complex (Pt-L).
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Table 1: 'H- and ®C-NMR peak assignments for ligand and complex.

w29 1!- =
S il
11 1p Tﬂ A " _@_{"/ 'KEE-_,.- His
12 Q_/ 4 1 15 noom Q_/ ‘* 22
a9 8 5 i
13 14
Ligand (L) complex (Pt-L)
"H-NMR
Number ppm Number ppm
15 8.25 (s) 15 9.14
2,6 7.69 (d)
3,5 7,46 ((d)) 2,3,5,6,10,11, 12,
11,13 7,39 (t 13, 14,21, 22,
10,12, 14,21, 25 7.09-7.05 (m) 23,24,25 7:79-7.15 (m)
22,24 6.62 (d)
23 6.53 (t)
19 5,57 (bs) 19 5.51 (bs)
8 5.15 (s) 8 5.20 (s)
4.09 (bs) (1H
17 371 (0 17 B Ebs§ ElH;
18 3.32-3.28 (m) 18 ;2; EE:; gg;
BC-NMR
Number ppm Number ppm
4 161.5 4 165.8
15 160.7 15 161.5
20 149.2 20 146.5
9 137.2 9 133.1
2,6 129.9 2,6 129.4
22,24 129.6 22,24 129.0
1 129.3 1 128.3
11,13 128.9 11,13 124.5
12 128.4 12 124.3
10,14 128.2 10,14 124.0
23 116.1 23 115.8
21,25 1153 21,25 115.3
3,5 112.6 3,5 112.5
8 69.8 8 70.0
17 60.0 17 61.1
18 44.3 18 46.0

*s: singlet; d: doublet; t: triplet; m: multiplet; bs: broad singlet.
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3.2. Biological Assessment
3.2.1. Determination of cytotoxic activities of complex

The cytotoxicity of the complex was studied for 72 hours
(Figure 7). The initial concentration was determined as 10
pM (Yellol et al. 2015). The cytotoxicity of the complex for
IC,, value over 72 hours is 19.22 uM.

After determination and evaluation of the cytotoxicity of
the complex alone in the SH-SY5Y cell line, the appropriate
concentration was determined for cytotoxicity studies to be
measured by Af, .
determined to correspond to the molar ratio of 1.0:1.0 and
1.0:0.5 amyloid/complex. AP, ,, alone was added to the
medium as a control (Figure 5).

'The concentration of the complex was

SH-SYS5Y + (Pt-L) Complex
120

100
20
0 |

Control 0.1 uyM 0.5uM 1pM 10 puM 100 pM

oo
o

% Cell Viability
N
(=]

B
o

Figure 7. Cytotoxicity of the Pt-L on the cell viability

150 amm control

140 bmm ARq4

130

120 cmm ARyt (Pt+L) Complex (1.0;1.0)
110 dmm ARyt (Pt+L) Complex (1.0;0.5)

% Cell Vitality

Figure 8. Inhibition of the AP, , toxicity.

After 72 hours (Vyas et al. 2018) 10 pM. Ap, , was found
to have approximately 65% cell viability by measurements,
which is consistent with literature data (Kristhal et al. 2019).
Interactions of the complexes with amyloid at 1:1 and 1:0.5

molar ratios were also performed over 72 hours.

As seen in the Figure 8, because of the findings, it was
observed that the complex at both molar ratios inhibited

the cytotoxicity caused by AP, ,, aggregation.

1-42
It showed higher activity in 1.0: 1.0 molar ratio than 1.0:0.5
in 1 molar ratio. This is compatible with some literature data
(Roberts et al. 2020). When the studies on Pt complexes
were examined, it was observed that certain activation was
obtained at 1.0:2.0 amyloid/complex ratios in general. The
result determined for the complex in this study appears to
be lower than the metal molar ratio found in many other

studies (Messori et al. 2013).
3.3. Thioflavine-T Aggregation Inhibition Studies

One of the most common method used to determine
the aggregation kinetics of AP , is the Thioflavine-T
fluorescence measurement technique. As a control, AB,
4, in the medium showed an increase in fluorescence over
time. To determine the AB
measurements with A,
and 1.0: 0.5 were made. The results are given in Fig 9a and
9b. As a result of this measurement, it was observed that

s,/ complex interaction ratio,

/ complex molar ratios of 1.0:1.0

the interaction of 1.0:1.0 molar ratio inhibited amyloid
aggregation more than other ratio. Compared with literature
data, the complexes we examined show a lower molar ratio
(Messori et al. 2013, Lu et al. 2015) suggesting that they are
more active in amyloid aggregation. By analyzing the area
under the curve, it can be calculated that complex (1.0:1.0
molar ratio) interacts with amylode at a rate of 65%.

There are only three studies conducted with Schiff bases
in the literature (Heffern et al. 2014, Roberts et al. 2020,
Iscen et al. 2019), and the effect of only one Co-Schiff
base complexes on the aggregation of AB, , was examined
and it was reported that the compound they synthesized
interacted with amyloid at a rate of approximately 70%
(Roberts et al. 2020). In studies available in the literature,
the values generally found for the compounds examined
in fluorescence measurement data are those with a similar
effect in the molar ratio of 1.0:2.0 (amyloid/complex)
(Roberts et al. 2020, Messori et al. 2013, Lu et al. 2015).
In a few studies, the interaction ratio is 1.0:1.0 (Vyas et al.
2018, Florio et al. 2020). These results obtained in our study

show that complex Pt-L is promising in terms of inhibition

of AP
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Figure 9. A) Fluorescent graphic. B) Under the curve Area.

4. Conclusion and Suggestions

In this study, the synthesis of a new amine/imine structured
Schiff base and its chelated platinum complex is reported.
'The structures of the ligand and the complex were elucidated
by spectroscopic methods. The cytotoxicity of the complex
on SH-SY5Y neuroblastoma cells was examined and its

ICso value was found as 19.22 pM.

'The activation of the complex on the cells with amyloid was
measured by determining the non-toxic concentration. It
has been determined that it inhibits amyloid aggregation
and increases cell viability, especially when the amyloid/
complex is in a 1.0:1.0 molar ratio. Again, with the help
of fluorescence measurements, it was understood that the
complex interacts with 65% of the amyloid. These results
obtained in our study show that the complex is promising in
terms of inhibition of AP, ..
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Ug Asamali Derin Ogrenme Tabanli Otomatik Ara¢ Plakasi Algilama ve
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Autonomous Vehicle License Plate Detection and Identification System Based on
779ree—Sz‘age Deep Learning
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Oz

Arag plakalarinin otomatik olarak algilanmas: ve tanimlanmas: sistemleri araglarla girilebilen ve glivenlik gerektiren tcretli otopark
girigleri, otoban giseleri, mobese kameralari, site ve alig-veris merkezi girisleri gibi yerlerde vazgegilmez hale gelmistir. Arag sayisinin
hizli artist nedeniyle, arag plakalarinin hizli ve dogru tespit edilmesini gerektirmektedir. Ote yandan gériintiileme cihazina araglarin
ve plakalarin farkli a1 ve boyutlarda gelmesi nedeniyle ara¢ plakasinin otomatik taninmasinda problem yasanmaktadir. Bu ¢aligmada
You Only Look Once (bu yaygin 1ngi1izce tanimina uygun yaygin kisaltmast olan YOLO) ve evrigimsel sinir ag1 (ESA) derin
6grenme modelleri ile ara¢ plakasinin algilanmasi, arag plakas: Gzerindeki karakterlerin yerlerinin tespit edilmesi ve bu karakterlerin
siniflandirilarak plakanin taninmasi i¢in ti¢ agamali bir sistem tasarlanmugtir. Plakalarin bulunmas: ve plaka tizerindeki karakterlerin
ayristirilmas: agamalarinda kullanilan iki ayr1 YOLO modelinin her ikisinde de %100 basari elde edilmigtir. Plaka tzerindeki
karakterlerin siniflandirilmas: ile plaka tanima agamasinda kullanilan ayri bir ESA modelinde ise %94.9 basari orani elde edilmistir.
Literattrle kiyaslandiginda, ilk iki agamada elde edilen sonuglarin diger ¢alismalardan daha yiiksek oldugu ve son asamada ise yaklagik
olarak benzer basar1 elde edildigi goriilmistiir.

Anahtar Kelimeler: ESA, derin 6grenme, otomatik arag plakasi algilama, otomatik arag plakasi tanima, YOLO.

Abstract

Autonomous detection and identification of vehicle license plates have become indispensable in places that can be entered by vehicles
and require security, such as paid parking exits, highway toll kiosks, mobile security cameras, site and shopping centre entrances. Due
to the rapid increase in the number of vehicles, it is necessary to detect vehicle license plates quickly and accurately. On the other
hand, the main problem in automatic recognition of vehicle license plates is that vehicles and license plates come to the imaging device
at different angles and sizes. In this study, a three-stage system was designed to detect the license plate using You Only Look Once
(YOLO) and Convolutional Neural Network (CNN) deep learning models, to locate the characters on the license plate, and to classify
these characters and identify the license plate. 100% success was achieved in both stages of finding the license plates and separating the
characters on the license plate using two distinct YOLO models. A success rate of 94.9% was achieved in the license plate recognition
phase by classifying the characters on the license plate using a separate CNN model. When compared with the literature, the first two
stages achieved higher accuracies than the other studies and the last stage resulted in similar accuracy.

Keywords: CNN, deep learning, automatic vehicle plate detection, automatic vehicle license recognition, YOLO.
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1. Girig

Son yillarda ara¢ kullanim sayisi insanlarin ihtiyaglari ve
niifusun cogalmasindan dolay1 hizla artmugtir. Tirkiye Ista-
tistik Kurumu’na gore son 20 yilda sadece tilkemizde kayith
arag sayist yaklagik dort katina cikmustir (TUTK, 2024). Arag
sayisindaki bu artig yarattigi trafik yogunlugunun yanisira
park alanlari, otoyol ve koprii giseleri gibi tcret tahsilat:
noktalar: ile radara yakalanan ve suga karisan araglarin tes-
pit edilmesinde sorunlarina artigina sebep olmustur (Du vd.

2017).

Bu sorunlari ¢ézmek i¢in arag plakalarinin otomatik olarak
tanimlanmast bir secenek olabilir (Ozbay ve Ercelebi 2005).
Otomatik ara¢ plaka sistemleri insan bir operatére ihtiyag
duyulmadan, ara¢ plakalarinin dogru bir sekilde tanimlan-
masini amaglamaktadir (Du vd. 2017). Temelde otomatik
plaka tanima sistemi ti¢ temel asamadan olugur: (1) plaka
yerinin tespiti, (2) bulunan plakadaki karakterlerinin ayris-
tirilmasi ve (3) bu ayrigtirilan karakterlerin siniflandirilmas:

(Du vd. 2017).

Ilk yapilan arag plaka tanima sistemlerinin cogunlukla g6-
rintli isleme teknikleri kullanilmistir (Zhuang vd. 2018).
Zamanla teknolojinin gelismesiyle birlikte, makine 6gren-
me algoritmalarinin kullanimi her alanda artmigtir (Iler
2009). Son zamanlarda gériinti tabanli makine 6grenmesi
caligmalarinda derin 6grenme (6zellikle de evrisimsel sinir
ag1 (ESA) modellerinin kullanimi oldukga popiiler hale gel-
mistir (Narin ve Isler 2021). Boylece goriintii isleme algo-
ritmalarina ve herhangi bir 6n isleme gerek olmadan daha
hizli bir sonug elde edilmesine olanak saglanmaktadir (St-
rici vd. 2021).

Son zamanlarda yapilan ara¢ plaka tanima sistemi ¢alisma-
larina bakildiginda, goriinti isleme teknikleri ile ESA sinir
ag1 modelleri birlikte kullanilmaya baglandig: gorilmektedir
(Cay vd. 2023). Ornegin, Anagnostopoulos ve arkadaslari
yaptiklar: ¢aligmada 1334 arachik bir veri seti kullanmig-
lardir. Plakadaki 6zellik ¢ikarimi icin kayan ortak merkezli
pencereler ve bagh bilesen analizi, karakterlerin taninmasi ve
stniflandirilmast i¢in olasiliksal sinir aglar: kullanarak %89.1
siniflandirict dogrulugu orani elde etmislerdir (Anagnosto-
poulos vd. 2006). Zhou ve arkadaglar1 yaptiklar: ¢aligmada
410 araglik kendi olugturduklar: ve 112 araglik Caltech Cars
veri setlerini kullanmiglardir. Bu ¢alismada kelime egleme
ve Scale Invariant Feature Transform (SIFT) algoritmalar:
kullanilarak %93.2 siniflandirici dogrulugu elde edilmigtir
(Zhou vd. 2012). Laroca ve arkadaglar1 da yaptiklar: ¢alig-
mada You Only Look Once (YOLO) derin 6grenme mode-
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1i kullanarak %93.5 siniflandirict dogrulugu elde etmislerdir
(Laroca vd. 2018). Shashidhar ve arkadaslar1 ise Hint Ka-
rakterli plakalarini otomatik tanimlamay: amaglamiglardir.
Bu ¢aligmada plakanin yeri YOLO modeli ile bulunduktan
sonra karakterlerin taninmas: i¢in gelistirdikleri bir ESA
modelini goértinti iyilestirme metotlar: ile desteklemigler-
dir. Bu ilging ¢alismada, ara¢ plaka yerinin tespiti i¢in 1200
ve karakterlerin tanimlanmasi i¢in 6439 farkli Hint alfa-
nimerik gorinti veri kiimesi kullanilmistir. Sonug olarak
%91.5 smuflandirict dogruluguna ulagmay: basarmiglardir
(Shashidhar vd. 2021). Guo ve Liu ise plaka yerinin tespi-
ti ve karakterinin taninmasini amagladiklari ¢alismada 332
farkli ara¢ goriintisi kullanmiglardir. Plakanin taninmast
i¢in renk ozellikleri ve Hough Déniistimii kullanilmig olup
%93.6 siuflandirict dogrulugunu elde edilmistir (Guo ve
Liu 2008). Yuan ve arkadaglari ise plaka tespiti icin 3828
araglik Caltech veri seti kullanmiglardir. Plakadaki 6zellik
ctkarimi ve plaka yerinin tespiti i¢in kenar bulma, bolutleme
ve ¢izgi yogunluk filtreleri kullanilmiglardir. Yazarlar sinif-
landiric1 olarak destek vektor makinesi (DVM) kullandik-
lar1 ¢alismada %96.6 dogruluk elde etmislerdir (Yuan vd.
2016). Li ve arkadaglar1 da plaka tespiti i¢in elde edilen go-
rintiintin ¢ozintrligiine ve gece-giindiz olugsuna gore dort
gruba ayrilmig toplam 1418 araclik bir veri seti kullanmig-
lardir. Plaka tespiti i¢in kenar bulma, geometrik gorsel 6z-
nitelik ¢ikarma yontemlerini kullanilarak %97.6 bagsar: elde
edilmigtir (Li vd. 2013). Panahi ve Gholampour tarafindan
gergeklestirilen ¢aligmada ise plaka yerini ve numaralarini
tanimak amagclanmistir. Bunun icin kendi olusturduklar:
8000 araglik veri seti kullanmiglardir. Plakadan 6znitelik
¢tkarimi i¢in bagli bilesenler analizi ve rastgele 6rnekleme
yontemlerini kullanmiglardir. Siniflandirict olarak olasiliksal
DVM kullandiklar: ¢aligmada %91.4 bagsar1 elde edilmistir
(Panahi ve Gholampour 2016). Rafique ve arkadaglar1 ise
ESA kullanarak plaka yerini bulmayr amaglamiglardir. Bu-
nun i¢in Pascal VOC2007 veri seti ile kendi olugturduklar:
toplamda 2871 gérsellik veri seti kullanmiglardir. Plakadaki
yerinin tespiti i¢in bolge tabanli ESA (R-ESA) derin 6gren-
me modeli ve DVM algoritmalari kullanilan bu ¢aligmada
%94.5 siniflandirici dogrulugu elde edilmistir (Rafique vd.
2018). Li ve arkadaglar1 tarafindan gergeklestirilen bagka bir
caligmada plaka algilama ve tanima amaglamistir. Bunun
icin 322000 egitim, 138000 test i¢in olmak tzere toplam
460000 gorsellik bir veri seti kullanmuglardir. Plakay: algi-
lamak ve tanimak i¢cin ESA ve R-ESA modelleri kullanil-
mis ve %96.5 siniflandirict dogrulugu elde edilmigtir (Li vd.
2018). Telatar ve Camasgircioglu (2007) plaka algilamay: ve

tanimayt amaglamislardir. Bunun i¢in 100 araglik veri seti
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kullanmuglardir. Plaka yerinin tespiti i¢in renk degisimi kul-
lanilmugtir. Plakadaki karakter tespiti i¢in yapay sinir af
(YSA) modeli kullanilmigtir. Yapilan ¢aligma sonras %98.8
bagar1 orani elde edilmistir. Zhuang ve arkadaglar: yaptiklar:
caligmada plaka tanima amagh AOLP 1874 araghik, Media
Lab 706 araglik, Chinece License 5057 araglik veri setlerini
kullanmuglardir. Plakay: tanima i¢in DeeplabV2 Resnet 101
modellerini kullanarak %99.2 bagari orani elde edilmigtir
(Zhuang vd. 2018). Plaka tanimay1 amaglayan bagka bir ¢a-
ligmada, plaka tespiti i¢in 300 egitim ve 130 test verisinden
olusan arag veri seti ve karakter tanimak i¢in 2165 egitim
verisinden ve 975 test verisinden olusan karakter veri seti
kullanmiglardir. Bu ¢alismada plakalar manuel olarak etiket-
lenmigtir. Siniflandirma i¢in Resnet-101 modeli kullanila-
rak %98.4 siniflandirici dogrulugu elde edilmistir (Bayram
2020). Bingél ve Kuscu (2008) yaptiklar: ¢alismada plaka
tanimay amaglamiglardir. Bunun icin 100 gériintiiden olu-
san veri seti kullanmiglardir. Plakadan 6znitelik ¢ikarimi ve
yer tespiti i¢in gortinti isleme algoritmalar kullanmglardur.
Karakter tespiti i¢in ise karakter bulup veri tabani ile kargi-
lagtirilmugtar. Yapilan ¢aligma sonrast %87.0 bagar: oran: elde
edilmigtir. Celik ve Oral (2003) yaptiklar: ¢aligmada plaka
tanimay1 amaglamiglardir. Bunun i¢in 105 gorsellik veri seti
uzerinden goriinti isleme algoritmalari ile plaka yeri tespiti
yapilmustir. Plakadaki karakter tespiti i¢in YSA modeli kul-
lanilmis olup %89.0 siniflandirict dogrulugu elde edilmistir.

Arag sayisinin ve trafik yogunlugun hizli artist nedeniyle,
ara¢ plakalarinin hizli ve dogru tespit edilebilmesi i¢in yu-
karida agiklandigi gibi bircok galigma yapilmistir. Ote yan-
dan géruntileme cihazina araglarin farkl agilarda girmesi ve
plakalarin farkli boyutlarda ve yerlerde olmasi nedeniyle arag
plakasinin otomatik taninmasinda problem yasanmaktadir.
Bu problemleri agmak i¢in, bu ¢alismada hem goriinti ka-
litesini artirmak i¢in gértinti isleme yontemlerini hem son
yillarda umut vaat eden basarili sonuglari nedeniyle YOLO
ve ESA tabanli derin 6grenme modelleri kullanilarak oto-
nom bir plaka tanima sistemi gelistirilmesi hedeflenmistir.
Bu hedefe ulagmak i¢in plaka yerinin bulunmasi, plaka tize-
rindeki karakterlerin belirlenmesi ve bu karakterlerin tanin-
mast seklinde li¢ asamali bir sistem onerilmigtir. Problemin
tanimlandig1 ve literatiirde verilen ¢6ziim onerilerinin 6zet-
lendigi bu giris boliiminden sonra makalenin akig: su sekil-
de olacaktir. Once ¢alismada kullanilan veri setinin de acik-
landig1 Gereg we Yontemler bolumd, sonra ¢aligmanin nasil
gergeklestirildiginin verildigi Uygulama bolimi, son olarak
ise elde edilen sonuglar ve bu sonuglarin literattirdeki yerle-
rinin yorumlandig1 Sonuclar ve Tartisma bolumi verilecektir.
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2. Gereg ve Yontemler
2.1. Veri Setleri

Plaka yerinin tespiti, karakterlerin ayristirilmas: ve karak-
terlerin siniflandirilmasi olacak sekilde ti¢ agamali bir sistem
geligtirilecek olmast sebebiyle modellerin egitilmesi i¢in ti¢
farkli veri seti kullanilmugtir. T1k asama olan arag gorseli tize-
rindeki plaka yerinin tespiti i¢in internet tizerinden kolayca
erisilebilen Kaggle Car License Plate Detection Dataset
veri seti kullamilmigtir. Bu veri seti igerisinde, farkli tlke-
lerdeki farkli marka, model ve renklerde toplanmis toplam
433 arag fotografi bulunmaktadir. Bu araglara ait plakalarin
konumlar: egitim i¢in ayri ayri belirlenmis ve bu konum-
lar veri setine ait XML dosyas: igerisine kaydedilmistir. Bu
veri setinden 6rnek arag gortntileri Sekil 1'de gosterilmistir

(Larxel 2020).

Ikinci agama olan plakada yer alan karakterlerin konumla-
rinin belirlenmesi i¢in farkli bir veri seti olugturulmustur.
Bu veri seti internet tzerinden gorsel arama motorlar: ile
aragtirma yapilarak uygun olanlarin toplandig: farkli pla-
kalardan olusan yeni bir veri setidir. Bu veri seti icerisinde
toplamda 451 ara¢ plaka gorseli ve her gorselde 6 karak-
ter bulunmaktadir. Bu plakalara ait karakterlerin konumlari
egitim icin ayri ayri belirlenmis ve bu konumlar veri setine
ait XML dosyasi igerisine kaydedilmistir.

Son agama olan plakada yer alan karakterleri siniflandira-
bilmek i¢in, yine internet tzerinden kolayca erisilebilen
Kaggle License Plate Digits Classification Dataset veri seti
kullanilmigtir (Jelal 2021). Toplamda 35 kategoride 35500
karakter gorseli yer almaktadir. Her karakter i¢in kullanilan
gorsellerin 6rnek gortntisi Sekil 2'de gosterilmistir.

Sekil 1. Plaka yerinin tespiti i¢in egitimde kullanilan 6rnek arag
gorselleri (Larxel 2020).
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Sekil 2. Karakter tanima icin egitimde kullanilan 6rnek karakter
gorselleri (Jelal 2021).
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Calismanin test edilebilmesi i¢in egitimde kullanilmamig
veriler olmas: gerektiginden, sadece test agamasi i¢in yeni
bir veri seti olusturulmugtur. Bu veri seti internet tizerinden
gorsel arama motorlar: kullanilarak birbirinden farkl renk,
ortam, model, marka ve agilarda konumlanmis toplam 125
arag ile olugturulmustur. Bu araglarin plakalarinda bulunan
toplam karakter sayist ise 922'dir.

2.2.YOLO Algoritmas:
YOLO (You Look Only Once) “sadece bir kere bak” de-

mektir ve son zamanlarda ortaya ¢ikmis, nesne tespitinde
kullanilan bir algoritma olup ger¢ek zamanli gérintd isleme
i¢in kullanilan bir nesne algilama sistemidir. YOLO algorit-
mas1 gorselleri 6ncelikle bélgelere ayirir ve her bir bolgede
nesne olup olmadigini incelemektedir. Algoritma bunu ya-
parken bélgelerdeki nesnelere giiven orani tayin ederek bu
glven oranina gore nesnenin ne olduguna karar vermekte-
dir. YOLO giris gortintilerini SxS 1zgara hiicresine bolmek-
tedir (Redmon vd. 2016). Her bir 1zgara hiicresi yalnizca bir
nesneyi ve sabit sayida sinir kutusu tahmin etmektedir (Ca-
g1l ve Yildirim 2020). YOLO algoritmas: goriintleri yakla-
stk 40-90 fps (saniye bagina kare) hizinda isleyebildiginden
diger yontemlere gore oldukea hizlidir. Bylece bir videonun
gercek zamanli olarak (sadece birkag milisaniye gecikme ile)
islenebilmesini mimkiin kilmaktadir (Shinde vd. 2018).

R-ESA gibi yontemler de goriintileri bolgelere ayiriyor ol-
masina ragmen, YOLO bu bélgeleri tek noéral agdan gegirir-

ken digerleri her blok i¢in ayr1 n6ral aglar kullandiklar: i¢in,

YOLO daha hizli ve etkili ¢aligabilmektedir (Bilgin 2021).

YOLO algoritmas: da zaman igerisinde giincellenerek ge-

ligtirilmeye devam etmekte ve slirim olarak (YOLOV3,

YOLO algoritmas: siirim 3 gibi) yayinlanmaktadir. Bu ¢a-
lisgmada YOLOV3 stirimi kullanilmigtir. Bu stirimiinde 53
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katmanlh ESA yapisi kullanan DarkNet-53 mimarisine 53
katman daha ilave edilerek toplam 106 katmanli ESA derin
6grenme yapisina ulagilmigtir. YOLOWV3 bir 6nceki stirimii-
ne gore daha yavas caligsa da, art1 bloklar, baglant: atlama ve
yukari 6rnekleme gibi 6zellikler de bu yapiya eklenmistir.

2.3. Resim Iyilegtirme On Iglemleri

Plaka tuzerindeki karakterler ayristirildiktan sonra hem
ESA egitim agamasinda hem de karakterlerin siniflandiril-
mast isleminde daha dogru sonug elde edebilmek i¢in karak-
ter gorsellerine gorunti iyilestirme yéntemlerinden sirasiyla
esikleme ve histogram esitleme uygulanmistur.

Esikleme

Esikleme, bir goriintudeki her bir piksel renk degerinin be-
lirlenmis olan esik degerine gore degistirilme iglemidir. Yani
eger piksel renk degeri belirlenen esik degerinden kiigiikse o
piksel renk degerine siyah atanir. Bu ¢aligmada goruntideki
piksellerin ortalama degeri esik deger olarak alinmistir. Or-
nek bir ara¢ plakasindan alinan karakter gorseline esikleme
uygulanmast sonucu olusan yeni gorinti Sekil 3'de goste-
rilmistir.

Sekil 3. Orijinal gortntiye esikleme uygulanmast.

Histogram Egsitleme

Goruntide histogram, bir resimdeki renk degerlerinin sayi-
larin1 gosteren grafiktir (Gonzalez ve Woods 2007). Histog-
ram esitleme ise bir goriintideki renk degerlerinin belirli bir
deger aralif icerisinde kiimelenmesinden kaynakli renk bo-
zuklugunu gidermek icin kullanilan bir yontemdir. Hesap-
lama zamani distk ve oldukea etkili sonuglar iiretebilen bir
yontemdir (Arisoy ve Dikmen 2014). Bu yontem sayesinde
goruntideki renk degerleri belirli bir araliga dagitildigindan
dolay1 goruntideki ayrintilara ve 6zniteliklere daha kolay
erisilebilmektedir. Plakalardan elde edilen karakter goriin-
tlerinin, esikleme ve histogram esitleme sonrasi olugan yeni
goruntileri Sekil 4de drnek olarak gosterilmistir.
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2.4. ESA Modeli
ESA, genellikle gorinti islemede kullanilan, girdi olarak

gorselleri alan ve otomatik olarak gérintileri isleyen bir de-
rin 6grenme algoritmasidir (Stirtici 2022a, Strtict 2022b,
Narin ve Isler 2021). Farkli islemler ile gorsellerdeki 6zellik-
leri bulan ve buldugu 6zellikler sayesinde gorselleri siniflan-
diran ESA algoritmas: farkli katmanlardan olusmaktadir:
Konvolisyon katmani, Havuzlama katmani ve Tam Baglan-
til Stiflandirma katmani. ESA modeli yaygin kullanilan
bir derin 6grenme modeli olup ayrintili bilgiye kitaplardan
erisilebilir (Chollet 2018).

2.5. Metodoloji

[lk asama olan arag tizerindeki plaka yerlerinin tespiti icin
YOLO ile egitilmis model kullanilarak ara¢ tzerindeki
plakanin konumu belirlenmistir. Daha sonra resim kesme
yontemi ile plaka ara¢ gorselinden ayrigtirilmigtir. Sekil 5de
plakasi bulunmus ve isaretlenmis ara¢ gorseli gosterilmistir.

Daha sonra, plaka tizerindeki karakterlerin yerlerinin tespiti
i¢cin YOLO ile egitilmis model kullanilmigtir. Béylece plaka
lzerindeki karakterlerin konumlari belirlenmis ve karakter-
ler resim kesme yontemi plaka gorselinden ayrigtirilmigtir.

Sekil 5. YOLO algoritmasi ile plakas: bulunmus ve isaretlenmis
arag gorseli.

Sekil 6. YOLO algoritmast ile karakterleri igaretlenmis plaka
gorseli.

Sekil 6'da plaka tizerindeki karakterlerin YOLO modeli isa-

retlenmesi sonucu olusan gorsel gosterilmistir.

Karakterin siniflandirilmasi i¢cin ESA modeli kullanilmigtir.
Egitim icin egitim gorselleri 75x100 boyutlarina getirilmis-
tir. Modelimizin konvoliisyon katmanlar: sirasiyla, 3x3’lik
32 filtreden, ardindan 2x2’lik MaxPooling katmanindan,
3x3lik 64 filtreden, ardindan 2x2’lik MaxPooling katma-
nindan ve 3x3’lik 64 filtreden olugmakta, fully connected
katmani ise 64 nérondan olusan tek gizli katmanindan olug-
maktadir. Epoch degeri 10, batch_size degeri ise 64'tir. Egi-
tilen ESA modeli ile ayristirilan karakter gorsellerin tize-
rinde yer alan karakterlerin siniflandirilmas: saglanmugtur.
Olusturulan ESA modeli katmanlarinin ve parametrelerinin

de yer aldig: hali ile Sekil 7de gorsellestirilmigtir.

MaxPooling
(2x2)

o}

(o]

MaxPooling 64

2x2)

Sekil 7. Olusturulan ESA modelinin sekilsel gosterimi.
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Gelistirilen ESA ve YOLO modellerinin degerlendirilme-
sinde iki farkli dogruluk 6l¢iiti kullanilmistir. Plaka veya
karakterin yerinin dogru olarak simiflandirilmasinda kulla-
nilan dogruluk 6l¢iitinin hesaplanmasi i¢in formili kulla-
nilmaktadir (Isler 2009). Bu formiilde verilen DP, DN, YP
ve YN kisaltmalari bu ¢alismada kullanilan ilk iki siniflandi-
ricida farkli anlamlara gelmektedir. Plaka yerinin tespiti olan
birinci agamada DP: plakay: icerecek sekilde dogru olarak
isaretlenen gortintii pargasi sayisini, DN: plaka icermeyen
gorunti pargalarinin dogru olarak isaretlendigi gorinti
parcast sayisint, YP: plaka icermedigi halde yanlighikla plaka
varmis gibi isaretlenen gérinti pargast sayisini, YN: plaka
icerdigi halde plaka yokmus gibi isaretlenen gérinti par-
cast sayisin1 vermektedir. Plakadaki karakterilerin yerlerinin
tespit edildigi ikinci agamada DP: harf veya rakam igerecek
sekilde dogru olarak isaretlenen gorintii pargasi sayisini,
DN: harf veya rakam icermeyen goriintl pargalarinin dogru
olarak isaretlendigi gortinti pargast sayisini, YP: harf veya
rakam icermedigi halde yanhglikla rakam veya harf varmig
gibi isaretlenen goriintl pargast sayisini, YN: harf veya ra-
kam icerdigi halde harf veya rakam yokmus gibi isaretlenen
gorinti parcasi sayisini vermektedir.

Ote yandan, bu ¢alismanin 6nceki agamalarinda yerleri zaten
tespit edilmis harf veya rakamlarin dogru olarak simiflandi-
rilmasinda kullanilan dogruluk 6l¢iitiniin hesaplanmasi i¢in
formiilii kullanilmaktadir (Isler 2009). Burada DPj, i. harf
veya rakamin dogru olarak siniflandirilma sayisini ve N ise
toplam harf ve rakam sayisini gostermektedir.

3. Sonuglar ve Tartisma

Bu ¢alismada arag¢ plakalarinin yerinin bulunmasi, plaka-
lar Uzerindeki karakterlerin belirlenmesi ve karakterlerin
tanimlanmast olmak tizere her agamasi i¢in ayri modelden
olusan ti¢ agamali bir ara¢ plaka tespit ve tanima sistemi ge-
listirilmis ve test edilmistir. Bu kapsamda ¢evrimici payla-
stlan iki veri seti kullanilirken karakter yeri belirlenmesi ve
tiim sistemin test edilmesi i¢in yeni veri seti daha olugturul-
mus ve sistemin gelistirilmesinde kullanilmigtir. Bu amagla
iki ayr1 YOLO modeli ve bir ESA modeli olugturulmustur.
Ik YOLO modeli arag plakasinin yerini bulmak igin, ikinci
YOLO modeli ise arag plakas: Gizerindeki karakterlerin yeri-
ni bulmak i¢in kullanilmistir. Son agamada ise karakterlerin
siniflandirilmast i¢in bir ESA modeli olusturulmustur.

YOLO ve ESA modelleri Python programlama dilinde
Tensorflow ve Keras kitiiphaneleri kullanilarak olugturul-
mugstur. Bu derin 6grenme modellerinin egitiminde yliksek
islem kapasiteleri bilgisayarlar kullanilmas: gerektiginden,
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gelistirme i¢cin Google Colab ortami kullanilmigtir. Google
Colab kismen ticretsiz bir gelistirme ortam: olup https://co-
lab.research.google.com/ internet adresinden erigebilir.

Bu egitilmis modeller, test verileri Uzerinde sirasiyla pla-
kanin bulunmasi, karakterlerin bulunmas: ve karakterlerin
siniflandirilmasi olacak gekilde test edilmis ve sonuglar
alinmigtir. Arag tzerindeki plaka yerinin bulunmasinda ve
plaka tizerindeki karakterlerin bulunmasinda %100 bagarim
orani elde edilmistir. Plaka yeri dogru tahmin edilmis plaka
tizerindeki karakterlerin siniflandirilmasinda goriinti iyi-
lestirme islemi kullanilmadan %85.0 ve gortintd iyilestirme
islemi yapildiktan sonra %94.9 siniflandirict dogrulugu elde
edilmigtir. 125 araglik test verileri kullanilarak plaka yeri-
nin bulunmasi, karakterlerin ayrigtirilmas: ve karakterlerin
siniflandirilmas: seklindeki ti¢ agama birlikte degerlendiril-
diginde %94.9 basarim oranina ulagilmistir. Literatirdeki
benzer ¢aligmalarda elde edilen sonuglar ile bu ¢alismanin
ilk asamasinda elde edilen sonuglar bir tabloda 6zetlenmistir
(Cizelge 1). Bu ¢alismalarda kullanilan yontemler, veri set-
leri ve elde edilen siniflandirici dogruluk degerleri bu ¢izel-
gede karsilagtirilmigtir. Buna gore bu ¢alisma ile elde edilen
sonuglarin tatmin edici oldugu goriilmektedir.

Literatirdeki benzer ¢aligmalarda elde edilen sonuglar ile bu
caligmanin son agsamasinda elde edilen sonuglar bir tabloda
ozetlenmistir (Cizelge 2). Diger ¢alismalarda plaka tizerin-
deki karakterlerin yerlerin tespit edilmesi ayr: olarak veril-
mediginden ikinci asamaya ait siniflandiric: degerleri ayrica
kargilagtirilamamis ve tabloya karakter siniflandirict sonug-
lar1 aktarilabilmigtir. Bu ¢aligmalarda hem karakter tespitin-
de hem de karakter siniflandirmasinda kullanilan yéntemler,
veri setleri ve ti¢lincli asama i¢in elde edilen simiflandirict
dogruluk degerleri bu ¢izelgede kargilagtirilmistir. Buna gore
diger ¢aligmalarin ayr1 bir test veri seti kullanip kullanmadi-
g1 bilinmemekle birlikte, bu ¢caligmanin test verisi siniflandi-
rict dogruluk degeri ¢izelgeye aktarilmistir. Bu nedenle elde
edilen plaka tanima siniflandirici bagarisinin tatmin edici

diizeyde oldugu gorilmektedir.

Sonug olarak, literatiirdeki ¢aligmalarda farkli ¢evre ve bo-
yutlardaki veri setleri kullanildig1 i¢in objektif bir kargilagtr-
ma olanagi mimkin degildir. Bununla birlikte, bu ¢aligma-
da onerilen ti¢ agamali sistem ile elde edilen sonuglarin diger
caligmalar kadar iyi oldugu gorilmektedir. Calismanin ilk
iki agamasinda goriinti iyilestirme gerek kalmadan miikem-
mel bagari elde edilebilmigtir. Bununla birlikte goriinti iyi-
lestirme yontemi kullanilmadan ve kullanilarak elde edilen
sonuglara bakildiginda, sistemin son asamasinda goérinti
iyilestirme yontemlerinin sisteme eklenmesiyle daha basarili
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Cizelge 1. Arag plaka yerinin tespiti ¢calismalarinin kargilagtirilmasi. Calismalarda plaka yerinin tespiti i¢in kullanilan yontem(ler),
kullanilan veri set(ler)i ve ¢alisma sonucunda ulagilan siniflandirict dogruluk degerleri ytizde (%) olarak verilmistir.

Calisma Yontem Veri seti Dogruluk (%)
) Renk ozellikleri
(Guo ve Liu 2008) Hough déniisimii 332 arag 93.6
(Livd.2013) Kenar bulma 1418 arag 97.6
) Geometrik yontemler ’
Pascal Voc2007
(Rafique vd. 2018) R-ESA DVM 2871 arag 94.5
(Livd. 2018) YOLO - 93.5
AQOLP 1874 arag
(Zhuang vd. 2018) DeepLab V2 Resnet 101 Media Lab 706 arag 99.2
Chineese Lic. 5057 arag
Bu ¢aligma YOLO 433 arag 100

Cizelge 2. Arag plakasinin tespiti sonrast plaka tizerindeki karakterlerin siniflandirilmasi ¢aligmalarinin karsilagtirilmasi. Caligma-
larda karakterlerin yerinin tespiti i¢in kullanilan yontem(ler), karakterlerin siniflandirilmas: i¢in kullanilan yontem(ler), kullanilan
veri set(ler)i ve ¢aligma sonucunda ulagilan siniflandirict dogruluk degerleri ytizde (%) olarak verilmistir.

Calisma Karakter tespiti Karakter sinifflandirma Veri seti Dogruluk (%)
(Anagnostopoulos vd. 2006) Bagl bilesen analizi Olasiliksal sinir ag: 1334 arag 89.1
. Caltech Cars
(Zhou vd. 2012) SIFT Kelime esleme 93.2
522 arag
Kenar bulma
(Yuan vd. 2016) Boliitleme DVM Caltech Cars 96.6
Lo . 3828 arag
Cizgi yogunlugu
(Rafique vd. 2018) Bagl bilegen analizi DVM 8000 arac 914
) Rastgele 6rnekleme ’
. ESA
(Livd. 2018) R-ESA DVM 460000 arag 91.4
(Shashidhar vd. 2021) YOLO YSA Hint RTO 1500 915
gorinti
(Bayram 2020) Elle tespit Resnet 101 430 arag 98.4
(Bingél ve Kugeu 2008) Gorinti isleme - 100 arag 97.0
(Telatar ve Caasircioglu 2007) Gorinti isleme YSA 100 arag 98.8
(Celik ve Oral 2021) Gorinti isleme YSA 105 arag 89.0
Resim iyilestirme 451 arag
Bu galisma YOLO ESA 48321 karakter 94.9
sonuglar elde edilebilecegi gorilmektedir. Bu durum derin  Yazar katkilar:

ogrenme modellerinin gérintiiden dogrudan 6znitelik ¢1-
karabildigi ayrica baska bir isleme gerek kalmadig: (Chollet
2018, Stirtci 2021a, Strtct 2021b) inanigina ters dusmek-
le birlikte aymi kaniya ulagan bagka caligmalar (Strtici vd.
2021) da mevcuttur. Gelecek ¢aligmalarda iyi bilinen diger
gortnti isleme yontemlerinin de eklenmesiyle daha bagarili
bir sonug elde edilmesi planlanmaktadr.
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etmistir, Yalgin Igler: Calismanin analizlerini yaparak maka-
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Characteristics and Kinetic Analysis of Sorption Performance of Functionalised

Biomass by Various Acidic Agents

Cesitli Asidik Ajanlar ile Fonksiyonellestirilmis Biyokiitlenin Ozellikleri ve Sorpsiyon Performansinin
Kinetik Analizi

Sahra Dandil*

Bilecik Seyh Edebali University, Faculty of Engineering, Department of Chemical Engineering, Bilecik, Turkiye

Abstract

In this study, kiwi fruit peels were functionalized using hydrochloric acid (HCI), sulfuric acid (H,SO,) and phosphoric acid (H,PO,).
The properties of the functionalized materials were determined. Fourier transform infrared spectrometer (FTIR) used to show
functional groups caused by the agents. Crystalline or amorphous structure clarified by X-ray diffraction (XRD) analysis. Scanning
electron microscope (SEM) revealed the changes by acidic agents on the surface of kiwi peel. The elemental composition was examined
using energy-dispersive X-ray spectroscopy (EDX) analysis. The performance of kiwi peels functionalized with different acidic agents
in sorption experiments were investigated. Kiwi peel functionalized with hydrochloric acid (HAFKP), kiwi peel functionalized with
sulphuric acid (SAFKP), and kiwi peel functionalized with phosphoric acid (PAFKP) exhibited 94.53, 98.62, and 96.76% sorption,
respectively, from 50 mL of 10 mg/L dye solution for 0.1 g after 24 h. The data obtained for the sorption of the materials were
evaluated with kinetic models. Pseudo-first order, pseudo-second order, Elovich and Bangham models considered the processes as
time-dependent. The processes carried out with HAFKP and PAFKP were fit the pseudo-second order kinetic model and determined
to interact strongly with dye via chemical bonds. SAFKP, on the other hand, interacts physically with dye according to the pseudo-first
order kinetic model.

Keywords: Characterization, functionalization, kinetics, kiwi.

Oz

Bu ¢aligmada kivi kabuklar1 hidroklorik asit (HCI), siilfiirik asit (FH,SO,) ve fosforik asit (H,PO,) kullamilarak fonksiyonellestirildi.
Fonksiyonellestirilmis malzemelerin ozellikleri belirlendi. Ajanlarin neden oldugu fonksiyonel gruplari gdstermek i¢in Fourier
dontgtimli kizilotesi spektrometresi (FTIR) kullanildi. X-1g1n1 kirinimi (XRD) analiziyle kristal veya amorf yap: agikland:. Taramals
elektron mikroskobu (SEM), kivi kabugunun yiizeyinde asidik ajanlarin neden oldugu degisiklikleri ortaya koydu. Elementel bilegim,
enerji dagiliml X-1g1m1 spektroskopisi (EDX) analizi kullanilarak incelendi. Farkli asidik ajanlarla fonksiyonellestirilen kivi kabuklarinin
sorpsiyon deneylerindeki performans: aragtirildi. Hidroklorik asit ile fonksiyonellestirilmis kivi kabugu (HAFKP), silfiirik asit ile
fonksiyonellestirilmis kivi kabugu (SAFKP) ve fosforik asit ile fonksiyonellestirilmis kivi kabugu (PAFKP) 0.1 g i¢in 24 saat sonra
50 mLlik 10 mg/L boya ¢ozeltisinden sirasiyla % 94.53, 98.62 ve 96.76 sorpsiyon sergiledi. Malzemelerin sorpsiyonu i¢in elde edilen
veriler kinetik modellerle degerlendirildi. Yalanci birinci derece, yalanci ikinci derece, Elovich ve Bangham modelleri prosesleri zamana
bagli olarak ele aldi. HAFKP ve PAFKP ile gerceklestirilen proseslerin yalanci ikinci derece kinetik modele uydugu ve boya ile
kimyasal baglar yoluyla kuvvetli etkilesime girdikleri belirlendi. SAFKP ise yalanci birinci dereceden kinetik modele gore boya ile
fiziksel olarak etkilesime girdi.

Anahtar Kelimeler: Karakterizasyon, fonksiyonellestirme, kinetikler, kivi.
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1. Introduction

Biomass is agricultural and industrial materials such as
wood, annual crops, and agricultural and forestry residues
that are rich in fixed carbon (Panichkittikul et al. 2024).
Materials obtained from agricultural wastes, industrial by-
products and typical wastes can be used to remove impurities
in sorption processes (Araujo et al. 2021). In addition to
their low cost, carbonaceous materials exhibit high surface
area and porosity and superior stability properties (Taylor et
al. 2024). One way to best utilize biomass is to apply it as
a precursor to the production of bio-based carbon porous
materials (dos Reis et al. 2022).

Materials can be activated by applying physical and chemical
processes (Tang et al. 2023). The chemical method involves
treating the material with chemicals (Pereira et al. 2014).
Although chemicals are used for this method, physical
activation requires a long time and high temperature and
energy needs (Yossa et al. 2020). Functional groups can be
introduced by chemical treatment to ensure the affinity of
materials to impurities in the aqueous environment (Gita
et al. 2023). Moreover, chemical activation results in high
carbon yield, large surface area and well-developed porous
structure (Kilig et al. 2012). Different reactions occur for
different agents, as explained by Xing et al (Xing et al.
2019). Chemical agents cause strong cross-links through
dehydration and elimination reactions, prevent volume
shrinkage, provide high porosity and add functional groups
to the material (Guo and Lua 2003). Chemical treatment
agents can be acidic, alkaline and oxidizing agents, metal salts
and a combination thereof (Zhang et al. 2023). Commonly
used acidic activating agents are nitric acid, hydrochloric
acid, sulfuric acid, and phosphoric acid (Espana et al. 2019).

Dyes are difficult to remove from wastewater because they
are resistant to biological degradation (Zhu et al. 2014). The
elimination of crystal violet, an alkaline dye, from industrial
wastewater attracts attention in terms of water improvement
(Gupta et al. 2023). It is used in many areas such as fabric
dyeing, adhesive tapes, ink production, leather processing,
food industry, fingerprint detection and veterinary medicine
(Abd El-Hamid et al. 2022, Kumbhar et al. 2022). Since
crystal violet is widely used as a dye with high economic
value, it is mixed in effluents and therefore poses a health
risk (Huang et al. 2023). It can be more toxic than many
other types of dyes due to the production of dangerous
aromatic amino products (Benhalima et al. 2023). Its
complex structure makes it more toxic and dangerous than
anionic dyes (Tan et al. 2023). Even very low concentrations
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(1 mg/L) threaten living life by negatively affecting light
transmission to aquatic environments (Loganathan et al.
2022). Therefore, its effective removal from water is of great
necessity (Wu et al. 2021).

In this study, it is aimed to determine the changes caused
by different acidic agents in the properties of kiwi peels,
to evaluate the effects of each acidic agent individually
and to compare them with each other. In addition, the
sorption performances provided by the properties that each
acidic agent brings to the kiwi peels and the kinetics of the
sorptions were investigated. In the literature, many difterent
biomass such as algae (Kumar et al. 2016), green seaweed
(Bertoni et al. 2015), soy hull (Blanes et al. 2016), flower
(Lingamdinne et al. 2016), hickory chips, cotton stalks
and peanut hulls (Ding et al. 2014), exhausted coffee (Liu
et al. 2016), reed (Rawajfih and Nsour 2008) and hazelnut
and almond shell (Pehlivan et al. 2009) have been used for
sorption purposes. There have been studies involving kiwi
peels in sorption processes, and it is noteworthy that these
studies are current. Gubitosa et al. (2022) used kiwi peels as
adsorbent for Ciprofloxacin removal. A Zn—Fe biochar (KB/
Zn-Fe) was designed from a kiwi branch and used in Pb
(II) removal from an aqueous solution by Tan et al. (2022a).
There is a study in which chitosan-modified kiwi branch
biochar was prepared for Cd (II) removal (Tan et al. 2022b).
Gong et al. (2024) produced manganese dioxide-decorated
kiwi peel powder for the removal of Pb*. Unlike previous
studies, this study revealed the changes in the properties
of kiwi peels with hydrochloric acid (HCI), sulfuric acid
(H,SO,) and phosphoric acid (H,PO,). In addition,
the effect of each agent on the crystal violet sorption
performance of kiwi peels was investigated. In this way, the
preparation of kiwi peels with a different method and the
use of a different material for sorption than the studies on
kiwi mentioned above demonstrates the innovative aspect of
the study. The important points of the study that contribute
to the studies in this field are that a detailed study is carried
out by determining the effects of different agents for both
characterization and sorption, that a wide scope is provided
for the study by comparing various functionalizations,
and that the study includes an easy process with common
chemicals as a preparation method. In addition, according
to the literature reviews above, the fact that the studies on
kiwi are from recent years shows that studies on kiwi have
intensified, and it is seen that this study carried out in this
direction is currently remarkable.
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2. Materials and Methods
2.1. Functionalization of Biomass

Kiwi fruits were purchased from a market in Bilecik.
‘They were peeled and the peels were collected. It was
left to dry for approximately 2 months in the presence of
sunlight. The dried peels were broken and ground. It was
then functionalized by HCl (237%, Honeywell Fluka),
H.SO, (95-97%, Honeywell Riedel-de Haen) and H,PO,
(orthophosphoric acid, 85%, Carlo Erba). Acidic agents
were used without any treatment or dilution. Material
preparation was carried out by chemical treatment similar
to previous studies (Van Veenhuyzen et al. 2021, Almeida
et al. 2021). 8 g of ground kiwi peel was placed in 60 mL of
acid and stirred slowly for 2 h at 90°C for effective contact.
Then, it was kept at 90°C for 2 h without mixing. Kiwi peels
functionalized with acidic agents were washed several times
with 0.5M sodium hydroxide (NaOH, Carlo Erba) solution.
It was washed with distilled water and the pH was ensured
to reach between 6-7. Kiwi peels were dried in an oven
at 105°C. Raw kiwi peels were named KP, and kiwi peels
prepared by functionalizing using HCI, H,SO, and H,PO,
were called HAFKP, SAFKP and PAFKP, respectively.

2.2. Sorption

Sorption studies were carried out with kiwi peels prepared
by functionalizing them with acidic agents. The sorption
efficiency of HAFKP, SAFKP and PAFKP was investigated
by preparing simulated wastewater containing crystal violet
(Fluka) dye. Simulated wastewater was prepared at its own
pH value and in a volume of 50 mL, containing dye at an
initial concentration of 10 mg/L. A shaking water bath was
used for the experiments. The experiments were repeated
twice. Absorbance values of aqueous solutions including the
dye were determined by Ultraviolet-Visible region (UV-Vis)
spectroscopy at 590 nm wavelength and recorded. These
values were converted to concentration values using the
absorbance versus concentration curve prepared at different
concentrations of the dye. The concentration values were
used to calculate the sorption percentage and capacity given
in Equations (1) and (2), respectively (Manzar et al. 2023):

(G, - C)

sorption % = C x100 (1)

0

c,—C)V
ql=—(°m‘) (2)

C, C, and C, represent the initial, equilibrium and
concentration values at any time t (mg L), q, indicates the
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sorption capacity (mg g™'), V represents the solution volume
(L),and m indicates the mass of the material (g), respectively

(Manzar et al. 2023).
2.2.1. Kinetics

Kinetic studies were carried out to evaluate the processes in
which HAFKP, SAFKP and PAFKP were used in sorption
processes. The equations used are listed below (Cui et al.

2015, Berhane et al. 2017, Veneu et al. 2019):

Pseudo-first order kinetic model:

g =q.(1—e™) 3)
Pseudo-second order kinetic model:

_ QZkzt
a0 = 1+ qekzt (4)
Elovich model: g, = éln (Bat + 1) (5)
Bangham model: ¢, = kyt? (6)

q, indicates the amount retained in the solid at equilibrium
(mg g), and k, is the pseudo-first order reaction velocity
constant (g mg™ min), t represents time (min), k, is the
pseudo-second order reaction velocity constant (g mg™
min), a indicates the initial sorption rate constant (mg
kg™ min™), § indicates a sorption constant (kg mg™) and o
B and k; are related constants for Bangham isotherm (Cui et

al. 2015, Berhane et al. 2017, Veneu et al. 2019).
2.3. Apparatus
For KP, HAFKP, SAKKP and PAFKP, functional groups

of raw kiwi peels and materials prepared depending on
the changing agent were detected using Fourier transform
infrared spectroscopy (FTIR). The X-ray diffraction
(XRD) method was applied to investigate the amorphous
or crystalline structure of functionalized kiwi peels. The
surface morphologies of the materials were investigated and
elemental composition of the surfaces was exhibited using

scanning electron microscopy-energy dispersive X-ray
spectroscopy (SEM-EDX).

3. Results and Discussion
3.1. Characteristics

'The functional groups of KP, HAFKP, SAFKP and PAFKP
were determined and the effective groups for dye sorption
were analyzed. Figure 1(a), (b), (c) and (d) show the FTIR
spectra of KP, HAFKP, SAFKP and PAFKP, respectively.
The broad and distinct peak seen at 3293 cm™ for KP in
Figure 1(a) belongs to the vibrations of O-H groups,
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however, its effect seems to have decreased, which may be due
to the thermal treatment along with the functionalization
at 3332, 3353 and 3302 cm? for HAFKP, SAFKP and
PAFKBD, respectively (Zbair et al. 2020, Adnan and Moses
2020, Hao et al. 2023, Tirkey and Babu 2024). The peaks
that lose their effect for SAFKP and in the range of 2915-
2917 and 2843-2848 cm™ for other samples indicate CH,
stretching vibrations (Kuracina et al. 2023, Stelescu et al.
2022). CO stretching peaks appeared in the range of 2163-
2168 cm in the materials prepared by functionalization of
KP (Yang and Woll 2017). KP has a C=0 band according
to 1731 and 1616 cm™ (Phothong et al. 2024, B.Aziz et
al. 2019). The peaks seen at 1595, 1557 and 1588 cm™ for
HAFKP, SAFKP and PAFKP may belong to C-H, C-N
and -COOH vibrations, respectively (Gan and Tan 2001,
Dutta et al. 2019, Yamada and Mizuno 2021). While the
CH, bending peak was observed at 1377 cm™ for HAFKP,
C-O peaks were observed at 1332, 1392 and 1283 cm! for
KP, SAFKP and PAFKP, respectively (Gupta et al. 2017,
Jung et al. 2018, Rani et al. 2016, Rajaniverma et al. 2022).

In Figure 1(a), a CH, bending peak was detected at 1261
cm™ in KP (Guo et al. 2012). The peaks at 1185 (Figure
1(c)), 1161 (Figure 1(b)) and 1033 (Figure 1(a)) cm’
indicate C-O vibrations (Nikafshar et al. 2017, Karabiyik
et al. 2023, Bandyopadhyay et al. 2021). The 1042 cm™ peak
in Figure 1(d) may belong to P=O and P-O-P vibrations of
PAFKP (Tang et al. 2019, Silva et al. 2021, Wu et al. 2023).
For SAFKP, the peak at 1040 cm™ may belong to the —=SO,
group (Figure 1(c)) (Wu et al. 2017). The 1025 cm™ peak in
Figure 1(b) indicates C-OH stretching vibrations (Zhang
et al. 2022). The 922 cm™ peak seen for PAFKP may belong
to the presence of P (Mustafa et al. 2023). For KP, there is
a C—O-C stretching vibration peak at 823 cm™ (Abolins et
al. 2020). Interactions of different elements may take place
in the region below 800 cm™ (Peng et al. 2023, Isaac et al.
2023, Jin et al. 2023).

XRD analysis was performed to determine whether HAFKP,
SAFKP and PAFKP were amorphous or crystalline. Figure
2(a), (b) and (c) are the XRD diffractograms of HAFKP,
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Figure 2. X-ray diffractograms of (A) HAFKP, (B) SAFKP, and (C) PAFKP.
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SAFKP and PAFKP, respectively. According to Figure
2, peaks at similar 28 values were observed for HAFKP,
SAFKP and PAFKP. Similar to the study by Santos et al.,
HAFKP, SAFKP and PAFKP exhibited an amorphous
structure with a small number of crystal patterns (Santos
et al. 2023).

To monitor the changes in the surface structure of KP
with functionalization, SEM analyzes were performed for

HAFKP, SAFKP and PAFKP and these analyzes were

SEI  20kV WD21mm  S540 SEI  20kV WwD21mm  S540

WD21mm  SS40

SEl  20kV

SEI 20KV WD21mm  $S40

SEl  20kV WD20mm SEl  20kV WD20mm  SS564

SEl  20kV WD21mm  $548

26

x1,500  10um

compared with the SEM analyzes of KP.In the SEM images
of KP at different magnifications in Figures 3(a) and (b), a
non-porous, irregular and lumpy surface structure is seen, as
in the study by Gubitosa et al. in which they examined the
external and internal structure of the kiwi peel (Gubitosa
et al. 2022). In the SEM images of HAFKP in Figure
3(c) and (d), it is clear that HCI causes the formation of
irregular and crevice-shaped regions on the surface of KP.
Similar to the previous study presented by Xing et al., it

x1,500  10pm

L]
A

x1,500  10pm

"

x1,500  10um

Figure 3. SEM images of KP (A and B),
HAFKP (C and D), SAFKP (E and F), and
PAFKP (G and H).

Karaelmas Fen Miih. Derg., 2024; 14(3):21-35



Dandil / Characteristics and Sorption Performance of Functionalised Biomass

resulted in a corrugated and layered surface structure on
the KP surface with agglomerations with HCl (Xing et
al. 2016). In Figure 3(e) and (f) of SAFKP, it is seen that
H,SO, causes the formation of a highly porous structure
containing open pores of different sizes, as shown by Guo
et al (Guo et al. 2023). In Figure 3(g) and (h) of PAFKP,
an irregular surface with wide cracks is seen. Accordingly,
it is seen that the surface structures change as a result of
the functionalization of the raw material with acidic agents.
In addition, it is clear in the SEM images in Figure 3 that
different acidic agents change the surface structure of the
raw material and cause surface structures of different shapes,
sizes and distributions. These surface structures show that
changes have been created on the surface of the non-porous
KP by acidic functionalizations and that these structures of
the newly prepared HAFKP, SAFKP and PAFKP may be

suitable areas for sorption.

EDX analyzes were performed to examine the effect of
different acids used for functionalization on the elemental
composition on the surfaces of the materials. Figure 4(a),
(b), (c) and (d) are EDX analyzes for KP, HAFKP, SAFKP
and PAFKP, respectively. According to Figure 4(a), KP is a
material with 21.5% O, 21.3% K, 16.1% Mg, 12.9% Zn and
11.6% Cu content by mass. For HCl applied HAFKP, 71.0%
C,11.4% O, 8.5% Cl and 5.5% Na content were determined
(Figure 4(b)). SAFKP exhibited 57.9% C, 24.0% Na and
11.4% O content in Figure 4(c). The major elements for
PAFKP were 47.1% C, 10.8% O and 10.5% Na (Figure
4(d)). According to EDX results, it was determined that the
functionalization of kiwi peels with acidic chemical agents

provided C content for HAFKP, SAFKP and PAFKP.

@
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Cacy Cu Cu
Caca Cu__Cu

5
Na
a Ni Ca ! Cu Cu
CaCa VvV V Ni Cu Cy VoV Cu
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Figure 4. EDX analysis of (A) KP, (B) HAFKP, (C) SAFKP, and (D) PAFKP.
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3.2. Sorption Analysis
3.2.1. Determination of sorption performance

'The sorption performance of HAFKP, SAFKP and PAFKP
over time is given in Figure 5(a), (b) and (c), respectively. For
the experiments, the amount of material was determined as

0.1 g, the volume of the dye solution was 50 mL, the initial
concentration of the dye solution was 10 mg/L, the pH
value of the dye solution itself, the temperature was 24 °C
and the shaking speed was 190 rpm. Under these conditions,
concentration changes were monitored to determine the
equilibrium times of the processes.

100 -6
80 T YR LA E NN e o L =
2 s -4
S 60 |* 2
S . oS
@ % 2
S 40 e L, ®
20 sorption % | 1
* qt(mg/g)
0 0
0 300 600 900 1200 1500
t(min)
100 -6
80 ceses?® o® e o e 5
oe®
$ -4
20| & z
: d 3 &
&40 | & )
g 'y - 2
o
20 ¢ sorption % | 1
* qt(mg/g)
0 0
0 300 600 900 1200 1500
t(min)
100 6
. e [ 5
80 ......-nitt .
s Fod
= 60 .‘/ =
E :. -3 2
© E 40w =
] |e 2
-
20 sorption % | 1
* gt(mg/g)
0 qimg/g 0
300 600 900 1200 1500
t(min)

Figure 5. Sorption performance of (A) HAFKP, (b) SAFKP, and (C) PAFKP.
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In the graph of HAFKP given in Figure 5(a), it is seen that
high sorption is achieved (~50%) as soon as the experi-
ment starts and this situation continues to increase rapidly
until approximately 120 min. According to the figure, the
increase continues after 120 min, but the rate of increase
gradually decreases. A similar situation was observed for ca-
pacity values. When concentration changes were continued
to be monitored to determine the equilibrium time, it was
observed that the sorption performance increased with very
small increases after 120 min. It was determined that the
sorption performance of the process did not change due to
the concentration value remaining constant at the end of
1440 min and therefore 1440 min was determined as the
equilibrium time. When the performance of SAFKP was
followed over time, Figure 5(b) was obtained. As seen in
the figure, process performance increased over time at lower
rates than HAFKP. The increasing trend, which started in
the first moments of the experiment, continued for 480 min.
Although the increases continued after 480 min, they re-
mained at very low rates. 1440 min was chosen as the equi-
librium time due to negligible increases at the end of 1440
min. This behavior caused the formation of the curve in Fig-
ure 5(b). However, similar to HAFKP, SAFKP also showed
high performance at the end of 1440 min. Figure 5(c) shows
the performance of PAFKP. PAFKP provided lower percent
sorption values than HAFKP but higher than SAFKP in
the first moments of the experiment. Although the stable
sorption rates, which continued for 360 min, decreased after

360 min, PAFKP continued to perform. Similar to SAFKP,

Table 1. Variables of kinetic models.

Parameter

experimental q_

increases at the end of 1440 min were neglected and 1440
min was determined as the equilibrium time. Similar to
HAFKP and SAFKP, PAFKP also exhibited high sorption
performance at equilibrium time. At the end of 1440 min,
HAFKP, SAFKP and PAFKP exhibited 94.53, 98.62 and
96.76% sorption and 4.73, 4.93 and 4.84 mg/g capacity, re-
spectively. Although the sorption percentage and capacity
values are very close to each other, the highest values were

obtained for SAFKP.
3.2.2. Application of kinetic models to sorption

Kinetic studies were conducted to explain the performance
of HAFKP, SAFKP and PAFKP. Kinetic studies for
HAFKP, SAFKP and PAFKP using pseudo-first order,
pseudo-second order, Elovich and Bangham models are

plotted in Figure 6(a), (b) and (c), respectively.

The variables of the kinetic models are given in Table 1.
According to the magnitude of the correlation coefficients
(R?) of the kinetic models in Table 1, pseudo-second or-
der>pseudo-first order>Elovich>Bangham order was de-
termined for HAFKP. For SAFKP, R? values increased in
the order pseudo-first order>pseudo-second order>Elovi-
ch>Bangham. According to R? values, PAFKP showed a fit
as pseudo-second order>pseudo-first order>Elovich>Bang-
ham. The largest R? value for HAFKP and PAFKP was
determined for the pseudo-second order kinetic model.
Supporting this situation, the experimental q_ values were
found to be close to the q_ values of the pseudo-second order

q, 4.55 4.74 4.55

PFO k, 0.058 0.012 0.022
R? 0.9129 0.9901 0.9481

q, 4.79 5.38 5.00

PSO k, 11.75 2.56 4.24
R? 0.9976 0.9891 0.9966

o 349.19 0.28 1.41

Elovich B 2.73 1.053 1.45
R? 0.7381 0.8922 0.8684

oB 0.091 0.22 0.15

Bangham k, 2.73 1.18 1.80
R? 0.6651 0.7898 0.7793
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Figure 6. Experimental and kinetic model graphs of (A) HAFKP, (B) SAFKP and (C) PAFKP.

kinetic model for HAFKP and PAFKP. This model explains
that chemisorption is the rate-determining step (Lammini
et al. 2022). The fact that the processes for HAFKP and
PAFKP are chemical sorption indicates that a chemical re-
action occurs between the dye molecules and HAFKP and

30

PAFKP, thus a strong bonding occurs through covalent
bonds (Sasamoto et al. 2022). For SAFKP, although high
and close R? values were obtained for both the pseudo-first
order and pseudo-second order models, the R? value of the
pseudo-first order was found to be higher with a very slight
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difference. In addition, when the q_ values of the experimen-
tal and models are compared, the experimental ge value for
SAFKP was found to be closer to the qe value for pseu-
do-first order. Therefore, it was determined that SAFKP and
pseudo-first order kinetic model are compatible. Physical
sorption is effective in processes suitable for the pseudo-first
order kinetic model (Yin et al. 2023). Therefore, in the pro-
cess involving SAFKP, sorption occurs physically. Physical
sorption refers to processes that involve a reversible inter-
action through weak van der Waals forces (Atif et al. 2022).
Therefore, it can be explained that SAFKP has a physical
interaction with dye molecules. The Elovich model refers to
the heterogeneous material surface when it comes to chem-
ical sorption (Dinh et al. 2023). Bangham model describes
diffusion into pores (Rojas et al. 2019). According to R? val-
ues, the processes carried out with HAFKP, SAFKP and
PAFKP were not found to be compatible with the Elovich
and Bangham model.

4. Conclusion

In this study, kiwi fruit peels were functionalized with
different acidic agents and the properties of the resulting
materials were determined. FTIR analysis showed that
different acidic agents impart different functional groups
to kiwi peel. The amorphous structure of the functionalized
materials was revealed by XRD analysis. SEM analysis
revealed that KP, which has a non-porous and non-
homogeneous surface, exhibited open, large and circular
pores when functionalized with H,SO,, while pores in the
form of slits were formed for HAFKP and PAFKP. EDX
analysis detected that acidic agents increase the C content
in the elemental composition of the materials. Additionally,
sorption performances of HAFKP, SAFKP and PAFKP
were investigated. HAFKP, SAFKP and PAFKP exhibited
crystal violet sorption performance of 94.53, 98.62 and
96.76%, respectively. In the kinetic analyzes applied for the
processes, it was determined that the R* and q, values of the
processes in which HAFKP and PAFKP were used were
compatible with the pseudo-second order kinetic model,
and therefore, a strong bonding occurred between HAFKP
and PAFKP and the dye molecules through covalent bonds.
On the other hand, SAFKP was suitable for the pseudo-
first order kinetic model and it was explained that sorption
occurred with weaker binding.
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Abstract

In the mining industry, bench blasting efficiency is determined by rock fragmentation. Therefore, it is crucial to predict the result
of rock fragmentation before blasting. It is widely accepted that empirical fragmentation models like Kuz-Ram and Chung and
Katsabanis (C&K) are the most reliable tools for predicting the size distribution of rock fragments following blasting. The main aim
of this study is to provide an approach to estimating the optimal burden according to the intended mean fragment size using rock
fragmentation models. It is necessary to determine or know the rock factor used in the mentioned models in attempting to apply the
method proposed in this study. Initially, studies were conducted to determine the most appropriate burden according to the intended
mean fragment for a quarry where the rock factor is known. After this, simplified equations were derived for the optimal burden
depending on the rock factor, the intended mean fragment size, the bench height and the density of the explosive.

Keywords: Burden, fragmentation size, kuz-ram model, rock factor.

Oz

Madencilik sektériinde, basamak patlatmalarinin verimliligi kaya parcalanma derecesine gore belirlenmektedir. Bu nedenle, patlatma
oncesinde kaya parcalanma derecesinin tahmin edilmesi olduk¢a 6nem tagimaktadir. Kuz-Ram ve Chung ve Katsabanis (C&K)
gibi gorgill parcalanma modellerinin, patlatma sonrasindaki kaya parcalarinin boyut dagiliminin tahmin edilmesinde en gtvenilir
yontemler oldugu yaygin olarak kabul edilmektedir. Bu ¢alismanin temel amaci, kaya parcalanma modellerini kullanarak istenilen
ortalama parga boyutuna gére en uygun yiik mesafesinin tahmin edilmesine yonelik bir yaklagim saglamaktir. Bu ¢alismada 6nerilen
yontemin uygulanabilmesi i¢in s6z konusu modellerde kullanilan kaya faktoriiniin belirlenmesi veya bilinmesi gerekmektedir. Tlk
olarak, kaya fakt6riintiin bilindigi bir ocak i¢in istenilen ortalama parca boyutuna gére en uygun yiik mesafesinin belirlenmesine y6nelik
caligmalar yapilmigtir. Bundan sonra ise, kaya faktoriine, amaglanan ortalama parga boyutuna, basamak yiksekligine ve patlayicinin
yogunluguna bagli olarak en uygun yiik mesafesinin belirlenmesine yonelik basitlestirilmis denklemler tiiretilmistir.

Anahtar Kelimeler: Yiik mesafesi, pargalanma boyutu, kuz-ram modeli, kaya faktori.

1. Introduction

'The use of explosives is probably the most common and cost-
effective method of excavating rock on mining, quarrying,
and construction sites (Hu et al. 2020, Li et al. 2021). Several
reasons may have contributed to this, including efficiency,
economy, and the ability to break even the hardest rocks.
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Explosive energy is used in blast design to break rock masses
into smaller, more manageable sizes and shapes that are
easier to excavate, load, transport, crush and grind in the
future (Ouchterlony 2003, Sanchidrian and Ouchterlony
2017). The first step in size reduction in quarries is blasting,
followed by crushing and grinding. One of the mostimportant
parameters for determining yield is the fragment size
distribution of blasted rock fed to the crusher, since oversize
blocks cannot be loaded into the crusher bins (Cunningham
2005). During loading and transportation, smaller or finer
fragments cause ore loss, while larger or coarser fragments
require further processing, thereby increasing production
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costs. Therefore, bench blasting effectiveness is measured
by rock fragmentation in the mining industry. Prediction of
rock fragmentation is therefore essential before blasting (Li

et al. 2021, Cho et al. 2003).

'The size distribution resulting from a particular blast design
has been predicted by different models over the years
(Ouchterlony 2003). Indirect and direct methods are used
to measure fragmented rock’s size distribution after blasting.
Despite its accuracy, the sieving analysis method, a typical
technique in the direct method, is not practical due to time
and cost constraints. To address these limitations, indirect
methods have emerged, including observational, empirical,
and digital methods (Esen and Bilgin 2000). In practice, the
empirical models are the ones that are used for daily blast
designs.

Engineering fragmentation models can be defined as
equationswhich define the position and shape of the fragment
size distribution and how these properties are influenced by
factors such as explosive strength, blasting geometry, and
rock properties, as well as the amount of explosives used
(Ouchterlony and Sanchidrian 2019). Several fragmentation
models have been developed in response to the need to provide
engineering solutions to full scale blasting problems such as
optimisation of run of mine fragmentation (Ouchterlony
2003, Cunningham, 2005, Chung and Katsabanis 2000,
Gheibie et al. 2009) Based on Kuznetsov’s mean fragment
size equation as well as Rosin-Rammler’s fragment size
distribution equations, Cunningham introduced a model
for estimating fragmentation in the early 1980 called the
Kuz-Ram model (Cunningham 1983, Cunningham 1987).
For predicting rock fragmentation size distribution after
blasting, the Kuz-Ram model is the most commonly used
model in the industry (Gheibie et al. 2009). Due to the ease
of parameterizing the model for blast layout spreadsheets, it
has become widely used, but has not been seriously updated
since 1987 (Cunningham 2005). After that, in the early
2000’s, Chung and Katsabanis (2000) verified the accuracy
of the Kuz-Ram model by using other researchers’ data.
They proposed that the RR function describes fragment
size distribution data well enough used (Ouchterlony and
Sanchidrian 2019). Chung and Katsabanis (C&K) model
(2000) is a modification of original Kuz-Ram model.

This study includes studies on estimating the optimal
burden according to the intended mean fragment size using
empirical fragmentation models such as Kuz-Ram and
Chung and Katsabanis models. It is necessary to determine
or know the rock factor used in the mentioned models in
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attempting to apply the method proposed in this study.
This rock factor is in fact the most crucial parameter for
fragmentation models to function correctly.

Despite the fact that this method might seem complicated at
first glance to calculate the burden, it should be remembered
that it is based on fragmentation theories. Nevertheless,
this study derived simplified equations from the complex
relations, resulting in practical solutions for the researchers.
Finally, generalized equations were derived for the optimal
burden depending on the rock factor, the intended mean
fragment size, the bench height and the density of the

explosive.

2. Kuz-Ram Model

'The estimation of fragmentation before blasting has been the
subject of some modelling research from past to present. It is
often the first target of a blast fragmentation model to predict
the mean fragment size (50% passing size). An empirical
fragmentation model, Kuz-Ram fragmentation model, is
presented by Cunningham (1983). The Kuznetsov equation,
which forms the basis of the Kuz-Ram fragmentation model,
was first introduced in an article published by Kuznetsov in
1973. Kuznetsov (1973) developed an empirical equation
to predict, as a function of rock type, the mean fragment
size and blast energy applied per unit volume. Based on the
mass percentage passing through versus fragment size, the
model predicts fragmentation from blasting. The equation
of Kuznetsov is

V 0,8 ‘
X, = Al @ B
Q.
where X is the mean fragment size (cm), Q_is the mass of
explosive per blasthole (kg), V| is the rock volume broken
per blasthole (m®) and A is the rock factor (Kuznetsov 1973).
The rock factor here represents the blastability of the rock
mass. This equation was originally been prepared according
to TNT. Since the strength of TNT compared to ANFO
(ANFO=100) is 115, Cunningham (1983) rearranged this
equation based upon ANFO instead of TNT. The adapted

Kuznetsov equation is

oA f e (S

where all symbols are as given before and Sanﬁ) is the relative
weight strength of the explosive to ANFO (ANFO = 100).

Since
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=4 ®

where K is the powder factor (kg/m?), Equation (2) can be

rewritten as

— —0.8 1/6 115 10/30
- A Scmfo) @

The fragment size distribution is then predicted using
the Rosin-Rammler equation. According to this model,
fragmentation in blasted rocks can be reasonably described.
The equation is as follows (Rosin and Rammler 1933).
R, = ¢ ¥ (5)
where R_is the mass fraction retained on screen opening
X (%), X is the fragment size (cm), X_is the characteristic
size (cm) and n is the index of uniformity. The characteristic
size X_is one through which 63.2% of the particles
pass. A typical fragmentation curve can be plotted if the
characteristic size X_and the index of uniformity n are
known. Rearranging Equation (5) yields the following
expression for characteristic size:

X
X =7 6
V—InR, ©
According to the Kuznetsov formula, 50% of material passes

through a screen size X . Therefore, substituting X = X and
R = 0.5 into Equation (6) yields

X
—— 7
%/ 0.693 @)
(-In 0.5=0.693). Calculating the index of uniformity is
the most important step in this equation. The value of

n determines the shape of the Rosin-Rammler curve.
Uniform sizing is indicated by high values. Conversely, low

Xc:

values suggest a wide range of sizes, including both oversize
and fines (Gheibie et al. 2009). By considering the effects of
blast geometry, hole diameter, burden, spacing, hole length
and drilling accuracy, Cunningham (1987) established the
applicability of index of uniformity. The index of uniformity,

n, is estimated by

_ By L S Y WL
=(22-1p5)(3 +95) (1- 5 )4)
(8)
where B is the burden (m), S is the spacing (m), D is the
borehole diameter (mm), W is the standard deviation of

drilling accuracy (m), L is the total charge length (m) and
H is the bench height (m). When there is more than one
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explosive in the hole (bottom charge and column charge),
Equation (8) is modified as follows:

n= (22— )=y - o)

©)
o+ B ST )

where BCL is the bottom charge length (m) and CCL is
the column charge length (m). It is necessary to multiply
this equation by 1.1 if you are using a staggered pattern.
Besides, Gustafsson (1973) suggested the following relation
for standard deviation of drilling accuracy.

W= 0.1+ (0.03 X H)

where all symbols are as given before in meters. It has been

(10)

referred to as the Kuz-Ram fragmentation model after
combining the Kuznetsov and Rosin-Rammler equations.
Using the Kuznetsov and Rosin-Rammler equations and
an algorithm, it derives the exponent of uniformity in the
Rosin-Rammler equation from blasting parameters.

3. Chung and Katsabanis (C&K) Model

A number of papers were published on rock blasting by
the US Bureau of Mines (USBM) until the mid-1990s
(Ouchterlony and Sanchidrian 2019). Using data from the
literature, Chung and Katsabanis (2000) introduced new
relations that can be interpreted as a modification of the
Kuz-Ram model.

The Kuz-Ram model calculates the mean fragment size
for a given rock type and explosive, using the specific
charge and the amount of explosive per blasthole. Chung
and Katsabanis (2000) suggested that delay time and
distribution of explosive in rock mass should be considered
when calculating the mean fragment size. However, they
later concluded that delay time has a critical effect but
after a certain point there is no remarkable change in the
fragmentation. Therefore they removed the delay time
parameters from the model. They presented the following
equations with the Kuz-Ram a value as an improvement:

X50 — AQ;M%BZ'M (S/B) 1254 f 71.266 (11)
Xao = 34 Qe—1.073Bz.43 (S/B) 1013 i (12)
n = 0.842 (1HXSO - 11’1%50) (13)

where all symbols are as given before and X, and X, are
the 50% and 80% passing size respectively. As the definition
of specific charge is ¢ = Q / (BSH), Equation (11) may be

rewritten as
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X50 — A (B0.005 S0.009 H0.00S) Q2.07q71.263 (14)

4. Determination of Rock Factor A

'The rock factor represents the blastability of the rock mass,
which quantifies the compound eftect of the geological and
geotechnical site factors on fragmentation (Salmi and Sellers
2021).1t s therefore essential to correctly determine the rock
factor A so that the Kuz-Ram model can be used effectively.
Due to the complex parameters involved, determining this
factor that defines the rock is difficult. Cunningham (1987)
adapted Lilly’s (1986) Blastability Index for Kuznetsov’s
model in an attempt to better quantify the selection of rock
factor A, which made determining rock factor A easier.
Cunningham (1987) stated that every assessment of rock
for blasting should at least take into account the density,
mechanical strength, elastic properties and fractures. A
single rock factor A can be calculated by addressing some of
the key issues despite the difficulty of estimating individual
geological effects:

A = 0.006 (RMD + JF + RDI + HF) (15)

where RMD is the rock mass description, JF is the joint
factor, RDI is the rock density influence and HF is the
hardness factor. Generally rock factor is 7 for medium hard
rocks, 10 for hard highly fissured Rocks, 13 for hard, weakly
fissured rocks (Cunningham 2005). The description of the

rock factor parameters and rates are given in Table 1.

As can be seen in Table 1, rock factor A, which represents
the structural geology of rock mass, is influenced by several
factors including joint factors such as vertical joint plane
spacing, joint plane angle and joint condition, rock density,
and hardness factor, which is determined by the young’s
modulus or the uniaxial compressive strength of intact rock.

The vertical joint plane spacing depends partly on the
absolute joint spacing, and partly on the spacing to drilling
pattern ratio. In addition vertical joint plane angle is related

to dip, which is steeper than 30 degrees (Cunningham
2005).

5. Estimation of Burden Based on Mean Fragment
Size

If the rock factor A in the Kuz-Ram and C&K models is
known or predefined, it can be used to determine the most
appropriate blast pattern for future blasts. The Kuz-Ram and
C&K models will be used to calculate the burden according
to the intended mean fragment size in this part of the study.

Karaelmas Fen Miih. Derg., 2024; 14(3):36-43

In the Kuz-Ram model, the mean fragment size is obtained
as a function of the explosive charge in each blasthole and
the rock volume broken per blasthole. The rock volume
broken per blasthole (V) can calculated as

V,=BSH (16)

where B is the burden (m), S is the spacing (m) and H is the
bench height (m). Spacing is the distance between adjacent
blastholes and is measured perpendicular to the burden.
According to Swedish researchers (Gustafsson 1973,
Olofsson 1988) the relation between burden and spacing is

$=125B 17)

Substituting the values S = 1.25 B into Equation (16) and
rearranging to yield the following expression for the burden
gives

Table 1. Rock factor parameters and rates (Ouchterlony 2003).

RMD Rock Mass Description

Powdery/friable 10
Vertically jointed JF
Massive 50
JF Joint Factor
JF = (JCF JPS)+ JPA
JPS Joint Plane Spacing
<0.1m 10
0.1-0.3 m 20
0.3 m—95% of P 80
>P 50
JPA Joint Plane Angle
Horizontal 10
Dip into face 20
Strike out of face 30
Dip out of face 40
JCF Joint Condition Factor
Tight joints 1
Relaxed joints 1.5
Gouge-filled joints 2
RDI Rock Density Influence
RDI =(0.025 RD -50)
HF Hardness Factor (GPa)
g e
E>50 GPa HF = UCS/5
P = y Burden.Spacing
RD: Rock Density (kg/m?®)
UCS = Uniaxial Compressive Strength (IMPa)
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_ Vo
B=y125m

For the Kuz-Ram model, Equation (2) can be rearranged to

(18)

yield the following expression for the rock volume broken
per blasthole (m?).

I/vO = Qe (Xm/ (A Q;/G (Sanfo/115) 719/30)) -

Equation (18) and Equation (19) can be combined to give
the burden (B) as follows:

B \/Qe(Xm/(AQ;m(San/o/l 15)—19/30)) 125
B 1.25H

(19)

for Kuz-Ram

(20)

model

As far as the C&K model is concerned, Equation (11) can
be directly rearranged to yield the following expression for
burden (B) by substituting the values S/B = 1.25:

B — < XS()
AQ;I,]% 125 ].254H1.266

)mfor C&K model (21)

Thus, the burden can be estimated by using Equation 20
or Equation 21 depending on the intended mean fragment
size and bench height for a certain site whose rock factor
has been determined beforehand. The mass of explosive in
the hole here can be calculated depending on the blasthole
diameter, the charge height and the density of the explosive
used. The unloaded part of the blasthole is defined as the
stemming. There are different approaches in the literature
to calculate the stemming according to the burden or
blasthole diameter. In accordance with Swedish researchers
the stemming is equal to the burden 4 = B (Langefors and
Kihlsrom 1963, Olofsson 1988). Konya and Walter (1990),
on the other hand, suggested the stemming as a function
of blasthole diameter as A =0.7d. These approaches will
give a constant value for the stemming height according
to the varying bench height. However, it is a very common
practice in quarrying to leave 1/3 of the blasthole height as
the stemming length in general. Therefore, it would be more
accurate to calculate the stemming height as a function of
the bench height to calculate the specific charge density. In
this study, the ratio S/B =1.25 which was observed to give
the best results in terms of fragmentation was used.

6. Simplified Equations

In first part of this section, since the mass of explosive
per blasthole (Q_) varies according to the density of the
explosive (p_), multiple regression analyses were performed
using Equation (20) and Equation (21) for a certain type
of explosive. In this context, ANFO with a density of 800

40

kg/m? was taken as a reference explosive. In other words,
the linear charge concentration of the referenced explosive
is 5 kg/m in the blasthole for a blasthole diameter of 89
mm. It is also critical to note that the mass of explosive
per blasthole changes as a function of the bench height, as
previously discussed.

In the work done here, regression analysis is not used to
estimate the relationship between the dependent variable
and independent variables. Instead it is used to reduce the
number of independent variables given in Equation (20)
and Equation (21) rearrange the equation. In the regression
analyses using Equation (20) and Equation (21), a burden
value (B) was obtained by randomly assigning different
values for the rock factor (A), the mean fragment size (X )
and the bench height (H). In the regression analyses, B is
the dependent variable, while A, X and H are independent.
For those analyses values from 0.8 to 22 were assigned for
the rock factor, values of 30, 40, 50, 60, 80 and 100 cm were
assigned for the mean fragment size, and values ranging
from 5 to 30 m were assigned for the bench height (H). A
total of 1800 calculations were made for each equation. If
the results obtained by Equation (20) and Equation (21)
are rearranged by regression analysis, it can be re-written as
follows according to the rock factor, the mean fragment size

and the bench height as

B= 1.36<%)5/8H’°'1°4 for Kuz-Ram model using ANFO
(22)
X, \° ,
B = 1.60( AC ) H "™ for C&K model using ANFO
(23)

where all the symbols and units are as given before. With
this equation, the burden can be calculated according to the
intended mean fragment size for different sites by using

standard ANFO for 89 mm blasthole.

In addition to the above mentioned equations, in the second
part of the study different explosive densities were also
considered in a more general form. The mass of explosive
in the blasthole Q_, which is the independent variable in
Equation (20) and Equation (21), is actually a variable
depending on the blasthole diameter, the charge length
and the density of the explosive. In order to generalize the
obtained relations for any field, regression analyses were
performed by taking the explosive density as an independent
variable. Rearranging the results obtained by Equation (20)
and Equation (21) by regression analysis, it is possible to
write it according to the density of the explosive as

Karaelmas Fen Miih. Derg., 2024; 14(3):36-43
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X 5/8

B =0.097 (Tm) H"p”** for Kuz-Ram model ~ (24)
X 2/5 _

B= 0_114( AC> H™" pl* for C&K model (25)

where p_is the density of the explosive (kg/m?). Thus, using
Equation (24) and Equation (25), the burden B (m) can be
determined depending on the rock constant A, the intended
mean fragment size X _ (cm), the bench height H (m) and
the density of the explosive p_ (kg/m?).

7. Results and Discussion

As a result of the variety of factors involved in blasting
operations as well as the unpredictable response of rock
masses to excavation, correlations between blasting quality
parameters and rock mass quality have not always been clear
(Costamagnaetal.2021).Inevitably, blasting loads have some
negative effects, such as damage and vibration. To reduce and
minimise these problems, blasting design has incorporated a
variety of control techniques. By controlling blasting, rocks
beyond the contour of the excavation are minimized from
being damaged (over-broken) (Cardu et al. 2022). This
study focused on calculating the burden according to rock
fragmentation size distribution after production blasting
in quarries. Since slopes or blasted surfaces are beyond the

scope of this study, only fragmentation of rock is addressed.
Keeping open pit excavation damage to a minimum can also
provide satisfactory results in terms of stability conditions
and control over block size distribution in quarry aggregates.

As much as both models are concerned separately, Figure 1
shows the relationship between the burden and the bench
height for the reference explosive ANFO according to
considered four different mean fragment sizes (30, 50, 80
and 100) using Equation 22 and Equation 23.Three different
rock factor values were considered here: 7 for medium hard
rock, 10 for hard, highly fissured rocks and 13 for very
hard, weakly fissured rock. As can be seen from Figure 1,
unlike the Kuz-Ram model, which varies significantly with
bench height, the C&K model is not significantly affected.
Besides, according to the C&K model, burden varies within
a narrow range when the rock factor changes, but in the
Kuz-Ram model, burden varies quite a bit when the rock
factor changes.

With respect to three different rock factor values (A= 7, 10
and 13), Figure 2 illustrates the relationship between the
burden and the density of the explosive for both models
taken into consideration using Equation 24 and Equation

25. For better understanding, in this figure, bench height

3,0
Xm=30cm A=7 Kuz-Ram
_ ——A=10 Kuz-Ram
E
I:» —A=13 Kuz-Ram
]
B
5 A=7 C8&K
-- A=10 C8K
15 -- A=13 C&K
0 5 10 15 20 25
Bench Height, H (m)
6,0
o5 Xm=80cm A=7 Kuz-Ram
50 —A=10 Kuz-Ram
= 45
E —A=13 Kuz-Ram
o 40
g 35 ===
% _____ A=T C8&K
5 30 TTTTTTTToooooommeeeeee—
(7]
25 -- A=10 C&K
2,0
-- A=13 C&K
1,5
5 10 15 20 25
Bench Height, H (m)

Xm =50 cm A=7 Kuz-Ram
4,0
—A=10 Kuz-Ram
_ 35
£ — A=13 Kuz-Ram
o 30
S
A=T C&K
B 25
3
7] A=10 C&K
2,0 )
s -~ A=13 C&K
0 5 10 15 20 25
Bench Height, H (m)
75
Xm =100 cm A=7 Kuz-Ram
6,5
—A=10 Kuz-Ram
__ 55
E —A=13 Kuz-Ram
m 45
g ) AST C8&K
H =
5 35
m
-- A=10 C&K
25
-- A=13 C&K
15
0 5 10 15 20 25

Bench Height, H (m)

Figure 1. The relationship between the burden and the bench height for the reference explosive ANFO according to four different mean
fragment sizes for both models.
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was chosen as 15 m and the mean fragment size was
chosen as 80 cm. As shown in Figure 2, for both models,
the burden increases in direct proportion to explosive
density as expected. It is important to note here that the
Kuz-Ram model gives wider burden values than the C&K
model. While this chart demonstrates the consistency of the
proposed equations, it also shows how practical they can be
for calculating the burden for a given site.

For three different explosive densities (800, 1200 and 1800
kg/cm?®), Figure 3 shows the relationship between burden

7,0
——A=7 Kuz-Ram
——A=10 Kuz-Ram
6,5 ——A=13 Kuz-Ram
---A=7 C8&K
60 ---A=10C&K
---A=13 C&K
= 55
E
@ 50
c
o
2
s 45
[a1]
4,0
3,5
Mean fragment size: 80 cm
7 Bench height: 15 m
3,0 -
500 1000 1500 2000
Density of the Explosive, pe (kg/m3)

Figure 2. The relationship between the burden and the density of

the explosive for both fragmentation models.

and rock factor representing the blastability of the rock mass
is given separately for two fragmentation models considered
using Equation 24 and Equation 25. Similar to Figure 2,
in this Figure 3 bench height was chosen as 10 m and the
mean fragment size was chosen as 50 cm. As can be seen
from Figure 3, for the rock factor between 10 and 20, which
represents hard rocks, the burden varies between 2 and 3 m,
which is what is commonly used in practice.

7. Conclusions

The objective of this study is to recommend alternative
approaches to design quarry blast rounds according to
intended fragmentation size. The interrelated Kuz-Ram
and C&K fragmentation models that are widely used in the
literature were considered in this context. Kuznetsov’s model
is derived from geomechanical and geometrical parameters
as well as explosive properties. Therefore, in order to apply
this proposed method correctly, the rock factor reflecting
the geomechanical properties of blasted rock masses needs

to be well defined.

In this study, the approach of calculating the burden
according to the intended mean fragment size based on
the aforementioned fragmentation models was introduced.
Based on this, the Equation 20 and Equation 21 were
first obtained mathematically using Kuz-Ram and C&K
fragmentation models, then four simplified equations were
proposed based on these equations. Two of these are in their
simplest form for ANFO (Equation 22 and Equation 23),
while the other two include explosive density in a more
general form (Equation 24 and Equation 25). Afterwards,
charts that provide guidance in practical applications were

Kuz-Ram Model
9,0
8,0
7.0
6,0
5,0
4,0

3,0

Burden, B (m)

2,0 Mean fragment size: 50 cm
Bench height: 10 m
1,0
0 5 10 15 20 25

Rock Faktor, A

C&K Model
9,0

8,0 qe=800
—qe=1200
—qe=1800

7,0

6,0
5,0

Burden, B (m)

4,0
3,0

2,0 Mean fragment size: 50 cm
Bench height: 10 m
1,0
0 5 10 15 20 25

Rock Faktor, A

Figure 3. The relationship between the burden and the rock factor according to three different explosive densities.
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created using Equations 22-25 for certain conditions. These
site-specific diagrams demonstrate not only the consistency
of the proposed equations, but also show how practical they
can be for calculating the burden for a given site. Hereby,
each quarry can prepare practical charts according to its own
conditions and design blasting accordingly. As a result, the
proposed method for calculating the burden yields results
consistent with the intended mean fragment size.
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Techno-Economic Assessment of a Hybrid Renewable Energy Powered Electric
Vehicle Charging Station For Shopping Mall in Edirne, Turkey

Edirnedeki Ahsveris Merkezi Igin Hibrit Yenilenebilir Enerji ile Calisan Elektrikli Arag Sarj

fsz‘asyonunun Telkno-Ekonomik Degerlendirmesz'

Hacer Akhan*

Trakya University, Engineering Faculty, Mechanical Engineering Department, Edirne, Turkiye

Abstract

24% of global greenhouse gas emissions originate from the transport vehicles, with the use of fossil fuels in vehicles. If electric vehicles
are charged with renewable energy, there is an 80-95% reduction in carbon dioxide emissions compared to electricity produced by
conventional methods. In this study, the technical and economic evaluation of a photovoltaic (PV)-wind hybrid energy system for
two electric vehicle charging stations for a shopping mall in Edirne was investigated. Optimization of the hybrid renewable energy
powered charging station was made using HOMER software. The optimal system types, cash flows, impact analyse, and energy
production analyse were discussed. The results show that the most suitable wind-PV hybrid system for the EVS station includes
vertical axis wind turbines with 50 kW rated power, 50 kW PV system and 52.1 kW power converters. The wind-PV hybrid system
has a total net present cost of $145,961, the net present cost of $145,961, an annual operating cost of $1,881/year and the levelized cost
of energy of $0.0193/kWh. The renewable energy powered hybrid electric vehicle charging station for shopping mall is engineering
solutions that can be applied universally.

Keywords: Charging station, electric vehicle, greenhouse gas reduction, renewable energy.

Oz

Kiiresel sera gazi emisyonlarmin %24’t ulagim araglarindan, araclarda fosil yakitlarin kullanilmasindan kaynaklanmaktadir. Elektrikli
araglarin yenilenebilir enerji ile sarj edilmesi durumunda, geleneksel yontemlerle Gretilen elektrige kiyasla karbondioksit emisyonlarinda
%80-95 oraninda azalma olmaktadir. Bu ¢alismada, Edirne'deki bir aligveris merkezi i¢in iki elektrikli ara¢ sarj istasyonu i¢in fotovoltaik
(PV)-rizgar hibrit enerji sisteminin teknik ve ekonomik degerlendirmesi incelenmigtir. Hibrit yenilenebilir enerji ile ¢aligan sarj
istasyonunun optimizasyonu HOMER yazilim: kullanilarak yapilmigtir. Optimum sistem tipleri, nakit akiglari, etki analizleri ve enerji
tiretim analizleri tartigitlmistir. Sonuglar, EVS istasyonu i¢in en uygun riizgar-PV hibrit sisteminin 50 kW nominal giice sahip dikey
eksenli rizgar tirbinleri, 50 kW PV sistemi ve 52.1 kW gli¢ dénistirticiileri icerdigini gostermektedir. Rizgar-FV hibrit sisteminin
toplam net bugiinkii maliyeti 145.961 §, yillik isletme maliyeti 1.881 $/yil ve seviyelendirilmis enerji maliyeti 0,0193 $/kWhdir.
Aligveris merkezi i¢in yenilenebilir enerji ile ¢aligan hibrit elektrikli arag sarj istasyonu, evrensel olarak uygulanabilecek mithendislik
¢oztimleridir.

Anahtar Kelimeler: Sarj istasyonu, elektrikli arag, sera gazi azaltimi, yenilenebilir enerji.

1. Introduction fuels. Transport emissions from fossil fuels alone cause 24%

. ) of energy sector emissions. 74.5% of transport emissions
Transportation networks, which are part of the modern ) - ) )
come from road vehicles. The disruption of transportation

in the COVID-19 crisis reduced global fossil oil demand

by 57% in 2020 and a decrease in transportation emissions

world, use vehicles that are heavily dependent on fossil
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was observed. Global CO, emissions from the transport
sector rose 8% to around 7.7 Gt CO, in 2021, as pandemic
restrictions were lifted, and passenger and transportation
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increased by an average of 1.7% annually from 1990 to 2021;
this was faster than any other sectors (www.iea.org/reports).

Annual emissions caused by the transport vehicles in Turkey
decreased by 1.8 million tons of CO, equivalent (2.18%)
in 2020 compared to the previous year and decreased to
80.68 million tons of CO, equivalent. Figure 1 shows the
annual greenhouse gas emissions caused by transportation
in Turkey from 2011 to 2020 (www.eurostat.ec.europa.cu).

"There are about 16 million electric cars on the roads around
the world, and around 30 TWh of electricity is consumed
annually. Figure 2. Shows the global EV sales by scenario
from 2020 to 2030. Electric cars have helped reduce fossil
fuel consumption and CO, emissions in 2021 (www.iea.org/
commentaries).

Hybrid electric car sales in Ttirkiye continued to rise steadily.
Figure 3 shows the electric car sales in Turkey from 2015 to
2022 The number of electric cars sold in the first 6 months
of 2022 reached 2413 with a 3-fold increase compared to
the same period of 2021. According to the data, hybrid car
sales figures declined for the first time in the first 6 months
of 2022. Despite the addition of new models this year to
the hybrid car market, which breaks records every year, the
total figure amounted to 9,731 units. In the first 6 months
0f2021, 11 thousand 851 hybrid cars were sold (www.tehad.
org/2022). With the increasing interest in electric vehicles
in Turkey, there has been a great increase in charging
stations. Currently, there are a total of 2981 (2714 AC, 267
DC) charging stations throughout Turkey (www.tehad.
org/2021). There are 9 charging stations in Edirne. 2 of the 9
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charging stations are in the shopping mall (www.elektrikli.
com.tr). Figure 4 shows the main EV charging stations in

Turkey.

Electric vehicles drawing high amounts of energy from
the grid will lead to an increase in energy demand, albeit
indirectly, through tourism. Especially in the tourism season,
with the increase in the visitors’ number, there is an increase
in the number of charged electric vehicles in shopping
malls. Depending on the charging habits of the users,
simultaneous charging of many vehicles will cause problems
in seasonal demand variability in the load and energy supply
security in the grid (Moslehi and Kumar 2010). Existing
power system components are not designed to handle the
extra loads for long periods. This can cause overloading of
components or damage existing transformers. In addition,
phase and voltage imbalance in the energy grid is one of the

important problems encountered. If many electric vehicles
are charged using the same phase, a phase imbalance may
occur in the grid. Unplanned charging of electric vehicles
causes serious problems in distribution networks (Geth et
al. 2012). Simultaneous charging of many EVs may cause
voltage drops and deviations at the connection points of
the chargers (Singh et al. 2010, Ma et al. 2017, Ucer et al.
2018). During charging, electric vehicles cause active power
consumption with high power demand from the grid, which
leads to power loss in the distribution system. Positioning the
charging stations at the most suitable points and choosing
the right power capacity can minimize the power loss in
the network (Nurmuhammed and Karadag 2021). Excessive
harmonics that will occur during the charging of electric
vehicles pose a potential problem in power systems (Staats
et al. 1997). Charging systems with excessive harmonic
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current distortion may cause secondary distribution line and
transformer value reductions or quality of service problems

(Bass et al. 2001).

'The simultaneous or unpredictable charging of many electric
vehicles causes large differences in electricity supply and
demand drawn from the grid. In addition, vehicles charging
at high speeds can cause the power losses and the voltage
imbalance in the grid, thus negatively affecting the electricity
grid. It is importance that the charging stations are in the
right place and that the electrical energy is supported by
renewable energy systems or that they are fed with RES
independently from the grid. In addition to planning,
operation and control in the grid, renewable energy provides
solutions to the problems of providing environmentally
energy production.

Since electric vehicles do not emit carbon, they provide 100%
nature-friendly transportation. Greenhouse gas emissions
in transportation are prevented with electric vehicles
that are charged at charging stations that work with grid
electricity. However, if the grid electricity is not produced
with environmentally friendly energy production systems,
greenhouse gas emissions are released for the operation
of the electric vehicle in general. At this stage, it would be
appropriate for the charging stations to be independent
from the grid or connected to the grid, to be fed with a
minimum level of grid electricity and to be operated with
mostly or completely renewable energy sources. In addition,
if electric vehicles are charged with renewable energy, 80-
95% more reduction is achieved in carbon dioxide emissions
compared to electricity produced by conventional methods
(www.eea.europa.eu/highlights).

In the literature, many studies have been carried out on the
hybrid electric vehicle charging station. Li et al. conducted
a technical and economic feasibility study of a hybrid wind
turbine/ PV/battery power system in Urumgqi, China using
HOMER (Li et al. 2013). Hiendro et al. analysed the
potential use of wind turbine and PV for a hybrid system
at a remote location using HOMER software (Hiendro
et al. 2013). Mouli et al. In the Netherlands, they studied
the possibility of charging battery electric vehicles by using
solar energy at work. A 10kW PV array was considered and
modelled in MATLAB with data from the Netherlands
Meteorological Institute. Considering the air temperature,
they concluded that the angle at which the maximum
efficiency is achieved is 28°C (Mouli et al. 2016). Das et
al. realized the hybrid charge station in Bangladesh, a
combination of an off-grid biogas generator, PV modules,
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diesel generators and wind turbines by using Homer (Das
et al. 2017). Cigek and Erding designed a PV battery hybrid
system with the aim of reducing the total energy cost of
the electric vehicle parking lot. They have created a charge
management model to reduce the total cost by charging
the batteries both with increased energy from PV and
during tariff periods when electricity is cheap, and by using
them during periods when electricity is expensive (Cigek
and Erding 2019). Bansal et al. investigated the technical
and economic analysis of the charging station for electric
vehicles and fuel cell electric vehicles (Bansal et al. 2020).
Li investigated the technical and economic evaluation of a
oft-grid wind fuel cell (FC)-battery hybrid power system for
a residence in Xining-China by using HOMER (Li 2021).
Early et al. designed and optimized a wind solar hybrid
charging station via HOMER software (Early et al. 2021).
Sun reviewed the optimal design for fast EV charging
stations with wind turbine, PV, and energy storage system.
An EV charge load simulation model has been created that
dynamically changes the charge expectation according to
the electricity price for the duration of use and considers the
demand response (Sun 2021). Agustin and Lopez described
the design and control strategies for diesel hybrid systems
containing wind and/or PV and/or batteries or fuel cells
as energy storage components (Agustin and Lopez 2009).
Calise et al. proposed a new approach to the problems due
to the high density of vehicular traffic in the shopping
malls by incorporating PV panels into the energy system
by considering a shopping mall in Italy (Calise et al. 2021).
Jain and Bhullar studied the operating modes of an electric
vehicle charging station powered by a grid-connected solar
PV system (Jain and Bhullar 2024). Nandini et al used
hybrid optimization approach to study power quality and
grid dependency in electric vehicle charging station with
photovoltaic system (Nandini et al. 2023. Ulah et al. worked
on the optimal scheduling and techno-economic analysis of
a grid-connected charging station powered by a PV system
(Ullah et al. 2023). Topuz et al. investigated the design
parameters of the photovoltaic system and modelled it in
computer environment (Topuz et al. 2017).

There are several studies in the literature outlining methods
that attempt the control, optimization, and analysis of a PV
power system with an EV charging station. Muhammed et
al. presented an optimization algorithm for an EV charging
station with a PV power system (Mohamed et al. 2020).
Islam et al. proposed a new correlated probabilistic model
for EV charge loads in coordination with a PV system (Islam
et al. 2021). Fadace and Radzi investigated optimization
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methods for a off-grid hybrid renewable energy system
with evolutionary methods (Fadee and Radzi 2012). Engin
examined the suitability of a wind turbine and PV hybrid
system. The system was designed in the HOMER. As a
result of the analyses made by introducing the wind speed,
solar radiation values and temperature values of the selected
region to the program, it was stated that the PV-wind system
is unsuitable for energy production (Engin 2010). Veliz et
al. developed a new model for optimal programming of PV
assisted charging stations (Veliz et al. 2022). Engelhardt et
al. proposed an energy management system for interfacing
power converters (Engelhardt 2022). Chang et al. Evaluated
the performance of rooftop PV and EVs for different
building types in Seoul, Korea (Chang et al. 2022). Wali
et al. investigated the techno-economic evaluation of an
off-grid hybrid system in a rural community in Bangladesh
(Wali et al. 2023). Shad Abid et al. undertook a techno-
economic and environmental assessment of electric vehicle
charging stations powered by renewable energy sources
(Shadman Abid et al. 2024). Lee et al. conducted a techno-
economic assessment of hybrid PV/wind-powered EV
charging stations with integrated hydrogen production
in Kentucky (Lee et al. 2024). Karthikeyan and Thomas
studied optimisation strategies for EV charging and routing
(Karthikeyan and Thomas 2024).

'This research aims to perform an analysis of a hybrid electric
vehicle charging station for shopping mall in Edirne, Turkey.
'The contribution of this paper is to present a comprehensive
hybrid electric vehicle charging station model for shopping
malls that will reduce the possible interference between
the electric grid and EVs and CO, emissions. A solar and
wind energy hybrid system has been investigated to provide
electricity to electric vehicle charging stations in a shopping
centre independent from the main electricity grid in Turkey.
The renewable energy powered hybrid electric vehicle
charging station for shopping mall is engineering solutions
that can be applied universally.

In this study, a techno-economic analysis has been made
on the support of the EV charging station in a shopping
mall located in Edirne, Turkey with renewable energy
sources. The designed hybrid charging station consists of
PV — Wind Turbine components. In the hybrid system
where wind energy is used, a horizontal axis air guided
wind turbine is selected. The selected horizontal axis wind
turbine is suitable for high building roof applications. Since
shopping malls are in residential areas, the use of horizontal
axis turbines with the same power will have disadvantages
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and application difficulties. With the increase in the number
of visitors in shopping mall, especially in the tourism season,
the number of charged vehicles increases. In this case, the
fact that the charging station is supported by renewable
energy prevents possible overloading of components, phase
and voltage imbalance in the energy grid, and greenhouse
gas emissions. In the analyses made, the status of the
hybrid charging station being connected to the grid and
being independent from the grid was also examined. The
hybrid charging station has been conducted by employing
HOMER software. The optimal system types, power
generation, cash flows, sensitivity analysis and operating
conditions have been discussed. This article aims to optimize
an electric vehicle charging station powered by renewable
energy sources for a shopping mall and provide a general
guideline for future studies. The main purpose of the article
is to provide useful information for electric vehicle charging
station power supply design.

2. Material and Methods
2.1. Simulation Tool Description

Homer Pro is used for power generation systems analysis
and optimization. HOMER allows the modeler to provide
a method for finding and comparing several different
design options, considering the technical and economic
characteristics of the system components. It performs
the lowest cost system analysis based on energy source
data and a specific load size (www.file:/// chapter3_

HOMERMODELING).
2.2. Site Description

'The case study under review represents a typical example of
Turkey’s shopping mall buildings. The land area is 20.500
m? and the total construction area is 96.000 m?. It has been
accepted that the shopping mall operates 12 hours a day, the
working hours range is 10.00-22.00 and the average number
of people is 5500. In the design, a rather wide gallery is left
in the middle of the main mass, which is placed in a linear
manner. The gallery space is shaped to provide maximum
visual connection between the floors by continuing across
4 floors. Above the gallery, a roof structure made of steel
and glass was designed on the roof. There is an area of 5.000
m? on the roof for system installation. The shopping mall
building’s height is 20 m, and the building roof is suitable
for vertical axis wind turbine installation. Figure 5 shows the
shopping mall building. Table 1 summarises the shopping
mall building’s location and heating characteristics in

Edirne.
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creen an) A detailed analysis of the solar source, meteorological,
Parameter Unit Edirne geographic data and PV power potential helps to identify
Latitude oN 41.7 the most suitable locations for a full understanding of the
Longitude oF, 26.6 climate of a region and the installation of solar power plants
. (www.solargis.com/products  /regional-solar-study). The
Elevation m 51 . o
- monthly average ambient temperature and solar radiation
Farth temperature amplitude € 218 of the shopping mall location in Edirne are seen Figure 6.
Average annual air temperature oC 13.5 Wind ol
- tent
Annual relative humidity % 69.5 e energy potentia
Annual average of horizontal solar CWimd | 391 'The monthly average wind speed in Edirne is seen Figure 7.
radiation ' 'The wind speed (V;;,) measured at a height of 10 meters
Annual atmospheric pressure kPa 99.3 is taken as reference (www.RETScreen-NRCan). The hub
Annual average of wind speed m/s 1.9 height of the wind turbines discussed in this study is 20 m.
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'The wind power profile law is used to find the value at the
desired height by using the wind data measured at a certain
height (Patel 2006). The following equation is calculated
using the wind speed power law for different heights.

H

i)

In the Equation 1, V;,, is the measured wind speed, V

is the wind speed to be determined, the height at which
V.. is measured is H(r), the height at which V _ is to be

(Hr) (H)
determined is H, a is the Helman coefhicient and the wind

v = ( M

V(Hr)

speed is the measurement location. depends on its features.
Figure 10 shows the monthly average wind speed for 10 m
and 20 m in Edirne. When calculating the wind speed at 20
m, the Hellmann coeflicient was taken as 0.4, considering
the characteristics of the region where the installation was
made.

'The turbine power curve of this function was found by using
the wind energy potential analysis, Weibull probability
density function for Edirne. With the help of wind speed
averages, the wind energy potential of the site can be found
(Manwell et al. 2009). Weibull distribution function can be

represented as:
J) @)

where P(v) is the probability density function, k is the shape

factor, ¢ is the scale parameter, v is the wind speed. The shape

\4

709 = (&) el

c

parameter is calculated with the following equation.
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where o is the standard deviation. Weibull scale parameter

(4)

can be expressed as follows:

Vor
F(l +%)

where I' represents a gamma function, which can be

C )

represented as:

— Ot x—1
reO=["erdr (6)
'The above equation can be expanded as:

_ 1)( 1 1 139
I'(x) = (V27mx )(x")(e )(1 +12x T 2880 ~ 51840+ T

(7)

In energy potential analysis with Weibull distribution,
Weibull probability density function was calculated with
the help of average wind speeds. In Figure 8, the probability
density function based on annual average wind speeds for
Edirne is plotted. The shape parameter (k) for Edirne is
taken as 1.5.

Based on the Weibull distribution, the wind speed with the
greatest frequency is calculated with the following equation.

b 0

Deaves and Lines also determined the maximum wind
speed with Equation 9 (Deaves and Lines 1997).

C(M)”k

k
Karaelmas Fen Miih. Derg., 2024; 14(3):44-63

Vimod =

©)

Umax —



Akhan / Techno-Economic Assessment of a Hybrid Renewable Energy Powered Charging Station

o
2

o
&

o
]

o
8

o
8

=
—
=

Probability Density Function f(V)

o
8

01 2 3 4 5 6 7

Wind Speed (m/s)

8 9 10 11 12 13 14 15 16
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Table 2. Weibull parameters, speed, and power estimates for all months for Edirne.

V(20m) (m/s) f(V) V(mod) (m/s) Vmax(m/s) P _(W/m?)
January 2.5071 1.5 3.342753 0.202971 1.607028 5.880607 45.44
February 2.9029 1.5 3.870557 0.175294 1.86077 6.809124 70.54
March 2.9029 1.5 3.870557 0.175294 1.86077 6.809124 70.54
April 2.7710 1.5 3.694622 0.183641 1.776189 6.499619 61.35
May 2.5071 1.5 3.342753 0.202971 1.607028 5.880607 45.44
June 2.3751 1.5 3.166819 0.214248 1.522448 5.571102 38.64
July 2.5071 1.5 3.342753 0.202971 1.607028 5.880607 45.44
August 2.3751 1.5 3.166819 0.214248 1.522448 5.571102 38.64
September 2.2432 1.5 2.990885 0.22685 1.437867 5.261596 32.55
October 2.2432 1.5 2.990885 0.22685 1.437867 5.261596 32.55
November 2.3751 1.5 3.166819 0.214248 1.522448 5.571102 38.64
December 2.6390 1.5 3.518688 0.192823 1.691609 6.190113 53.00

Considering that the wind turbine power shaft is a rotating
machine with the exchange of momentum of the air mass
particles flowing through the blade swept area, the wind
power in the swept area is proportional to the size of
this area, the density of the air and the cube of its speed.
Accordingly, the power that can be obtained from the wind
can be written as (Simmons 1975):

P=1pAv (10)

Where, P is the power output of the wind turbine as a
function of wind speed. However, it should be noted that

with the Equation 10, power is estimated for wind speeds
lower than 15 m/s (Deaves and Lines 1997).

Considering the density of air at sea level at 15.6 °Cand 1
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atmosphere pressure as p =1.225 kg/m’ and height above
sea level (H ) as 71 m, the corrected air density (1.2165226
kg/m?) for other location information is found as follows

(Patel 1999):
o = 0o — 0.0001194 H,

where, A (m?) is the swept area, p (kg/m?) is the air

(11)

density calculated depending on the location, pressure, and
temperature of the region. Average power density (P ) for
the Weibull distribution can be expressed as:

P.= %pc3r<1 + %)

Table 2 shows the Weibull parameters, speed, and power
estimates of the wind turbines for all months. The Weibull
power density is shown in Figure 9.

(12)
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Table 3. EV Charging stations technical specifications.

Technical Specifications

Type EVC04-AC22 (Type 2)
Power 22 kW max AC

Voltage 400 V AC, 50/60 Hz, 3-Phase
Current 3x32 A

Power level control 10-13-16-20-25-30-32 A
Socket type IEC 62196 Type 2 EU
Protection DC 6mA RCD function
Material PC plastic, 5VA Flame retardant
Dimensions 460x315x135

IP rating 1P 54

IK rating 1KO08

There are 2 electric vehicle charging stations in the shop-
ping mall. Table 3 shows the technical specifications of the
electric vehicle charging station. Two charging stations con-
sume an average of 3500 kWh and 4000 kWh of energy
per month. On weekends, when tourism increases, there is a
daily energy consumption of 190-210 kWh (shopping mall

technical office manager’s report).
2.3.The Developed Interface
- Electrical load

The number of vehicles charged at the charging stations in
shopping malls is proportional to the number of visitors,
especially during the tourism season. While making the
technical and economic evaluation of a hybrid charging

station for shopping mall by using HOMER software,
the average monthly energy consumption of the charging
station in the shopping mall and the tourism statistics data
(data.tuik.gov.tr) for the province of Edirne are ., and total
electrical load of the charging station is predicted as shown
in Figure 10. Two charging stations consume an average of

3500 kWh and 4000 kWh of energy per month.
- PV module

PV panels are monocrystalline type. PV panels’ lifetime
is 25 years. The capital cost is 900 $/kW, the replacement
cost is 900 $/kW and the maintenance cost is 1.55 $/kW/
year (yenitrakyaenerji.com). The technical properties of
monocrystalline PV module are shown at Table 4.

-Wind turbine

Table 5 shows the technical properties of two wind turbines
selected for system analysis. The lifetime for wind turbines
was 15 years. The wind turbines’ capital cost is $1,600 per kW,
the replacement cost is $1,600 per kW and the operational
and maintenance cost is $30 per kW (hi-techsolution.eu).

The wind turbines system can be combined with solar PV
modules and function as a hybrid system. Vertical axis wind
turbine has 11 moving blades and 11 wind booster driving
blades. The wind booster driving blades increase the wind
speed reaching the moving blades approximately 2.5 times
(Moreno et al. 2021).

'The wind turbine capacity factor CF is calculated as follows
(Li and Priddy 1985):

Ec

WICT, (13)

CF=< )100
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Table 4. Technical properties of PV module (www.anerngroup.
com).

Power 400W

Voltage (Maximum Power) 4170V

Current (Maximum Power) | 9.60 A

Voltage (Open Circuit) 4980V

Current (Short Circuit) 10.36 A

PV module efficiency 20.14 %

Number of cells 72

Cell type Monocrystalline
Power rating OW/5W

Working range -40°C ~ +85°C
Dimensions 1989 x 1005 x 40 mm
Area 2 m?

Warranty 25 Years

Weight 20,0 kg

Front surface Low iron tempered glass
Certificate 1P67

where E is the renewable energy collected, expressed in
kWh, WTC is the wind tiirbine capacity, expressed in kW,
and h, is the number of hours in a year. Figure 11 shows the
wind turbine power curve and energy curve.

-Storage battery

The capacity of the Li-ion battery chosen for electricity
storage is 100 kWh, its nominal capacity is 167 Ampere-
hour (Ah), and its efficiency is 90%. The battery’s capital
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analysis.

Table 5. Technical properties of wind turbine (https://hi-

techsolution.eu/products).

Power 10.5 kW
12 kW

Nominal Power

Voltage AC,110/220 V, Three phase
Startup wind speed 2,5 m/s

Dimensions D:350cm, H:450 cm

Swept area 15.75 m?

Noise levels <40 dB

Wind turbine type Vertical axis

Generator type Tree-Phase Permanent Magnet
Lifetime 15 Years

Weight 435 kg

Certificate 1P54

cost per quantity was $15,000, the replacement cost was
$15,000, and the operating and maintenance cost was

$1,000 per battery per year.
-Converter

The selected converter has a capacity of 150 kW, a life of
25 years and an efficiency of 95%. The capital cost of the
converter is $300 per kW, the replacement cost is $300 per
kW, and the operating and maintenance cost is $5 per kW.
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. -Grid
AC . DC @ Grid power price is $0.089 per kWh, grid sellback price is
Electric Load #1 G10 $0.05 per kWh. Carbon Dioxide emission is 632 g/kWh,

Sulphur Dioxide emission is 2.74 g/kWh and Nitrogen
Oxides emission is 1.34 g/kWh.

165.44 IcWh/d 3. Results and Discussion

49.78 kKW peak
Electric Load #2 PV The Electricity production, economic gain, and emission
analysis calculations of the hybrid system with Homer
software are included.

165.44 kKWh/d Homer hybrid system analysis

47.61 kW peak After entering the data of the hybrid system elements into

Converter the HOMER software, the system diagram was created.
| —
= L Figure 12 shows the hybrid system configuration for
il i EVS station in Homer. Table 6 shows the hybrid system
 N—

optimization inputs in HOMER analysis. There are two
electrical vehicle charging stations with a power of 22 kW
‘_)@ 0 @: @ & @ in the shopping mall. Two charging stations consume an
- average of 3500 kWh and 4000 kWh of energy per month.
Figure 13 shows the hybrid system’s electric load (one EVS
station’s load) specifications in HOMER simulation.

Figure 12. Hybrid system configuration for EV charge station in
Homer.

Table 6. Hybrid system optimization inputs in HOMER analysis.

Components Optimization inputs

PV size (kW) 0-10-20-30-40-50

WT size (kW) 0-10-20-30-40-50

Converter capacity (kW) 0-72-144-21.6-28.8-36.0-43.2-50.4-57.6-64.8-72.0
Battery strings 0-3-6-9-12-15-18-21-24-27-30

Grid (kW) 999,999
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3.1. Energy Production

Figure 14 shows the daily electricity produced by the PV
system and Figure 15 shows the daily electricity produced
by the wind turbines in Homer simulation.

3.2. Economic Analysis Results

Table 7 shows the cost of EV charging station components.
Table 8 shows the renewable energy powered hybrid system
cost summary of HOMER analysis. Figure 16 shows the
hybrid system cumulative nominal cash flow. Discount rate

is 10%, inflation rate is 14% and project life is 25 years in the
HOMER analysis.

3.3. Optimization Results

In this study, 6,334 solutions were simulated: 6,334 were
feasible. 4001 optimization results were obtained with
Homer analysis, only 8 of them were presented. Table 9
shows the Homer optimization’s hybrid system’s architecture
results.

ELECTRICLOAD @

MName: | Electric Load #1

Remove

Peak Month: None

January Profile Daily Profile Seasonal Profile
Hour | Load (kW) - 30 60
20
11 22.000 E
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Figure 13. Hybrid system’s electric load (one EVS station’s load) specifications in HOMER simulation.
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Figure 14. Daily electricity produced by the PV system in Homer simulation.
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Figure 15. Daily electricity produced by the wind turbines in Homer simulation.
Table 7. The components’ cost.
Capital Cost ($) Replacement Cost ($) O & M Cost ($)
Converter (per kW) 300 300 10
Battery (per quantity) 15,000 15,000 1000
Wind Turbine ($/kW) 1,600 1,600 30
PV Module ($/kW) 900 900 5

Table 8. Renewable energy powered hybrid system cost
summary of HOMER analysis.

Economic Metrics

IRR 11%
ROI 7.4%
Simple Payback 8.4yr

Cost Summary

Base Case Lowest Cost System
NPC $401,191 $145,961
Initial Capital $0 $68,638
O&M $9,760/yr $1,881/yr
LCOE $0.0890/kWh $0.0193/kWh

PV capacity factor is 14.6%, PV total production is
64,131 kWh/yr, PV hours of operation is 4,386 hrs/yr.
Wind turbines’ capacity factor is 19.3%, wind turbines
total production is 84,391 kWh/yr, wind turbines’ hours
of operation is 6,122 hrs/yr. Converter capacity factor is
29.5%, converter operation hours are 7,141 hrs/yr and
converter energy out is 142,748 kWh/yr. The electricity
storage system’s nominal capacity is 100 kWh. The annual
throughput is 24,657 kWh/yr.

Table 10 shows the Homer optimization’s electrical results.
'The annual energy purchased from the grid and the annual
energy sold to the grid for eight cases are seen Table 14.

$0

($50,000)

($100,000)

($150,000)

Cumulative Nominal Cash Flow ($)

($200,000)

($250,000)

($300,000) T . .

0 5 10 15 20 25
Year

M Lowest Cost System

M Base Case

Figure 16. Hybrid system cumulative nominal cash flow.

Figure 17 shows the monthly energy purchased and energy
sold for the case 1,2, 3,4,5,6,7 and 8.

Table 11 shows the Homer optimization’s cost, renewable
energy fraction and grid results. Table 12 shows the Homer
optimization’s economics results.

Figure 18 shows the annual savings of optimization’s cases.
Figure 19 shows the cumulative cash flow over project
lifetime for case 1,2, 3,4,5,6,7 and 8.
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3.4. Impact Analysis Results reduction due to the savings to be made are given in Table
13. Net annual GHG emission reduction 29.7 tCO, is

The effects of the proposed application on the environment
Prop PP equivalent to 5.4 cars and light trucks not used.

or other equipment and systems, and the CO, emission

Table 9. Homer optimization results: Hybrid system’s architecture.

Architecture
C PV(kW) (}(NV’VI‘) Battery (ﬁ\r}i’d) C(;ﬁx\r:/r)ter Dispatch
1 L. + - 4 24 50 50 - 999,999 | 52.5 cC
2 ~ 4 3:) # V) 50 50 1 999,999 | 51.0 LF
3 : 4+ - # 4 - 50 - 999,999 | 43.9 cC
4 - 4+ 3:] # V) - 50 1 999,999 |  40.5 LF
5 L - - # V) 50 - - 999,999 32.1 cC
6 L 4 - :3:] # 4 50 - 1 999,999 | 27.0 LF
7 - - - # - - - - 999,999 - cC
8 - - 4] # V) - - 1 999,999 1.50 LF

Table 10. Homer optimization results: Electrical.

Production (kWh/yr) Consumption (kWh/yr)
WT Grid purchases Total ACload Grid sales Total
1 64,131 83,978 48,539 196,648 109,661 74,010 183,671
2 64,131 83,978 26,317 174,426 109,661 49,132 158,793
3 - 83,978 75,599 159,578 109,661 44,684 154,345
4 — 83,978 58,181 142,159 109,661 24,509 134,170
5 64,131 - 69,685 133,816 109,661 18913 128,574
6 64,131 - 54,115 118,246 109,661 1,421 111,082
7 - - 109,661 109,661 109,661 - 109,661
8 - - 109,589 109,589 109,661 - 109,661

Table 11. Homer optimization results: Cost, renewable energy fraction and grid.

Cost Grid
CAPEX
R bl
LCOE Operating Cost . Capital FC:':lecvtviz(l)ne PEml:ll‘gy d Energy Sold
($/kWh) ($/yr) Investment e s (kWh)
) (kWh)
1 145,961 0.0193 1,881 68,638 73.6 48,539 74,010
2 195,107 0.0299 2,720 83,300 83.4 26,317 49,132
3 241,877 0.0381 5,369 21,163 51.0 75,599 44,684
4 285,840 0.0518 6,099 35,150 56.6 58,181 24,509
5 302,786 0.0573 6,037 54,631 56.9 69,685 18,913
6 346,307 0.0758 6,768 68,100 45.8 54,115 1,421
7 401,191 0.0890 9,760 0.00 0 109,661 0
8 471,923 0.1050 11,105 15,450 0.0657 109,589 0
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Table 12.Homer optimization results: Compare economics.

Case Net Present Value  Annual worth Return of Internal rate of ~ Simple payback Discounted
(%) (€:74%9) investment (%) return (%) (V29) payback (yr)
1 255,230 6,209 7.4 10.5 8.35 7.19
2 226,085 5,013 4.3 6.8 10.46 8.75
3 159,314 3,876 16,4 21.2 452 412
4 115,352 2,806 6.0 9.1 8.27 7.13
5 98,405 2,394 2.7 8.9 8.39 7.22
6 54,884 1,335 0.2 0.4 24.65 20.50
7 _ _ _ _ _ _
8 70,732 1,721 -13.2 - - -
9:000 =L Chased (KWh) 9.000 E Thased (KWh) oo = Energy purchased (cwh)
2%2 L ZEncty fold Gy :ﬁg | = Encrgy sold (kWh) 3'%3 = Energy sold (kih)
§ 6.000 §6:000 £ 6.000
= 5.000 % 5.000 %, 5,000
& 4.000 £ 4.000 ?4.000
2 3.000 g 3.000 3.000
A 2,000 & 2.000 . 2.000
1000 1.000 I I I I | I I I I I 1.000
0 0 0
IEEEEIVEET CETLIEZEEEES S I LR Y
3% PiERERREALe [isEEeRnaged
a 1st case § z A = 2nd case E z A/ = 3rd case § Zz A
zgg m Energy purchased (kWh) 9000 w Energy purchased (kWh) 9.000 w Energy purchased (kWh)
: | m Energy sold (kWh) 8.000 = Energy sold (kWh) 8.000 | u Energy sold (kWh)
_7.000 _7.000 7000
6.000 6.000 6.000
%5.000 55.000 55.000
& 4.000 £34.000 £ 4.000
2 3.000 2 3.000 £ 3.000
2.000 | | | I I | 2,000 | 2,000 | |
1.000 1.000 1,000
JIRREARETL o Ikl o iDL LLELLTT
g‘gwaa‘éw“ IEEEERVERY ST EERE R
B £ S 2 g B E ] o o E § 3 2 2
PIEEERREIGey IpERiifaaay [IIESiiRicq
a shese S 7 8 = Shease  § 2 8 = shese 5 2 &
12.000 mEncrgy purchased (k 12000 | mEnergy purchased (KWh)
10,000 = Energy sold (kWh) 10.000 m Energy sold (kWh)
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b
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Figure 17. Monthly energy purchased, and energy sold for the case 1,2,3,4,5,6,7 and 8.

58 Karaelmas Fen Miih. Derg., 2024; 14(3):44-63



Akhan / Techno-Economic Assessment of a Hybrid Renewable Energy Powered Charging Station

10.000
OAnnualized Savings ($) |
8.000 —
_—
& __
S
2 6.000
B
=
3
< 4.000
0
N
=
E 2.000
<
0
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2.000 Optimization's Cases Figure 18. Annual savings of
optimization’s cases.
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Figure 19. Cumulative cash flow over project lifetime for case 1,2, 3,4,5,6,7 and 8.
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Table 13. Impact analysis of the PV system.

Emission Analysis

Country - region - Turkey
GHG emission factor tCO,/MWh 0.460
Produced electricity MWh 64,513
Net an'nual GHG emission «CO 29.7
reduction 2

The effects of the proposed application on the environment
or other equipment and systems, and the CO, emission
reduction due to the savings to be made are given in Table
14. Net annual GHG emission reduction 38.2 tCO, is
equivalent to 7 cars and light trucks not used.

Table 14. Impact analysis of the wind turbines.

Emission Analysis

Country - region - Turkey
GHG emission factor tCO,/MWh 0.4596
Produced Electricity MWh 83,145
Net ar%nual GHG emission «CO 382
reduction 2

The effects of the proposed application on the environment
and the Homer optimization’s emissions results for cases are

shown in Table 15.

Table 15. Homer optimization results: Emissions.

Case Carbon Sulphur Nitrogen
Dioxide (kg/yr) Dioxide (kg/yr) Oxides (kg/yr)

1 30,677 133 65

2 16,632 72.1 353

3 47,779 207 101

4 36,770 159 78.0

5 44,041 191 93.4

6 34,201 148 72,5

7 69,306 300 147

8 69,260 300 147

4. Conclusion and Suggestions

As aresult of generating electricity with renewable energy in
the shopping mall, greenhouse gas emissions will decrease,
and the effects of global warming caused by carbon emissions
will decrease. At this point, it becomes important that the
charging stations in shopping malls work with renewable
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energy support. However, the fact that many electric
vehicles are charged at the same time or in unpredictable
time periods causes huge differences in electricity supply
and demand. This situation causes voltage imbalance and
power losses in the network with the effect of charging
stations fed to the grid and may adversely affect the energy
grid. At this stage, the importance of a battery hybrid EV
charging stations working with renewable energy sources is
increasing day by day.

'This research investigates the techno-economic feasibility of
a renewable energy powered hybrid electric vehicle charging
station for shopping mall by using HOMER software. The
contribution of this paper is to present a comprehensive
hybrid electric vehicle charging station model for shopping
malls that will reduce the possible interference between
the electric grid and EVs and CO, emissions. The results
indicate that the optimal wind-PV hybrid system for the
EVS station contains the wind turbines with rated power of
50 kW, PV system of 50 kW, and 52.1 kW power converters.
'This wind-PV hybris system is found to have the net present
cost NPC of $145,961, an annual operating cost OC of
$1,881/year, a total net present cost NPC of $145,961 and
the levelized cost of energy LCOE of $0.0193/kWh.

'The following is the study’s main conclusion:

- By installing a renewable energy system with a capacity
of 100 kW on the roof of the shopping mall in Edirne,
Turkey. 148.52 MWh/yr electrical energy can be

produced annually.

- PV capacity factor is 14.6%, PV total production is
64,131 kWh/yr, PV hours of operation is 4,386 hrs/yr.

- Wind turbines’ capacity factor is 19.3%, wind turbines
total production is 84,391 kWh/yr, wind turbines’ hours
of operation is 6,122 hrs/yr.

- Converter capacity factor is 29.5%, converter operation
hours are 7,141 hrs/yr and converter energy out is

142,748 kWh/yr.

- The electricity storage system’s nominal capacity is 100
ge sy! P

kWh. The annual throughput is 24,657 kWh/yr.

- 'Thus, the electricity needs of the electric vehicle charging
station will be produced using renewable energy sources
and the emission of 67.9 tCO, to the atmosphere will
be prevented. Net annual GHG emission reduction 67.9
tCO, is equivalent to 12.4 cars and light trucks not used.
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- 'The payback period of the renewable energy powered
hybrid electric vehicle charging station for shopping
mall is 8.35 years.

- 'The annualized saving of the hybrid system is $7,879/yr
and the capital investment is $68,638.

The hybrid system is engineering solutions that can be
applied universally. This study provides methodology to
improve energy efficiency not only for electric vehicle
charging station in Turkey but also for the other electric
vehicle charging station in shopping mall worldwide.
Although the hybrid system has been studied for a case
study in Edirne, the analysis can be applied anywhere in the
world by modifying solar and wind energy data.

5. Acknowledgment

No conflict of interest is declared by the authors. There are
no individuals or organizations supporting the research.

Author contribution:

Hacer Akhan: Planned, designed, gathered and analyzed
data about the study, wrote the article by analyzing the study.

Ethics committee approval: There is no need for ethics
committee approval.

6. References

Agustin, JLB., Lopez, RD.2009. Simulation and Optimization of
Independent Hybrid Renewable Energy Systems. Renewable
and Sustainable Energy Reviews, 13: 2111-2118. https://doi.
0rg/10.1016/j.rser.2009.01.010

Bansal, S., Zong, Y., You, S., Popa, LM., Xiao, J. 2020. Technical
and Economic Analysis of One-Stop Charging Stations for
Battery and Fuel Cell EV with Renewable Energy Sources.
Energies, 13: 2855. doi:10.3390/en13112855

Bass,R.,Harley, R., Lambert, F., Rajasekaran, V., Pierce, J.2001.
Residential harmonic loads and EV charging. In: Proceedings
of the 2001 IEEE Power Engineering Society Winter
Meeting, 3: 803-808. doi:10.1109/PESW.2001.916965

Calise, F., Fabozzi, S., Vanoli., L., Vicidomini, M. 2021. A
sustainable mobility strategy based on electric vehicles and
photovoltaic panels for shopping malls. Sustainable Cities and
Society, 70: 102891. https://doi.org/10.1016/j.scs.2021.10289

Chang, S., Cho, J., Heo, J., Kang, J., Kobashi, T. 2022. Energy
infrastructure transitions with PV and EV combined systems
using techno-economic analyses for decarbonization in cities.
Applied Energy, 319: 119254. https://doi.org/10.1016/].
apenergy.2022.119254

Karaelmas Fen Miih. Derg., 2024; 14(3):44-63

Cigek, A., Erding, O. 2019. PV-Batarya Hibrit Sistemi Iceren
Elektrikli Arag Otoparkinin $arj Yonetimi. Avrupa Bilim ve
Teknoloji Dergisi, (15): 466-474. https://doi.org/10.31590/
ejosat.527350

Das, BK., Hoque N., Mandal, S., Pal, TK., Raihan, MA. 2017.
A techno-economic feasibility of a stand-alone hybrid power
generation for remote area application in Bangladesh. Energy,
134: 775-788. https://doi.org/10.1016/j.energy.2017.06.024

Deaves, DM., Lines, IG. 1997. On the Fitting of Low Mean
Wind Speed Data to the Weibull Distribution. Journal of
wind engineering and industrial, 66: 169-78.

Ekren, O., Canbaz, CH., Giivel, CB. 2021. Sizing of a solar-
wind hybrid electric vehicle charging station by using
HOMER software. Journal of Cleaner Production, 279:
123615. DOI:10.1016/j.jclepro.2020.123615

Engin, M. 2010. Solar-Wind Hybrid Energy Generation System
Design for Bornova, Celal Bayar University Soma Vocational
School. Journal of Technical Sciences, 2(13): 11-20.

Engelhardt, J., Zepter, JM., Gabderakhmanova, T., Marinelli,
M. 2022. Energy management of a multi-battery system for
renewable-based high power EV charging. Transportation, 14:
100198. DOI:10.48550/arXiv.2112.00351

Fadee, M., Radzi, MA. 2012. Multi-objective optimization
of a stand-alone hybrid renewable energy system by using
evolutionary algorithms: A review. Renewable and Sustainable
Energy Reviews, 16: 3364-3369. https://doi.org/10.1016/j.
rser.2012.02.071

Geth, F., Leemput, N., Van Roy, J., Buscher, J., Ponnette, R.,
Driesen, J. 2012. Voltage droop charging of electric vehicles
in a residential distribution feeder. In: Proceedings of the
3rd IEEE PES Innovative Smart Grid Technologies Europe
(ISGT Europe),1-8.d0i:10.1109/ISGTEurope.2012.6465692

Hiendro, A., Kurnianto, R., Rajagukguk, M., Simanjuntak,
YM., Junaidi. 2013. analysis  of
photovoltaic/wind hybrid system for onshore/remote area in
Indonesia. Energy, Elsevier, 59(C): 652-657. DOL: 10.1016/j.
energy.2013.06.005

Islam, MS., Mithulananthana, N., Hung, DQ. 2021.
Coordinated EV charging for correlated EV and grid loads
and PV output using a novel, correlated, probabilistic model.
Journal of Cleaner Production, 279: 123615. https://doi.
org/10.1016/j.jclepro.2020.123615

Jain, A., Bhullar, S.2024. Operating modes of grid integrated PV-

solar based electric vehicle charging system- a comprehensive

Techno-economic

review. e-Prime - Advances in Electrical Engineering,
Electronics and Energy, 8: 100519. https://doi.org/10.1016/j.
prime.2024.100519

61


http://dx.doi.org/10.1016/j.jclepro.2020.123615
https://doi.org/10.1016/j.jclepro.2020.123615
https://doi.org/10.1016/j.jclepro.2020.123615
https://doi.org/10.1016/j.rser.2009.01.010
https://doi.org/10.1016/j.rser.2009.01.010

Akhan / Techno-Economic Assessment of a Hybrid Renewable Energy Powered Charging Station

Karthikeyan, SP., Thomas, P. 2024. Optimization Strategies for
Electric Vehicle Charging and Routing: A Comprehensive
Review. GU ] Sci. 37(3): 1256-1285. DOI: 10.35378/
gujs. 1321572

Lee S., Al-Ghussain L., Alrbai M., Al-Dahidi S. 2024.
Integrating hybrid PV/wind-based electric vehicles charging
stations with green hydrogen production in Kentucky
through techno-economic assessment. International Journal
of Hydrogen Energy, 71: 345-356. https://doi.org/10.1016/j.
ijhydene.2024.05.053

Li, KW.,, Priddy, AP. 1985. Power Plant System Design, John
Wiley & Sons, Inc., New York, NY USA.

Li, CC,, Ge, X., Zheng, Y., Xu, C., Ren, Y., Song, C., Yang, C.
2013. Techno-economic feasibility study of autonomous hybrid
wind/PV/ battery power system for a household in Urumgi.
Energy, 55: 263-272. DOI: 10.1016/j.energy.2013.03.084

Li, C. 2021. Technical and economic potential evaluation of an
off-grid hybrid wind-fuel cell-battery energy system in Xining,
China. International Journal Of Green Energy, 18(3): 258-
270. https://doi.org/10.1080/15435075.2020.1854267

Ma, H., Balthasar, F., Tait, N., Riera-Palou, XA. 2012. Harrison,
A new comparison between the life cycle greenhouse gas
emissions of battery electric vehicles and internal combustion
vehicles.  Energy Policy, 44: 160-173. DOI: 10.1016/.
enpol.2012.01.034

Ma, G., Jiang, L., Chen, Y., Dai, C., Ju, R. 2017. Study on
the impact of electric vehicle charging load on nodal voltage
deviation. Archives of Electrical Engineering, 66(3): 495-505.
do0i:10.1515/aee-2017-0037

Manwell, JF., McGowan, JG., Rogers, AL. 2009. Wind Energy
Explained: Theory, Design and Application, Wiley, 2nd

edition.

Mohamed, AAS.,El-Sayedc,A., Metwallya, H., Selem, SI.2020.
Grid integration of a PV system supporting an EV charging
station using Salp Swarm Optimization. Solar Energy, 205:
170-182. https://doi.org/10.1016/j.solener.2020.05.013

Moreno-Armendariz, MA., Duchanoy, CA., Calvo, H., Ibarra-
Ontiveros, E., Salcedo-Castaneda, J., Ayala-Canseco, M.,
Garcia, D. 2021. Wind Booster Optimization for On-Site
Energy Generation Using Vertical-Axis Wind Turbines.
21(14): 4775 https://doi.org/10.3390/s21144775

Moslehi, K., Kumar, R. 2010. A reliability perspective of the
smart grid. IEEE Transactions on Smart Grid, 1(1): 57-64.
do0i:10.1109/TSG.2010.2046346

Mouli, GC., Bauer, P., Zeman, M. 2016. System design for a
solar powered electric vehicle charging station for workplaces.
Applied Energy, 168, 434-443. https://doi.org/10.1016/].
apenergy.2016.01.110

62

Nandini, KK., Jayalakshmi, NS., Vinay, KJ., Dattatraya, NG.,
Ashish, S., Vidya, SR., Ganesh, K. 2023. Optimal Placement
and Sizing of Electric Vehicle Charging Infrastructure in a
Grid-Tied DC Microgrid Using Modified TLBO Method.
Energies, MDPI, 16(4): 1-27. DOI:10.3390/en16041781

Nurmuhammed, M., Karadag, T. 2021. A review on locating the
electric vehicle charging stations and their effect on the energy
network. Journal of Science, PART A: Engineering and In-
novation, 8(2): 218-233.D0]I1:10.35833/MPCE.2018.000374

Patel, MP. 1999. Wind and Solar Power Systems, CRC Pres
LLC, New York.

Patel, MR. 2006. Wind and Solar Power System Design Analysis
and Operation, Taylor & Francis, Raton. http://uk.farnell.
com/images/en_UK/design_findings8pt2.pdf

Shadman Abid, M., Ahshan R., Al Abri R., Al-Badi A., Albadi
M. 2024. Techno-economic and environmental assessment
of renewable energy sources, virtual synchronous generators,

and electric vehicle charging stations in microgrids. Applied

Energy, 353: 122028. DOI:10.1016/j.apenergy.2023.122028

Simmons, DM. 1975. Wind Power, Noyes Data Corporation,
Park Ridge, California, 1975.

Singh, M., Kar, I., Kumar, P.2010. Influence of EV on grid power
quality and optimizing the charging schedule to mitigate
voltage imbalance and reduce power loss. In: Proceedings
of the 14th International Power Electronics and Motion
Control Conference (EPE-PEMC), 196-203. doi:10.1109/
EPEPEMC.2010.5606657

Staats, PT., Grady, WM. 1997. A. Arapostathis, R.S. Thallam,
A statistical method for predicting the net harmonic currents
generated by a concentration of electric vehicle battery
chargers. IEEE Transactions on Power Delivery, 12(3): 1258-
1266. doi:10.1109/61.637002

Sun, B. 2021. A multi-objective optimization model for fast
electric vehicle charging stations with wind, PV power and
energy storage. Journal of Cleaner Production, 288: 125564.
https://doi.org/10.1016/j.jclepro.2020.125564

Topuz, A., Erdogan, B., Tagkaya G.2017. Modeling of the Solar
Irrigation System Using Photovoltaic Effect. Karaelmas Fen
ve Mih. Derg. 7(2): 356-363.

Ucer, E., Kisacikoglu, MC., Gurbuz, AC. 2018. Learning
EV Integration Impact on a Low Voltage Distribution
Grid. In: Proceedings of the 2018 IEEE Power and Energy
Society General Meeting (PESGM), 1-5. doi:10.1109/
PESGM.2018.8586208

Ullah, H., Czapp, S., Szultka, S., Tariq, H., Qasim, UB.,
Imran, H. 2023. Crystalline silicon (c-Si)-based tunnel oxide

passivated contact (topcon) solar cells: A review. Energies, 16

(2): 715. https://doi.org/10.3390/en16020715

Karaelmas Fen Miih. Derg., 2024; 14(3):44-63


https://doi.org/10.1080/15435075.2020.1854267
https://doi.org/10.1016/j.solener.2020.05.013
https://doi.org/10.3390/s21144775

Akhan / Techno-Economic Assessment of a Hybrid Renewable Energy Powered Charging Station

Veliz, MT., Kamel, S., Hasanien, HM., Arevalo, P., Turky,
RA., Jurado, F. 2022. A stochastic-interval model for optimal
scheduling of PV-assisted multi-mode charging stations.
Energy, 253: 124219. DOI: 10.1016/j.energy.2022.124219

Wali, SB., Hannan, MA., Pin Jern Ker, Abd., Rahman, MS.,
Tiong, SK., Begum, RA., Indra Mahlia, TM. 2023. Techno-
economic assessment of a hybrid renewable energy storage
system for rural community towards achieving sustainable

development goals. Energy Strategy Reviews, 50: 101217.
https://doi.org/10.1016/j.esr.2023.101217

EEA 2024. https://www.eea.europa.eu/highlights/electric-
vehicles-will-help-the

TEA 2024. https://www.iea.org/reports/electric-vehicles
IEA 2024. https://www.eurostat.ec.europa.cu; EEA
IEA 2023. https://www.iea.org/topics/transport

IEA 2023. https://www.iea.org/commentaries/electric-cars-fend-
off-supply-challenges-to-more-than-double-global-sales)
(Paoli)

SATATISTA 2024. https://www.statista.com/chart/26845/glob-
al-electric-car-sales/

IEA 2023. https://www.iea.org/data-and-statistics/data-tools/
global-ev-data explorer?gclid=CjOKCQjwwISIBhD6ARISAE
SAmp5pabqp5XiigW5tOuchBlscktxrk040iSV3170xuEDgH
CzyOglD_0aAgAXEALw_wcB

IEA 2024. https://www.iea.org/commentaries/electric-cars-fend-

off-supply-challenges-to-more-than-double-global-sales)
(Paoli

Karaelmas Fen Miih. Derg., 2024; 14(3):44-63

TEHAD 2024. https://www.tehad.org/2022/07/08/2022-yili-
ilk-6-ayinda-satilan-elektrikli-ve-hibrid-otomobil-satis-
rakamlari/

TEHAD 2024. https://www.tehad.org/2021/04/07/2021-yili-
ilk-ceyreginde-elektrikli-ve-hibrid-arac-satislari-artti/

Elektrikli-satj-istasyonlari 2024. https://www.clektrikli.com.
tr>elektrikli-sarj-istasyonlari

Googlemaps  2023.  https://www.google.com/maps/search/
turkiye+sarj+istasyonlar1/@41.2651324,26.3597646,8z/
data=!3m1!4b1

HOMER 2023. https://www.file:/// chapter3_HOMERMOD-
ELING.pdf

RETScreen 2023. https://www.RETScreen-NRCan/Canmet-
ENERGY

SOLARGIS 2024. https://solargis.com/products/regional-solar-
study

Shopping mall 2023. http://shopping mall technical office man-
ager’s report

TUIK 2023. https://data.tuik.gov.tr/Bulten/Index?p=Tourism-
Statistics-Quarter-IV:-October-December-and-Annu-
al,-2020-37438

Anerngroup 2024. https://www.anerngroup.com/products/solar-
panel/

Yeni Trakya Enerji 2024. http://www.yenitrakyaenerji.com

Hi-techsolution 2024.  https://hi-techsolution.eu/products/

vertical-axis-wind-turbine/vertical-axis-wind-turbine-aeolos-
wv-09/

63



Karaelmas Fen ve Miih. Derg. 14(3):64-73, 2024

Karaelmas Fen ve Mithendislik Dergisi

Dergi web sayfast: https://dergipark.org.tr/tr/pub/karaelmasfen

DOI: 10.7212/karaelmasfen.1484595

Aragtirma Makalesi

Gelis tarihi / Received  :15.05.2024
Kabul tarihi / Accepted :30.07.2024

Yapim Islerinde Thale Parametreleri Kullanilarak Makine Ogrenmesi ile Sézlesme

Bedeli Tahmini

Construction Contract Price Prediction Using Machine Learning with Bz'dding Parameters

Semi Emrah Aslay*

Erzincan Binali Yildirim Universitesi, Miihendislik Mimarlik Fakiiltesi, Ingaat Mihendisligi Boliimi, Erzincan, Turkiye

Oz

Kamu ihalelerinde s6zlesme bedelleri, temel olarak metraj ve birim fiyatlardan olugmaktadir ve dolayisiyla bu parametrelerle yakindan
iligkilidir. Bu parametrelerden bagka, daha sade sayisal ifadeler tiretebilen ve parasal anlagma bedelleri hakkinda 6nemli ipuglar: veren
ihale verileriyle de anlaml iligkilere sahiptir. Dolayisiyla ihale verileri ile sézlesme bedeli arasindaki anlamli iligkinin degerlendirilmesi
6nem kazanmaktadir. Bu ¢alismada ingaat iglerinde ihale degiskenleri kullanilarak makine 6grenmesi yontemleri ile sdzlesme bedelleri
tahmin edilmeye caligilmaktadir. Bunun i¢in temel ve popiler algoritmalardan yararlamilmigtir. Tahmin modellerini gelistirmek
amaciyla bir dizi hiper parametre optimizasyonu yapilarak olumlu sonuglar alinmigtir. Ozellikle calismada en iyi sonuglara sahip olan
XGBoost ve ANN algoritmalarinda uygulanan parametrik optimizasyonlar, mevcut modelin daha iyi bir performanst gostermesini
saglamigtir. XGBoost 0.9435, MAE 1.2988, RMSE 2.0621 en iyi genelleme yetenegine sahip algoritma olmustur. Calisma hem
kullandig1 parametrelerin 6zginligi hem de makine 6grenmesi modelinde uygulanan hiper parametre optimizasyonlar: ile literatiire
katk: sunmaktadir.

Anahtar Kelimeler: ANN, kamu ihaleleri, makine 6grenmesi, sozlesme bedeli, XGBoost.

Abstract

In public tenders, contract values are primarily composed of quantities and unit prices, and therefore are closely related to these
parameters. Besides these parameters, contract values are also meaningfully associated with procurement data that can produce more
straightforward numerical expressions and provide significant insights into monetary agreement values. Therefore, evaluating the
meaningful relationship between procurement data and contract value becomes crucial. This study aims to predict contract amounts
in construction works using machine learning methods with bidding variables. Basic and popular algorithms were employed for this
purpose. A series of hyperparameter optimizations were conducted to enhance prediction models, yielding positive results. Particularly,
the parametric optimizations applied to XGBoost and ANN algorithms, which demonstrated the best results in the study, improved the
performance of the existing model. XGBoost achieved the best generalization ability with an of 0.9435, MAE of 1.2988, and RMSE
of 2.0621. The study contributes to the literature by introducing novel parameters and implementing hyperparameter optimizations
in the machine learning model.

Keywords: ANN, public tenders, machine learning, contract price, XGBoost.

1. Girig
Yapim islerinde kamu kurumlarina ait binalar, ytiklenici fir-

malara ihale edilerek yapilmaktadur.

Ihale siirecleri rekabetilik ve esitlik ilkelerine dayanarak en
uygun fiyatla, istenilen yapilarin insa edilmesini kapsar. Ku-
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rumlar veya harcama yetkilileri farkli kullanim amact i¢in,
insanlarin ihtiyaglarini kargilayacak yapilarin tanimini, ta-
rifini belirler, yasalara ve yonetmeliklere gére siireci yone-
tir. Bu siire¢ agik bir sekilde duyurulur ve yiiklenici firma-
lar kir-zarar oranlarini gozeterek ihale teklif siirecine girer.
Ihalelere katilan ingaat firmalari, istekli veya teklif verenler
olarak adlandirilirlar. Teklif verenlere ait bilgiler ihale sii-
reglerinde 6nemli gostergelerden biridir. Toplam tekliflerin
sayisal ifadeleri ingaat islerine olan ilgiyi, yogunlugu, maliyet
ve biitge planlamasina ait bilgiler sunabilir. Bu bilgilerin s6z-
lesme bedeli arasindaki iligki aragtirilmasi, 6nemli noktalara
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vurgulanarak ihtiya¢ duyulan tahmin yontemi belirlenmesi
onemlidir.

Son yillarda birgok bilim dallarinda tahmin yontemleri
arastirmalarda yer almaktadir. Bu alanda makine 6grenmesi
literatirdeki populer konulardan biridir. Metinsel dil mo-
dellerinin baskinlif1 son zamanlarda siklikla kullanilmasina
karsilik (Yazgili ve Baykara 2022), dijital alanlardaki arag-
tirmalar her gegen giin artmaktadir (Ilgiin vd. 2023). Maki-
ne 6grenmesi yontem ve konular1 diger farkl disiplinlerde
de siklikla kullanilmaktadir (Zeynep ve Erdal 2019). Farkl
disiplinlerde yer alan bu yontem ve konular ingaat mithen-
disliginde de siklikla kullaniimaktadir. Ingaat mithendisligin
tim alt dallarinda bu ¢aligmalar: gérmek mimkindir (Thai
2022). Ingaat malzeme fiyatlarinin tahmini igin sinir ag1 ta-
banli modelin kullanilmas1 (Mir vd. 2021), makroekonomik
gostergelerle yapt malzemesi tahminin yapilmasi (Shiha
vd. 2020), kuraklik analizleri (Basakin vd. 2019), ve konut
tahmin taleplerinin tahminleri (Emeg ve Tekin 2022) 6rnek
olarak verilebilir.

1.1. Literatiir Taramas1

Yapim islerinde maliyeti temel almak suretiyle yapilan ¢a-
lismalarin ginden giine artmaktadir (Aslay ve Dede 2022).
Caligmalarda ingaat maliyetlerinin birgok alt kiimesi olarak
degerlendirilebilen kavramlar yer alir (Aslay ve Dede 2023).
Bu kavramlardan biri de s6zlesme bedelidir. Ancak sozlesme
bedelleri ile ilgili caligmalarin daha ¢ok maliyet odakli oldu-
gu soylenebilmektedir. Skitmore vd. (2003), 93 adet insaat
projesi ele alarak, sozlesme bedelini makine 6grenmesi ile
tahmin etmeye ¢alismigtir. Bunun i¢in farkli modeller ge-
ligtirmigtir. Yiklenici se¢im yontemi, s6zlegsme diizenlemest,
proje tiirti gibi kriterleri kullanmugtir. Parasal tutarin yanin-
da s6zlesme tiirii ve ingaat siiresi de analize dahil etmislerdir.
Ancak ¢alismada sozlesme tutar1 tahmininde elde edilen
performans metrikleri olduke¢a disiiktir ve bu durum mo-
delin genel tahmin yeteneginin iyi olmadigini gostermekte-
dir. Elhag vd. (2005) sozlesme bedeli tahmini i¢in 67 farkl
degisken uzerinde se¢im yapmaya ¢alismuglardir. Sézlesme
bedeli ayni zamanda ihale 6ncesi maliyet tahmini olarak de-
gerlendirmislerdir. Yapilan bu ¢alismada parametrelerin be-
lirlenmesi anket yoluyla yapilmigtir ve sonuglar tahmin mo-
deli olarak degerlendirilmemistir. Aziz vd. (2014) s6zlesme
bedeli maliyet azaltma metotlar: ile kullanmaya ¢aligmiglar-
dir. S6zlesmede bedelinin azaltilmasindan ziyade optimum
degerlere ulagmaya caligmiglardir. Pusic vd. (2020) maliyet
tahminin ingaat sisteminin bir pargasi olarak degerlendire-
rek, sozlesme bedelin olarak 6n finans tahminini sinir ag1
tabanli model ile uygulamiglardir. Bunun i¢in tarihsel veriler
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ve bazi bina teknik verilerinden yararlanmiglardir. Kovacevic
vd. (2021) 181 adet betonarme koprii projesi incelemiglerdir.
Farkli makine 6grenmesi modellerinden yaralanmiglardir.
Girdi parametreleri olarak yapisal elemanlardan faydalana-
rak, ingaat maliyetini tahmin etmeye ¢aligmislardir. Gurmu
ve Miri (2023) bina maliyetini bulmak i¢in ¢esitli girdi pa-
rametreleri degerlendirmislerdir. Bunlardan bazilar: briit ze-
min alani, kullanilan malzemeler ve mimari is kalemleridir.
Farkli algoritmalar sunan ¢aligmada birgok parametre de-
geri denemis olsa da verimlilik 6l¢ttlerinin yeterli olmadig:
soylenebilmektedir. Dang-Trinh vd. (2022), fabrika ingaat
maliyeti tahmini i¢in farkli makine 6grenmesi yontemlerini
kullandilar. Calisma maliyet tahmincileri i¢in ¢esitli tahmin
metodolojilerine erisim saglamigtir ve bir fabrikanin 6n ma-
liyetinin tahmininde en iyi modelin belirlenmesini dair ¢1k-
tilar elde etmistir. Rafiei and Adeli (2018), bina zellikleri-
nin yani sira, iscilik-malzeme endekslerini kullanarak, sinir
aglar1 ve destek vektor makinelerine dayanan maliyet modeli
geligtirdiler. Sanni-Anibire vd. (2021) yiiksek binalarin 6n
maliyeti i¢in tahmin modelleri olusturmuglardir. Caligmada
makine 6grenmesi gibi modern dijital teknolojilerin ingaat
endistrisinin sorunlarini ¢ézme potansiyeli ve tanimlanan
prosediir, maliyet tahmin modellerinin gelistirilmesine katk:
sunulmusgtur.

Ingaat maliyetinin tahmin modeli ile ilgili gelistirilen ¢a-
ligmalarda, ozellikle girdi parametreleri statik veya mimari
projeden elde edilen verilerle yapilmaktadir (Kovacevic vd.
2021, Gurmu ve Miri 2023). Bu durum hem uygulama sii-
re¢lerini zorlagtirmaktadir hem de zaman kaybina neden ol-
maktadir. Literatiirdeki ¢alismalarda kullanilan proje sayilary
da oldukg¢a azdir (Elhag vd. 2005, Kovacevic vd. 2021). Ma-
kine 6grenmesi modellerinde, 6rnek sayist olarak net ifade
soylenemez ancak veri noktalarinin, tahmin modelleri tize-
rinde homojen bir dagilim elde edilebilmesi i¢in 6rnekler
analiz sonucu ¢iktilarda tatmin edici olmalidir. Ayni zaman-
da s6zlesme bedeli ile ilgili yapilan bu ¢alismalarda hiper pa-
rametre optimizasyonun yapilmamas: 6nemli bir eksikliktir
(Skitmore vd. 2003). Arastirmalarda sozlesme bedeli tah-
mini i¢cin makine 6grenmesi modellerinin daha fazla gelis-
tirilmesi ve farkli parametrelerin galismalarda yer verilmesi
ihtiya¢ duyulmaktadir. Her ne kadar maliyet analizlerinde
makine 6grenmesi yontemleri siklikla kullanilsa da s6zlesme
bedeli olarak degerlendirilmesi ve yeni degiskenlerin 1s181n-
da modellerin geligtirilmesi énemlidir. Son aragtirmalarda
optimum parametrelerle 6grenme algoritma tabanli mo-
dellerin gelisimi hizla ilerlemektedir (Taker 2023). Kamu
ihalelerinde sozlesme bedelleri tahmin yaklasiminin ihale
parametrelerini kullanarak ve yeni model gelistiriciler ile
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desteklenerek analizlerine yer verilmesi beklenen aragtirma
konularindan biridir.

Bu calismada, yapim isleri kamu ihalelerinde, yeni yapim
islerinde, ihale parametresi olarak degerlendirilen toplam
teklif sayilari, toplam gegerli teklif sayilari, dokiiman satin
alma sayilar1 gibi degiskenlerle yiiklenici firmalar ile kamu
idareleri arasinda imzalanan parasal karsilik olan sézlesme
bedeli tahmin edilmeye ¢aligilmigtir. Bunun i¢in 397 adet
Acik Thale usulii ve Anahtar Teslim Gétiirii Bedel sézlesme
tiirtine ait yapt projeleri ele alinmigtir. Makine 6grenmesi
metotlar: uygulanmistir. Analizlerde klasik makine 6gren-
mesi metotlarin digina ¢ikilarak son zamanlarda kullanilan
popiiler tahmin metotlar1 ¢aligtimigtir. Modeller ait para-
metrelerin optimizasyonlar yapilarak, her bir modele 6zel
olarak hiper parametrik model gelistirici yontemler denen-
mistir. Hiper parametre optimizasyonlar: ile modellerin
genel tahmin yeteneklerinin arttirilmas: bagarili bir sekilde
gerceklestirilmigtir. Yapilan ¢aligmanin optimum degisken
tirleri ve miimkin olan model gelistirici yontemlerle, litera-
tire katk: sunmaktadir.

1.2. Kamu Thaleleri ile Ingaat Islerin Yapilmas:

Bu ¢alismada Tirkiye'de yapim islerinde betonarme yapila-
rin ingasi ve tanzimi i¢in harcama yetkilisi idareler tarafin-
dan gerceklestirilen kamu ihalelerindeki verilerden yarar-
lanilmaktadir. Kamu binalars, ilgili idarelerin ihale yapmak
suretiyle gerceklestirdigi streclerle mimkiin olmaktadir.
Bunun i¢in 4734 ve 4735 sayih kanunlar kullanilmaktadir.
Genellikle ihale usulii olarak; agik ihale usuld, belli istekliler
arasinda ihale usulii ve pazarlik ihale usuld ve sozlesme tiirii
olarak; birim fiyat, anahtar teslim gdtiri bedel ve karma
sozlesme tiirleri kullanilmaktadir (Kocaman vd. 2020). Bu
aragtirmada kullanilan veri setlerinin timu acik ihale usuli
ve anahtar teslim gotird bedel sozlesme tiriine sahip iha-
lelerden elde edilmigtir. Caligmada kullanilan ihale usuli ve
sozlesme tiirt Cizelge 1'de verilmektedir. A¢ik ihale usuliin-
de ihalesi yapilacak olan yapim isinin duyurusu tim istekli-
lere yapilir. Herhangi 6zel ¢agri veya teklif yapilmaz. Ingaat
isi ile ilgili gerekli sartlara sahip olan herhangi bir ytklenici
firma, ilgili harcama yetkilisinin belirttigi kosullara uygun

sekilde teklif verebilir. Teklifler ihale gsartnamesinde belir-
tilir ve isin durumuna bagl olarak uygun standartlarda de-
gerlendirilerek sonuglanir. S6zlesme tirt olan ve ¢aligmada
da kullanilan anahtar teslim gotiirt bedel siklikla ihalelerde
tercih edilir. Bu ifade, yiiklenici ingaat firmalarinin taahhiit
etmis olduklar: parasal bedel karsiliginda, bir ingaat proje-
sinin bagtan sona tiim agamalari ile insanlarin kullanimina
hazir olacak gekilde tamamlanmasini belirtir. Bunun i¢in s6z
konusu is, isverene teslim edilir ve ilgili idare fen-sanat nok-
tasindan belirli araliklarla kontrolleri yapar. Bu tiir ihaleler-
de proje biitcesi degismez veya ¢ok az degisir ve tiim riskleri
miiteahhit firma tstlenir. Ingaat isi anlagmaya varilan giin ve
sozlesme bedeli ile tamamlanir.

2. Geregve Yontem
2.1. Veri Setinin Tanim1

Bu ¢aligmada Turkiye'de kamu ihalelerinde ihalesi yapilmig
olan 397 adet, yeni yapim iglerinden olusan ve betonarme
yapilardan alinan veriler kullanilmistir. Bu veriler elektro-
nik kamu alim platformundan ‘ekap’ elde edilmigtir. Bunun
i¢in konusunda uzman ingaat mithendis tarafindan gerekli
ingaat taban alani hesab1 ve ihale parametre bilgilerine ait
okumalar yapilmustir. Projeler sadece yeni yapim iglerini
kapsamaktadir, tadilat isleri, onarim-giiclendirme isleri yer
almamaktadir. Projelerin tamami temelden baglamak tzere,
ingaata ait tim imalatlarin sonlandirilmasini kapsamaktadir.
Ayni zamanda bu durum Kamu Thale Mevzuatinda ‘Anah-
tar teslim gotiiri bedel’ olarak adlandirilan ihale yontemi ile
yapimi tamamlanan igleri kapsamaktadir. Yapilarin tamam
betonarme olarak inga edilmigtir. Farkli kat sayilar1 ve farkli
kullanim amaci olan bina verilerinden yararlanilmigtir. Ca-
ligma kapsaminda olusturulan modelde 5 farkli bagimsiz
degisken ve 1 adet bagimli degisken yer almaktadir. Toplam
6 adet olan Ozniteliklerin agiklamalari Cizelge 2'de veril-
mektedir.

Bagimsiz degiskenler secilirken temel amaglardan biri statik
proje degiskenleri (Kovacevic vd. 2021) ve mimari projeler-
deki degisken (Gurmu ve Miri 2023) bilgileri tam olarak
bilinmeden ihale asamasinda s6zlesme bedeli hakkinda tah-
min modeli olusturmaktir. Caligmanin 6zgiin yanlarindan

Cizelge 1. Thale Usulleri ve Sézlesme Tiirleri (4734 Sayili Kamu Thale Kanunu).

hale Usulleri

Tiirleri

Sozlesme

Bu Caligmada Kullanilan S6zlesme
Tiirleri ve [hale Usulleri

* Agik ihale usulii
* Belli istekliler arasinda ihale usuli
* Pazarlik ihale usula

* Anahtar Teslim Gotiirii bedel
* Birim fiyat

* Agik ihale usulii
* Anahtar Teslim Gotiirt bedel

* Karma
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Cizelge 2. Ozniteliklere ait aciklamalar (4734, Sayili Kamu Thale Kanunu).

Tanim Degisken Tiirii Agiklama Kisaltma
Sozlesme Bedeli Bagiml Deg. Yiiklenici firma ile isin idaresi arasinda anlagmaya varilan b
parasal tutar
. y g Isteklilerin isin idaresine gelerek para karsiligi yapim isi
Dokiiman Satin Alan Sayist Bagimsiz Deg. hakkinda belge olarak aldig1 dokiiman sayis: dsas
Dokiimani EKAP izerinden B 5 Isteklilerin internet tizerinden talep ettikleri ihale .
. . Bagimsiz Deg. - deis
e-imza kullanarak indiren sayis dokiimani sayist
. . _ |Isteklilerin yapim isini taahhit ettikleri parasal kargilik ile
Toplam Teldif Sayst Bagims1z Deg. yapacaklarina dair verdikleri beyan sayis i
Isteklilerin taahhiit etmis olduklari beyanlarindan
Toplam Gegerli Teklif Sayist Bagimsiz Deg. herhangi eksiklik olmaksizin idarenin yapabilir onay1 tgts
verme sayisi
. 5 . ngili yapim isine ait binanin sahip oldugu taban alan.
Ingaat Taban Alam Bagimsiz Deg. M2 olarak degerlendirmeye alinmigtur. tabal

bir tanesi de budur. Bunun i¢in sézlesme bedeli ile iligkili
olan ve analizlerde olumlu sonuglar veren, satin alan sayilari,
isteklilerin internet tizerinden talep ettikleri ihale dokiiman
sayilari, toplam teklif sayilari, gecerli teklif sayilar1 girdi pa-
rametreleri kullanilmigtir. Bununla birlikte mevcut girdileri
destekleyen ve bina karakteristigini yansitan ingaat taban
alani kullanilmigtir. Bu alan, maliyet tahmininde regresyon
analizi gibi istatistiksel modellerde yaygin olarak kullanilan
bir degiskendir ve maliyet ile dogrudan iligkisi bulunur (Ali
ve Burhan 2023, Wang vd. 2022). Ayni zamanda hedef verisi
olarak da adlandirilan bagimsiz degisken ise sézlesme be-
delidir. S6zlesme bedeli miiteahhit firmalarin herhangi bir
is icin ilgili idareye verdikleri taahhiit bedelini ve bu bede-
le kargilik da harcama yetkilisinin onayin: ifade eder. Har-
cama yetkilisi ihale isteklileri arasindan en avantajli teklifi
degerlendirerek uygun goérdigi fiyat tzerinden yiiklenici
ile anlagir. Bu anlasma kosul ve detaylar1 4734 ve 4735 sa-
yili kanunlarda yer almaktadir. Veri setlerinde bagimli 6z-
nitelik olarak teklif sayilari ve bina karakteristik 6zellikleri
degerlendirilmektedir. Teklif sayilar1 kendi aralarinda farkl
kategoriler icermektedir. Thale biyikligi veya avantaj du-
rumunu gore bu kategoriler farkli anlamlar ifade etmektedir.
Hem korelasyon matrislerinde hem de veri analizlerinde bu
durum detayl olarak degerlendirilmistir.

2.2. Makine Ogrenmesi Yontemleri

2.2.1. Gradyan Artirict Karar Agaci (Extreme Gradient
Boosting)

Literatirde XGBoost’ olarak adlandirilan yontem, karar
agac temellidir. Topluluk 6grenme prensibine dayanir ve
parametrelere farkli agirliklar vererek tahminlerde bulunur.

Karaelmas Fen Miih. Derg., 2024; 14(3):64-73

Veri setlerine ait degiskenlerdeki agirliklar aga¢ toplulugu
buytdikee giincellenir (Ay ve Ekinci 2022). Bu yontem
gradyan artirma makinesi algoritmasini daha hizli yapmak
i¢in gelistirilmigtir. Bunun i¢in bir modelin egitim veri-
si Gizerinde ¢ok iyi performans gostermesine ragmen, yeni
veriler tizerinde yetersiz performans sergilemesi olan agiri
6grenmeyi azaltmak ve egitim hizini arttirmak icin rasgele
ornek alma teknigi kullanir. Ayni zamanda siitin tabanli bir
yapisi vardir ve biytik veri kimelerinde dogru sonuca ula-
sir. Tium bu nedenlerden dolay: son dénemler sikliklar kul-
lanilan popular bir algoritmadir (Thai 2022). Bu yonteme
ait denklem egitlik 1'de verilmektedir. Buradaki amag¢ daha
kugtik parcalarla bagarinin daha fazla arttinlmasidir. Bu
denkleme gére, D" |

dar toplami, L(x;,y:) modelin verimliligini ve hatasini 6lgen

i indisine bagh olarak 1'den ‘ne ka-

fonksiyondur, > modele ait dizenleme parametresidir,
O’v modelin ikinci derece tiirevini temsil eder.

n 1
2 L(xiy) +50a0%y (1)
2.2.2. Yapay Sinir Aglar: (Artificial Neural Network)

Insan beyninden esinlenerek olusturulan model, makine
ogrenmesi yontemlerinde siklikla bagvurulmaktadir. Te-
melinde katmanlar ve agirliklandirmalar bulunur (Emeg
ve Tekin 2022). Katmanlar genellikler 3 tiptedir. Her kat-
man birbirlerine noronlarla baghdir. Néronlarin giriglerin-
de agirliklandirmalar bulunur ve igleyisi etkileyen ana un-
surdur. Agirliklandirmalar, 6grenme, genelleme, hesaplama
maliyeti ve performans dogruluklari ile belirlenir. Bu sekilde
modelin genelleme yetenegi performans kabiliyeti problem
tizerinde 6nemli bir rol oynar. Yontemde kullanilan girdi ve
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¢ikt1 noronlarinin nasil isleyecegini gosteren matematiksel
ifade ayn1 zamanda temel fonksiyondur (Esitlik 2). Burada

‘y’ noronun ¢iktisi, ‘f” aktivasyon fonksiyonu, ‘n’ girdi sayisi,

i. Girdinin agirhik degeri, “ i. Girdi ve ‘D’ bias terimidir (L4,
Zhang ve Liu 2017).

y= X = wa+b 2)
2.2.3. Destek Vektor Makinesi (Support Vektor Machine)

Bagimsiz degiskenlerin sayis: kadar boyutu olan bir uzayda,
en uygun hiper dizlem olusturulmaya ¢alisilir. Hiper diz-
lem herhangi bir x-y dogrusunda verileri bagh olusturulan
paralel ¢izgilerdir (Sinap 2023). Bu ¢izgiler en iyi tahminin
yapilmast amaciyla genis tutulmaya ¢aligilir. Bunlar ayni za-
manda karar sinirlari olarak da adlandirilirlar. Karar sinirlari
olarak belirlenen alan veri gruplarinda tahminlerin en iyi
sekilde temsil edilmesi beklenir. Gergek degerler ile tahmin
degerler iligki i¢cin genel bir ¢6ziim sunar ($ahin vd. 2023).
Yonteme ait denklem egsitlik 3’te verilmektedir. Burada ce-
kirdek parametreleri olarak v, r ve d kullanilmigtir ve fonksi-
yon radyal tabanlidir. Denklemde, K (., y) kernel (¢ekirdek)
fonksiyonudur, exp tstel fonksiyondur, -y tistel fonksiyonun

icerisinde yer alan negatif bir katsayy: ifade eder, | x;,y: |* x

ve y arasindaki 6klid mesafenin karesini ifade eder.
DY >0 3)
2.2.4 Bayes Regresyonu (Bayesian Regression)

K(xi,y:) = exp(=7| x;,y;

Bayes yaklagimi veri analizlerinde olasiliksal dagilim kul-
lanir. Veri setlerindeki uyumsuzluklari, baglangic tahmini
ve veriye dayali olasilik fonksiyonu kullanarak gidermeye
calisir. Geleneksel makine 6grenimi yontemlerinin aksine,
nokta tahminlerine odaklanmak yerine, model parametreleri
ve tahminler tizerinde olasilik dagilimlarini igerir ve bu da
belirsizligin daha kapsamli ¢6zimuini ortaya ¢ikarir (Bha-
radiya 2023). Yonteme ait 6rnegin deneme ile elde edilen
olasiligini hesaplayan denklem esitlik 4'te verilmektedir. Bu-
rada, “ bagimli degisken, X’ bagimsiz degiskenler matrisini,
'$ agirhiklar matrisi ve biast temsil etmektedir (Ozgift vd.
2019).
1
Py=11X.5)= (1+exp—(X B)

2.2.5 K-En Yakin Komgu (K-Nearest Neighbour)

(4)

Bu yontem uygulama kolaylig: ve islem siiresinin az olmasi
nedeniyle aragtirmalarda siklikla kullanilmaktadir. Paramet-
rik olmayan bir modeldir. ‘K’ harfi komgu sayisini ifade eder
ve verilerin olugturdugu kimelerin adetidir. Egitim kiime-
si icerisinde k adet olugan siniflarin ortalamasi ‘K’ sayist ile
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hesaplanir. Mesafe fonksiyonu olusturularak, bagimsiz de-
giskenlerin yakinliklar ve tahmin degerlerinin ortalamasi
alinarak en iyi sonuca ulagilmaya caligilir (Bagakin vd. 2019,
Sonug ve Ozcan 2022). KNN yo6ntemi temel olarak metrik
mesafe degerine dayanir ve esitlik 5 ‘de verilmektedir.

dixy) =y 20" (i—x)’ (5)

2.3. Tahmin Modelinin Olusturulmas:

Bu ¢aligmada 5 farkli makine 6grenmesi algoritmasindan
yararlanilmaktadir. Bunlar; gradyan Artirict karar agac
(XGBoost), yapay sinir aglari (ANN), destek vektor maki-
nesi (SVM), bayes regresyonu (Bayesian Regression), K-en
yakin komgu (KNN) algoritmalaridir. Kullanilan algoritma-
lar farkli avantajlar sunarak cesitli veri setleri ve problemler
icin etkili ¢oziimler saglar. XGBoost, yiiksek dogruluk orani
elde eder, karmagik problemlerde etkilidir ve esneklik sunar.
ANN karmasik desenleri 6grenme yetenegi iyidir biiyiik ve-
rilerde etkili ¢6ziim sunar. SV, kategorik 6zellige sahiptir
ve yiiksek boyutlu veri setlerinde margin farkini maksimize
eder. Bayes regresyonu, giiven araliklarini hesaplar ve veri
setlerindeki belirsizligi yonetebilir. KNN temel bir 6grenim
algoritmadir, yontem olarak mesafeleri kullanarak hizli ve
etkili tahminlerde bulunur. Bu algoritmalarin kullanimi, veri
setinin 6zelliklerine ve problem gereksinimlerine bagh ola-
rak model performansini karsilagtirarak en uygun ¢oziimiin
secimine olanak tanir. Bu algoritmalar segilirken tim bu
ozellikleri ve veri setlerinin yapisi, problem tiiri géz 6ntine
alinmigtir. Egitimi ve test verileri i¢in kaynak havuzundan
alinan orneklerde %50-%50, %60-%40, %70-%30 ve %80-
%20 oranlarinin timu degerlendirilerek analiz yapilmgtir.
Tim kargilagtirmali analiz sonuglarin igerisinden egitim-
test verisi olarak en iyi sonug veren orani %80-%20dir. Bu
nedenle, literatiirde de kullanilabilen (Kilinc, Haznedar, Oz-
kan ve Katipoglu, 2024) %80-%20 orani bu ¢aligmada da
kullanilmigtir. Hazirlanan veriler egitim ve test verileri %80-
%20 olarak bolinmugtir. Veri 6n isleme adimlari standart
olarak kontrol edilmistir. Veri setindeki degerleri belirli bir
standart formata donistirme islemi olan standardizasyon
islemleri gerceklestirilmistir. Veri setindeki degerlerin belirli
bir ortalamaya ve varyansa sahip olmasini saglanmigtir, boy-
lece farkl 6zellikler arasindaki 6lgek farkliliklar: giderilerek
islemlere devam edilmistir. Analiz islemleri yapilarak etkin-
lik metrikleri ayr: ayri incelenmistir. Etkinlik degerlerinin
arttirilabilmesi i¢in ¢apraz dogrulama sayisini degistirilerek
farkli kombinasyonlar elde edilmigtir. Capraz dogrulama
islemi makine 6grenimi ve istatiksel islemlerde dogrulama
tekniklerindendir. K-katman veya aragtirmalardaki bilinen
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Sekil 1. s akis diyagram.

diger adiyla K-fold degeri veri kiimesini alt kiimlere ayira-
rak farkli ihtimalleri kullanici sunmaktadir. Bu ¢alismada
k-katman degeri 5-10 arasinda denemistir. En iyi sonucu 5
katmana bolinmesi ile elde edilmistir. Hiper parametre op-
timizasyon iglemi ¢alismada bagvurulan diger agamadir. Bu
stiregte modele ait algoritmalarin parametre degerleri, mo-
del verimligini arttirmak i¢in optimize edilir. Bu ¢alismada
artirict karar agaci ve yapay sinir aglarinda model perfor-
mansina katkida bulundugu sdylenebilmektedir. Degerlen-
dirme ol¢uti olarak, ortalama mutlak hata (MAE), karekok
ortalama kare hatas: (RMSE) ve R-kare (R?) metrikleri kul-
lanilarak kargilagtirilmigtir. En verimli modeller bu metrik-
ler Gzerinden degerlendirilmistir. Caligma agamalarina ait is

akag diyagrami Sekil 1'de verilmektedir.
3. Bulgular

Bu galismada 5 farkli 6znitelikten yararlanilmigtir. Bunlar
ozellikle ihale istekli teklifleri ve insaat 6zelliklerini barin-
dirmaktadir. Bunlar dokiiman satin alan sayilari, isteklilerin
internet lizerinden talep ettikleri ihale dokiiman sayilari,
toplam teklif sayilari, gecerli teklif sayilar: ve insaat taban
alanlar1 olarak belirlenmistir. Degiskenlerin etki degerleri
goz 6ninde bulundurulmustur. Bu 6zelliklerin hem kendi
aralarinda hem de hedef 6znitelik arasindaki iligkileri kore-
lasyon matrisi ile anlamlandirilmistir. Sekil 2'de degiskenlere
ait iligki sayilar1 verilmektedir. Buna gore ingaatin taban ala-
ninin sahip oldugu etki puani fazla olmasina karsilik, diger
degiskenlerde anlamli degerlere sahiptir. Ayrica 6znitelik-
ler ayr1 ayir analize dahil edilmistir. Etki puani fazla olan
degiskenler ayr1 analizlerle birlikte degerlendirildiginde tek
basina olmasindan ziyade birlikte degerlendirilerek daha
performansli metriklerin elde edildigi gorilmektedir.

Bu ¢alismada gradyan artiric1 karar agaci, yapay sinir aglari,
destek vektor makinesti, bayes regresyonu, K-en yakin komgu
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algoritmalari ile veri analizleri gergeklestirilmektedir. Bu al-
goritmalara ait etkinlik kriterleri Cizelge 3’te verilmektedir.
Buna gére en iyi sonuglar R-kare degeri 0,9435 olan grad-
yan artirict karar agacindan ve R-kare degeri 0,9215 olan
yapay sinir aglarindan elde edilmektedir. Bu 2 modelin yine
metrikleri olan ortalama mutlak hata ve karek6k ortalama
kare hatasi uyumlu seviyelerdedir. Destek vektor makinesi
ve bayes regresyonu verimlilik 6l¢titleri her ne kadar 3. ve 4.
sirada bulunsa da elde edilen metriklerin timiine bakildi-
ginda kabul edilebilir seviyelerde oldugu séylenebilmekte-
dir. Etkinlik seviyesinde en alta yer alan K-en yakin komgu
yonteminin R-kare degeri 0,7768 olarak elde edilmistir. Bu
sonugla verimlilik degeri olumsuz algoritma olarak test edil-
migtir. Sekil 3’te kullanilan yontemlerin sagilim grafikleri
verilmektedir. Buna gore modellere ait gergek degerler ve
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Cizelge 3. Makine 6grenmesi modellerine ait performans metriklerinin kargilagtirilmast.

Method

Gradyan artirict karar agact (XGBOOST)
Yapay sinir aglari (ANN)

Destek vektor makinesi (SVM)

Bayes regresyonu (BAYESIAN REG)
K-en yakin komgu (KNN)

0.9435 1.2988 2.0621
0.9215 1.3939 2.5762
0.8735 1.6265 5.3335
0.8632 1.8288 4.6595
0.7768 2.0097 6.0291

tahmini degerler arasindaki iligki kolayca anlagilabilmekte-
dir. Veri nokta dagilimlar: olarak bakilabilen grafiklerde, bu
dagilimlarin XGBoost'da ve ANNde diger modellere gore
daha homojen oldugu goriilmektedir. Ancak diger model-
lerde de noktasal dagilimin ¢ok kot oldugu séylenemez.
Tim grafiklerde rasgele dagilmis olan verilerin varligi olsa
da belirli bir desen g6riinimi vardir ve gériniim kabul edi-
lebilir seviyededir. Arastirmada kullanilan yapim igleri ihale-
lerindeki parametrelerin kullanildig1 ¢aligmalara literatiirde
pek rastlanmadigi séylenebilmektedir. Ingaat maliyetleri ile
ilgili makine Ggrenmesi aragtirmalar bulunmakla birlikte
veri setlerine ve degisken tiplerini gore performans metrik-
leri ¢ok farklilik géstermektedir. Bununla birlikte regresyon
analizlerinde R-kare degeri veri analizlerinde siklikla bag-
vurulan sayisal ifadelerdir. Bu ¢aligmada bina 6zelligi olarak
sadece taban ingaat alani kullanilmaktadir. Bu parametre
ihale teklif verileri ile uyumlu oldugu gozlenmistir. Ayni za-
manda parametreler birbirinin performanslarini arttirici rol
oynamistir. Bunun i¢in farkl veri analizleri kullanilmigtar.
Calismada model etkinligi arttirmaya yonelik olarak hiper
parametre optimizasyonu kullanilmigtir. Yapilan parametre
optimizasyonu ile 6zellikle gradyan artirici karar agaci ve
yapay sinir aglar1 yontemlerinde basarili sonuglar elde edil-
mistir. Tim veri onigleme ve model gelistirme boltimleri ru-
tin bir sekilde denenerek miimkiin olan en iyi sonuglarinda
elde edilmesinden sonra yapilan hiper parametre optimizas-
yonu modelin performans metriklerini arttirmistir. Yapilan
optimizasyon iglemi ile algoritmalarin farkli kombinasyon
secenekleri hizli bir sekilde denenmigtir ve miimkiin olan en
iyi sonuglara ulagilmaya caligilmigtir. Yonetilen tiim stirec-
lerle modelin daha iyi bir genelleme yapilmas: saglanmustir.

4. Tartisma

Ingaat projelerinin maliyetine yonelik calismalarda girdi pa-
rametreleri ¢ok farklilik gosterebilmektedir. Kamu ihalele-
rinde ytiklenici firmalar i¢in ingaat maliyetlerinin kargiligi
olarak, s6zlesme bedelinin hizli bir sekilde tahmin edilmesi
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onemlidir. Insaat maliyetine yonelik olarak yapilan birgok
¢alismada farkli mimari (Gurmu ve Miri 2023), statik (Ko-
vacevic vd. 2021) veya projeye 6zgii parametreleri (Skitmore

vd. 2003), kullandiklar1 séylenebilir.

Rafiei and Adeli (2018), ingaat-arsa alanlari, ingaat stiresi,
ig¢ilik-malzeme endekslerini, Dang-Trinh vd. (2022), bina
katsayilari, kolon aks mesafelerini, duvar -¢at: tiplerini, Gur-
mu and Miri (2023), bina tipleri, cati-duvar-gergeve malze-
me Ozelliklerini girdi parametreleri olarak kullanmiglardir.
Bu ¢alismada ise kamu ihalelerindeki proje parametreleri
kullanilmigtir. Bu parametrelere bina karakteristik 6zellik-
lerinden sadece 1 tanesi eklenmistir. Girdi parametrelerinin
ihaleye ait verilerden secilme nedeni ise, yiiklenici firmala-
rin ve ilgili idarelerin projedeki verileri tam olarak bilmeden
dahi s6zlesme bedeli i¢in bir hizli 6ngorii kazanmalarini
saglamaktir. Literatiirdeki benzer ¢aligmalarda Skitmore vd.
(2003) 93 adet ingaat projesi, Kovacevic vd. (2021) 181 adet
betonarme koprii projesinden faydalanmigtir. Mevcut proje
sayilarinin makine 6grenmesi yontemleri icin fazla oldugu
soylenemez, zira bu veri adeti grafiksel yorumlarda yeterli
seviyede olamamaktadir. Ozellikle sacilim grafiklerinde ve-
rilerin homojen dagilimina bakabilmek i¢in fazla veriye ihti-
yag vardir. Bu ¢alismada 397 adet veri kullanilmigtir. Grafik
ve tablollarin yorumlanmas: diger ¢alismalara gére daha net
ifade edilmigtir. Ayni zamanda ihale parametrelerinin kul-
lanilmas: daha fazla projeden hizli veri elde etme imkani
sunmugstur. Literatirdeki ¢aligmalarin performans metrik-
lerine bakildiginda yonteminin R-kare degerlerinin ¢ok iyi
olmadig1 goérilmektedir. Gurmu and Miri (2023) ve Skit-
more vd. (2003) R-kare degerleri 0,50-0,66 arasinda degi-
sirken, Kovacevic vd. (2021) 0,89, Dang-Trinh vd. (2022)
0,91, Sanni-Anibire vd. (2021) 0,81 olarak elde etmistir. Bu
caligmada en iyi R-kare degeri 0,94 olarak elde edilmistir.
Bu aragtirma girdi parametrelerinin zenginligi, proje sayila-
r1, kullandig1 yontemler ve elde ettigi bagarili verimlilik ol¢it
sonuglariyla s6zlesme bedeli tahmini konusunda literatiire
katk: sunmaktadur.
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5. Sonug ve Oneriler

Bu ¢alismada yapim iglerinde kamu ihalelerinde, ytuklenici
firmalara ait farkl teklif parametreleri kullanilarak, makine
ogrenmesi yontemi ile s6zlesme bedeli tahmini yapilmaya
caligtlmistir. Bunun igin elektronik kamu alim platformun-
dan, 397 adet yap1 projelerine ait veriler toplanmigtir. Bu ve-
rilerden bagimsiz degiskenler olarak; miiteahhit firmalarin
ilgili projeleri anahtar teslim gotiri bedel olarak yapmay1
planlayarak verdikleri toplam teklif sayilari, toplam gecer-
li teklif sayilari, dokiiman satin alma sayilar1 ve dokiimani
e-imza ile indirme sayilarini kapsamaktadir. Ayrica bina ka-
rakteristigi i¢in yapi taban alanlari da bagimsiz degiskenlere
dahil edilerek, netice de yiiklenici firma ile isin idaresi ara-
sinda anlagmaya varilan parasal tutar, yani s6zlesme bedeli
tahmin edilmeye amaglanmigtir. Esasen ihale parametrele-
rinin sézlesme bedeli tahmini olan katkis: ve iligkisi yapay
zeka alt dallarindan olan makine 6grenmesi ile gercekles-
tirilmigtir.

Makine 6grenmesi algoritmalarinda farkli secenekler ¢alig-
mada degerlendirilmigtir ve 5 farkli algoritmanin veri setleri
i¢in uyumlu olduguna karar verilmistir. Bunlar; gradyan ar-
tiricr karar agact (XGBoost), yapay sinir aglari (ANN), des-
tek vektor makinesi (SVM), bayes regresyonu (BAYESIAN
REG), K-en yakin komgu (KNN) algoritmalaridir. Bunlar
hem temel algoritmalar hem de son yillarda literatiirde sik-
likla kullanilan algoritmalardir.

Makine 6grenmesi yontemlerindeki agamalar 6zenle de-
gerlendirilmistir. Veri 6n isleme agamalar1 makale icerinde
detayli olarak anlatilmistir ve modellerin genelleme yete-
negine katkida bulunmugtur. Model gelistirme teknikleri
de her agamada analize dahil edilmigtir. Veri analizlerinde
hiper parametre optimizasyonu da uygulanmustir. Ozellikle
gradyan artirici karar agaci ve yapay sinir aglarinda hiper pa-
rametre optimizasyonu model tahminine katkida bulunarak
performans metriklerinde degerlendirilmistir. Tim algorit-
malar g6z 6nine alindiginda hem metriklerde hem sagilim
grafiklerinin uyumlu ve kabul edilebilir seviyelerde olmasi-
na karsilik, K-en yakin komgu algoritmasi en zayif tahmin
degerini elde etmistir. Bundan sonra, bayes regresyonu ve
destek vektor makinesi bu veri setlerinde daha iyi sonug ver-
migtir. En iyi sonuglar R-kare degerleri 0,90 tzerinde olan
gradyan artirict karar agaci ve yapay sinir aglarindan elde
edilmigtir. Gradyan artirict karar agaci (XGBoost), 0,9435
R-kare katsayis1 ve 2,0621 karekok ortalama kare hatasi ile
en gercekei sonuglart vermigtir. Buna gbre makine 6gren-
mesi algoritmalarindan basarili sonuglar elde edilerek uygun
genellemelerde bulunulmustur. Kamu ihalelerinde ingaat
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karakteristigi ile ihale parametrelerinin yiiklenicilerin taah-
hit ettigi deger tizerinde anlamli iligkisi vardir. Bununla bir-
likte ihale isteklilerin hem gercek teklifleri hem de projeleri
degerlendirmek i¢in dokiimana olan talep ve yogunluklari
ingaatin parasal degeri Gizerindeki etkisi anlamlandirilmgtir.
Bu ¢aligma ile proje verilerine ihtiya¢ olmaksizin ihale para-
metreleri kullanilarak, ilgili idare ve ytiklenici firma i¢in hizlh
ongoriilebilir bir maliyet sunmaktadir. Thaleyi yapan idareler
elde ettikleri maliyet tahminiyle ihale sonucunda yapilabi-
lecek herhangi bir teknik-parasal hatanin veya olagandisi
sozlesme bedelinin fark edilmesi durumunda, yiikleniciler
ise ihale sonucunda yapilabilecek herhangi bir hatanin veya
olagandis1 fiyatlarin fark edilmesi, kar analizinin yapilma-
s1, hizli finansal degerlendirme sonucunda aksi bir durumla
karsilagilmasi halinde, her iki taraf da itiraz stireglerinin veya
hukuksal bagvurularin zamaninda baglatilabileceklerdir. Bu
¢aligma Idare ve yiiklenici arasinda parasal problemlerin ya-
sanmamasi ve yapim ihalelerinin uygulama siireglerindeki
hata-aksakliklarin olusmamasi i¢in ¢6ziim sunmaktadir.

Gelecekteki ¢aligmalarda, bu ¢alismanin kisitlari olarak da
degerlendirilebilecek noktalar arasinda, performans met-
riklerinin gelistirilmesi, veri setinin genisletilmesi ve agik-
lanabilir makine 6grenmesi yontemlerinin uygulanmasi yer
almaktadir.
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Generation of Synthetic Data Using Breast Cancer Dataset and
Classification with Resnet18

Meme Kanseri Veri Seti Kullanilarak Sentetik Veri Uretilmesi ve Resnet18 ile Szmﬂandzrzlmasz

Dilsat Berin Aytar* ®, Semra Giindig

Ankara University, Department of Computer Engineering, Ankara, Turkiye

Abstract

Since technology is advancing so quickly in the modern era of information, data is becoming an essential resource in many fields.
Correct data collection, organization, and analysis make it a potent tool for successful decision-making, process improvement, and
success across a wide range of sectors. Synthetic data is required for a number of reasons, including the constraints of real data, the
expense of collecting labeled data, and privacy and security problems in specific situations and domains. For a variety of reasons,
including security, ethics, legal restrictions, sensitivity and privacy issues, and ethics, synthetic data is a valuable tool, particularly in the
health sector. A Deep Learning (DL) model called GAN (Generative Adversarial Networks) has been developed with the intention
of generating synthetic data. In this study, the Breast Histopathology dataset was used to generate malignant and benign labeled
synthetic patch images using MSG-GAN (Multi-Scale Gradients for Generative Adversarial Networks), a form of GAN, to aid
in cancer identification. After that, real and synthetic data were classified in four different ways with Transfer Learning (TL) using
the ResNet18 model. In the first classification, real data is used as training and test data and an accuracy rate of 84%, in the second
classification, synthetic data is used as training and test data and the accuracy rate is 99%, in the third classification, real data is used as
training and synthetic data is used as test data and an accuracy rate of 81%, in the fourth classification, synthetic data is used as training
and real data is used as test data and an accuracy rate of 76%. As a result of the study, four different classifications were associated and
it was tried to determine whether the synthetic images are similar to the original data and whether they behave like real data.

Keywords: Generative adversarial networks, histopathology, MSG-GAN, ResNet18, synthetic data.

Oz

Bilgi ¢ag1 olan giinimiizde veri, 6zellikle teknolojinin hizla ilerlemesiyle birgok alanda kritik bir kaynak haline gelmistir. Veri dogru bir
sekilde toplandiginda, diizenlendiginde ve analiz edildiginde bircok sektorde etkili kararlar almak, stireleri iyilestirmek ve bagar: elde
etmek icin giicli bir ara¢ haline gelir. Gergek verinin kisitliligs, etiketlenmis verinin elde edilmesinin maliyetli olmasi, bazi durumlarda
ve alanlarda gizlilik ve glivenlik endigeleri gibi sebepler sentetik verilere ihtiya¢ duyulmasina sebep olmustur. Sentetik veriler, 6zellikle
saglik alaninda hassaslik ve gizlilik endigeleri, yasal diizenlemeler, etik ve giivenligin saglanmaya ¢aligilmas: gibi nedenlerden dolay:
onemli bir aractir. Sentetik veri tiretme amaciyla Derin Ogrenme (DO) modeli olan CUA (Cekismeli Uretici Aglar) ortaya cikmustir.
Bu calismada Meme Histopatoloji veri seti kullanilarak bir CUA ¢esidi olan COD-CUA (Uretken Rekabet¢i Aglar igin Cok Olgekli
Degisimler) ile kanser tespitinde yarar saglamak amaciyla koti huylu ve iyi huylu etiketli sentetik yama gorselleri olugturulmustur.
Sonrasinda gergek ve sentetik veriler ResNet18 modeli kullanilarak Aktarimli Ogrenme ile dort farkl sekilde siniflandirilmustir. Tlk
sinuflandirmada gercek veriler egitim ve test verisi olarak kullanilip %84 dogruluk orans, ikinci siniflandirmada sentetik veriler egitim ve
test verisi olarak kullanilip %99 dogruluk orani, tigtinci siniflandirmada gergek veriler egitim, sentetik veriler test verisi olarak kullanilip
%81 dogruluk orani, dérdinci siniflandirmada sentetik veriler egitim, gercek veriler test verisi olarak kullanilip %76 dogruluk orani
elde edilmistir. Caligma sonucunda dort farkli siniflandirma iligkilendirilerek sentetik goriintilerin orijinal verilere olan benzerligi ve
gergek veri gibi davranip davranmadig tespit edilmeye caligilmigtar.

Anahtar Kelimeler: Cekismeli tiretici aglar, histopatoloji, COD-CUA, ResNet18, sentetik veri.
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1. Introduction

In today’s world, data has become an extremely important
resource in many fields, akin to a valuable commodity. The
usability of data in numerous areas has led to the emergence
of new data and an increased need for more data. Fields
such as scientific research, decision-making processes, stra-
tegic planning, performance monitoring, Artificial Intelli-
gence (Al) and Machine Learning (ML), customer experi-
ence and personalization, scientific research and innovation,
healthcare services and medicine, security and risk manage-
ment, solving societal issues, and marketing demonstrate
the significance of data.

Data plays many important roles in the field of healthcare
and medicine, contributing significantly to the development
of healthcare services, patient treatment, and the formation
of health policies. However, there are limitations to
accessing real data in healthcare. Health data often contains
sensitive and confidential information. The sharing and
access of medical data are subject to strict regulations and
can be limited due to privacy concerns, ethics, and security.
Examples of legal regulations governing health data include
HIPAA (Health Insurance Portability and Accountability
Act) in the United States, GDPR (General Data Protection
Regulation) in the European Union, and various other
regulations in different countries related to the protection
and processing of health data. Furthermore, health data
is protected under medical ethical rules and standards.
These principles address issues such as data confidentiality,
patient privacy, and patient rights, guiding healthcare
providers. Therefore, healthcare institutions and providers
must strictly adhere to these regulations and take various
measures to ensure the confidentiality and security of health
data, ensuring patient safety and preventing data misuse.
Overcoming limitations in accessing data is crucial for
health research and innovations.

Overcoming limitations and addressing data scarcity,
synthetic data generated by Al presents a significant
solution. Synthetic data, created artificially by a computer
program, is designed to mimic the characteristics of real-
world data while preserving individual privacy and avoiding
data breaches. Organizations can generate nearly unlimited
amounts of data for testing, research, and analysis using
synthetic data without worrying about ethical and legal
issues associated with real-world data. Synthetic data,
generated through advanced algorithms and models, offers
a viable solution to these challenges by creating artificial
datasets that mimic the statistical properties of real-world
data. This enables researchers to augment existing datasets,
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perform robust experiments, and train ML models more

effectively (Goodfellow et al. 2014).

Generative Adversarial Networks (GANs) have emerged for
the purpose of synthetic data generation. GANs, introduced
by Goodfellow et al.in 2014, consist of two neural networks-a
generator and a discriminator-that compete against each
other to produce realistic data samples. This adversarial
training process results in highly realistic synthetic data
that can be used in various applications, including image
classification, natural language processing, and anomaly
detection (Goodfellow et al. 2014). Recent advancements in
GANSs have led to the development of more sophisticated
models, such as StyleGAN and CycleGAN, which further
enhance the quality and diversity of synthetic data (Karras
et al. 2019, Zhu et al. 2017).

GAN:S are a significant and innovative modeling approach
in the field of DL.They consist of two networks, a generator
and a discriminator, which compete with each other. These
networks compete to ultimately produce realistic images.
For example, GAN-generated medical images have been
used to improve the accuracy of diagnostic models and to
train models on rare diseases where real data is scarce (Frid-
Adar et al. 2018, Salehinejad et al. 2018). Various types of
GAN model variants have been developed to meet different
needs. This article will describe Multi-Scale Gradients for
Generative Adversarial Networks (MSG-GAN), a type of
GAN model.

In MSG-GAN, the generator and discriminator networks
compete at a single resolution and improve together. The
MSG technique utilizes different resolution levels to
stabilize this competition. This approach gradually increases
operations starting from lower resolutions and scales up to
real dimensions. This innovation addresses common issues in
GAN training, such as mode collapse and training instability,
leading to more robust synthetic data generation (Karnewar
et al. 2019). As a result, a faster, more stable, and improved
training process is provided, contributing to more realistic,
consistent, and high-quality results by better utilizing
information at different scales. MSG-GAN introduces a
multi-scale gradient approach that enables the generator
to produce high-resolution images with finer details by
receiving gradients at multiple scales during the training
process. MSG-GAN is particularly successful in tasks such
as image generation and synthesis involving visual datasets.
It has a wide range of applications in data augmentation, Al
studies, art, computing, medicine, automotive, finance, and
many other fields.
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After synthetic data generation with MSG-GAN, the gen-
erated synthetic data will be classified using TL techniques
such as ResNet18 (Residual Neural Network). ResNet18
is a DL model commonly used for visual recognition and
classification problems. The term “ResNet” stands for “Re-
sidual Networks,” and “18” denotes the number of layers in
the model.

ResNet represents an architecture that includes residual
blocks developed to facilitate the training of deep neural
networks and reduce overfitting. The residual block passes
the input data through an activation function and several
convolutional and summation layers. An important feature
of ResNet is the presence of “residual connections” in these

blocks.

TL refers to the reuse of features learned by a pre-trained
model to solve a different task. If necessary, weights are
adjusted and new layers are added based on the new task
and dataset. For example, a pre-trained ResNet18 model
may have been trained for many image classification tasks.
In a new image classification task, the pre-trained ResNet18
model can be taken and retrained on the new dataset.

Breast cancer is the second most common cancer type
globally after lung cancer (Teh et al. 2015). Invasive Ductal
Carcinoma (IDC) is the most common subtype among all
breast cancers. The aim is to reduce reliance on pathologists
and thereby reduce errors and human-related biases during
disease detection, as well as minimize the high economic
cost and time loss associated with it. In this study, IDC+
and IDC- histopathological images will be generated using
MSG-GAN for disease detection, and the images will be
classified using ResNet18.

2. Material and Methods

In the two-stage study, in the first stage, synthetic images
were produced using MSG-GAN, and in the second stage,
classification was made using ResNetl18, one of the TL
techniques. Finally, the classification results were evaluated
with metrics.

2.1. MSG-GAN (Multi-Scale Gradients Generative
Adversarial Network)

MSG-GAN (Karnewar et al. 2019), is a technique used to
enhance the performance of traditional GANs (Goodfellow
etal.2014) by stabilizing their training process and achieving
high-quality results.
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The MSG technique wuses different resolution levels
(starting from lower to higher resolutions) to stabilize this
competition. This approach begins with lower resolutions
and gradually scales up operations to the actual size. This
ensures a faster, more stable, and improved training process,
leveraging information at different scales to produce more
realistic, consistent, and high-quality results.

'The process generally involves the following steps:

* Startat Low Resolution: Initially, the generator network
operates at a lower resolution, learning simpler patterns.

* Increase Resolution: As the generated images are scaled
to higher resolutions, the complexity of the network
increases, adding more detail and realism.

* Finalize at Real Size: The process continues until the
target resolution is reached, allowing the network to
learn more complex patterns and details.

This technique is considered a significant advancement in
the evolution of GANS, often leading to better performance
on high-resolution images or other complex data types.
MSG-GAN is utilized in various image synthesis and other
application areas.

Figure 1 shows the basic MSG-GAN architecture used in
the study. The architecture includes connections from the
intermediate layers of the generator to the intermediate
layers of the discriminator. The multi-scale images sent to
the discriminator are combined with activation volumes
obtained from the main path of the convolutional layers
using a “Combine Function” (shown in yellow) (Karnewar

et al. 2019).
2.1.1. MSG-GAN Generator Architecture and Function

'The generator architecture used to produce a 64x64x3 image
with MSG-GAN typically consists of 5 blocks. While
Table 1, illustrates the entire generator architecture, the 5
blocks used to generate 64x64x3 images in the study are
highlighted in bold.

'The generator architecture generally involves upsampling
and convolutional operations. Upsampling refers to
transforming images into higher resolutions. After each
upsampling step, two convolution operations are usually
performed. The generator processes input noise to generate
realistic images with dimensions of 64x64x3.

'The generator typically takes random noise vectors as input.
'This noise is processed and transformed into a feature map
containing pixel values. After upsampling the images, the
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Figure 1. MSG-GAN architecture.

generator typically learns features using convolutional layers
with 3x3 filters. Higher-level features are learned at each
layer. Initially, these features may represent simple patterns
and shapes, which later evolve into more complex objects
and structures. The LeakyReLU activation function (Xu et
al. 2015) is used in each block.

The generator performs two transmission operations in each

block:

* Firstly, after every second convolution operation, the
generator passes its output to the next block until
reaching the final block. The output size, for example, is
512x16x16.

* Secondly, in addition to Table 1, a 1x1 convolution
operation is applied to the output of the respective block
before transitioning to the next block. This ensures that
the block output has 3 channels (RGB features). This
output is transmitted as input to the discriminator. The
output size, for example, is 3x16x16.

By following the specified steps and performing the 1x1
convolution operation, the generator produces high-quality
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images of size 64x64x3 in five blocks and transmits them to
the discriminator.

The generator is trained using feedback from the discrim-
inator. The discriminator evaluates the realism of the gen-
erated images and provides feedback. The generator learns
to make the generated images increasingly realistic based
on this feedback. During the training process, the generated
images are optimized to resemble real images as closely as
possible. This helps prevent issues such as mode collapse and
training instability

2.1.2. MSG-GAN Discriminator Architecture and Function

The discriminator architecture used to generate a 64x64x3
image with MSG-GAN typically consists of 5 blocks. Table
2 displays the entire discriminator architecture, with the
5 blocks highlighted in bold for generating the 64x64x3
images in the study. The 5 blocks used in the discriminator
architecture are the last 5 blocks compared to the first 5
blocks used in the generator architecture. This is because,
as described below, the output of each block from the
generator will be the input to the corresponding blocks of
the discriminator from end to start.
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The discriminator model is structured to handle images
of different sizes in each block. Each block in Table 2
represents a different scale level. Block operations typically
involve taking the raw RGB image, concatenating it with
feature maps from previous blocks (Concat/¢_simple),
adding minibatch standard deviation (MiniBatchStd) to
the feature maps, applying a 3x3 convolution operation
(a 3x4 convolution operation is applied in the last block),
and performing average pooling (Avg Pooling). Each
convolution layer uses a certain number of filters, and the

LeakyReLU activation function (Xu et al. 2015) is used.

Table 1. Generator architecture.

) Activation
Block Operation Function Output Shape
Latent vector Norm 512x1x1
1. Conv 4x4 LReLLU 512x4x4
Conv 3x3 LReLU 512x4x4
Upsample - 512x8x8
2. Conv 3x3 LReLU 512x8x8
Conv 3x3 LReLU 512x8x8
Upsample - 512x16x16
3. Conv 3x3 LReLU 512x16x16
Conv 3x3 LReLU 512x16x16
Upsample - 512x32x32
4. Conv 3x3 LReLU 512x32x32
Conv 3x3 LReLU 512x32x32
Model 1 1
Upsample - 512x64x64
5. Conv 3x3 LReLU 256x64x64
Conv 3x3 LReLU 256x64x64
Upsample - 256x128x128
6. Conv 3x3 LReLU 128x128x128
Conv 3x3 LReLU 128x128x128
Model 2 1
Upsample - 128x256x256
7. Conv 3x3 LReLLU 64x256x256
Conv 3x3 LReLLU 64x256x256
Model 3 1
Upsample - 64x512x512
8. Conv 3x3 LReLLU 32x512x512
Conv 3x3 LReLLU 32x512x512
Upsample - 32x1024x1024
9 Conv 3x3 LReLU 16x1024x1024
’ Conv 3x3 LReLU 16x1024x1024
Model full 1
78

In the last block, average pooling is not performed. Instead,
there is a fully connected layer. The fully connected layer
produces an output to determine whether an input image of
size 64x64x3 is real or fake. During training, it attempts to
produce high output values for real images and low output
values for generated images as much as possible.

2.2.ResNet18

ResNet (He et al. 2015) is a neural network model
introduced to facilitate the training of deep networks and

Table 2. Discriminator architecture.

Block Operation ‘/;c::’;:::;n Output Shape
Model full |,
Raw RGB images 0 - 3x1024x1024
FromRGB 0 - 16x1024x1024
1 MiniBatchStd - 17x1024x1024
’ Conv 3x3 LReLLU | 16x1024x1024
Conv 3x3 LReLLU | 32x1024x1024
AvgPool - 32x512x512
Raw RGB images 1 - 3x512x512
Concat/ - 35x512x512
5 MiniBatchStd - 36x512x512
’ Conv 3x3 LReLU 32x512x512
Conv 3x3 LReLU 64x512x512
AvgPool - 64x256x256
Model 3 |,
Raw RGB images 2 - 3x256x256
Concat/ - 67x256x256
3 MiniBatchStd - 68x256x256
) Conv 3x3 LReLU 64x256x256
Conv 3x3 LReLU 128x256x256
AvgPool - 128x128x128
Model 2 |
Raw RGB images 3 - 3x128x128
Concat/ - 131x128x128
4 MiniBatchStd - 132x128x128
’ Conv 3x3 LReLU 128x128x128
Conv 3x3 LReLU 256x128x128
AvgPool - 256x64x64
Raw RGB images 4 - 3x64x64
Concat/ - 259x64x64
5 MiniBatchStd - 260x64x64
) Conv 3x3 LReLU 256x64x64
Conv 3x3 LReLU 512x64x64
AvgPool - 512x32x32
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Table 2. Cont.

Activation

Block Operation Function Output Shape
Model 1 |
Raw RGB images 5 - 3x32x32
Concat/ - 515x32x32
6 MiniBatchStd - 516x32x32
) Conv 3x3 LReLU 512x32x32
Conv 3x3 LReLU 512x32x32
AvgPool - 512x16x16
Raw RGB images 6 - 3x16x16
Concat/ - 515x16x16
. MiniBatchStd - 516x16x16
) Conv 3x3 LReLU 512x16x16
Conv 3x3 LReLU 512x16x16
AvgPool - 512x8x8
Raw RGB images 7 - 3x8x8
Concat/ - 515x8x8
g MiniBatchStd - 516x8x8
) Conv 3x3 LReLU 512x8x8
Conv 3x3 LReLU 512x8x8
AvgPool - 512x4x4
Raw RGB images 8 - 3x4x4
Concat/ - 515x4x4
9 MiniBatchStd - 516x4x4
) Conv 3x3 LReLU 512x4x4
Conv 3x4 LReLU 512x1x1
Fully Connected Linear I1x1x1

increase performance in the field of visual processing. The
main purpose of ResNet is to reduce training difficulties
that may occur by making the network deeper.

ResNet uses the concept of residual learning. In this
approach, the network tries to learn the difference between
the input data and the output, instead of just predicting the
outputs of the layers. The basic structural unit of ResNet
is the Residual Block. This block is slightly different
from a traditional neural network layer. A Residual Block
consists of convolution, activation, normalization layers
and Residual Connection (Shortcut). Residual connections,
which ease the training of deep neural networks, enhance
their performance, and enable deeper networks.

ResNet is named according to the number of layers used.
In this study, the ResNet18 model with 18 layers was used.
ResNet18, a pre-trained TL model, is used to perform
binary classification in this study.

Karaelmas Fen Miih. Derg., 2024; 14(3):74-85

ResNet18 comprises convolutional layers, batch normaliza-
tion, and ReL.U activation functions (Liu 2020), Residual
connections involve adding the output of the previous layer
to the next layer. This technique mitigates the vanishing gra-
dient problem and allows the training of very deep networks
possible.

ResNet18 and other ResNet architectures are applied in
many areas such as image processing, object recognition,
face recognition and medical image analysis. In particular,
TL techniques and pre-trained networks such as ResNet18
are used to achieve high success rates in various tasks.

'The reasons for choosing the ResNet18 model in this project
are based on various factors. First, the large dataset size
supports the use of a medium-scale model such as ResNet18.
While this model can provide sufficient performance on a
data set of 160,000 samples, it can optimize training times
and memory usage by having a lighter structure than deeper
networks. Moreover, thanks to its ability to capture general
data patterns, it can be used effectively in various scenarios
of the project (e.g. combinations of real and synthetic data).
As a result, the ResNet18 model was evaluated as a suitable
choice to achieve the balance of scale and performance
required by working with large data sets.

In the study, all layers of the pre-trained model except the
last layer are frozen and will not be updated during train-
ing. Only the last Full Connection layer of the model was
changed and the output was arranged to be two classes
(positive or negative). The parameters (weights and bias) of
the last added Full Connectivity layer are set to be open to
training. Figure 2 shows the ResNet18 architecture used in
the study.

2.3. Dataset and Summary of Work

Firstly, the training dataset was downloaded from https://
www.kaggle.com/datasets/paultimothymooney/breast-his-
topathology-images. Janowczyk et al. 2016, Cruz-Roa et al.
2014). Patches of IDC, the most prevalent subtype of breast
cancer, are seen in the dataset. Of all breast cancers, invasive
ductal carcinoma (IDC) is the most prevalent subtype. Pa-
thologists normally concentrate on areas with IDC when
determining the aggressiveness levels of each assembly sam-
ple. Thus, locating the precise IDC zones across the entire
assembly slide is a typical preprocessing step for automatic
aggressiveness rating. There are 156,000 patches in all, con-
sisting of 78,000 IDC negative and 78,000 IDC positive
patches. The pictures have three channels and a 50x50 di-
mension. Data that is IDC negative is labeled 0, whereas
data that is IDC positive is labeled 1.
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Figure 2. ResNet18 architecture.
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The dataset was divided into two parts for synthetic data
generation (40,000 x 2) and classification (38,000 x 2).
The reason for this is to ensure that the test data consists
of previously unseen data during the training phase when
performing classification.

'The study consists of two parts.

* Firstly, synthetic data generation was performed using
MSG-GAN with 80,000 images. As a result of this
study, 38,000 synthetic IDC negative and 38,000
synthetic IDC positive data were generated.

® Secondly, four different classifications were performed

using ResNet18, which is one of the TL models.
2.4. Environmental Variables Used

All models used in this study were compiled with GPU/
CPU support. All codes are implemented with the PyTorch
2.0 framework, an open-source deep neural network library
written in Python.

3. Results and Discussion

A certain number of datasets were divided into two parts,
one used to generate breast cancer negative and positive
labeled images using MSG-GAN. The generated images
and the unused portion of the real data were used as training
and test data, and four different classification processes were
performed using ResNet18. The model was evaluated based
on the results obtained.

3.1. Synthetic Data Generation with MSG-GAN

As explained in section 2.1.1 and section 2.1.2, a 5-block
generator and discriminator architecture was used with
MSG-GAN. In the study, WGAN-GP (Gulrajani et al.
2017) was determined as the loss function for both the
generator and discriminator models. As a result, 38,000
synthetic IDC- and 38,000 synthetic IDC+ data of size
64x64x3 were produced by using 40,000 IDC+ and 40,000
IDC- data from the real data set. The hyperparameters used
in each of the classifications are as follows: Batch size is 16,
learning rate is 0.0001, and optimizer is RMSprop (Graves
2013).

Figure 3 shows examples of synthetic IDC+ data produced
using MSG-GAN, and Figure 4 shows examples of
synthetic IDC- data produced using MSG-GAN.

38,000 synthetic IDC+ and 38,000 synthetic IDC- data
produced using MSG-GAN were used in the next stage of

the study, namely classification.
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Figure 4. Synthetic IDC- data examples.

3.2. Classification of Real and Synthetic Data with
ResNet18

In this stage, classification was performed using the unused
76,000 portion of the real dataset and the generated 76,000
synthetic data with the pre-trained ResNet18 model.

'The purpose of this section was to determine how similar
synthetic data was generated to the real data and to classify
images. This section was divided into four sub-sections. The

Karaelmas Fen Miih. Derg., 2024; 14(3):74-85

same model was used in each subsection. The subsections
are as follows:

* Training and classification of real data: 70% (53,200
patches) of the real data was used as training and 30%
(22,800 patches) as testing. (Even though the data set
was divided into training and test data in the ratios of
80:20, 60:40, 50:50, the result did not change. For this

reason, the division is shown as 70:30.)

* Training and classification of synthetic data: 70% (53,200
patches) of the synthetic data was used as training and
30% (22,800 patches) as testing. (Even though the data
set was divided into training and test data in the ratios
of 80:20, 60:40, 50:50, the result did not change. For this

reason, the division is shown as 70:30.)

* Training with real data and classification of synthetic
data: All real data (76,000 patches) was used as training
and all synthetic data (76,000 patches) was used as test
data.

* Training with synthetic data and classification of real
data: All synthetic data (76,000 patches) was used as
training data and all real data (76,000 patches) was used
as test data.

'The purpose of the four different classifications is to establish
a relationship between the classification results, examine the
ability of synthetic data to reflect real data, and determine
whether synthetic data behaves like real data.

A DL model like ResNet18 generally expects an input size
of 224x224x3. Therefore, in the study, real and synthetic
data were resized to 224x224x3 dimensions before the
classification process. The ResNet18 model architecture
described in Section 2.2 was implemented.

CrossEntropyLoss (LeCun et al. 1998) was used as the
loss function. The hyperparameters used in each of the
classifications are as follows: Batch size is 32, learning rate is
0.001, and optimizer is Adam (Kingma and Ba, 2015).

Training lasted for 150 epochs for each classification. Loss
was calculated for each batch, gradients were propagated
backward, and model parameters were updated using the
optimizer.

3.3. Evaluation of The Classification Results

To evaluate the system’s performance, accuracy, precision,
recall, and F1 score metrics were used. Table 3 shows
the metrics obtained from four different classifications
conducted in the study.
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Table 3. Metrics obtained as a result of classification of real and synthetic data.

Train/Test Data Accuracy Precision Recall F1 Score

Real/Real 0.84 0.84 0.84 0.84

Synthetic /Synthetic 0.99 0.98 0.98 0.98

Real / Synthetic 0.81 0.82 0.78 0.78

Synthetic / Real 0.76 0.77 0.76 0.76
Firstly,achieving high accuracy, precision, recall,and F'1 score
values when using real data as both training and test data o ROC Curve
(Real/Real) for classification indicates that the pre-trained ' ______d_____ffz‘:.-’
ResNet18 model can be considered as a baseline model for _— el
this study. These results reflect the model’s ability to classify %87 _’;"’
real-world data accurately. Figure 5 shows the ROC curve . ’,"'
of the classification and Table 4 shows the confusion matrix = 06+ Pl
of the classification. ;% /"

£ ’:"
Table 4. Confusion matrix (Percentage). £ o ’f”
s
Actual a2l ,',”
IDC+ IDC- / ol
' IDC+ 84.1 15.9 o ,r’ . | _. ROC curve :farea = 0.84)

Prediced [ipe | me | weo SR
The lower accuracy, precision, recall, and F1 score values Figure 3. ROC curve.
obtained when using real data for training and synthetic
data for testing (Real/Synthetic) compared to Real/Real o ROC Curve
results can be attributed to the fact that the distribution _ff‘f::;?
conformity in synthetic data does not perfectly match that _If—*“’ff et

of real data, leading to out of distribution data samples in
the generated data. These data samples decrease the accuracy
rate of the respective classification. However, the similarity
between the metric values obtained from Real/Real and
Real/Synthetic classifications indicates that synthetic data
closely resemble real data. Figure 6 shows the ROC curve
of the classification and Table 5 shows the confusion matrix
of the classification.

Table 5. Confusion matrix (Percentage).

Actual
IDC+ IDC-
IDC+ 82.5 17.5
Predicted
IDC- 21.2 78.8

Achieving nearly 100% accuracy, precision, recall, and F1
score values when using synthetic data as both training and
test data (Synthetic/Synthetic) suggests that the model’s
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Figure 6. ROC curve.

capacity is sufficient to learn the distribution of the data.
These high rates indicate that synthetic data can be easily
learned by the model. Figure 7 shows the ROC curve of the
classification and Table 6 shows the confusion matrix of the
classification.
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Table 6. Confusion matrix (Percentage).

Table 7. Confusion matrix (Percentage).

Actual Actual
IDC+ IDC+ IDC-
) IDC+ 98.5 15 . IDC+ 72.6 224
Predicted Predicted
IDC- 1.6 98.4 IDC- 234 76.6
1o ROC Curve ROC Curve
X = ”I 1.0 7
e &
-~ _— .
e — -
# P d
08 - o 0.8 4 — -
” Il.—'-"' ’.r
b
-~ X -
X ," & f I’,
E 0.6 4 ',’ Z 0.6 i -~
E J" g .'Kt ’f
= - = / ’r
£ P £ /{’ -~
v 0.4 e v 0.4 -
E f’ E / -
I' - / "
# /f -
- I #
# F, ra
0.2 4 # 0z4 -
id /.
- / -
Cd
-~ ROC curve (area = 0.98) ;’f‘,r’ ROC curve larea = 0.77)
0.0 ' ' v 1 0.0 ' ' '
a.a 0.2 0.4 0.6 0.8 L0 0.0 0.2 L'J:d 0.6 0.8 10
False Positive Rate False Positive Rate

Figure 7. ROC curve.

The lower metric results obtained from Real/Real classifi-
cations compared to Synthetic/Synthetic classifications in
both cases of ResNet18 classification can be explained as
follows: The real dataset contains out of distribution exam-
ples within itself, which negatively affect synthetic data gen-
eration and classification results. Upon examination of the
dataset, many out of distribution data points were found.

'The lower accuracy, precision, recall, and F1 score values
obtained when using synthetic data for training and real
data for testing (Synthetic/Real) compared to Real/Real
classifications by 8% can be interpreted as follows:

* As mentioned earlier, the presence of out of distribution
examples within the real dataset and the use of real data
as test data affect the classification results. The model
could not find correlation for out of distribution data.

* 'The lesser diversity of synthetic data compared to real
data might imply that synthetic data have less diversity
than real data (since the area learned from the real data
distribution during synthetic data generation is small
compared to the total distribution of real data, the diver-
sity within synthetic data is low). When synthetic data is
tested with real data, low metric values are obtained due
to the low diversity of the training data.
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Figure 8. ROC curve.

Figure 8 shows the ROC curve of the classification and

Table 7 shows the confusion matrix of the classification.

The similar metric values obtained from Synthetic/Real
and Real/Synthetic classifications using the ResNet18
model highlight the similarity between real and synthetic
data. Furthermore, achieving high results using a dataset
containing out of distribution data demonstrates the success
of the model.

The MSG-GAN model used in the study was successful
in the production of synthetic data and high accuracy rates
were achieved in the classification of these data.

In this study, unlike other studies in the literature, four
different classification results that were expected to be
related and close to each other were found. In this way, it
was tried to determine whether synthetic data could be used
instead of real data.

In summary, the results of the classification in four different
scenarios were examined to see whether the synthetic data
reflected the real world data, and the classification results
were found to be related and close to each other. In this
case, it has been determined that high quality and similar to
reality synthetic data is produced.
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Moreover, to evaluate the similarities between synthetic
and real image data generated by GANSs, various criteria
are used. Statistical metrics (mean, variance, distribution,
and correlation), machine learning model performance
comparisons, visualization techniques (PCA and t-SNE),
and feature maps are among these evaluation methods.
Ensuring the reliability of these evaluations involves
using multiple criteria together, having sufficient data size,
ensuring the repeatability of the methods, and performing
independent validations. These approaches are crucial for
determining how closely GAN-generated synthetic data
resembles real data and its reliability in specific applications.

4. Conclusion and Suggestions

This article discusses the increasing importance of data in
today’s world and the growing need for more data in the
technological age, despite the current insufficiency of data
in certain areas, particularly in healthcare, due to limitations
such as data scarcity, data imbalance, data accessibility, and
privacy. Therefore, synthetic data is required. Synthetic
data can enrich and diversify real datasets. This enables the
model to be trained from a broader perspective and adapt to
various conditions. As a solution to the problem, this article
proposes generating highly realistic synthetic data from
breast cancer histopathology images using MSG-GAN
and then classifying both real and synthetic data using the
pre-trained ResNet18 model to determine the similarity of
synthetic data to real data. Additionally, the article discusses
algorithms and architectures from Convolutional Neural

Network (CNN) and DL.

'This research presents the results of experiments conducted
on four different classification tasks to evaluate how close
synthetic data is to real data. The results show that synthetic
data can perform similarly to real data but must be carefully
evaluated. Successful outcomes include the generation of
realistic synthetic images, eliminating the need for manual
visual breast cancer detection. It is predicted that the
production of synthetic data in healthcare will reduce the
need for human intervention in the disease detection and
diagnosis process and accelerate research in the healthcare
field. Therefore, it is concluded that the use of GANs in
healthcare for purposes such as data augmentation, dataset
enrichment, and balancing is highly beneficial and reliable.

In future studies, the focus should be on improving the
process of synthetic data generation using datasets with less
skewed distributions and enhancing the quality of synthetic
data. Additionally, it is recommended to employ difterent
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metrics to further measure the similarity of synthetic data
to real data.
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Detection of Pipes Decreasing Residual Chlorine Via Wall Reaction Coefficient in
Water Distribution Networks

Su Dagitim Sebekelerinde Bakiye Kloru Azaltan Borularin Cidar Reaksiyon Katsayisina Bagl Olarak
Tespit Edilmesi

Mirag Eryigit

Bolu Abant Izzet Baysal University, Faculty of Engineering, Department of Environmental Engineering, Bolu, Turkiye

Abstract

This paper intended to build an optimization model utilizing the modified clonal selection algorithm (one of the famous heuristic
optimization techniques) to detect pipes which reduces a residual chlorine in the water distribution networks (WDNs). MATLAB
programming language was used to code the model linked with EPANET. The model performance was evaluated in a two-loop
hypothetical WDN under steady-state flow conditions. In nodes of this hypothetical WDN, free chlorine concentrations were
assumed to be measured since an objective function depends on model calibration. Pipes decreasing residual chlorine concentrations
were determined by running the model which minimizes a total of concentration differences between estimated and measured free
chlorine in each node. In order to find these pipes, pipe wall reaction rate coefficients were utilized. The model was run 10 times
to obtain average reaction rate coefficient of each pipe in the WDN. After 10 runs, mean estimated and actual/real reaction rate
coeflicient values were almost equal (R2=0.99). The optimization model appeared to be viable for detecting pipes causing a residual
chlorine loss in the WDN.

Keywords: Artificial immune systems, model calibration, pipe wall reaction coeflicient, residual chlorine, water distribution network.

Oz

Bu ¢alismada, su dagitim sebekelerindeki bakiye kloru azaltan borularin tespit edilmesi i¢in modifiye klonal se¢im algoritmas: (¢ok
bilinen sezgisel optimizasyon tekniklerinden biri) kullanan bir optimizasyon modeli insa edilmesi amaglanmigtir. Model, EPANET ile
baglantili olarak MATLAB yazilim dilinde kodlanmugtir. Modelin performansi, kararli/sabit akim kogullar: altinda iki gozli farazi bir
su dagitim sebekesinde degerlendirilmigtir. Amag¢ fonksiyonu, model kalibrasyonuna dayali oldugu i¢in sebekenin digiim noktalarinda
serbest klor konsantrasyonlarinin 6l¢tldigi kabul edilmigtir. Bakiye klor konsantrasyonlarimi azaltan borular, her bir digim
noktasindaki 6l¢iilen ve tahmin edilen serbest klor konsantrasyonlar: arasindaki farklarin toplaminin minimize edilmesine bagli olarak
model tarafindan belirlenmistir. Borularin belirlenmesi i¢in boru cidari reaksiyon hiz katsayilarindan yararlanilmigtir. Model 10 kez
calitirilarak su dagitim sebekesindeki her bir borunun ortalama reaksiyon hiz katsayilar: elde edilmigtir. Model 10 kez ¢aligtirildiktan
sonra, ortalama tahmin ve gercek reaksiyon hiz katsay1 degerlerinin hemen hemen ayni oldugu sonucuna varilmistir (R2=0.99). Su
dagitim sebekesindeki bakiye klor kaybina neden olan borularin tespit edilmesi i¢in optimizasyon modelinin uygulanabilir oldugu
gorulmistir.

Anahtar Kelimeler: Yapay bagisiklik sistemleri, model kalibrasyonu, boru cidar reaksiyon katsayisi, bakiye klor, su dagitim sebekesi.

1. Introduction Water should be supplied and distributed as disinfected from
water tanks/reservoirs to settlements/residences/cities by
water distribution networks (WDN). But the chlorination
should be appropriately applied to avoid toxic effects of
the chlorine. The total residual chlorine consists of free

'The chlorine used to disinfect drinking and domestic water
is a vital and critical chemical in terms of the public health.
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provided as desired concentrations (e.g., 0.3-0.5 mg/! free
chlorine) in the nodes of the WDNSs (see Askenaizer 2003,
Ogur et al. 2004 for the chemical reactions). The guidelines
of World Health Organization (WHO) on water quality
suggests limit concentrations of residual chlorine (as
free chlorine) in the drinking water to the range 0.2-5
mg/l (WHO 2022). As well as free chlorine decay due
to reactions with natural organic matters in the bulk flow
over time, the metal pipes of the WDNSs are corroded over
time and cause to reduce the concentration of the residual
chlorine since free chlorine oxidizes iron (Fe) released from
pipe wall corrosion or pipe wall reactions/decay with biofilm
(Rossman 2000, Han et al. 2017, Fisher et al. 2017a, Xu
et al. 2018). Therefore, both health risk occurs and costs
increase due to extreme chlorine consumption.

In the literature, there are many studies regarding residual
chlorine modelling in the WDNs (Onyutha and Kwio-
Tamale 2022, Elsherif et al. 2023, Hossain et al. 2022,
Ardila et al. 2023). Rossman et al. (1994) improved a mass-
transfer-based model which considers first-order reactions
of chlorine to occur both in the bulk flow and at the pipe
wall for predicting chlorine decay in the WDNS. Islam et
al. (1997) proposed a new computer model using an inverse
method to model chlorine concentration in the pipe networks.
Rodriguez and Sérodes (1998) applied two empirical models
to simulate and predict residual chlorine concentrations in
the urban water systems. Li et al. (2003) built a model of
residual chlorine decay in the WDN considering a chlorine
consumption in reactions with chemicals in a bulk water, in
corrosion process, bio-films occuring on a pipe wall, and the
chlorine mass transport from a bulk water to a pipe wall.
Gibbs et al. (2006) used different data-driven techniques
(artificial neural networks and linear regression model)
to predict concentrations of chlorine in the Hope Valley
WDN (South Australia). Helbling and VanBriesen (2009)
performed modeling residual chlorine related to a microbial
contamination in the WDNs. Monteiro et al. (2014)
carried out a chlorine decay modelling in drinking water
supply systems by using EPANET MSX. Kim et al. (2014)
investigated the relationship between a temporal variation
in a chlorine concentration and hydraulic conditions for a
pilot scale WDN (Similarly, Kim et al., 2015). Blokker et al.
(2014) predicted residual chlorine concentrations in WDN
under the effect of stochastic water demands. Chelsea
(2016) modelled residual chlorine and trihalomethanes
using EPANET for the City of Akron’s WDN (Ohio, US).
Fisher et al. (2017b) implemented a bulk chlorine decay
model (the augmented two-reactant (2RA) model) for
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simulating residuals in the WDNs. Monteiro et al. (2020)
modelled pipe wall decay of chlorine residuals in a full-
scale water supply system using the traditional first-order
and EXPBIO models. Garcia-Avila et al. (2021) proposed
a model of residual chlorine decay to forecast chlorine
concentration levels in a real WDN during the COVID-19
pandemic. Fisher etal. (2021) modelled residual chlorine and
trihalomethane profiles in the WDNGs after pre-chlorination
of the water treatment plant. Absalan et al. (2022) performed
predictions of chlorine and trihalomethanes in the WDN
in southern Quebec (Canada). Abhijith and Ostfeld (2022)
developed a novel computer-based tool (EPANET-C) to
simulate variations in residual chlorine concentrations in the
WDNs. Wu and Dorea (2022) applied basic chlorine decay
kinetic models in the literature for humanitarian emergency
water supply. Yimer et al. (2022) conducted modelling of
residual chlorine in the Arada sub-city supply system (Addis
Ababa water supply distribution systems, Ethiopia) by using
Water CAD. Onyutha (2022) predicted residual chlorine
concentrations in drinking water using machine and deep
learning techniques. Wang (2022) optimized the chlorine
injection mass to maintain chlorine in the WDN by using a
fuzzy chance-constrained optimization model. Huang and
Wang (2023) developed a double-sided fuzziness chance-
constrained programming model to cut down costs of the
disinfectant booster under uncertainty. Kyritsakas et al.
(2023) designed a data-driven model that uses different
machine learning algorithms for the prediction of chlorine
losses in water distribution trunk mains. Wang et al. (2023)
proposed an improved VRC-3R- residual chlorine decay
model in the UV/CI2 process in the WDN. Wongpeerak
et al. (2023) applied a novel method based on a simple
theoretical analysis (theoretical disinfectant mass loss
models) to simulate residual chlorine concentrations in the
real WDNGs in Thailand. Enriquez et al. (2023) estimated
chlorine and trihalomethanes concentrations in the trunk
network of Bogota's WDN (Colombia) by using evolutionary
polynomial regression models and artificial neural networks.
Belcaid et al. (2023) presented a new methodology for
chlorine decay modeling in the WDN of Mohammedia
City (Morocco). Helm et al. (2024) implemented machine
learning models by developing a gradient-boosting method
to forecast a free chlorine residual in a drinking water
treatment plant (Georgia, U.S.). Li et al. (2024) improved
a novel gated graph neural network model/approach for
a chlorine prediction in nodes of a real WDN (Yantian
WDN, China).
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These studies generally focused on modelling of residual
chlorine concentrations (not detecting pipes which decrease
the concentrations). By considering this gap in this broad
literature, this study aimed to develop a heuristic optimiza-
tion model based on model calibration to detect pipes which
reduce residual chlorine concentrations (as free chlorine) in
nodes of the WDNs (considering pipe wall reaction coeffi-

cients).

2. Material and Methods
2.1. Algorithm

'The heuristic optimization model was coded by linking with
EPANET software in MATLAB programming language.
EPANET, a commonly known WDN simulation software,
was chosen for the hydraulic calculations since it is simple
and efficient (also, it can be linked with MATLAB). It
was developed as a tool for understanding the movement
and fate of drinking water constituents within WDNs and
can be used for many different applications in distribution
systems analysis (Rossman 2000). As for MATLAB, it is
a programming and numeric computing platform used by
engineers and scientists to analyze data, develop/improve
algorithms, and build models.

The model uses the modified clonal selection algorithm
(modified Clonalg) (one of the artificial immune systems)
developed by Eryigit (2015) as a heuristic optimization
method. (See Figure 1). This algorithm mimics the clonal
selection theory of the natural immune system. In Figure
1, Ab is the antibody population randomly created, f is
the antibody’s antigenic affinity (representing an objective
function), C is the cloned antibody population, C* is the
mutated antibody population. The algorithm process can
be briefly defined as follows (Eryigit 2015, Eryigit and
Sulaiman 2022):

1) An antibody set/population (Ab) is randomly generated.

2) An objective function (f) is computed to be minimized
or maximized (optimization) for each individual in Ab.

3) All individuals are cloned/copied.

4) All antibody clones (C) are exposed to the maturation
(mutation) process which is inversely proportional to
their antigenic affinities. Besides, new antibody genes are
generated for the clones in this step.

5) An objective function (f) is recalculated for each matured
clone in C*.
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6) The matured/mutated clones owning the highest affinity
(best individuals) are chosen to replace the antibodies
which own the lowest affinity in Ab.

'This loop goes on until the iteration reaches a maximum
number (or a certain error/difference between worst and
best individuals in Ab). Hence, the optimum result can be
obtained.

Select N Ab 1)
6) best d
individuals
@)
®)
All
C* antibodies
in Ab

(4) @

New 3)
genes |€&—— C

Figure 1. The flow diagram of the modified Clonalg (Eryigit
2015).

In the modified Clonalg (step 4), new genes are produced
for each antibody clone by taking in consideration a certain
probability which is referred to “probability rate” (PR)
depending on an optimization problem. The antibody clone
number can be computed as below (De Castro and Von

Zuben 2002):

Nap

N.=> round(-Ny) i=1,---Ny (1)
i=1

where NV is the total clone number, f is the coefficient of
multiplying, and “round” is a rounding operator for the
integer.

A mutation rate can be obtained as the following (De Castro
and Von Zuben 2002):

a;,=exp(—p-f) )

where o, is the mutation rate, p is the coefficient of decay,
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and £, is a value of the antigenic affinity (value of the objective
function) normalized between 0 and 1.

Population Ab is defined as shown below:

Abl :xlln.- -.-xlnd ﬁ

: : X : :

Ab; = xu Xind f

. . S I (3)
Abny = Xnwi o Xnwnd *** Xnwnd fmh

i=1,Ny j=1,---nd

where N is the total antibody number (population Ab),
x, is the gene of A5, (decision variable of f), nd is the gene
number of 45, In this study, x, corresponds to the wall
reaction rate coefficient (K ) of each pipe in the WDN. f
was minimized depending on pipe wall reaction coefficients
(genes) produced and mutated/matured through the
algorithm processes. The objective function (f) is based on
model calibration in the study:

NRC

minimize Z 103‘ RCipres — RCiois (4)
i=1

where RC,,, is the i-th predicted residual chlorine, RC, ,
is the i-th observed residual chlorine, NRC is the number
of observed residual chlorine values in nodes of the WDN.

2.2. Implementation

'The optimization model was applied to a two-loop hypo-
thetical WDN consisting of 6 nodes (junctions), 8 pipes and
one reservoir under steady-state gravity flow conditions in
EPANET (See Figure 2). The data of the WDN was given
in Table 1. This scenario includes some assumptions as fol-
lows:

1) Free chlorine concentrations are assumed to be measured

in the WDN nodes in each hour for 24 hours.

2) Bulk reaction coefficient (K,) in the WDN is assumed
as -0.01/day (most of the chlorine decay in the network
is occurring in the reservoir and residual chlorine
concentration is 1 mg/1).

3) Pipe corrosion and biofilm are dominant in the system
because of pipe age and material.

4) All pipe wall reaction coeflicients in the WDN are

unknown.

The residual chlorine concentrations (as free chlorine) mea-
sured in the nodes after 24 hours and pipe wall reaction co-
efficients (K ) are shown in Figure 2. First-order (n=1) re-
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actions/decay kinetics (R = K,-C" and R=(A/V)-K,-C"
for bulk and wall reactions (R), respectively.4/V: The surface
area per unit volume within a pipe, C: The reactant con-
centration) were used for the chlorine, and lower and upper
limits for pipe wall reaction coefficient were assigned as -1.5
and 0 m/day, respectively (Rossman 2000, Rossman et al.
2020). The optimization model reaches a global minimum
(f) by assigning coefficient values in this range [-1.5, 0] to
the pipes of the WDN during the iteration.

'The analyses were carried out by using a computer with Intel
Core I5-8300H CPU 2.3 GHz, and the model was run 10
times with maximum iteration number (I ) of 1000 for
» B, p,and PR
were assigned as 30, 1, 0.5, and 0.2, respectively.

examining a model stability. In this study, V,

3. Results and Discussion
There are 8 pipes in the WDN. Their wall reaction

coeflicients are assumed to be unknown. As it is seen in
Figure 2, Pipe 1, 3, 5 and 8 (red lines with -1.5 m/day)
cause a higher loss of residual chlorine concentration while

Reservoir

1.00

Pipe2 2
> %
4 -0.01 0.47
Chiorine Pipe3" Pipe4"
020 15 0.01
0.40
0.60
0.80
mo/L 3 Pipe5 4
Wall Coeff. C _'1 5 o
0.25
0.50
075 ) ‘
1.00 Plpeb‘" P|pe7"
-0.01 -0.01
5 Pipe8 6
o > ®
-15 0.10

Figure 2. Layout and operational data of the two-loop hypothetical
WDN.
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Table 1. The main characteristics of the two-loop hypothetical WDN.

Node Elevation (m) Base Demand (I/s) Pipe Length (m) Diameter (mm) Cp
Reservoir 150 - 1 5000 450 130
1 80 20 2 3000 250 140
2 70 20 3 3000 300 130
3 70 20 4 3000 150 140
4 60 20 5 3000 200 130
5 60 20 6 3000 250 140
6 60 20 7 3000 150 140

8 3000 150 130

Table 2. Results of predicted wall reaction coefficient for each pipe in the WDN after 10 runs.

Pipe 1 Pipe 2 Pipe 3 Pipe 4 Pipe 5 Pipe 6 Pipe 7 Pipe8 RunTime

(m/day) (m/day) (m/day) (m/day) (m/day) (m/day) (m/day) (m/day) (min)
1 0.34 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.02 -1.5 38.3
2 0.21 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.02 -1.5 38.7
3 0.30 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.02 -1.5 39.0
4 0.27 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.01 -1.5 38.8
5 0.27 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.01 -1.5 38.4
6 0.80 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.13 -1.01 38.4
7 0.15 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.01 -1.5 38.5
8 0.37 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.01 -1.5 38.5
9 0.24 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.01 -1.5 38.4
10 0.31 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.01 -1.5 38.3
Mean 0.32 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.02 -1.45 38.5
Std 0.180 0 0.0004 0 0.001 0 0.0004 0.037 0.154 0.23
Min 0.15 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.13 -1.5 38.3
Max 0.80 -1.5 -0.01 -1.5 -0.01 -1.5 -0.01 -0.01 -1.01 39.0

Pipe 2, 4, 6 and 7 (blue lines with -0.01 m/day) cause a
lower loss in the WDN. After the model was run 10 times,
results obtained in each run were given in Table 2. Also,
the comparison of mean predicted coefficients and actual
pipe wall coefficients was shown in Table 3 and Figure 3.
As it is seen in Table 2, the model was able to determine
accurately wall reaction coeflicients of all pipes in all runs
except run 6 (ratio of 9/10 runs). This demonstrates that the
optimization model is stable. Mean predicted and actual
values are almost equal each other (R?=0.99) (See Table 3
and Figure 3). Consequently, the pipes reducing residual
chlorine concentrations in the WDN were successfully
detected by the model (Pipe corrosion and biofilm are
assumed to be dominant in the network). By detecting
these pipes, it can be said that we also specify the old/worn
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Table 3. A comparison of mean predicted and actual pipe wall
reaction coefficients.

Pipe *Meax? Predicted Actual Coefficient
Coeflicient (m/day) (m/day)
L 15 -1.5
2 -0.01 -0.01
3 -1.5 -1.5
4 -0.01 -0.01
5 -1.5 -1.5
6 -0.01 -0.01
7 -0.02 -0.01
8 -1.45 15

*Average of 10 runs
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out pipes (especially corroded metal pipes) which may
cause pressure losses in the WDN because a higher Darcy-
Weisbach roughness coeflicient or a lower Hazen-Williams
C-factor results in a greater frictional head loss in a flow
along the pipe (Rossman 2000). The pipe wall reaction
coefficient (K ) can be assigned as the function of the
roughness coefficient for each pipe in EPANET. For this,
site-specific field measurements should be performed. In
this study, Hazen-Williams C-factors (Cz) for the frictional
head loss were selected independently from the pipe wall
reaction coeflicients (K ) because the hypothetical WDN
was applied.

On the other hand, the optimization model can detect the
pipes which decrease residual chlorine with mean run time
of 38.5 minutes. Run time depends on iteration number (or
error/difference between minimum and maximum affinity
values of antibodies in the population) and population
number as well as the algorithm structure. Better results
(ratio of 10/10 runs) might be obtained by increasing
population and iteration numbers (or assigning lower error

Reservoir

1.00

1.5 (-1.5%

Pipe2 2
> ®
0.47 0.01 0.47
(-0.01)
Chiorine P|pe3 s Plpe4 y
o 15 -0.01
1. -
050 (-1.5) 0.01)
0.80
mo/L 3 Pipe5 B
Wall Coeff. O _'1 5 O
0.25 (-1.5)
0.50
0.75
1.00 Pipe6 } Pipe7 {
-0.01 -0.01
(-0.01) (-0.02)
*Mean predicted coefficient
5 Pipe8 6
< > L
-15(-1.45) 0.10

Figure 3. Mean predicted and actual pipe wall reaction coefficients
(m/day).
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value). But, this makes the run time longer. So, N, of 30
and I of 1000 were enough to obtain acceptable/satisfying
results during the analyses.

The optimization model obtained good results under
steady-state flow conditions. Of course, flows are not steady/
constant in real WDNs. However, dynamic flow conditions
could be neglectable for this study because the bulk flow
reaction was assumed to be too low (-0.01/day) in the WDN
(most of the chlorine decay is occurring in the reservoir)
according to the scenario.

In the related literature, mostly residual chlorine concentra-
tions have been modeled in the WDNG. The present study
differs from the others because pipes reducing the chlorine
concentrations were detected instead of modelling the con-
centrations in the WDNSs. Thus, it can be said the paper
is the first optimization study based on K  in terms of the
detection of the pipes decreasing the residual concentra-
tions. While reviewing the literature, it is seen that aver-
age K _value of -0.066 m/day was (coincides with the range
[-1.5, 0]) experimentally determined by Garcia-Avila et al.
(2021). But experimental methods could be expensive and
time-consuming. Zaghini et. al. (2024) assumed an overall
rate coeflicient K (1/time) combining K, and K due to the
difficulties of the accurate estimation of individual K, and
K, decay contributions. They obtained K values between
-0.4 and -1.1 (1/day) for the multiple-source WDNs. But
K, values were uncertain since they were included in the
overall rate coefficients. Therefore, the pipes reducing the
chlorine concentrations were unknown.

4. Conclusion and Suggestions

The worn-out pipes in the water supply have a risk to the
public health due to corrosion and biofilm (pathogens
etc.) and increase the costs of the chlorination. These pipes
should be detected and renewed as quickly as possible. For
this problem, the optimization model could be utilized. In
this study, wall reaction coefficients (K ) of the pipes in the
WDN were determined by utilizing the model calibration.
Thus, the pipes reducing residual chlorine concentrations
were able to be detected by the optimization model
considering their reaction coefficients (since pipe corrosion
and biofilm are dominant in the present WDN). This also
indicates that these pipes are old (especially corroded pipes)
and decrease pressure heads desired in the nodes of the
WDN. Consequently, the model is useful to detect pipes
which decrease both residual chlorine concentrations and
pressures by measuring only free chlorine in the nodes of the
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WDN in case of domination/dominance of corrosion and
biofilm. K coefficients could be assigned as the function of
the roughness coefficient/C-factors (Cp) for each pipe of the
real WDN to show relationship between the pipes causing
the frictional head losses and chlorine losses in the future
studies.

The optimization model was run under steady-state flow
conditions. Therefore, it might need to be tested under
non-steady state flow conditions in real WDNs in the
future studies. However, this study is a pioneer in terms of
detection of pipes resulting in chlorine losses in the WDN
and inspires the researchers about this subject.

Author contribution: The entire study was performed by the
author.
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Abstract

'This study employs machine learning algorithms to forecast the impacts of a potential magnitude 7.5 earthquake in Istanbul, focusing
on casualty rates, hospitalization needs, and temporary shelter requirements. Using a dataset compiled from the Istanbul Metropolitan
Municipality Open Data Portal and the Turkish Statistical Institute, the research assesses Gradient Boosting, AdaBoost, Random
Forest,and ExtraTrees algorithms. Gradient Boosting emerged as the most effective model, exhibiting high accuracy and low prediction
errors in determining disaster impacts. This approach underscores the critical role of advanced analytics in enhancing urban disaster
preparedness and management, providing valuable insights for policymaking and infrastructure development in earthquake-prone
areas.

Keywords: Earthquake impact forecasting, disaster preparedness, machine learning, urban risk management.

Oz

Bu calismada, Istanbul'da olasi bir 7.5 biiyiikligindeki depremin etkilerini, 6zellikle de can kaybi sayist, hastaneye ihtiya¢ duyacak
kisi sayis1 ve gegici barinma ihtiyaci duyacak kisi sayisini tahmin etmek icin makine 6grenmesi algoritmalari kullanilmaktadir.
Istanbul Biiyiiksehir Belediyesi A¢ik Veri Portali ve Tirkiye Istatistik Kurumu'ndan derlenen bir veri seti kullamlarak Gradyan
Artirma (Gradient Boosting), Uyarlanabilir Artirma (AdaBoost), Rastgele Orman (Random Forest) ve Ekstra Agaclar (ExtraTrees)
algoritmalari degerlendirilmistir. Gradient Boosting modeli, yiiksek dogruluk ve diigiik tahmin hatalar: ile en etkili model olarak 6ne
ctkmugtir. Bu yaklagim, gelismis analitiklerin kentsel afet hazirlig1 ve yonetimini gelistirme konusundaki kritik roliini vurgulamakta ve
depreme egilimli bolgelerdeki alinacak 6nlemler ve altyap: gelisimi icin degerli 6ngoriler saglamaktadir.

Anahtar Kelimeler: Deprem etki tahmini, afet hazirligi, makine 6grenmesi, kentsel risk yonetimi.

1. Introduction activity. Historically, this fault line has been responsible for
. most of the devastating earthquakes in Turkey. Notably, the
Earthquakes rank among the most devastating natural major tremor on August 17, 1999, known as the Marmara
Earthquake, occurred along this fault line. This earthquake

caused extensive destruction, particularly in Kocaeli and its

disasters globally, causing significant destruction and loss
of life. Turkey, due to its geological location, is situated
in one of the most active earthquake zones in the world.

The North Anatolian Fault Line (NAF) runs through the

northern part of the country, causing significant seismic

surroundings, leading to over 17,000 deaths and injuring
tens of thousands, according to official reports (Erdik 2001).
The scale of the destruction was recorded as one of the most
severe disasters in Turkey’s modern history.

*Corresponding author: mehmetyalcinkaya@ahievran.edu.tr The economic impact of the Marmara Earthquake was

Remzi Giirfidan ® orcid.org/0000-0002-4899-2219

also severe. The direct damage and subsequent economic
Mehmet Ali Yalginkaya © orcid.org/0000-0002-7320-5643

losses amounted to over 25 billion dollars, constituting

approximately 2-3% of Turkey’s gross domestic product
oI , pp y Y's g p
@c‘mmn‘“ work is Boensed by *Creative Commons (GDP) (Ambraseys 2001). Workplaces were destroyed,

Attribution-NonCommercial-4.0 International (CC)”.


https://orcid.org/0000-0002-4899-2219
https://orcid.org/0000-0002-7320-5643
https://orcid.org/0000-0002-4899-2219
https://orcid.org/0000-0002-7320-5643

Grfidan, Yal¢inkaya / Forecasting Earthquake Impact Scenarios in Istanbul with Machine Learning Algorithms

infrastructure was damaged, and many industrial facilities
had to cease operations. This situation created long-term
negative effects on both local and national economies.
Moreover, with thousands left homeless, the state faced
significant responsibilities for housing and reconstruction.
The economic recovery took years and was significantly
supported by international aid. This heavy burden led
to major changes in Turkey’s urban transformation and
disaster management policies, promoting the development
of stronger building standards and effective disaster
management strategies (Stein 2000).

The earthquakes centered in Kahramanmaras last year,
particularly the main shock of magnitude 7.8 on February
6,2023, caused serious destruction in Southern and Central
Turkey. This disaster resulted in the loss of thousands of lives
and left hundreds of thousands homeless. The provinces of
Hatay, Kahramanmaras, Gaziantep, Malatya, and Adiyaman
saw the most severe damage, accounting for 81% of the
estimated total damage. This calamity is recorded as the
largest natural disaster Turkey has faced in the last 80 years.
Furthermore, these provinces house approximately 7.4%
of Turkey’s population, significantly impacting the region’s
socio-economic structure (World Bank 2023). Economically,
the cost of the earthquake to Turkey is estimated at 34.2
billion dollars in direct physical damages, equating to about
4% of the country’s GDP in 2021 (Korkut et al. 2023).

Minimizing losses caused by earthquakes is possible through
preventative measures and preparations. Earthquake scenario
analysis allows for the anticipation of potential earthquake
effects and the planning of necessary precautions based
on this information. Particularly in major urban areas, the
preparation of such scenarios can significantly reduce the

loss of life and property (Jaiswal and Wald 2010).

Istanbul, as Turkey’s largest metropolis, is distinguished by
its dense population and cosmopolitan structure. The city
harbors a serious risk of a major earthquake due to sporadic
urbanization and a high proportion of structurally unsound
buildings. The potential devastation of an earthquake in
Istanbul is feared due to the concentration of the nation’s
population and industrial density in this region (Parsons
2000).

The literature contains various studies on estimating
potential fatalities and other damages prior to earthquakes.
In China, data from 84 earthquakes occurring between 1970
and 2017 were tested using methods such as elaboration
likelihood model (ELM), artificial neural networks, support
vector machine (SVM), and Gaussian curves. The study
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achieved an r squared (R?) value of 96% (Xing et al. 2020).
Another study analyzed 30 historical earthquakes in China,
comparing the performance of the support vector regression
(SVR) model with other machine learning (ML) methods.
'The comparisons concluded that the SVR model produced
more successful outcomes than other models (Li et al. 2021).
Additionally, another study attempted to estimate the
number of potential fatalities in a severe earthquake using
logistic regression on a dataset containing four attributes (age,
gender, physical disability, and socioeconomic status). In one
of the studies on earthquakes in Turkey, data collected from
buildings damaged after three major earthquakes were used
to predict structural damage and mitigate potential harms.
This process demonstrated that the SVR model yielded
better results than other models (Arslan et al. 2017). Corbi
et al. (2019) discuss how machine learning can predict the
timing and size of earthquakes by reconstructing complex
system dynamics in subduction zones. Rouet-Leduc et al.
(2017) show how machine learning can predict laboratory
earthquakes based on acoustic signals previously thought
to be noise, potentially improving earthquake forecasting.
Ahamed and Daub (2019) present a machine learning model
for predicting whether an earthquake rupture will propagate,
using neural networks and random forest algorithms.

'This study predicted the number of loss of lifes, the number
of people needing hospital treatment, and the number of
people requiring temporary shelter that a potential 7.5
magnitude earthquake could cause during night hours
in Istanbul. The data used for this analysis were obtained
from the Istanbul Metropolitan Municipality (IMM) Open
Data Portal and the Turkish Statistical Institute (TUIK).
Initially, the “Earthquake Scenario Analysis Results” and
“Neighborhood-Based Building Counts” datasets from the
Istanbul Metropolitan Municipality Open Data Portal were
merged. Subsequently, population and area data for each
neighborhood in Istanbul were obtained from TUIK and
added to the dataset. This merger produced a comprehensive
and original dataset. Various ML techniques and algorithms
were used on the collected dataset to perform detailed
analyses. These analyses are critical for better understanding
the potential effects of earthquakes and planning necessary
precautions in advance.

2. Material and Methods

This section describes the dataset used in the study, the
algorithms applied, and the metrics employed to evaluate
the data derived from these algorithms.
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2.1. Dataset

In this study, a hybrid dataset was constructed. The attributes
included in this dataset were obtained from various sources.
There are 12 different attributes within this dataset. These
attributes and their value ranges are shown in Table 1. The
first attribute in the dataset, “Population Density,” was
calculated using the population and area information for
each neighborhood in Istanbul, as published by the TUIK.
'The attributes related to the total number of buildings, the
rate of buildings built before 1980, the rate for buildings
constructed between 1980-2000, the rate for buildings
constructed after 2000, and the rates for building intervals
of 1-4 floors, 5-9 floors, and 9-19 floors were sourced from
the “Neighborhood-Based Building Counts” dataset created
by the IMM (IMM Open Data Portal 2017). The last four
attributes (Number of Too Severely Damaged Buildings
Rate, Number of Severely Damaged Buildings Rate,
Number of Moderately Damaged Buildings Rate, Number
of Lightly Damaged Buildings Rate) along with three
dependent variables used for model predictions (Number of
Casualties, Number of People in Need of Shelter, Number
of People in Need of Hospital Treatment) were also derived
from the “Earthquake Scenario Analysis Results” dataset
produced by the IMM (IMM Open Data Portal 2021). This
dataset contains a simulation of the potential outcomes of a
7.5 magnitude earthquake occurring at night in Istanbul.
'The rationale behind our study’s focus on predicting the

Table 1. The features within the dataset and their value ranges.

effects of a nighttime earthquake is precisely this. Following
these processes, a unique dataset containing data from three
different sources was established. For the hybrid dataset
obtained by combining different datasets, the input values
are similar for all datasets. Instead of forcing the algorithms
to predict multiple outcomes, they are designed to predict
each outcome independently. The absence of null values
and outliers in the dataset eliminated the need for cleaning
the dataset before the process. Techniques such as Principal
Component Analysis (PCA) were not used for feature
selection. The dataset used does not contain a large number
of input parameters that would need to be eliminated.

The dataset underwent several preprocessing steps to

ensure its quality and suitability for the analysis. These steps
included:

* Data Cleaning: Removal of any duplicate records and
handling of missing values. Missing values were ad-
dressed using mean imputation for continuous variables
and mode imputation for categorical variables.

* Normalization: Scaling of numerical features to a
standard range using min-max normalization, ensuring
that all features contribute equally to the model training
process.

* OQutlier Detection: Identification and treatment of
outliers to prevent them from skewing the model results.

Variables Type Features Min — Max Range
Population Density 0.10992953-726.5714286
Total number of buildings 95-8118
Before 1980 Rate 0-0.958970793
1980-2000_Between Rate 0.01122449-0.930743243
2000_After Rate 0-0.986734694
Independent 1-4 Floor Interval Rate 0.045566502-0.997938144
Variables 5-9 Floor Interval Rate 0.002061856-0.951970443
9-19 Floor Interval Rate 0-0.844036697
Number of Too Severely Damaged Buildings Rate 0-0.095384615
Number of Severely Damaged Buildings Rate 0.002132196-0.143076923
Number of Moderately Damaged Buildings Rate 0.026448363-0.327443401
Number of Lightly Damaged Buildings Rate 0.099461049-0.508196721
Number of Casualties 0-0.01563
g:r?zll)ll(iznt Number of People in Need of Shelter 0-0.460440986
Number of People in Need of Hospital Treatment 0-0.071428571
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2.2. Models Used
2.2.1. Gradient Boosting (GB)

GB is a method that sequentially enhances weak learners
(typically decision trees) to form a strong predictive model.
Each new learner focuses on minimizing the errors made
by its predecessors. This process continues by assigning
increasing weight to successive learners to reduce error
terms. Mathematically, the model F(x) is shown at Equation
1. In this equation, (x) is the prediction of the t-th learner
and A is the learning rate (Friedman 2001).

Fiii(x) :E(X)-i-ﬁ,h, (1)

2.2.2. Adaptive Boosting (Adaboost)

AdaBoost combines a series of weak classifiers to create a
strong classifier. In each learning iteration, higher weight
is given to observations that were incorrectly classified,
thus the next classifier focuses on better predicting these
observations. The fundamental update equation of AdaBoost
is shown at Equation 2.

D, (i).exp(—a,yih,(x;

(@) p(Zl yihi(x) @)
In Equation 2, D (i) is the weight of the i-th sample, a., is
the weight of the t-th learner, y, is the actual class label, 4 (x.)
is the predicted class, and Z is the normalization factor

(Freund and Schapire 1997).
2.2.3. Random Forest (RF)

D.i(i) =

RFE operates by aggregating the predictions of multiple
decision trees and presenting the most frequent outcome as
the final prediction. Each tree is constructed independently
using randomly selected subsets of data. This method reduces
both variance and bias, generally yielding more stable and
reliable predictions. Mathematically, the RE prediction is
calculated as follows:

f@) =530 T 3)

In this formula, 7'(x) represents the prediction of the b-th
tree at point x (Breiman 2001).

2.2.4. Extremely Randomized Trees (ExtraTrees)

ExtraTrees method is an ensemble learning technique akin
to RE, but it incorporates greater randomization at each
node during splits. In this model, the optimal splitting
point at each node is determined based on features chosen
at random. This approach can further reduce the model’s
variance while decreasing computational time. ExtraTrees
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is particularly effective for high-dimensional datasets as it
minimizes unnecessary computations and reduces the risk
of overfitting. Mathematically, the ExtraTrees model can be
expressed as shown at Equation 4.

f&) =3 Ti(x.0) (4)

In Equation 4, 6, denotes the random parameters used in
the construction of the b-th tree (Geurts et al. 2006)

2.2.5. Evaluation of the Models

Error metrics used to evaluate the success of ML algorithms
are used to measure how well the model performs. These
metrics help to assess how well a model’s predictions match
the true values and the generalization ability of the model.

'The symbols P, r, m, ¢, and d commonly used in performance
evaluation metrics are key terms frequently employed in
modeling studies. P refers to the predicted values generated
by the model, while r represents each observation or data
point. m signifies the predicted values produced by the
model, and ¢ denotes the actual or observed values. Finally,
d typically reflects the difference between the predicted and
observed values, which is used to calculate error or deviation.
‘These symbols form the foundation for measuring model
performance and evaluating the accuracy of predictions.

Mean absolute error (MAE) is a metric that shows how
close the predicted values are to the true values. This metric

is calculated by Equation 5 (Hammid et al. 2018, Mishra et
al. 2017, AlOmar et al. 2020).

()

1 Y r,m r,c
MAE = ﬁ;\m —Pi

Root means square error (RIVISE) was chosen to compare
the prediction errors of different trained models. The closer
the RMSE value is to 0, the better the predictive ability of
the model in terms of its absolute deviation. The RMSE
value is calculated by Equation 6 (Hammid et al. 2018,
Mishra et al. 2017, AlOmar et al. 2020, Willmott and

Matsuura 2005).
RMSE = \/ IS =Py 6)

The coefficient of determination (R?) is used to estimate
model efficiency and is calculated by Equation 7 (Hammid
et al. 2018).

2., (P = P’
> (P =Py

R =1- (7)
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MSE either assesses the quality of an estimator. The MSE

metric is calculated by Equation 8.
MSE = %Z (P=P)’ (8)

Accuracy is one of the fundamental metrics used to evaluate
the performance of a classification model. It represents the
ratio of correctly classified samples to the total number of
samples. Mathematically, accuracy is defined as follows:

Number of Correct Predictions
Total Number of Samples

9)

This formula shows the percentage of correct predictions

Accuracy =

made by the model. For example, a model that makes 90
correct predictions out of 100 total samples would have an
accuracy of 90% (James et al. 2013).

3. Results
3.1. Model Fine-Tunning Process and Results

Difterent algorithms are used to model data sets and
provide predictions in the fields of ML and data analytics.
Hyperparameters must be adjusted to boost these algorithms’
efficiency and produce more accurate results. This work
involves fine-tuning well-known algorithms including GB,
AdaBoost, RF, and ExtraTrees using the datasets used for
training. The hyperparameters were fine-tuned to maximize
the performance of every algorithm. The most successful
hyperparameter values obtained are presented in Table 2.

3.2. Selection Criteria for Hyperparameter Settings

In this study, the optimal hyperparameters obtained because
of the experiments on the specified data sets were tested to
improve the performance of each algorithm and improve
the accuracy of the model. The process of hyperparameter
tuning involved extensive experimentation to identify the
optimal settings for each ML algorithm. The following

criteria were used to select the final hyperparameters:

e Performance Metrics: MAE, RMSE, and R? were the

primary metrics used to evaluate model performance.

e Cross-Validation: A k-fold cross-validation (with k=5)
approach was employed to ensure that the models
were robust and generalizable. This method helps in
mitigating overfitting by training and validating the
model on different subsets of the data.

* Grid Search: A grid search strategy was used to explore
a predefined set of hyperparameters systematically.
The grid search covered a range of values for each
hyperparameter to identify the combination that yielded
the best performance.

3.3.Trainings Conducted for Loss of Lifes Data and
Results

Table 3 presents the training and test graphs, prediction
error distributions, prediction and accuracy graphs,

and validation graphs for the most and least successful

Table 2. The best values of the hyperparameter values of the ML models tried and obtained for the best result.

Algorithms Trained Hypermeters Best Hypermeters Values
g YP YP
‘n_estimators’: [50, 75, 100],
GB ‘minm:;(r;lc}ijgsths;)gizt,’%’[f ]2’ 4] ‘learning_rate’: 1, ‘max_depth’ 8, ‘min_samples_
‘min:samples:leaf’: (1.2 8], leaf’: 1, ‘min_samples_split™: 4, ‘n_estimators’ 50
‘learning_rate’: [0.05,0.1,0.5,1]
ADABOOST ‘?e_;:;%atf;i,::[ﬁoébi?b?f ” 2)059 ” 21(?%]]’ ‘learning_rate’: 0.1, ‘n_estimators’ 100
‘n_estimators’: [50,100,200],
RF ‘max_depth’: [2, 4, 8, 16], ‘max_depth’: 16, ‘min_samples_leaf’: 2, ‘min_
‘min_samples_split’: [2,3,4], samples_split’: 3, ‘n_estimators™: 50’
‘min_samples_leaf”: [2,3,4,8]
‘n_estimators’: [50, 100, 200],
‘max_depth’: [None, 10, 20, 30], ‘max_depth’: 10, ‘min_samples_leaf™: 1, ‘min_
EXTRATREES ‘min_samples_split™: [2, 5, 10], samples_split’: 2, ‘n_estimators’ 100
‘min_samples_leaf™ [1, 2, 4]
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Table 3. Graphs for estimating possible casualties.

Real Values & Prediction Fault Distribution Predicting Values
Real Values vs. Prediction Values Foult Distribution Graph 0007 Real Values - Predictions
SR
- Lo
on =l W1
0.00: 4 £ 0002 )
v s Mﬁ 'MN\ épm N‘T‘ \lHﬂ \l‘\ ,‘w ‘ﬁ“‘ﬁp‘ H\ i
P £ AT ol 0l
Real val Prediction val Fa““D‘:”;:':’S‘G'a"*‘ Real Values - Predictions (AdaBoost)
ADABOOST -
a H ‘
"l ‘M ol v’\mu‘ \‘ Ll
Real Values vs. Prediction Values 5 Fault D‘F:"‘[::::‘ Graph Real Values - Predictions (Random Forest)
: ,o I
S
: : T
. SRS m SNy
= oL P 1\ il W\ 111 IS,
] 0 ) (I \F‘r\ (R [M j 1‘ b\\f
P b= AN
Real Values vs. Prediction Values Fa““D::"‘[::::‘G'aP*‘ soor Real Val redictions (ExtraTre
EXTRATREES At ) foo! 1 f‘ ﬂ ;fﬁ MNE\ il
S, . \*ﬁm f‘ﬁa{‘f‘ﬁ’kr ﬂy ﬁb | uﬂh* ol
) I Foom ¢ } |
N . = L L

algorithms used in predicting the loss of life in the Istanbul
earthquake scenario using ML. Table 3 shows the training

and test graphs, prediction error distributions, prediction

and accuracy graphs and validation graphs of the most

successful and least successful algorithms of the models

trained to predict the loss of life in the earthquake scenario
for Istanbul with ML. In the training and test graph, a linear
line graph is expected for successful training. In the test and

training graphs of the ExtraTrees Regressor algorithm,

there are some values that break the linear line. However,
in the GB Regressor algorithm, it is seen that this graph
forms a linear line graph. In the error distributions graph,

it is expected to see distributions that do not difter as much

as possible. In the ExtraTrees Regressor algorithm, the
error distribution graph of the GB Regressor algorithm
concentrates almost all of them at the 0 point with a

100

tolerance of 1le-8, while the false predictions of 0.003 are
seen at different frequencies. This clearly demonstrates the

prediction success. In the prediction and accuracy graph, the

blue lines show the actual values, and the orange lines show
the values predicted by the model. What we want to see
in this graph is the overlap of these two different colored
lines. In the ExtraTrees Regressor algorithm, the blue and

orange lines overlap, but not perfectly. On the other hand,

in the GB Regressor algorithm, only orange colors are seen
in the graph with two different colors. This proves the high

accuracy of the prediction.

According to Table 4, the performance of the models
trained using four different algorithms (GB, AdaBoost,
RF and ExtraTrees) is evaluated. MSE, MAE, RMSE, R?

and Accuracy metrics were commonly used. The GB model

performed the best, achieving very low error rates in MSE,
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MAE and RMSE values. The r? value of 0.99 indicates a
very high explanation rate. Moreover, the accuracy rate is
also very high at 99.99%. Although the AdaBoost model
has slightly higher error rates in the other metrics, it still has
a very high R?value and an acceptable accuracy rate. The RF
and ExtraTrees models have higher error rates and lower R?
values. These models were less successful compared to GB

and AdaBoost.

3.4. Trainings Conducted for the Number of Shelter
Needs and Results

As can be seen from Table 5, the GB Regressor algorithm is
quite successful in the Real Values and Prediction graph and
in the predicting graph. In addition, although it looks like a
scattered column graph in the Error distribution graph, the
tolerance multiplier value is quite low compared to other

algorithms.
Table 4. Metrics for estimating possible casualties.
Algorithm MSE MAE RMSE R? Accuracy
GB 2.366194013919057e-16 | 1.1559507427903762¢-08 | 1.538243808347382¢-08 0.99 99.99
AdaBoost 1.561541483737388¢-08 | 0.0001048052560926842 | 0.00012496165346766937 | 0.99 86.54
RF 3.99632097624034¢-08 | 0.00010438015990870665 | 0.00019990800324750234 | 0.97 86.41
ExtraTrees 1.9283873995273218e-07 | 0.0001937100020273874 | 0.0004391340796985952 | 0.87 71.82
Table 5. Graphs for estimating the number of people who will potentially need shelter.
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Table 6 evaluates the performance of models trained
with four different algorithms (GB, REF, ExtraTrees and
AdaBoost). Again, various metrics such as MSE, MAE,
RMSE, R? and Accuracy are used. The GB model has
very low error rates and shows high performance in other
metrics. In particular, the R?value of 0.99 represents a very
high explanation rate. The accuracy rate is also quite high
at 95.03%. RF and ExtraTrees models show increased error
rates and decreased R? values. They perform slightly lower

compared to the GB model. The AdaBoost model has
higher error rates and lower R? values compared to the other
algorithms, and its accuracy is significantly lower than the
other models.

3.5. Trainings Conducted for the Number of Treatment
Needs in the Hospital and Results

As can be seen from Table 7, the ExtraTrees Regressor
algorithm is quite successful in the Real Values and

Table 6. Metrics for estimating the number of people who will potentially need shelter.

Algorithm MSE MAE RMSE R? Accuracy
GB 5.907810132908763e-06 | 0.0016719927767314552 | 0.0024305987190214604 | 0.99 95.03
RF 0.00011401742245214174 | 0.005899589280678199 0.010677894101935164 | 0.93 84.83
ExtraTrees 0.0008459893248166345 0.00980782252598891 0.029085895633736886 0.70 74.49
AdaBoost 0.00035198198721687386 | 0.012938087377026323 0.01876118299086904 0.75 50.22

Table 7: Graphs for estimating the number of people who will potentially require hospital treatment
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Table 8. Metrics for estimating the number of people who will potentially require hospital treatment.

Algorithm MSE MAE RMSE R? Accuracy
ExtraTrees 2.917018737514533e-07 | 0.00022766724876766196 | 0.0005400943193104823 | 0.97 92.57
RF 1.4933443438588122¢-05 | 0.0008048125853343117 | 0.0038643813785117173 | 0.70 72.05
GB 1.3869019221264514e-06 | 0.0005328583098645869 | 0.0011776680016568554 | 0.97 55.25
AdaBoost 2.221970996035838¢-06 | 0.0008394849115527844 | 0.0014906277187936086 | 0.91 51.80

Prediction Values graph. In addition, although it looks like a
scattered column graph in the error distribution graph, the
tolerance multiplier value is quite low compared to other
algorithms.

Table 8 shows the performance of the models trained
with four different algorithms (ExtraTrees, RF, GB and
AdaBoost). Again, various metrics such as MSE, MAE,
RMSE, R? and Accuracy are used. The ExtraTrees model has
very low error rates and a high R? value. The RMSE value
is also quite low. This indicates that the model explains the
dataset well and makes accurate predictions. The accuracy
rate is also high at 92.57%. The RF model has higher error
rates and lower R? value compared to the other models.
However, its accuracy is still acceptable (72.05%). The GB
and AdaBoost models perform moderately in terms of error

rates and R? values. However, their accuracy rates are lower
than the other models (55.25% and 51.80%).

According to the performance metrics given in the tables,
the GB algorithm is superior to the other algorithms. This
superiority is especially evident in metrics such as MSE,

MAE, RMSE, R? and Accuracy.

One of the main reasons behind the success of the GB al-
gorithm is that this algorithm has a structure that iteratively
corrects errors. By correcting the errors at each step, GB im-
proves model performance and can produce more accurate
and generalized results. This iterative learning process allows
the model to better learn the complexities in the dataset,
resulting in lower error rates and higher accuracy rates. In
terms of practical applications, a model with low MSE and
RMSE values can make more accurate predictions, which
can reduce the cost of error. A high R? value indicates that
the model is better able to explain the variability of the data
set, which increases model reliability. In line with this analy-
sis, it is clear why the GB algorithm is more successful espe-
cially in our dataset. Therefore, it is recommended to prefer
the GB algorithm for similar problems.

Karaelmas Fen Miih. Derg., 2024; 14(3):95-105

4. Discussion and Conclusion

Istanbul, as Turkey’s largest metropolis, is notable for its
dense population and cosmopolitan structure, yet it faces
significant earthquake risks due to unplanned urbanization
and a high proportion of structurally unsound buildings.
This study utilized various ML techniques to predict
potential casualties, the number of people requiring hospital
treatment, and the number of people needing temporary
shelter in the event of a potential magnitude 7.5 earthquake
occurring during nighttime in Istanbul. The dataset used in
this analysis was a composite set enriched with data obtained
from the Istanbul Metropolitan Municipality Open Data
Portal and the TUIK.

'The dataset includes diverse features such as neighborhood-
based building counts, distribution of buildings according
to their construction years, and structural damage rates.
These features are critical for understanding the potential
outcomes of earthquake scenarios and planning necessary
measures during model training.

The modeling process employed algorithms like GB,
AdaBoost, RE, and ExtraTrees, evaluating each algorithm’s
performance using metrics such as MAE, RMSE, and the
R?. Results indicate that the GB algorithm outperformed
others byachieving lower error rates and a high determination
coeflicient, signifying its ability to model the dataset with
high accuracy and close proximity to true values.

When compared to the literature, similar studies also
demonstrate the potential of ML approaches to successfully
predict earthquake outcomes. While these studies provide
significant insights, our study contributes uniquely by uti-
lizing a hybrid dataset specific to Istanbul, which integrates
neighborhood-based building counts, construction year dis-
tributions, and structural damage rates. Unlike the afore-
mentioned studies that primarily focus on broad regional
datasets or specific technical methods, our research empha-
sizes the application of multiple ML algorithms (GB, Ada-
Boost, RF, and ExtraTrees) on a localized and context-spe-
cific dataset. This allows for a more nuanced understanding
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of earthquake impacts in an urban setting like Istanbul. Fur-
thermore, our approach highlights the practical implications
for urban disaster preparedness and management, providing
actionable insights for policymakers. Compared to previous
studies, our work stands out in the following ways:

* Localized Dataset: The use of a hybrid dataset specific
to Istanbul, incorporating detailed local attributes not
commonly found in broader datasets.

e Algorithm Comparison: A comprehensive comparison of
multiple ML algorithms on the same dataset, providing
a clear evaluation of their relative performance.

* Practical Implications: Direct applicability to urban
disaster management and preparedness in Istanbul,
offering specific recommendations based on the findings.

These aspects of our study offer a valuable contribution to the
existing body of literature, addressing the need for localized
analysis and practical applications in disaster management.

'This study utilizes a dataset specific to the Istanbul province.
Future studies aim to conduct similar analyses in other
regions of Turkey or in other earthquake-prone areas around
the world. This will help assess how the proposed models
perform under different geographical and demographic
conditions. Additionally, it is intended to test new and
emerging ML and deep learning techniques on the current
topic, alongside the existing algorithms.

In conclusion, this study contributes to understanding
the possible damages a major earthquake could cause in
Istanbul and assists in planning to mitigate these impacts.
'The findings provide valuable insights for policymakers in
enhancing urban transformation and disaster management
strategies. Future research could extend similar modeling
to different regions, further improving earthquake risk
management and emergency preparedness.
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On Convergence in Quaternion-Valued g-Metric Space

Kuaz‘erm'yon Degerli g—Mez‘ri,% Uzayda Yakinsakhk Uzerine
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!Siileyman Demirel University, Faculty of Science, Department of Mathematics, Isparta, Tirkiye
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Abstract

This study presents and investigates the notion of convergence for double sequences in the quaternion-valued g-metric space, as well as
a review of certain fundamental features. Moreover, statistical convergence in this context is examined and defined in detail. The final
section, focusing on the relationship between the statistical convergence of quaternion-valued g-metric spaces and strong summability,

delves into this connection and discusses its implications.

Keywords: Generalized metric spaces, quaternion space, statistical convergence, strong summability.

Oz

Bu makalede, kuaterniyon degerli g-metrik uzayda ¢ift dizilerin yakinsama kavrami tanitilip incelenmekte, bazi temel 6zellikler de ele
alinmaktadir. Ayrica, bu baglamda istatistiksel yakinsama ayrintili olarak incelenip tanimlanmaktadir. Son bélimde ise, kuaterniyon
degerli g-metrik uzaylarin istatistiksel yakinsamas: ile gliglii toplanabilirlik arasindaki iligkiye odaklanilmakta ve bu baglantinin

sonuglar tartigitlmaktadr.

Anahtar Kelimeler: Genellegtirilmis metrik uzaylar, kuaterniyon uzay, istatistiksel yakinsaklik, gticli toplanabilirlik.

1. Introduction

Fast (1951) conducted the first study on statistical
convergence. Three individuals, Tripathy (2003), Mursaleen
and Edely (2003), and Moricz (2003), each separately
pioneered this field of study on statistical convergence in
double sequences.

A distance function or metric expands on the concept of
physical distance in mathematical analysis. Large and
complex datasets provide a number of issues, hence Khamsi
(2015) suggested a number of methods to expand this idea.
A 2-metric, as proposed by Gihler (1966), is a more general
version of the standard metric, although further studies have
not found a connection between these functions. Ha et al.
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(1988), for example, showed that a 2-metric does not always
show continuity with regard to its variables. These results led
to Bapure Dhage’s (1992) doctoral research on a new class
of generalized metric spaces known as D-metric spaces.
Determining these spaces’ topological characteristics was
the goal of Dhage (1992), and it proved essential for later
studies in this area. However, studies by Mustafa and Sims
(2003) and Naidu et al. (2005) have pointed out inaccuracies
in many foundational claims regarding the basic topological
characteristics of D-metric spaces, thereby undermining the
validity of numerous results obtained in this area.

Mustafa and Sims (2006) pioneered the concept of G-metric
space, whereas Choi et al. (2018) generalized this concept to
degree /.

Let’s review some basic symbols used in quaternion spaces.
The quaternion space, denoted as H, consists of four-
dimensional real algebra with unity. The zero element of H is
represented as 0y, and the multiplicative identity is denoted
as 1,. Within H, there are three specific imaginary units
referred to as 4, , 4. These units are defined by the following
relationships:
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P=f=k=-1ij=ji=hjk=—kj=iand ki = -ik = .

For each quaternion p =y, + y,i + y,/ + y,k; where y,, y,, 5,
and y, are real numbers, the elements 1, 4, /, % are considered
as a basis for the real vector space H. Given p =y, + y,i + y,7
+ 3,4 € H, we recall that:

() p = Yo~ ii - 957 - ysk is the conjugate quaternion of p,
(i) | p|=/pp = /vityi+yityi €

(iii) Re(p) = 5 (0 +p) = yo € R

(iv) Im(p) = %(p —p)=yii+y.j+y:k is the imaginary
partof 0.

When p = Re(p), the element p € H is termed as real. It is
evident that p is real only if and only if p=p.If p=—p

or p =1Im(p), p is considered imaginary.

'The idea of a complex metric space was introduced by Azam
et al. (2011) in the following way.

Definition 1.1. Assume that X is a nonempty set and that
de:X X X — C is a mapping satisfying the following criteria:
(i) 0 < dc(t,,t.), for all t,,t, € X and d.(t,,t,) = 0 if and
onlyif t; = t,,

(ii) de(t),t.) = de(to,t) forall ty,t, € X,

(111) dC(tl,ﬂ:Z) j dc(tl,ﬂ:}) + dc(f[;,f[z) fOf a]l ﬂ-,l, tz, f[g E X .

As a result, we refer to the pair (X, d.) as a complex metric
space.

Ahmed et al. (2014) broadened the preceding definition to
encompass Clifford analysis in the subsequent manner:

Definition 1.2. Assume that X is a nonempty set and that
du:X X X — H is a mapping satisfying the following criteria:
(1) 0 < dH<f[1,It2), fOI' all ﬂ:l,ffz (S X and dy(ﬂ:],f[z) = 0 ifand
onlyif t, = t,,

(11) dH(ttl,ﬂ:z) = dH(f[z,ﬂl]) fOI' all f[l,ftg E X ,

(i) du(t),t2) < du(ty,ts) + du(ts,ts) forall ty,ty, s € X

Therefore, the pair (X,d.) is termed a quaternion-valued
metric space.

Ahmed et al. (2014) defined a partial order < on the space
H (set of all quaternions).

Let pi,p. € H, then p: X p, if

and only if Re(p:) < Re(p.) and

Im,(p)) < Im,(p>),p1,p0. € H,s = i,j,k where

Im m; = b,Im m; = ¢,Im m; = d. It was noted that
p1 = P2, if any of the following conditions hold:
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(i) Re(p1) = Re(p2), Im,,(p,) = Im,, (p.) where
S =j,k,Im,-(p1) < Im,(p2),

(ii) Re(p1) = Re(p2), Im..(p)) = Im..(p,) where
s2=J,k,Im;(01) < Im;(p2);
(iii) Re(p1) = Re(p>), Im,,(p,) = Im,,(0,) where
s3 = J,k,Im(p)) < Im,(p>);
(iv) Re(p)) = Re(p,), Im,,(p,) = Im,,(0>),
Im m:(p,) = Im;(p.);
(v) Re(p)) = Re(p,), Im,,(p,) = Im,.(0>),
Im m,(p,) = Im m,(p.);
(vi) Re(p1) = Re(p.), Im,.(p)) = Im,,(p.),
Im m.(p,) = Im m(p-);
(vii) Re(p1) = Re(p,), Im,(p1) < Im,(p2);
(viii) Re(p1) < Re(p.), Im,(p1) = Im,(p,);
(ix) Re(p)) < Re(p.), Im, (p)) = Im, (p,),
Im,(pl) < Imi(ﬂz)?
() Re(p1) < Re(p,), Im,.(p)) = Im,.(02),
Im m;(p) < Im m,;(p>);
(xi) Re(p)) < Re(p»), Im,, (1) = Im,,(02),
Imi(p) <Im m(p-);
(xii) Re(p1) < Re(p.), Im,, (0,) < Im,,(0),
Imi(p)) = Im m:(p-);
(xiii) Re(p1) < Re(p,), Im..(01) < Im..(0>),
Im m;(p,) = Im m;(p.);
(xiv) Re(p:) = Re(p.), Im,.(p)) = Im,,(0.),
Imi(p)) = Im(py);
(xv) Re(p.) < Re(p2), Im,(p)) < Im,(0.);
(xvi) Re(p1) = Re(p2), Im,(p1) = Im,(m,).
Specifically, we denote 01 5 p, if pi# P, and any one

of conditions (i) to (xvi) is satisfied, and p, < p, if only
condition (xv) is satisfied.

Remark 1.1. It is important to emphasize that
pr=p=|pi[=[p:].

Inspired by the research of Ahmed et al. (2014), Adewale et
al. (2019) proposed the following definition.

Definition 1.3. Let G%X X X X X — H be a function that
meets the following conditions, and let X be a nonempty set,
H a collection of quaternions:

(i) G°(a,B,0) =0 ifand onlyif @ = B = g,
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(i) 0 < G%(a,a,B), vVa, B € X, with a # B,
(i) G%(a,a, B) X G, B.p). Vo, B, € X, with g # 3,
(iv) G%(a, B, ) = G*(B,g,0) = G*(at, 0, B) = -+ (

symmetry),

(v) A real number m > 1 exists such that

G%(a, B, ) 2 mlG°(a,y,y) + G° (v, .91,

vy, a,B,0 €X

The GY-metric space is therefore represented as (X,GY),
and the function G¥ is referred to as a quaternion G-metric.
When each Cauchy sequence in a G“-metric space
converges under G, the space is said to be complete. The
following extends the concept of G-metric space to degree /.

Definition 1.4. Assume that X is a non-empty set. If a
function g:X""' — R" satisfies the following requirements,
it is defined as a g-metric space with order /on:

(1) g(to,ﬂ:l,ﬂ:z,...,ﬂ:[) = 0 IH f[o = ﬂ:1 = "’f[],

(ii) g(ﬂ:o,ﬂ:l,tz, ey t) = g(f[o(o), tow, tow, -~--,f[o(1>) for
permutation O on {O, 1,2,...1},

(111) g(f[o,ftl,ffz,...,ﬂZI) < g(Vo,Vl,Vz,...,V[) for each

(ﬂ:o, f[h ﬂ:Z’ ceey ﬂ:1)9 (VO’ Vi Vayeaey ff[) S Xl+1 Wlth
{tzi=0,1,.1} S{v;:i=0,1,..1},

(iv) For each to, ty, ..., t,, Vo, V1,...V;, 2 € X with
n+3+1=1I

g(to, t,ta, ..., Ty, Vo, Vi, Va,...,Vy)

< g(to, i, o, .,y ttytty ooy tt) + g(Vo, V1, Vo ooty Vi U, U, .., 1)

A g-metric space of degree is designated for the pair

(X,8). When [ = 1,2 it corresponds to a metric space and a
G-metric space, respectively.

Recall that a subset 7" of the set of natural numbers, N
possesses a “natural density” 8 (7) if it fulfills the subsequent
conditions:

(1 =limy|{n<v:neT}|.

The sequence t = (t,) considered statistically convergent to
number L if, for every ¢ > 0

lim & {n < vt,~L|> 0} |= 0,

and «x is termed a statistically Cauchy sequence if, for all
0 > 0 there exists a number Q = Q(€) so that

L,Lrg%\{nfv:\tn—tglze}\Z 0.

Abazari (2021) provided the following definition.
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Definition 1.5. Let p € N and define
T(a) ={(ro,r1,72..1,) < (@ € N):(ro,r1,15,...7,) € T}

'Then, the p- dimensional asymptotic (or natural) density of
the set 7'denoted by &, (7) is defined as:

80D = lim 22 ().

Now, we recall the definition of quaternion-valued g-metric
space in this section, along with some fundamental

characteristics (see, Jan and Jalal (2023)).

Definition 1.6. Assume that X is a non-empty set. A
function gu: X' — H (where H is the space of quaternions)
is called quaternion valued g-metric space with order p on X
if it satisfies the following criterias :

(i)gu(fﬁn,f[],f[z,...,f[p) = Oifandonlyiff[o =t == {[p,

(i) gu(to,ti,ta, ..., tp) = gutow, tow, tows ..., tor) for
permutation 0 on {0,1,2,..p},

(111) gn(ff(),tl,ffz,...,f[p) < gu(Vu,V],Vz,...,Vl;)

for all (ﬂ:o,fﬁ,ﬂ:z,...,ﬂ;/)), (Vo,Vl,Vz,..., Vp) & Xp+1
with {t:7 = 0,1,..p} & {vai = 0,1,...p},

(iv) For all to, t1,..., T, Vo, V1yeeny Vo, 0 € X withm+
3+1=p

gu(to, b,y Ty vo, vi,...vy) X gu(to, i, oy by v, v, .00)
+2u(Vo,Viy., V1, v.00)

We call the pair (X,g]-[) a quaternion-valued g,,-metric
space of degree p. When p = 1 and p = 2, respectively, it
corresponds to quaternion-valued metric space and
quaternion-valued G-metric space.

The following theorem demonstrates that quaternion-
valued g-metrics extend the concepts of quaternion-valued
metric and quaternion-valued G-metric.

Theorem 1.1. Assume X is a given, non-empty set. The
following claims are true:

(a) d,, is a quaternion valued g-metric of order 1 on X'iff 4,
is a quaternion valued metric on X.

(b) G, is a quaternion valued g-metric of order 2 on Xiff G
is a G-metric on X with quaternion values.

These criteria are equivalent to those of metric spaces with
quaternion values and G-metric spaces with quaternion
values. As a result, quaternion-valued metric and quaternion-
valued G-metric spaces are equivalent to quaternion-valued
g-metrics of order 1 and 2, respectively.

Karaelmas Fen Mih. Derg., 2024; 14(3):106-114
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Proposition 1.1. Consider (X, gu) and (X, g as quaternion
g-metric spaces. Quaternion-valued g-metrics on X are the
tunctions indicated by du, are.

(1) dl—[(f[o,f[l,...,ﬂ:p) = gﬂ(to,ﬂ:1,...,tp) +§”(f[o,f[1,...,f[p)
(2) dﬂ(to,ﬂ:l,...,tp) = @(d]—](f[o,ﬂ:],..-,f[p)) WhCI'C Q is a

function on H

(i) @ is increasing on Hi;

(i) @ (0) = 0;

(iii) P(t+v) XD (t) + D(v) forall t,ve H

Example 1.1. (Discrete quaternion valued g-metric space)
Consider a nonempty set X. Define du: X""' — H as follows:

0, ifto=t, =-=t,

du(to, t,,..t,) = '
(tot,...tp) {1, otherwise.

for all to,ti,...,t, € X . This function du represents a

quaternion-valued g-metric on X.

Theorem 1.2. On a nonempty set X, let (X, gu) represent a
quaternion-valued g-metric of order 7. The following claims
are accurate:

1.gu (f[, by, ...,y> < gu (f[, v, ...,v> +gu (ﬂ:, by, ...,y),
—— —— ——

7 times 7 times 1 times

2. gu (ft,...,ft,v,...,v) < ngu(t,v,..,v) and

1 times

gH<t,...,¢, v,...,v) <(n+1-n)gu(v,t,...t),
N

1) times

3. gH(ﬂ:O,ﬂ:l,-n,ﬂ:H) =< ZT:OgH(ﬁi,V,u-,V),
4. gutv,. . ) XA+ =D+ 1-=m)gu(t,. . tv, . .,v).
Nl

1 times
Definition 1.7. Let (X,gu) be a g-metric space with
quaternion values.

(i) Any point t, € X is said to be the interior of a set
A C X, if there exists ¢ € H:0 < ¢g such that

B (to,q):={y € X1 gu(to,y,y,..y) < q} C A.

(i) When every point in subset 4 is an interior point in
subset 4, then A is said to be open in subset X.

Here, we investigate the notion of convergence for double
sequences in the context of g-metric spaces with quaternion
values and discuss some of their basic characteristics. This
study is significant as it extends the traditional framework of
metric spaces by incorporating quaternion values, which are
essential in various applications such as signal processing,
control theory, and three-dimensional computer graphics.
We meticulously examine statistical convergence within this
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context, providing a detailed definition and analysis. By doing
so, we contribute to the mathematical foundation necessary
for advanced theoretical research and practical applications
in areas where quaternion-valued functions are prevalent.
Furthermore, our investigation culminates in the final
section, where we explore the intricate relationship between
statistical convergence in quaternion-valued g-metric spaces
and the concept of strong summability. This exploration not
only connects theoretical concepts but also sheds light on
their practical implications, offering new insights and tools
for researchers and practitioners working with complex
multidimensional data structures. The results of this study
can potentially lead to new methodologies and algorithms
that improve the efficiency and accuracy of computational
processes in various scientific and engineering fields.

2.New Concepts

This section defines quaternion valued g-metric space and
goes over some of its fundamental properties.

Definition 2.1. Assume that (X,g..) is a quaternion valued
g-metric space, t € X is a point and {t,u, truy ..oy by } S X
is a sequence. {ftml,f[m,z,...,ft,,,u,,}gH -converges to t denoted
by {f[,,u,,ft,z,u, ...,It,,,u,,} 2t if for every 0 < g € H there exists
N € Nsuch that

rl,rz,--.rp 2 N,ul,uz,-..up Z N = gH(ﬂ:a ﬂ:nunﬂ:rwza--', ﬂ:r,;u,;) < q

In such asituation, {ftm“, Trauzy oons ftw,,} is called gu-convergent
in X and t is said to be gu-limit of {ftm,ﬂ:,m, ...,ft,,,u,,}.

Definition 2.2. Let (X, gu) be a quaternion valued g-metric
space. Let t € X be a point and {t,.u, Lo, e} S X be
a sequence. {t ., ..., L, } is called gu-Cauchy if for all
g € H,0 < ¢, there exists N € N such that

To,Fiy T2y Fp = Ny, Ui, U, Uy = N

= gu(Crowo Cries Trass oons Tr,) < G

Definition 2.3. Assume that (X,gu) is a g-metric space
with quaternion values. If all gu-Cauchy sequence in (X, gu)
is gu-convergent in (X, gu), then (X, gu) is complete.

Proposition 2.1. The following claims are accurate:

(a) In a quaternion valued g-metric space, the limit of a gu
-convergent sequence is unique.

(b) In a quaternion valued g-metric space, every convergent
sequence is a gu Cauchy sequence.

Proof. (a) Assume that (X,gu) is a quaternion valued
g-metric space and {t,u,, triss s L, } © X . By Definition 2.1
for 0 < g € H, there exists /V, and NV, such that
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gH(ayﬂ:rmn trzuzw"s f[»‘pu,.) '< W+ 1 fOr all
Tty .ty > N, M],MZ,...M,; > N,
gH(ﬁ, ﬂ:rluuﬂ:rzuz, ﬂ:r,u,) < fOf all
Fi,ray .1y > Nz, U,Uz,...Up > Nz.

Set N =max{N,, N.}.If m,n >N, then by the condition
(iv) of definition 1.6 and Theorem 1.1, it follows that

‘ gn(a,ﬁ,ﬂ,n,ﬁ) ‘ S ‘ gH(a9fLmn, ftmmn, f[mn)
+‘ gH(ﬂ:mmﬁ,ﬂ,n,ﬁ) ‘ S ‘ gH(a,ﬂ:mn,tmn, ,f[mn)

+W‘ gﬂ(ﬁgﬂ:mn,tmn,--,tmn) q Wq

w+1+w+1_q

Since 0 < g € H is arbitrary, gu(ot, 3,0,..,8) = 0. Hence

o=p.

(b) Assume that (X,gu) is a quaternion valued g-metric
t, u,} C X is a sequence that

for all {rl,rz, r,,} > N and

space and {t,u., Lrss ey

gH(f[ f[nuu 22y . f[r,.u,) -<
{L{],L{z, u } > N.

Following from Theorem 1.2 and quaternion valued
g q
g-metric space’s monotonicity requirement,

.y r,u,) < Zgﬂ(ﬂ:nm,f[ f[) _qi_ 1 == q
st} is gu-Cauchy in (X, gH)

gl—I ({[mum {[mu\, f[rzuz,
’I}‘lus, {t?‘lllli f[rzm’

Proposition 2.2. Assume that (X, gu) is a quaternion valued
g-metric space and {t.., b, by} is 2 sequence in X.

Then {f[r,u.,ttrg,,z,...,ftrw} converges to t iff

‘ gH(t, ﬂ:nuu f[:rzuza weey ﬂ:r,‘u,‘)
{u,us,..u,} — oo.

—0as {r,r,..r,} — oo and

Proof. Suppose that {ftm,ﬂ:mm...,ft,,,u,,} converges to t.

Assume ¢ = %+ i%+j%+k% and a real number @ > 0

. Thus, 0 < g € H and there is natural number NV such that
gu(t, L Loy s £,) 1< g | =@ for all {ri,r,.r,} >N

and {ui,us,..u,} > N. Hence | gu(t, tou, trusy ey L) [ — 0
as {ri, 7.1} — 00 and {ui, s, .., } — 0.
Conversely, suppose that | gu(t, t,u, L, ..oy t0,) | — 0 as

{ri,rs..r,} — oo and {u,, us,...u, } — oo. Then, given g € H
with 0 < g, there is a real number & > 0, such that, for
heH,

|h|<d=h<gq.

For this &, there is a natural number N such that
‘gH(ﬂ:,ﬂ:rmn ﬂ:rzuz,u-, ﬂ:rﬂu,,) < 5 for 3.11 {r],rz,...r,;} > N and
{u,us,..u,} > N. Implying that gu(t, b, tr s t0) < ¢
for all {r,r,..r,} >N and {ui,us..u,} > N, hence
{[nuntrwza“'a

tr,,u,,} converges to .
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Proposition 2.3. Assume that (X, gu) is a quaternion valued

g-metric space and {7, lru -l b 1S @ sequence in X.

’__[‘hen {tmm, [rzuza ()
‘ gH(ft, tﬂlﬂa ﬂ:rzuza (A
Proof. Suppose that {tu,tum,.,

. Assume q=%+i%+j%+k% and a real number

t,-,,,,,,} is a Cauchy sequence if and only if
f[r,m,,) | — 0 as ri,ui, o,z ...y, U, — Q.

t,.} converges to t

0> 0. Thus, 0<g€H and there is natural number
N such that gt Trurs Ly ooy Tr0,) < g for all
{roro.r,} >N and  {ui,us..u,} > N. ‘Therefore,
| g1 (s s Loy s ) | < | ¢ | = 0 forall {ri,ry.r,} > N

and {M],uz,...u } > N. Hence ‘gH(tmuu’ trmutrzuz’--~7tr,,u,;) | -
as {rl,rz,...rp} — oo and {M],Mz,...l/ip} — 00 .
Conversely, suppose that | gu(tru, trus tru, ooy tr,) |~ O as

{ri,rs..r,} = 00 and {u\,us,..u,} — 0. Then, given g € H
with 0 < g, there is a real number & > 0, such that, for
heH,

‘h|<5=>h<q.
For this &,

there is a natural number N such that
| g1t (s By Eraiy eoes ) | < 8 for all {ri,ry.r,} > N and
{u,us,..u,} > N.Implymgthatg..(ftmm,, iy Craus woos Try) < G
for all {r,r,..r,} >N and {u,u,..u,} >N, hence

{[mm tr:"zv ooy

Definition 2.4. Assume that (X, gu) is a quaternion valued
g-metric space and 0 < ¢ € H is given.

(1) Aset A C X issaid to be ¢, gu-net of (X, gu) if for t € X
, there exists a € A such that t € Byu(a,q). A set is referred
to as finite ¢, gu-net of (X, gu) if it is finite.

[} is 2 Cauchy sequence to t.

(i) A quaternion valued g-metric space (X,gu) is called
totally gH-bounded if for all 0 < ¢ € H there exists a finite
q,8n -net.

(iii) If a quaternion valued g-metric space (X, gu) is complete
and totally gu-bounded, it is referred to as gu-compact.

Definition 2.5. Let (X,gu) and (X,gu,) be quaternion
valued g-metric spaces. A mapping 7:X, — X, is said
to be gu-continuous at point t € X, provided that for
each open ball B,, (T(x),q) there exists an open ball
B, (x,8) € B, (T(x),q).

3. Statistical Convergence of Double Sequences in
Quaternion Valued g-metric Space

In this section, we introduce statistical convergence for
ouble sequences in quaternion-valued g-metric space an
doubl ter alued tr d

give several key characteristics.
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Definition 3.1. Let (X, gH) be a quaternion valued g-metric
space, t € X be a point, and {tes} € X be a sequence.

(i) {tos} statistically converges to t if for each ¢ < H with
0<q such that

al}{n (Otﬁ)” {((r1, 720 s 1), (Ui sy ..y t) ) € N7 X N7,
FioFayeby < OL UL Us, ... Uy

S ﬁ(a7ﬂ € N)‘ 8u (t f[mus f[fzuzy ey f[r,m,;)

and denoted by gH(Nt)— llm{f[,.,,., i e
{f[ ﬁ}gH(m

(ii) {tes} is said to be statistically gu-Cauchy if for every
q € H with 0 < g, there exists r,, u, < H such that

>1ql}|=0

=1

al}srf},o(aﬂ)”‘ {((rl,rz,...,rp),(ul,uz,...,u,,)) e N?” x N7,
iy, ra,.. rp SS a,u1,u2,...,up
ﬂ:rzuzs ey ﬂ:r,,u,,) =| q |} ‘ =0

(X,gH) is called a complete quaternion valued -metric
space.

(iii) {tas} is bounded if there exists a positive
number M such that ‘ {7 S ‘ <M forall

{(rl,rz, ...,rp),(ul, Uy ..., Mp)}.

'The set of all bounded sequences will be represented by (...

Theorem 3.1. If a sequence {tos} is statistically convergent
in (X,gH) then gH(Nt) — lim(tap) is unique.

Proof. Suppose that {t.s} statistically converges in (X, gH)
.Let gH(Nt)— lim(t.s) = ¥: and gH(Nt) — lim(tos) = -
Given € > 0 and 0 < g € H, let

e .0 .0 0
q_4p+l4p+]4p+k4p'

Define the following sets as:

Kl (Q) = {((rl,]"z,...,r,,),(l/l],l/iz,...,lxlp)) & Np X Np,
TisFoyein ¥y S O U Uy Uy <

,B(O(,,B S N)‘ gH(Yl,ﬂ:nuuﬂ:rzuza -~-aﬂ:r,,u,,) > ‘ q ‘ = %}’
K,(p) = {((rl,rz,...,r,,),(u,,uz,...,u,, ) e N”x N,
TisFayen ¥y SO UL Uy Uy <

ﬁ(a,ﬁ S N)’ gll (Yz,ﬂ:mu, ﬁ:rzug,..., ﬂ:r,,“/,> 2 ‘ q | = %}
Since gu(Nt)— lim (L0, trs ..., truy) = Y1, we have
6<K1(Q)) =0

Similarly gu (T]ﬂl) — lim(t,u, trwy s Trpe,) = Y, 1mphes
S(K»(p))=0
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Let K(p) =K (p)UK,(p). Then 8(K(p)) =0 and we
K°(p) is non-empty and O8(K°(p)) = 1. Suppose
{rl,rz,...,r,,},{ul,uz,...,up}e K°(p), then by Theorem 1.2,
we have:

gV Y o Yo ¥ | S| gu(Y iyt Ly s i)
+| gH(ﬂ:mn,'}/z,')/z,...,'}/z) ‘ < ‘ gH(Yl,f[,n,l,ﬂlnzn,...,f[mn)

have

+p| gH(’}/Z’ f[mru f[mm “eey ﬂ:mn) S | gH(Yh f[l‘lms f[rzuzy ceey f[:r,m,;)
+p| gH(’},Z, ﬂ:mun ﬂ:rzuz’ ceey ﬂ:rpu,.) S P| gH(Y],ﬂ:r.ul, ﬂ:rzuz, weey ﬂ:r,,u,,)
9| g1V or b b o br) | < ( 0 2“;) 0.

Since @ > 0 was arbitrary, we get gu(Y 1,72, Y2...,Y2) =0
therefore Y1 = 7..

Theorem 3.2. If gy — lim(t,s) = t, then
gu(Nt) — lim(tes) = t the opposite need not always hold.

Proof. Assume that gy — lim(t,s) = t. Thus for all
0 < g € H there exists N € N such that

Pty 2 Nttty tty = N = gu(t, b, thn, s thu) < g
'The set

A ={((r,rsy..r), (U1 s, ..., u,) ) € N” X N7,

FisFay oy < O UL U, . U,

<B(a,BeN)| gultstoutow .. t) | = q|=0}

- {(1,1), (292)9 (3a3)a---}pa
where ¢ = g +lg +](2? +k ,0(A(p)) = 0. Hence
gu(T]f[)—hm(ftaﬁ) =t.

The following example demonstrates that the reverse does
not have to be true.

Example 3.1. Let X=R and GuRXRXR—-H be a
quaternion valued G-metric space defined by
Gu(pipaps) =| 20— 25 |+ | 20— 20 |

+i(|zi =zt | +| zi — 2t [+ ]z = 27)

+j(|zh =2 |+ =z ||z - 23))

k(| zi— 23| +| 2 — 23|+ |5 —z23))

where v, = y6+y’)i+y6j+y6k for r=1,2,3. Let

¢ :{ , zfm,nisasquare

" 1, if not.
It is easy to see that gu (T]f[) — lim (t,.,) =
[(mn) e N\ m <a,n<B(a,BeN):lgu(l,t,.)I>1ql
=pI<yVmn
for every 0 > 0 and ¢ = g +lg +jg -Hce But {t,.} is
neither convergent nor bounded.

.0} be a sequence defined as

1, since
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Theorem 3.3. Allow (X,gu) to be the complete g-metric
space with quaternion values. A sequence {f[ag} of points
in (X,gu) is considered statistically g-convergent iff it is
statistically gu-Cauchy.

Proof. Assume gy — lim(tqs) = t. So, we have
0(A(p)) = 0, where

A) ={((ri,r2y 1), (Wi, s, ..
T, < O Uy, U, Uy

Vi,V ...
< B(a.B € N)| gultytu trus.ortr,) 1=|q|= %},
e, .e +kQ

whereq:%+iz+jz 1

u,)) € N” x N,

This implies that
S(AL(Q)) = {((rlar% --~rp)’ (M],Mz, ey

r,Ta,...

u,)) € N” x N,

Ty SO U U,y U,
< B(a,BEN)| gulty trus b s trn) | <[ q| = %} — 1
ky) € A°(p). Then

Let (jl,jz,...,jn),(kl,kz,...,
| g (t, ks Lty wenr i) | < 1@l = %

Let
B(0) = {((ri,ray.ry), (i, tay .oyut,)) € N? X N7,
TiyFayly < O UL U, .. Uy,

< B(a,BeN): t0) | = 0},
we need to show that B(p) C A(p) Let o, 8 € B(p). Then
| 9 (Eut0s ity vy Eivts Loy Loy eoey L) | = 0

and hence |y (£ b o )| = 5.

u, < B(a,BeN)e Ap).
tr,)| < O then

0 = g1 (Cjiess oty eoes intos Loty Lroiny wovs i)

= gH (ﬂ: ﬂ:rluu raU2y eeey ﬂ:r,,u,;) + (ﬂ:s ﬂ:_hkls ﬂ:izkz:- sy

0,0
<ty =e

which is not possible. Hence B(p) C A(p), which implies
that {f[nm,ftmz, ...,ftwp} is gu(Nt)-Cauchy.

f[jnkm f[n ury ﬂ;rzuzy seey

gn(f[j.k.,f[jzkz,m,

That is r,72,..7, < O Uy, Us, ...

Otherwise if | . (ft; L S,

ﬂ:in"n)

Conversely, suppose that {Itaﬂ} is gu(Nt)-Cauchy
but not gu(Nt)-convergent. So, there exists
(jl,jz,...,jn),(kl,kz,...,kn) € N” x N” such that
6(G(p)) = 0 where

G(p) = {((rl,rz,...r,,),(ul,uz,...,

TiyFayly < OL UL U, .. U,

< B(a,feN):

u,)) € N’ x N,

>0}

f[jqkm f[m ury ﬁ:"zuzs seey f[rpup)

gu(f[j.k., f[jzkz, ey
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and 8(D(p)) = 0, where

D) ={((ri,r2..r), (U, sy ..y u,) ) € NP X N7,
T Fayy < QUL U, .. U,

< B, BE NY| gu(ty b, by s ) | < %}

that is, §(D(p)) = 1.

Since

| @1 (Eikss Tt ooy Tty Ty Croiy wves T |

< 2 gt By B o ) | < 0

S| g B by ) | < 2

Therefore §(G°(p)) =0 that is 8(G(p)) = 1, which leads

the contradiction, since { T, Cruns ey Loy Erirs Eraios o Er, }
was gu(Nt)-Cauchy. Hence {f[aﬁ} is gn(Nt)-convergent.

4. Strong Summability

The relationship between gu-statistical convergence and
strong summability in quaternion valued g-metric space is
established in this section.

Definition 4.1. A sequence {tos} is called strongly p-
Cesaro summable (O <p< oo) to limit t in (X, gwn) if

5.3

rLr2,p=1 .
P

(gH (ﬂ:rmls ﬂ:r:uza seey ﬂ:r,,u,;, ﬂ:) 1)) = O

hma B T AN (aﬁ)p

and we write it as tes — t[C,gul,. Here, / represents the
[Cl,gﬂ]p—limit Of {ﬂ:aﬁ}.

Theorem 4.1. (a). If 0 < p < o0 and tes — t[Ci,gul,, then
{tos} is statistically gu-convergent to t in (X, gu).

(b).If gu-statistically convergent to t in (X, gu) and {tas} is
bounded, then tos — tIC1, gul,.

Proof. (a) Let

K(p) = {((7'1,7”2,~~~rp),(u1,u2,m,
T,y < 0L U U, ..y Uy,

<B(a,BeN)

Now since tu, sy ory Ty, —

u,)) € N’ x N,

) = 0}
f[[Cl,gH]p, then

8u (trmw, ﬂ:rguz, ceey

B

p! &
0« (aﬁ)”mz;, Z l(gu(ftm,‘ftm,...,
__p! z 2
(aﬁ) 1,12, rlzlf EKo(p) ur,uz ;M&KQ(p)
a B
+ X 2

rir2,.rp=1,ri€Ko(p) ur,uz,...,.up=1,u;€ Ko(p)

o' asa, B — B.

ﬂ:r,;up; ft) p)

(gH (tnu\y ﬂ:rznzs (] ﬂ:rpups f[) P)

(gH(ﬂ:mu, f[rzuz, weey ﬂ:r,;up, ﬂ:)p)

!
> ((fT;)pl Ko(p)
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!
That is, nmww«fW\ Ko(p)|= 0 and 8(K,(p)) = 0.

(b) Suppose that {ft,m,lt,-m,...,ft,,,u,,} is bounded and
statistically gu-convergent to t in (X, gu). So, for 0 > 0,
we have 0 (K,(p)) = 0. Since {f[,,u.,ft,-m,...,f[,,,,,,,} € (.., there
exists M > 0 such that |gu(t,.,thuy s brn, ) 17 <M. We
have

a B

p!
(ap)’ ,,,rz 2

2endp=1 w1,u2,. up=1

_p ¢ ;
-~ (ap)’ Z 2.

(gH (ﬂ:ruu, trwz, eeey ﬂ:r,,u,,, S) p)

(gH (ﬂ:rmu ﬂ:rzuzy (132 ﬂ:f‘pup’ S) p)

=1,rEKo(p) ur,uz,....up=1,ui & Ko(p)
p' o B
+—p Z Z (gH(f[rmnf[rzuz,-~~,ﬂ:r,,u,,, S)p)
(aﬁ) L2, rp= 1 €Ko(p) uruz,...up=1ui€Ko(p)
=U.(p) + U:(p),
where
a.p

|
Ul (Q) = (O{p—ﬁ)p Z (gll(f[mu, ﬂ:rzu:w"y ﬂ:r,,um S)p)

= L& Ko(p)
w2, ttp=1,ui & Ko(p)

and
a.p

U:0) =
()= 2
(aﬁ)p rLr2,rp=1,ri € Ko(p)
w12, ttp=1,ui & Ko(p)

(gl-[(thun trzuz, (] tr/)”[l’ S)p)'

Now if {ri,ra, .1, 5, {1, s, ..., u,} &E Ke(Q) then
U (p) < p”. For {r,r,..r,},{u,u,...u,y € K(Q),

we deduce that

UZ(Q) S SUP‘ gH(tnun f[mm ""f[rl’“l”f[) |<

P! Ko(p) |
(ap)’

as o, B — oo, since 8 (K(p)) = 0. Hence
f[nulatrzuza ---aﬂ:r,,u,, g t[Cb gH]

P! Ko(p) )
(af)”

=M -0

5. Conclusion and Suggestions

In this manuscript, we have introduced and explored
the concept of convergence for double sequences within
the quaternion-valued g-metric space, examining several
toundational properties. Furthermore, we have conducted a
detailed analysis of statistical convergence in this context,
aiming to provide a comprehensive understanding of
sequence behavior in this specialized metric environment.

The final part of our investigation has focused on the
relationship between statistical convergence in quaternion-
valued g-metric spaces and the concept of strong summability.
'This exploration has not only deepened our understanding
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of how sequences behave under statistical measures but
has also shed light on their summation properties within
this unique framework. These findings underscore the
intricate connections between statistical convergence and
summability, offering valuable insights into the nature of
convergence in quaternion-valued g-metric spaces.
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Tire (Izmir) Ilcesinin Atmosferik Polenleri

Atmospheric Pollen Grains in Tire (Izmir) District
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Oz

Bu ¢aligmada, 01 Kasim 2021 ile 31 Ekim 2022 tarihleri arasinda volumetrik yontem uyarinca “Lanzoni VPPS 2010” marka polen
yakalama araci kullanilarak Tire ilgesinin atmosferik polen konsantrasyonlarindaki aylik degisimler ortaya konulmugtur. Atmosferde
27 odunsu ve 15 otsu olmak tizere toplam 42 taksona ait polene rastlanmugtir. En yiksek polen konsantrasyonlar: Pinaceae %29.6
(6.969 polen/m?®), Cupressaceae/Taxaceae %25.8 (6.079 polen/m®), Quercus %11.2 (2.636 polen/m?), Olea europaea %10.7 (2.520
polen/m®), Morus %5.69 (1.332 polen/m?), Poaceae %4.43 (1.043 polen/m?), Urticaceae %1.45 (350 polen/m®) ve Plantago %1.31
(304 polen/m®) taksonlarina aittir. Havada toplam polen miktarlar1 en fazla olan aylarin sirasiyla Nisan %28.8 (6.775 polen/m?),
May1s %26.55 (6.254 polen/m?) ve Mart %26.22 (6.176 polen/m®) oldugu tespit edilmigtir. Havadaki polen konsantrasyonlar: ile
yagis miktari, sicaklik, riizgar hizi ve nisbi nem gibi atmosferik parametreler arasindaki iligkiler istatistiksel olarak ortaya konulmustur.
Tim bitki gruplarina ait toplam polen miktarlarinin sicaklik ve yagis parametrelerinden istatistiksel olarak nemli diizeyde etkilendigi
belirlenmistir (p<0.001).

Anahtar Kelimeler: Alerji, Tzmir, polen, sicaklik, yagis.

Abstract

In this study, between 01 November 2021 and 31 October 2022, weekly and monthly changes in atmospheric pollen concentrations of
the Tire district were revealed using the “Lanzoni VPPS 2010” brand pollen capture tool according to the volumetric method. Pollen
belonging to a total of 42 taxa, 27 woody, and 15 herbaceous, was found in the atmosphere. The highest pollen concentrations were in
Pinaceae 29.61% (6.969 pollen/m?), Cupressaceae/Taxaceae 25.8% (6.079 pollen/m?), Quercus 11,2% (2.636 pollen/m?®), Olea europaca
10.7% (2.520 polen/m?®), Morus 5.69% (1.332 polen/m?), Poaceae 4.43% (1.043 pollen/m?), Urticaceae 1.45% (350 pollen/m?) and
Plantago 1.31% (304 pollen/m?) taxa. It has been determined that the months with the highest total pollen amounts in the air are
April 28,8% (6.775 pollen/m?), May 26.55% (6.254 pollen/m®) and March 26.22% (6.176 pollen/m?), respectively. The relationships
between pollen concentrations in the air and atmospheric parameters such as precipitation amount, temperature, wind speed and
relative humidity have been revealed statistically. It was determined that the total pollen amounts of all plant groups were statistically
significantly affected by temperature and precipitation parameters (p<0.001).

Keywords: Allergy, Izmir, pollen, temperature, precipitation.
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1. Girig

Alerji; tibbi anlamda insan viicuduna normalde zararsiz olan
maddelere karg: bagka insanlarin géstermedigi sekilde im-
min sistemin farkli ve asir1 tepki géstermesi olarak tanim-
lanmaktadir. Ev tozu, akarlar, hayvan kili, kus tayd, rizgar,
glnes, bazi meyve ve sebzeler, penisilin, polen ve fungal
sporlar gibi canli ve canli olmayan partikiiller atopik bin-
yeli kisilerde ani agiri duyarlilik gosterebilmektedir. Insan
viicuduna solunum yolu, sindirim ve deri yollariyla girebi-
len fungal sporlar ve polen insanlar i¢in antijendir. Polenlere
karg1 olan alerji, alerjik rinit, alerjik konjuktivit, alerjik astim
ve akut Urtiker seklindeki semptomlara sebep olmaktadir.
Polenler mevsimsel alerjenler olarak bilinirler ve semp-
tomlar1 atmosferik yogunluklar: ile yiiksek bir korelasyon
gostermektedir (Samolinski vd. 1996). Havada uzun siire
kalabilme yetenekleri ve ¢apraz reaksiyonlardan dolay: tim
yil boyunca etkili olabilmektedirler. Semptomlarin siddetli
oldugu hastalarda psikolojik sorunlar ortaya ¢ikabilir (Bay-
bek vd., 2002). Ayrica, alerjik rinitin 6nemli sayilabilecek bir
sosyo-ekonomik yiiki vardir (Malone vd. 1997). Her pole-
nin alerjik hastaliklara neden olma potansiyeli birbirinden
farklilik gostermektedir. Bir polen ne kadar ¢ok IgE proteini
yapimina yol agiyorsa alerjenitesi o kadar yiiksek demektir.
Alerjenin immiin duyarlanmaya neden olan yani antikorla-
ra baglanan, 6zel bir aminoasit dizilimi gésteren bolimiine
epitop denir. Duyarli kisilerde ayni alerjen molekilinin
farkli epitoplarina yanit olusabilmektedir.

Polen proteinlerinin aminoasit dizilimlerinde familya, cins
ve tir kategorilerinde %80-90 benzerlik s6z konusu ola-
bilmekte ve bu benzerlikten dolay: da ayni epitoplara bir-
¢ok farkli polen baglanabilmektedir. Bu nedenle, epitopla-
ra farkli alerjenlerin baglanabilmesi de “capraz reaksiyon”
olarak tanimlanmaktadir. Havada uzun stire kalabilme ye-
tenekleri ve ¢apraz reaksiyonlardan dolay: tiim yil boyunca
etkili olabilmektedirler. Avrupada ve Kuzey Amerikada in-
sanlar Gzerindeki alerjik hastaliklarin oraninin %5-7 oldugu
rapor edilmigtir (Weiss 1993). Diger bazi tlkelerde ise bu
oranin; Finlandiyada %14, Fransada %6-18.5, Hollanda'da
%6.6, italya’da %13, Japonyada %12.9-32.7, Norveg'te
%10-20, 1spanya’da %10, 1svigre’de %4.4-14.2, 1sveg’te
%13, 1ngi1tere’de %11-24, Amerikada %10-42, Almanya'da
%9.5-22.7, Danimarkada %3.2, Hirvatistanda %15-20,
Yeni Zelandada %15-20 (Bousquet 2001) oldugu rapor
edilmistir. Yapilan ¢aligmalar aeroalerjenlerden kaynaklanan
hastaliklara sahip olan bireylerin sayisinda bir artig oldu-
gunu ortaya koymaktadir. Tirkiye’ de ise alerjik hastaliklar
toplumumuzun %15-18 kadarini etkilemekte olup, yarattigi
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isglicii kayb1 ve maddi kayiplar nedeniyle 6nemli bir has-
talik grubunu olugturmakta ve yayilim hizi her gecen gin
artmaktadur.

Ulkemizde gergeklestirilen aeropalinolojk arastirmalarda,
alerjen polenlerin konsantrasyonlar: da ortaya konulmustur.
Bu ¢aligmalar genel olarak verilecek olursa: Alerjen polenler
ve bu polenleri tireten taksonlarin tozlagma dénemleri ile
ilgili ya da meteorolojik faktorlerle iligkilendirilmigtir (P1-
nar vd. 1999, Bigake1 vd. 2000, Giivensen ve Oztiirk 2003,
Ince vd. 2004, Kaplan 2004, Potoglu Erkara 2007, Celenk
vd. 2010, Ceter vd. 2012, Tosunoglu vd. 2013, Acar Sahin
vd. 2017, Alan ve Kaplan 2018, Uguz vd. 2018, Guvensen
vd. 2020, Uguz 2023). Ulkemizde oldugu gibi, yurt disinda
da birgok aeropalinolojik ¢aligmalar yapilmigtir (Galdn vd.
2007, Medek vd. 2016, Majeed vd. 2018, Charalampopou-
los vd. 2018, Gross vd. 2019, Camachoa vd. 2020, Frisk vd.
2024).

Bu aragtirma projesi, nifusu 2021 yili itibariyla 86.758 olan
Tire ilgesinde gerceklestirilmistir. Nifusun yaklasik 45.000'1
merkezde, 38.000'i ise belde ve koylerde yagamaktadir. Tlge-
de tarim ve hayvancilik rinlerine dayanan 6nemli sanayi
ve ticaret faaliyetleri ger¢eklesmektedir. Akdeniz ikliminin
hikim stirdigi ve zengin bitki 6rtiisiine sahip olan ilgede
volumetrik yontem uyarinca ¢aligan “Lanzoni VPPS 2010”
marka polen yakalama araci kullanilarak 01 Kasim 2021- 31
Ekim 2022 tarihleri arasinda metrekiipteki polen konsant-
rasyonlarinin aylik degisimleri ilk kez saptanmugstir. Diger
taraftan havadaki polen konsantrasyonlarinin degisimi ile
yagis miktari, sicaklik, riizgar hizi ve yoni, nisbi nem gibi
atmosferik parametreler arasindaki iligkiler istatistiksel ola-
rak ortaya konulmusgtur. Elde edilen Tire ilgesinde bulunan
atopik kisilerin giindelik hayatlarini daha verimli bir sekilde
planlayarak, yasam kalitelerinin arttirilmasi i¢in elde edile-
cek olan veriler dogrultusunda, alerjik hastaliklarin tedavi-
sinde bolgedeki saglik kuruluglarinin énceden tedbir alabil-
mesine katki: saglanmis olacaktir.

1.1. Cografik Konum

Tire, Tiirkiye'nin Izmir ilinin bir ilgesidir. Ilgenin dogusun-
da Odemis, kuzeyinde Bayindir, batisinda Torbali ve Sel-
cuk ilceleri, giineyinde Aydin ili bulunmaktadir. Tire’nin
yiizdlgiimii 802 km? dir. Deniz seviyesinden yiiksekligi 92
m. olan Tire ilgenin; kuzeyindeki Kiiciik Menderes Ovasi ve
akarsuyu ile glineyindeki Aydin Daglar’nin bir uzantisi olan
Gume (Kiime) Daglar1 en 6nemli yer sekillerini olugtur-
maktadir. Kiiciik Menderes Ovasi tektonik hareketler sonu-
cunda olusmus bir ¢okiintii ovasidir (Graben). Ova boyunca
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akan Kigiik Menderes Nehri tagidig: aliivyonlar: biriktire-
rek tarimsal anlamda oldukea verimli arazilerin olugmasini
saglamig, bu 6zelligi ile ilk ¢aglardan bu yana insanlarin bas-
lica yerlegim alanini tegkil etmigtir. Kiigtik Menderes Nehri
175 km uzunlugunda olup, Selguk ilcesi yakinlarindan Ege
Denizine dokilmektedir (Ersoy, 1999).

1.2. iklim Ozellikleri

Akdeniz ikliminin hiikiim stirdigi Tire, yazlari sicak ve ku-
rak kiglar1 ise ilik ve yagishdir. Kirk yillik atmosferik ortala-
malara gore ilgede sicaklik yazin +40 °C ye kadar yiikselirken
kiglari en distk sicaklik +3 °C civarinda olmaktadir. Her yil
ortalama yagis miktar1 600-650 mm olarak gergeklesmekte,
en fazla yagis sirasiyla Aralik, Ocak, Subat ve Mart ayla-
rinda gorilmektedir. Baskin riizgar yoni kuzey yonli olup
cevre ilgelere oranla Tiresnin bol yagis almasini saglamak-
tadir. Ege Bolgesinde daglarin denize dik uzanmasindan
dolay1 denizel etkiler i¢ kistmlara kadar girebilmektedir. Bu
yontyle Tire'de denizin iliman etkisi altindadir. Bu durum
tarimsal urtin ¢esitliligini ve verimliligini olumlu yonde et-

kilemektedir (Ersoy, 1999).
1.3. Bitki Ortiisii

Dogal bitki ortustini karakteristik Akdeniz iklimine ait
bozulmus ormanliklar ve makiler olugturmaktadir. Glime
Dagr'nda baglica yayilis gosteren bitki tiirlerinden agaglar;
Pinus brutia Ten., Pistacia terebinthus L., Quercus coccifera L.,
Quercus infectoria Olivier, Q. cerris L., Celtis australis L., Cup-
ressus sempervirens L., Fraxinus angustifolia Vahl., F ornus L.,
Juniperus oxycedrus L. subsp. oxycedrus, Castanea sativa Mil-
ler., Ficus carica L., Juglans regia L., Laurus nobilis L., Morus
alba L., M. nigra L., Olea europaea L. ve Platanus orienta-
lis L. tir. Baglica cali ve frigana tirleri arasinda ise; Arbutus
andrachne L., A. unedo L., Asparagus acutifolius L., Astragalus
tmoleus Boiss., Arundo donax L., Avena barbata L., Aegilops
triuncialis L., Briza humilis Bieb., B. maxima L., Chronant-
hus orientalis (Lois.) Heywood et Frodin, Cistus creticus L.,
C. salviifolius L., C. laurifolius L., Chenopodium botrys L.,
Crataagus monogyna Jacq., Dactylis glomerata L., Eryngium
campestre L., Ferula anatolica Boiss., Ferulago humilis Boiss.,
Genista lydia Boiss., Gonocytisus angulatus (L.) Spach, Hype-
ricum perforatum L., Lavandula stoechas L., Myrtus communis
L., Paliurus spina-christii Mill., Phillyrea latifolia L., Sparti-
um junceum L., Rosa canina L., Lagurus ovatus L., Olea eu-
ropaea L., Origanum onites L., Papaver rhoeas L., Plantago
lanceolata L., P lagopus L., Poa bulbosa L., Polypogon mons-
peliensis (L.) Dest., Populus alba L., Pyrus amygdaliformis
Vill., Rubus cabescens DC., Salix alba L., Sanguiosorba minor
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Scop., Sarcopoterium spinosum (L.) Spach., Spartium junce-
um L., Styrax officinalis L., Cyperus longus L., Juncus acutus
L., Carex muricata L., C. pendula Hudson, Rumex acetosella
L., R. crispus L., R. patientia L., R. pulcher L., R. tuberosus
L., Ruscus aculeatus L., Vitex agnus-castus L. ve Vitis vinife-
ra L. gibi bitkilerin yayilis gosterdigi kaydedilmistir. Gime
Dagi’'nda gergeklestirilen floristik ¢alismalarda takson sayist
en fazla olan ilk 5 familyanin sirasiyla Fabaceae, Asteraceae,
Poaceae, Lamiaceae ve Caryophyllaceae oldugu; ilk 3 cinsin
ise Bromus, Rumex ve Anthemise ait olduklar: rapor edilmis-

tir (Segmen vd. 2015).

Diger taraftan Kent i¢inde yol kenarlari, park ve bahgelerde
yayilis gosteren bitkilerin baghicalar: ise; Acacia cyanophylla
Lindl., Acer negundo L., Ailanthus altissima (Miller) Swing-
le, Alnus glutinosa (L.), Amaranthus retroflexus L., Amygda-
lus communis L., Casuarina equisetifolia L., Cedrus libani
A. Rich., Cercis siliquastrum L., Citrus aurantium L., Che-
nopodium albiim L., Cupressus sempervirens L., C. arizonica
Grene, Elaeagnus angustifolia L., Eucalyptus camaldulensis
Dehnh., Ficus carica L., Hedera helix L., Inula viscosa, Juni-
perus oxycedrus L. subsp. oxycedrus, Laurus nobilis L., Lonicera
etrusca Santi, Ligustrum wvulgare L., Liquidambar orientalis
Miller., Malva sylvestris L., Melia azedarach L., Mercurailis
annua L., Morus alba L., M. nigra L., Nerium oleander L.,
Olea europaea L., Parietaria judaica L., Pinus brutia Ten., P
pinea L., Platanus orientalis L., Plantago lanceolata L., Po-
pulus alba L., Robinia pseudoacacia L., Rosmarinus officinalis
L., Salix babylonica L., Rumex acetosella L., Sophora japonica
L., Thuja orientalis L., Tilia argentea Desf. Ex Dc., Tribulus
terrestris L., Ulmus minor Miller, Urtica dioica L., U. urens L.

ve Xanthium strumarium L. dur.

Yorenin toprak yapist kumlu, killi ve kir taban bir gériinti
vermesine ragmen oldukea verimli ve ¢ok ¢esitli kiltir bit-
kilerinin yetistirilmesine elveriglidir. Tarim Uriinleri olarak
basta pamuk olmak tzere arpa, bugday, yulaf, silajlik musir,
arpa, tiitiin, susam, domates, biber, lahana, brokoli, enginar
ile karpuz, kavun, incir, zeytin, kestane, nar, ceviz, kiraz, ka-
radut ve her tirli meyve sebzedir (Ersoy 1999, Se¢men vd.
2015).

2. Gereg ve Yontem

Bu aragtirmada, 1 yil boyunca Tire (Izmir) ilgesinin baskin
atmosferik polen konsantrasyonlarindaki degisimler ortaya
konulmustur. Calismada kullanilan polen tuzaklama cihazi,
ilge merkezinde bulunan Ege Universitesi Tire Kutsan Mes-
lek Yiksek Okulu’nun ¢atisina (yaklagik 15 m) her yani agik
olacak sekilde yerlestirilmistir. Volumetrik yontem vakum-
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lama (emme) etkisine bagli olarak havadaki birim hacime
disen (polen/m?) polen miktarini belirlemeye yarayan bir
yontemdir. Cihaz, yaklasik 24 saatte 14,4 m*® (1 saatte 0,6
m?, dakikada 10 litre) hava emme kapasitesine sahiptir. Bir
haftada devrini tamamlayan disk 1 saattte 2mm, 1 giinde
48 mm yol kat etmektedir. Bir hafta sonunda diskten alinan
bantlar, “Biyoloji Bolimu Palinoloji Laboratuvarina” getiri-
lip safraninli gliserin-jelatin ile boyanarak preparatlar hazir-
lanmigtir (Wodehouse 1965). Bu preparatlardaki polen teg-
his ve sayimlari Olympus CX 21 marka 151k mikroskobunda
10x okiiler ve 40x objektif kullanilarak gergeklestirilmigtir.
Atmosferik rneklerin alinmast ve teshisinde, Ispanyol Ae-
robiyoloji Ag: tarafindan agiklanan yontemden yararlanil-

migtir (Galan vd. 2007).

Tire ilgesine ait giinlik ortalama sicaklik (°C), nispi nem
(%), ortalama rizgar hizi (m/sn) ve ortalama yagis (mm)
gibi meteorolojik faktorler Devlet Meteoroloji Isleri Genel
Midirligi'nden temin edilmigtir. Polen konsantrasyonlar:
ile meteorolojik faktorler arasindaki istatistiksel islemler ise
¢oklu regresyon analizleri ile ortaya konulmustur.

Bu ¢alisgmada inceleme konusu olan odunsu ve otsu takson-
lara ait aylik toplam polen degisimleri incelenmistir. Ilgili
verilerin istatistiksel analizlerden 6nce normal dagilima uy-
gunluk testi yapilarak asir1 gozlemler olup olmadig: arasti-
rilmigtir. Calisma alani olan Tire ilgesine ait sayilan baskin
spor ve polenlerin aylik ortalama sicaklik (°C), nispi nem
(%), ortalama riizgar hizi (mm) ve ortalama yagis (mm) gibi
meteorolojik faktorler arasindaki iligkilerin degisimleri in-
celenmistir. Bu amagla odunsu, otsu polenler ve bu iki takso-
nun polen toplamlar: ile atmosferik parametreler arasindaki
iligkiler ¢oklu regresyon analizi ile incelenmigtir (Ljung ve
Box 1979, Kaya 2010). Calismadaki tim analizlerde IBM
SPSS v20 istatistik programi kullanilmistur.

3. Bulgular ve Tartigsma
Tire ilgesinde gergeklestirilen 1 yillik (01 Kasim 2021- 31

Ekim 2022) ¢alisma sonucunda; atmosferde 27’si odunsu ve
15’1 otsu olmak tizere toplam 42 taksona ait 23.527 polen/
m’ adet polen saptanmugtir. Bunun %89.54’t odunsulara,
%10.46s1 otsulara aittir (Cizelge 1 ve 2). Atmosferde polen-
lerine en fazla rastlanan odunsu taksonlar sirasiyla; Pinace-
ae, Cupressaceae/Taxaceae, Quercus, Olea europaea ve Morus
olup odunsu taksonlarin %71’ini temsil etmektedirler. Otsu
bitkilere ait polenler ise en fazla sirasiyla; Poaceae, Urtica-
ceae, Plantago ve Amaranthaceae’ye ait olup, bu gruba ait
bitkilerin yaklagik %8.77’sini temsil etmektedirler (Cizelge
1 ve 2). Diger taraftan otsulara ait polenlerin toplam mik-
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tarlar1, sadece temmuz (%0.75), agustos (%0.38) ve eylil
(%0.47) aylarinda odunsulardan daha fazladir. Atmosferde
toplam polen miktarlar: ise en fazla sirasiyla nisan (6.775
polen/m?®), mayss (6.254 polen/m?) ve mart (6.176 polen/
m?®) aylarinda tespit edilmistir (Sekil 1 ve 2).

Kasim (2021) ayinda gozlemlenen polenlerin 44 odunsu
ve 3’0 otsu taksonlara aittir. Odunsulara ait toplam polen
sayist 42 (%0.18) iken, otsularin toplami 12 (%0.05) dir.
Cupressaceae/Taxaceae (%0.081; 19 polen/m?) polenleri en
fazladir. Aralik 2021'de, 2’si odunsu ve 2’si otsu olmak tize-
re toplam 4 taksona ait polene rastlanmigtir. Odunsulara ait
polenlerin toplami 28 (%0.12), otsulara ait polenlerin top-
lami ise 10 (%0.05)dur. Toplam 38 polen/m? (%0,17) tespit
edilmigtir. Yine Cupressaceae/Taxaceae (%0.11; 25 polen/
m?®) baskindir (Cizelge 1 ve 2, Sekil 1 ve 2). Ocak 2022de,
3 odunsu ve 2 otsu taksona ait polene rastlanmistir. Odun-
sulara ait polenlerin toplam1 34 (%0.15), otsulara ait polen-
lerin toplami ise 16 (%0.06)’ dir. Toplam polen miktar: ise
50 (%0.21)dir. Subat 2022de, 4 odunsu ve 3 otsu taksona
ait polene rastlanmistir. Odunsulara ait polenlerin topla-
mi1 2463 polen/m? (%10.47), bu degerinde ¢ok biiytik bir
kismini Cupressaceae/Taxaceae (2428 polen/m?) (%10.32)
polenleri temsil etmekte olup, bu taksonun polenleri en yiik-
sek degerlerine ulagmustir. Otsu polenlerinin toplami yine
cok distk degerlerdedir (%0.1; 23 polen/m?) Toplam polen
miktar: ise 2486 polen/m® (%10.57) olarak hesaplanmistir
(Cizelge 1 ve 2, Sekil 1 ve 2). Mart 2022'de, 20 odunsu ve 10
otsu taksona ait polene rastlanmigtir. Birgok odunsu bitkinin
tozlagma stireclerinin bagladig: bu ay icerisinde odunsulara
ait polenlerin toplami (%22.8; 5169 polen/m?, otsulara ait
polenlerin toplami ise (%3.42; 807 polen/m?* tir. En fazla
sirastyla; Cupressaceae/Taxaceae (%9.15; 2.153 polen/m?®),
Pinaceae (%7.59; 1.785 polen/m?), Poaceae (%1.78; 420 po-
len/m?®), Quercus (%2.36; 353 polen/m?®), Morus (%1.43; 335
polen/m®) ve P, orientalis (%1.02; 240 polen/m®) polenleri
temsil etmistir (Cizelge 1 ve 2, Sekil 1). Nisan 2022 ayinda
19 odunsu ve 10 otsu olmak tzere toplam 19 taksonun po-
leni gorulmistir. Odunsulara ait polenlerin toplami 5.169
polen/m?® (%27.68), otsulara ait polenlerin toplami ise 281
polen/m?* (%1.2) olarak hesaplanmugtir. Toplam polen mik-
tarinin en fazla nisan ayinda oldugu hesaplanmistir (%28.88;
6.775 polen/m?) Baskin taksonlar Pinaceae (%13.04; 3.068
polen/m?®), Cupressaceae/Taxaceae (%5.8; 1.355 polen/m?),
Quercus (%3.45; 811 polen/m?®) ve Morus (%3.2; 748 polen/
m?®) polenlerine aittir. Mayis 2022'de, 15 odunsu ve 11 otsu
taksona ait polene rastlanmig olup, odunsu polenlerinin top-
lami1 5.699 polen/m?* (%24.2), otsu polenlerinin toplami ise
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Cizelge 1. Tire atmosferinde odunsu taksonlara ait polenlerin aylik % dagilimlar: (01 Kasim 2021- 31 Ekim 2022).

Taksonlar

Acer 0.081 | 0.12 0.2
Ailanthus altissima 0.013 0.06 | 0.05 | 0.12 0.24
Alnus glutinosa 0.013 0.15 0.16
Castanea sativa 0.07 | 0.09 | 0.022 0.18
gff;:’;j’gza 0.043 0.039 | 0.67 | 0.75
%Xl;f;::me/ 0.081| 011 | 0.11 [10.32| 915 | 58 | 02 | 0.08 0.043 | 25.8
Cistaceae 0.2 | 0.15 | 0.11 | 0.05 0.51
Ericaceae 0.02 | 0.03 | 0.02 | 0.03 0.02 | 0.12
E. camaldulensis 0.008 0.043 | 0.056 | 0.081 | 0.17 | 0.05 | 0.05 | 0.03 0.49
Fraxinus 0.18 | 0.073 0.25
Juglans regia 0.025 | 0.081 | 0.022 0.13
Ligustrum vulgare 0.022 | 0.11 | 0.12 | 0.03 0.28
fr’g Zfl’i’fb o 0.064 | 0.064 0.13
Morus 1,43 3.2 1.06 5.69
Olea europaca 0.63 | 9.52 | 0.56 10.7
Paliurus spina-christii 0.05 | 0.07 0.12
Phillyrea latifolia 0.05 0.05
Pinaceae 0.047 0.026 | 0.06 | 7.59 | 13.04| 7.85 | 0.75 | 0.08 | 0.055| 0.07 | 0.04 | 29.61
Pistacia 0.055 | 0.12 | 0.04 0.21
P, orientalis 1.02 | 0.36 | 0.04 1.42
Populus 0.06 | 0.008 0.06
Rosaceae 0.03 | 0.05 | 0.026 | 0.013 0.12
Quercus 236 | 3.45 | 4.87 | 0.47 | 0.055 11.21
Salix 0.19 | 0.03 0.22
;ﬁg’:’:’z”m 0.08 | 0.32 | 0.29 | 0.069 | 0.008 0.77
Tilia argentea 0.03 0.03
Ulmus 0.03 | 0.06 0.09
Odunsu Toplam 0,18 | 0.12 | 0.15 | 10.47 | 22.8 | 27.68| 242 | 245 | 0.44 | 0.15 | 0.13 | 0.77 | 89.54

555 polen/m?® (%2.35) olarak hesaplanmistir. Mayis ayinda
toplam polen miktari 6.254 polen/m?(%26.55) olup en fazla
polenin hesaplandig: ikinci ay konumundadir. Bu ay i¢in-
de polenleri yogun olarak saptanan taksonlar; O. europaea
(%9.52; 2.240 polen/m?), Pinaceae (%7.85; 1847 polen/m?),
Quercus (%4.87; 1.148 polen/m?®) ve Morus (%1.06; 249 po-
len/m3)’tur. Haziran 2022'de birgok bitki tozlagma stregleri-
ni tamamlamistir (%3.85; 901 polen/m?). Odunsularin top-
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lam1 577 polen/m® (%2.45), otsularin toplamu ise 324 polen/
m? (%1.4) olup, Pinaceae (%0.75; 178 polen/m®), O. europa-
ea (%0.56; 132 polen/m?) ve Quercus (%0.47; 111 polen/m?)
polenleri daha fazladir. Temmuz 2022de 8'i odunsu ve 12’si
otsu olmak tizere toplam 20 taksona ait polene rastlanmistur.
Toplam polen miktari 283 polen/m?® (%1.19) olarak hesap-
lanmigtir. Odunsulara ait polenlerin toplam: %0.44 olup, bu
deger otsularin toplamindan (%0.75) daha dustktir. Poa-
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Cizelge 2. Tire atmosferinde otsu taksonlara ait polenlerin aylik % dagilimlar1 (01 Kasim 2021- 31 Ekim 2022).

=]
&
Taksonlar ] ’ =
= F
Amaranthaceae 0.02 0.06 | 0.08 | 0.14 | 0.11 | 0.08 | 0.09 | 0.17 | 0.08 | 0.83
Apiaceae 0.03 | 0,04 | 0.03 | 0.04 | 0.04 | 0.03 0.21
Asteraceae 0.08 | 0.03 | 0.03 | 0.05 | 0.02 | 0.03 | 0.02 | 0.01 | 0.27
Brassicaceae 0.05 | 0.03 | 0.03 | 0.04 | 0,02 0.17
Centaurea 0.03 | 0.017 | 0.03 0.08
Cyperaceae 0.03 | 0.04 | 0.02 | 0.01 | 0.02 0.12
M. annuua 0.03 | 0.24 | 0.04 | 0.09 | 0.08 0.48
Papaver 0,05 | 0.06 | 0.05 | 0.03 0.19
Plantago 021 | 021 | 05 | 023 | 0,15 0.008 1.31
Poaceae 0.02 | 0.017| 0.03 | 0.05 | 1.78 | 0,5 | 098 | 0.5 | 0.23 | 0.11 | 0.14 | 0.08 | 4.44
Rumex 0.13 | 0.08 | 0.31 | 0.14 | 0.08 0.74
Taraxacum 0.02 0.02
Typha 0.03 0.03
Urticaceae 0.013| 0.03 | 0.03 | 0.02 | 0.81 | 0.13 | 0.15 | 0.09 | 0.04 | 0.05 | 0.04 | 0.05 | 1.45
Xanthium
Erumarium 0.03 0.01 | 0.07 | 0.008 | 0.12
Otsu Toplam 005 | 005 | 0.06 | 01 | 342 | 12 | 235 | 14 | 0.75 | 0.38 | 0.47 | 0.23 | 10.46
,(r)d““s‘”OtS“ 023 | 017 | 021 | 10.57 [ 26.22 | 28.88 | 26.55 | 3.85 | 1.19 | 053 | 0.6 | 1 | 100
oplam
6500 2000
6250 6750
6000 6500
5750 6250
iggg ~#—0dunsu —e=0tsu 2333
4500 4750
4250 4500
2 4000 4250
> 3750 4000
2 3500 3750
&3m0 3500
§ 300 3250
& 2750 3000
200 2500
2250
e =
1750 1750
1250 1250
500 500
250
253 - s _ . R N - il . 0 _E ; : = < 5 @ c .5 ; ; :
FIS R N O § 883 228§ F 53¢
Sekil 1. Odunsu ve otsulara ait aylik toplam polen degisimleri. Sekil 2. Atmosterdeki toplam polen miktarlarinin aylik degisimleri

(01.Kasim.2021- 31.Ekim.2022).
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ceae (%0.23; 54 polen/m?), Plantago (%0.15; 34 polen/m?),
Amaranthaceae (%0.08; 19 polen/m?) ve Rumex (%0.08; 19
polen/m?) polenleri otsu grubu baskin duruma getirmis-
tir. Agustos 2022'de 4 odunsu ve 9 otsu taksona ait polene
rastlanmigtir. Odunsulara ait polenlerin toplami 37, otsulara
ait polenlerin toplami ise 96'dir. Toplam polen miktari ise
133'tiir. Sadece 2 gin atmosferde polene rastlanmamugtir.
Odunsular arasinda Pinaceae (%0.07; 13 polen/m®) polen-
leri en fazladir. Otsular arasinda ise Poaceae (%0.11; 28 po-
len/m?), Amaranthaceae (%0.09; 39 polen/m?) ve Urticaceae
(%0.05; 13 polen/m?) polenleri baskin durumdadir. Eyliil
2022de 3 odunsu ve 7 otsu taksona ait polene rastlanmugtir.
Odunsulara ait polenlerin toplami 34, otsulara ait polenlerin
toplami ise 106'dir. Toplam polen miktar: ise 140’tir. Her
gin atmosferde polene rastlanmigtir. Odunsular arasinda

Pinaceae (%0.07; 18 polen/m®) polenleri baskindir. Otsular

arasinda ise Amaranthaceae (%0.17; 39 polen/m?), Poaceae
(%0.14; 20 polen/m?®) ve X. strumarium (%0.07; 15 polen/
m®) polenleri baskin durumdadir. Ekim 2022'de 4 odunsu
ve 5 otsu taksona ait polene rastlanmigtir. Odunsulara ait
polenlerin toplam: 181, otsulara ait polenlerin toplami ise
56'dir. Toplam polen miktari ise 237'dir. Her giin atmosfer-
de polene rastlanmigtir. Odunsular arasinda C. equisetifolia
(%0.67; 157 polen/m?®) polenleri baskindir. Otsulardan ise
Poaceae (%0.08; 20 polen/m®) ve Amaranthaceae (%0.08;
19 polen/m?®) polenleri baskin durumdadir (Cizelge 1 ve 2,
Sekil 1 ve 2).

Ulkemizde gravimetrik (G) veya volumetrik (V) metotlar
kullanilarak bir¢ok yorede aeropalinolojik arastirmalar ger-
ceklestirilmistir. Bunlardan bazilarina ait veriler Tire ilcesi
ile kargilagtirilmugtir (Cizelge 3). Buna gore odunsu bitkilere

Cizelge 3. Bazi yorelere ait atmosferik polen ¢aligmalarinin kargilagtirilmas.

o Odunsu Otsu Baskin Taksonlar
Il/Tige Takson Takson Polen Sezonu (Ay)
(%) (%) Odunsu Otsu
“Tire 89.54 10.46 Nisan, Mayss, Mart Pinaceae, Cupres./ Poaceae, Urticaceae,
Taxaceae, Quercus Plantago
. Pinaceae, Poaceae, Urticaceae,
Ayvalik 81.38 | 17.44 | Mayss, Nisan, Mart Olea europaea, Quercus Amaranthaceae v 1
Bodrum 86.99 | 12.82 | Mart, Nisan, Mayis Cup res./Tax.al ceas, Poaceae, Urticaceae, \Y% 2
Quercus, Pinus Plantago
Cesme 79.74 | 15.54 | Mayss, Mart, Nisan Cupres./Taxa.ceae, Poaceae, Amar.an.thaceae, v 3
Olea europaea, Pinaceae Mercurialis
Didim 89.85 | 9.74 | Mart, Nisan, Mayss Pinus, Cupres./Taxaceae, Poaceae, Plantago, G 4
Olea europaca Amaranthaceae
Foga 89.92 10 | Mart, Nisan, Mayis Pinaceae, Cupres./ Poaceae, Urticaceae, \% 5
Taxaceae, Olea europaea
Marmaris | 85.96 | 13.51 | Nisan, Mayis, Mart (;upres./Taxaceae, Poaceae, Urticaceac, 6
Pinaceae, Oleaceae Plantago
Izmir 84.05 | 15.29 | Mayss, Nisan, Mart | Pinus, Quercus, Oleaceae | Poaceae, Amaranthaceae G 7
Aydin 73.97 | 24.95 | Mayss, Nisan, Mart Olea euro'p aed, Poaceae, Urticaceae, 8
Quercus, Pinaceae Plantago
Denidli 79.68 | 19.48 | Mayss, Nisan, Mart Pinaceae, Cupres./ Poaceae, Amaranthaceae, v 9
Taxaceae, Olea europaea Plantago
Manisa 72.36 | 25.98 | Mayzs, Nisan, Mart Quercus, Pinaceae, Poaceae, Urticaceae, \Y% 10
Olea europaea, Amaranthaceae
Mugla 84.30 | 14.90 | Nisan, May1s, Mart Pinaceae, Quercus, Poaceae, Plantago, \Y% 11
Olea europaea Rumex

*mevcut ¢aligmamiz, G: gravimetrik (cm?), V: volumetrik (m?)

1. Yurtcan (2021), 2. Tosunoglu ve Bigake: (2015), 3. Uguz vd. (2017), 4. Bilisik vd. (2008), 5. Yagmur Tlkerenler (2023), 6. Turfan (2010), 7.
Giivensen ve Oztiirk (2003), 8. Giivensen vd. (2020), 9. Giivensen vd. (2013), 10. Buluc (2016), 11. Giivensen vd. (2017).
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ait polenlerin otsulardan daha fazla oldugu gorilmektedir.
Bunun nedeni odunsu bitkilerin ¢ok daha fazla polen tret-
melerine baglanabilir. Diger taraftan odunsulardan Pinace-
ae, Cupressaceae/ Taxaceae, Quercus, Olea europaea; otsular-
dan ise Poaceae, Plantago, Amaranthaceae, Plantago, Urti-
caceae gibi bitkilere ait polenlerin baskinliklar: da benzerlik
gostermektedir. Bunun nedeni aragtirmalarin yapildig: bu
yorelerin iklim benzerliginden dolay1 benzer vejetasyon ya-
pisina sahip olmalarina baglanabilir. Akdeniz ikliminin g6-
rildigi tlkelerde gergeklestirilmis olan aeropalinolojik ¢a-
lismalara g6z atacak olursak; Urdiin’iin genelinde (Al-Eisavi
ve Dejani 1988) Cupressus, Pinus ve Quercus taksonlarina ait
polenlerin; Portekiz'in Coimbra sehrinde (Paiva ve Leitao
1989) Poaceae, Cupressaceae ve Pinaceae tyelerine ait po-
lenlerin atmosferde baskin olduklar: belirtilmistir. Italya'nin
Cagliari kentinde (Cosentino 1990) tarafindan atmosferde
Cupressaceae, Oleaceae, Pinaceae, Poaceae, Urticaceae po-
lenlerinin; Italya’nin Perugia bélgesindeki aragtirmalarinda
ise Cupressaceae/Taxaceae, Quercus, Poaceae, Oleaceae ve
Urticaceae tyelerine ait polenlerin havada yogun bir sekilde
bulunduklarin: tespit edilmistir (Romano vd. 1995). Israil'in
kiy1 kesimlerinde ise; Cupressaceae, Pistacia, Olea ve Pinus
gibi agag polenleriyle; Urtica, Parietaria, Mercurialis, Poace-
ae ve Amaranthaceae gibi otsulara ait polenlerin yogunluk-
lar1 fazladir (Waisel vd. 1997).

Bir¢ok arastirmada atmosferdeki polen konsantrasyonlari-
nin, sicaklik, nem, riizgar hizi ve yagis miktar: gibi mete-
orolojik faktorlerden etkilendigi bildirilmektedir (Bogaws-
ki vd. 2014, Elvira-Rendueles, vd. 2019, Garcia-Mozo vd.
2016, Pinar vd, 2004, Porsbjerg vd. 2003). Calismamizda da
Devlet Meteoroloji Isleri Genel Midiirligi'nden almis ol-
dugumuz verilere gore (MGM 2022) havadaki aylik polen

degisimleri irdelenmistir.

Kasim ayinda sicaklik degerleri 9.5 °C ile 21 °C arasinda
olup ortalama degeri 14.28 °C'dir. Riizgar hizi ise 3.24 km/h
(8. gtin) ile 33.48 km/h (29. glin) arasinda olup genelde
hafif rizgarin oldugu ayda sadece 29. ginde kuvvetli riz-
gar gorilmistir. Ortalama rizgar hizi 2.02 m/sndir. Yagis
toplam 14 giin gorilmistir ve ortalama degeri 2.01 mmdir.
Birinci gtin (14.7 mm) ve 24. giin (39.1 mm) diginda kalan
12 giin igerisinde yok denecek kadar azdir (0.1-2.8 mm).
Bu ayda ortalama nem degeri %64.3’ tir. Aralik’ta sicaklik
degerleri dugmustir (1.1°C - 18.2°C). Riizgar hiz1 ise 2.8
km/h-12.6 km/h arasinda olup hafif riizgarli karakterdedir.
Ortalama yagis miktar: 3.6 mm, nisbi nem %75.5’tir Ocak
ayinda otalama sicaklik degeri 6.08 °C, ortalama riizgar hizi
2.8 m/sn dir. Yagis ortalama degeri 1.87 mm, ortalama nem
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degeri %70.9dur (Sekil 3 ve 4). Kasim, aralik ve ocak aylar
bir¢ok bitkinin disseminasyon siire¢lerini kapsamadig: i¢in
atmosferde oldukea disiik miktarlarda polene rastlanmigtir

(Cizelge 1 ve 2, Sekil 2).

Subat’ta en fazla yagis 9. glinde 31.9 mm gorilmistir, fakat
yagis ortalamasi dugiiktir (2.81 mm) ve ortalama nisbi nem
%71.62 olarak ol¢tilmiigtir. Sicaklik ortalamasi 8.32 °C ve
rizgar hiz1 genellikle hafif siddettedir. Meteorolojik para-
metreler, tozlagsma siireci baglayan Cupressaceae/Taxaceae
(%10.32)'nin polen miktarinin artmasini da tetiklemistir
(Cizelge 1), bu da odunsu taksonlarin baskinligina yol ag-
mugtir. Subatta bir¢ok otsu bitkinin ¢igeklenme donemi he-
niiz baglamadigi i¢in polenlerine de ¢ok az rastlanmigstir (Se-

30
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Sekil 3. Aylik ortalama sicaklik (°C) ve riizgar hizi (m/sn) degerleri.
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Sekil 4. Aylik ortalama yagis (mm) ve nem (%) degerleri.
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kil 1). Mart ayinda 1.2 mm -8.1 mm arasindadir. Ay i¢inde
yagisin 24 giin gorilmemesi atmosferdeki polen konsant-
rasyonunun artmasina yol agmugtir. Mart ayindaki toplam
polen yogunlugunun tiim yila orani %26.22 olup, bu oranin
da %24.59unu Cupressaceae/Taxaceae, Pinaceae, Quercus,
Morus, Platanus orientalis, Poaceae, Urticaceae, Mercurialis
annuua ve Plantago gibi baskin taksonlar temsil etmistir (Ci-
zelge 1 ve 2). Nisan'da, nisbi nem degerleri %40.3 ile %74.5,
rizgar hizi genellikle hafif siddettedir. Yagis degerleri 0.1
mm ile 14 mm (11. glin) arasinda olup, sadece 6 giin goriil-
mistir. Bu ayda odunsu bitkilerden Cupressaceae/Taxaceae
(%5.8), P orientalis (%0.36); otsulardan ise Poaceae (%0.5),
Urticaceae (%0.13) ve M. annuua (%0.04) polenlerinde bir
dusis gortlmistir (Cizelge 1 ve 2). Bunun nedeni bu tak-
sonlarin polen sagilimlarinin azalmasina baglanabilir. Ma-
yis ayinda sicaklik degerleri 16.4 °C ile 28.7°C; nisbi nem
ise %42 - %78 arasindadir. Ruzgar hizi ise 2.9 - 13.32 m/
sn arasinda olup hafif riizgarhdir (Sekil 3 ve 4). Yagis mik-
tarlarinin da ¢ok dugiik olmas: disseminasyon stireci devam
eden O. europaea, Quercus, Poaceae, Urticaceae, M. annuua,
Plantago, Rumex, Amaranthaceae polenlerinin yogunlugunu
artirmustir. Ozellikle Morus ve Pinaceae taksonlar: hemen
hemen tamamladiklar: i¢in bir énceki aya oranla toplam
polen yogunlugunda ise %2.33’lik bir azalma gozlenmistir
(Cizelge 1 ve 2). Dolayisiyla, bazi taksonlarin tozlagma st-
reglerindeki artig ve azaliglara bagli olmasindan kaynaklan-
maktadir.

Haziran ayinda sicaklik degerleri 22°C ile 29°C arasinda-
dir. Toplam 4 giin yagis gortilmustir. Nem %45.1 - %76.9
degerlerindedir. Riizgar hizi ise 6.12 m/sn ile 11.16 m/sn
arasinda olup genellikle hafif riizgarhidir. Atmosferik para-
metreler polen sa¢ilimlari i¢in uygun olsa da, birgok odunsu
ve otsu bitki taksonu polinasyon siireglerini tamamladig:
i¢cin toplam polen miktar: yaklagik 7 kat azalmigtir. En faz-
la polenine rastlanan taksonlar; Pinaceae (%0.75), Poaceae
(%0.5) ve Quercus (%0.47) olsa da disseminasyon stiregleri-
ni tamamladiklar: i¢in havadaki yogunluklari ¢ok dugiktir.
Temmuz, agustos ve eyliil aylarinda otsulara ait toplam po-
len yogunluklarinda azalma olmasina ragmen, tozlagma sii-
reglerini tamamlayan odunsulara gére polen miktarlar: daha
tazladir. Ekim ayinda da bir¢ok bitki polinasyon stireclerini
tamamlanmasina ragmen temmuz, agustos ve eylil aylari-
nin tersine odunsu (%0.77) polenler otsulara (%0.23) gore
daha fazladir. Bunun nedeni, C. equisetifolia (157 polen/m?)
polenlerinin dissemisyon periyodunu icermesine baglanabi-
lir. Ayrica, hi¢ yagisin olmamas: bu taksona ait polenlerin
havadaki sagilimini engellememistir (Cizelge 1, Sekil 1 ve
2). Caligma alan: olan Tire il¢esinde odunsu ve otsu tak-
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sonlarina ait polenlerin havadaki yogunluklariyla ortalama
sicaklik (°C), nispi nem (%), ortalama rizgar hizi (mm) ve
ortalama yagis (mm) gibi meteorolojik faktorler arasindaki
iligkiler istatistiksel olarak analiz edilmistir.

Odunsu bitki polenleri ile atmosferik parametreler arasinda
¢oklu regresyon analizi yapilmigtir. Analiz sonucunda agagi-
da verilen regresyon denklemi tahminlenmistir.

Odunsu Polenleri= 154 — 3.12 Sicaklik —4.84 Yagis — 0.711
Nem + 1.13 Riizgar hizi

Varyans analizi sonucunda bu denklemin istatistiksel olarak
onemli oldugu goértlmistir (F= 6.14, p<0.001). Ancak, ba-
gimsiz degisken incelendiginde bu 6nemliligin sicaklik (t=-
3.60, p<0.001) ve yagistan (t=-3.11, p<0.01) kaynaklandig:
anlagilmigtir. Nisbi nem (t=-1.02, p>0.05) ve rizgar hizinin
(t= 1.02, p>0.05) istatistiksel olarak énemli olmadig1 sap-
tanmugstir (Cizelge 4).

Cizelge 4. Odunsu polenlerle atmosferik parametreler arasinda
regresyon analizi.

Predictor Coef StDev T P

Constant 153.59 56.82 2.70 0.007
Sicaklik* -3.12 0.87 -3.60 <0.001
Yags* -4.84 1.56 -3.11 0.002
Nisbi nem -0.71 0.70 -1.02 0.310
Ruzgar hizi 1.13 1.12 1.02 0.311

Otsu bitki polenleri ile atmosferik parametreler arasinda
coklu regresyon analizi yapilmistir. Analiz sonucunda asagi-
daki verilen regresyon denklemi tahminlenmistir.

Otsu Polenleri= 18.87 — 0.246 Sicaklik — 0.453 Yagis — 0.170
Nem + 0.387 Riizgar hiza

Varyans analizi sonucunda bu denklemin istatistiksel olarak
onemli oldugu gorilmistir (F=11.07, p<0.001). Ancak, ba-
gimsiz degisken incelendiginde bu 6nemliligin sicaklik (t=-
3.30, p<0.001), yagss (t=-3.38, p<0.001), nisbi nem (t=-2.82,
p<0.01) ve riizgar hizindan (t=4.02, p<0.001) kaynaklandi-
g1 anlagilmistir. Bu da, tim atmosferik parametrelerin otsu
polenlerin dagiliminda istatistiksel olarak 6nemli tagidigini
ortaya koymaktadir (Cizelge 5).

Odunsu ve otsu polenlerin toplam miktarlar: ile atmosfe-
rik parametreler arasinda ¢oklu regresyon analizi yapilmig-
tir. Analiz sonucunda agagidaki verilen regresyon denklemi
tahminlenmistir.
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Cizelge 5. Otsu polenlerle atmosferik parametreler arasinda
regresyon analizi.

Predictor Coef StDev T P

Constant 18.866 4.899 3.85 | <0.001
Sicaklik* -0.24617 | 0.07470 | -3.30 | 0.001
Yagis* -0.4534 0.1343 -3.38 | 0.001
Nisbi nem -0.16979 0.06023 -2.82 | 0.005
Ruzgar hizi -0.38653 0.09616 4.02 | <0.001

Odunsu ve otsu polenler= 172 — 3.36 Sicaklik — 5.29 Yagis —
0.881 Nem + 1.51 Riizgar hizi

Varyans analizi sonucunda bu denklemin istatistiksel olarak
onemli oldugu gorilmugtir (F= 6.59, p<0.001). Ancak, ba-
gimsiz degisken incelendiginde bu 6nemliligin sicaklik (t=-
3.69, p<0.001) ve yagistan (t=-3.23, p<0.001) kaynaklandig:
anlagilmistir. Nisbi nem (t=-1.20, p>0.05) ve riizgar hizinin
(t= 1.29, p>0.05) istatistiksel olarak onemli olmadig1 sap-
tanmustir (Cizelge 6).

Cizelge 6. Odunsu ve otsu polenler ile atmosferik
parametreler arasinda regresyon analizi.

Predictor Coef StDev T P

Constant 172.47 59.74 2.89 0.004
Sicaklik* -3.3609 0.9109 -3.69 | <0.001
Yags* -5.291 1.637 -3.23 0.001
Nisbi nem -0.8810 0.7345 -1.20 0.231
Rizgar hizi 1.510 1.173 1.29 0.199

Istatistiki degerlendirmeler sonucunda odunsu, otsu ve
odunsu-otsu bitki gruplarmna ait toplam polen miktarlari-
nin sicaklik ve yagis parametrelerinden istatistiksel olarak
onemli dizeyde etkilendigi tespit edilmigtir (p<0.001).

Ilge atmosferinde polenlerine yogun olarak rastlanan bitki
taksonlarina ait polenlerin yogun olarak goruldugu aylar ve
alerjik dereceleri verilmistir (Cizelge 7). Dominant olan bu
taksonlarin yillik toplam polen miktarlar: %1 den fazladir.
Buna gore odunsulara ait polen yogunluklari subat, mart,
nisan ve mayis aylarinda, otsu polen yogunluklari ise mart,
nisan, mays ve haziran aylarinda daha fazladir. Bununla bir-
likte odunsular en yiksek degerlerine subat, nisan ve mayzs,
otsular ise mart ve mayis aylarinda ulagmuglardir (Cizelge
1 ve 2). Pinus brutia ve P pinea (Pinaceae) Giime Dagi'nda
yayilis gostermekle birlikte ilgedeki park-bahgelerde ve yol
kenarlarinda dikimleri s6z konusudur. Pinaceae polenleri-
nin alerjik etkilerinin distk oldugu bildirilmistir (Grant
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Smith 1990). Cupressus sempervirens ve Thuja spp. (Cup-
ressaceae/Taxaceae) gibi bitkiler ise her dem yesil olugu
ve bakimi kolay oldugundan ilgedeki park ve bahgelerde
dikimi tercih edilen baglica bitkiler arasinda yer almakta-
dir. Bu bitkiere ait polenlerin yogun olarak rastlanmasinin
sebebi ¢ok fazla polen tretmelerinden kaynaklanmaktadir
Cupressaceae/Taxodiaceae polenlerinin  Akdeniz bolgesi
tilkelerinde en 6nemli aeroallerjenler arasinda oldugu rapor
edilmigtir (Geller- Bernstein vd. 2000). Quercus polenleri-
nin orta ve ytiksek alerjik reaksiyonlara yol a¢tig1 (Aytug vd.
1995, Peternel vd. 2003) ve polinosisin nedenleri arasinda
oldugu ifade edilmistir (Middleton vd. 1988). Yine akdeniz
ikliminin tipik bitkilerinden olan O. eurgpaea dogal olarak
(Gume Dagi'nda) yayilis gostermekle birlikte ilgedeki park-
bahgelerde ve yol kenarlarinda dikimleri s6z konusudur. Po-
lenlerinin yiiksek alerjik reaksiyonlara yol agtig1 bildirilmek-
tedir (Waisel vd. 1996). Morus polenlerinin de yogun olarak
goézlenmesinin sebebi, ilgede dikimi yapilan meyve agaglar
arasinda yer almasindan kaynaklanmaktadir. Morus polenle-
rinin astim, alerjik rinit, alerjik konjuktivit ve septomlarina
neden olduklari Ispanya'daki hastalar Gizerinde ortaya konul-
mugtur (Papia vd. 2020). Atmosferde yogun olarak polenleri
goriilen otsu bitkiler arasinda; Poaceae tiyelerinden Aegilops,
Awvena, Bromus, Hordeum, Phleum ve Poa gibi cinslerine ait
cok sayida takson dogal alanlarda, yol kenarlarinda ve terk
edilmis alanlarda yayilis gostermektedir. Poaceae tyerinin
diinya vejetasyonunun yaklasik % 20’sini olugturdugu rapor
edilmistir (Sabariego vd. 2011). Yine bu familya Gyelerin-
den arpa, bugday, yulaf, silajlik misir ve arpanin tariminin
yapiliyor olmas: da Poaceae polenlerinin atmosferdeki yo-
gunlugunu artirmastir. Gynodon dactylon, Dactylis glomerata,
Poa pratensis, Phleum pratense, Agrostis sp. ve Lolium sp. gibi
Poaceae tyeleri yiiksek alerjik reaksiyonlara sahiptir (Garty
vd. 1998). Ozellikle ilgede yol kenarlarinda, duvarlarda ve
terk edilmis alanlarda yayilis gosteren Urticaceae tyelerin-
den Parietaria polenlerinin oldukg¢a alerjik oldugu, fakat
Urtica polenlerinin ¢ok allerjenik olmadig: bildirilmesine
ragmen (Bousquet vd. 1984), Amerikadaki bazi vakalarda
Urtica dioica polenlerinin alerjik rinitin sorumlusu olduklar:
ifade edilmistir (Vega-Maray vd. 2006). Yine yol kenarlarin-
da, refijlerde ve terk edilmis alanlarda yayilis gostren Plan-
tago polenlerinin diisiik ve yiiksek alerjik etkilerinin oldugu
bildirilmistir (Grant Smith 1990).

4. Sonug ve Oneriler

Tire ilcesinde gergeklestirilen bu ¢alisma; polene duyarl
olan hastalar i¢in alerjik hastaliklarin teshis ve tedavisinde
gerekli 6nlemlerin almasinda, béylece tedavi ve deri testle-
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Cizelge 7. Baskin taksonlara ait polenlerin yogun olarak gorildugi aylar ve alerjik dereceleri.

Taksonlar

Polen Yogunlulugunun Fazla Polen Yogunlulugunun

Toplam (%) Alerjik potansiyel®

Oldugu Aylar En Fazla Oldugu Ay
Odunsular
Pinaceae Mart, Nisan, Mayzs %13.04/Nisan 29.6 *
Cupressaceae/Taxaceae Subat, Mart, Nisan 9%10.32/Subat 25.89 o
Quercus Mart, Nisan, Mayis %4.87/May1s 11.2 e ek
Olea europaea Mayis %9.52/Mayis 10.71 et
Morus Nisan 9%3.2/Nisan 5.69 o
Otsular
Poaceae Mart, Nisan, Mayis, Haziran %1.78/Mart 4.43 sk
Urticaceae Mart, Nisan, Mayis 9%0.81/Mart 1.45 o
Plantago Mayis 90.5/May1s 1.3 ;e
*(Grant Smith 1990); *** ytiksek, ** orta, * diisiik
rinde kullanilacak ekstrelerin hazirlanmas: i¢in ihtiya¢ du-  Yazar katkis1

yulan polen orneklerinin toplanmasinda yararli olacaktir.
Diger taraftan, polene bagli alerjik hastaliklar i¢in sik olan
acil servis bagvurusu, daha fazla ila¢ kullanim gereksinimi, is
glict kayb, sosyal yasamda sikintilar nedeni ile hem kendisi
etkilenmekte hem de tilke ekonomisi olumsuz bir gekilde
etkilenmektedir. Tire il¢esinde bu alerjen ajanlarin atmosfe-
re ¢ikmadan, ya da ¢ikar ¢ikmaz hastalarin uyarilmasi, basit
korunma 6nlemlerinin, uygun tedavilerin diizenlemesi has-
talarin sagligi acisindan hem de toplumun sosyal ve ekono-
mik gelisimi agisindan 6nem tagimaktadir. Bir bagka deyisle,
polene duyarli kisilerin giinliik hayatlarini daha verimli bir
sekilde planlayarak, yasam kalitelerinin yiikseltilmesine kat-
kilar saglayarak saglik kuruluglarina 6nemli bir veri kaynag:
olusturacaktir. Ayrica park ve bahcelerde kullanilan bitkile-
rin, bolgede yasayan insanlarda alerjik reaksiyonlara neden
olabilecegi diisunilerek, peyzaj ve agaclandirma ¢aligmalari-
nin bu bilgiler dogrultusunda yapilmasini saglayacaktir. Tire
(Izmir) ilgesi icin ilk kez yapilan bu aeropalinolojik ¢alis-
manin, lilkemizin polen haritasinin hazirlanmasina yonelik
caligmalara ve bolgede yapilacak uzun siireli aeropalinolojik
caligmalarla beraber meteorolojik parametrelerin polen da-
gilimlar1 tizerindeki etkilerinin belirlenmesinde 6nemli kat-
kilar saglayacag: inancindayiz.

Tegekkiir: Bu calisma, Ege Universitesi Rektorligii, Bilim-
sel Aragtirma Projeleri (BAP) Koordinatérligi tarafindan
desteklenmistir (Proje no: FGA-2021-22909). Bu baglam-
da kurumumuzun bizlere vermis oldugu destek icin tegek-
kiiri borg biliriz.
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Abstract

In this study, a gas chromatography-mass spectrometry (GC-MS) method was developed for the detection of prosulfocarb in potato
flour matrix. GC-MS parameters were elaborately evaluated to achieve well-separated analyte signal with high signal to noise ratio.
Under the optimum instrumental conditions, the limits of detection and quantification (LOD and LOQ) were found as 0.54 mg/kg
and 1.80 mg/kg, respectively, which facilitates the determination of prosulfocarb at ppm levels. The established method was applied
to potato flour samples spiked to six different concentration levels (2.6-101.7 mg/kg). Blank analyses were also performed for three
different brand samples but prosulfocarb were found in the samples below the detection limit. Satisfactory percent recoveries between
90.9 and 105.7% with %RSD (<3,6%) were acquired for the selected sample matrix. High recoveries obtained with the matrix
matching calibration strategy proved the accuracy and applicability of the developed method while low %RSD value showed the
precision of the analytical method. It is suggested that the established method can be used to detect ppb/ppt levels of the analyte after
a preconcentration method was applied to the sample solutions.

Keywords: GC-MS, matrix matching calibration method, potato flour, prosulfocarb.

Oz

Bu ¢alismada, patates unu orneklerinde prosulfokarbin tayini i¢in bir gaz kromatografisi-kiitle spektrometresi (GC-MS) yontemi
gelistirilmigtir. Yiksek sinyal/giiriltii oranina sahip iyi ayrilmig analit sinyali elde etmek i¢cin GC-MS parametreleri ayrintili bir sekilde
degerlendirilmigtir. Optimum enstriimantal kosullar altinda, gézlenebilme ve tayin limitleri (GL ve TL) sirastyla 0,54 mg/kg ve 1,80
mg/kg olarak bulunmusgtur, bu da prosilfokarbin ppm seviyelerinde belirlenmesine imkan tanimaktadir. Belirlenen yontem, alt: farkl
konsantrasyon seviyesinde (2,6-101,7 mg/kg) standart eklenen patates unu orneklerine uygulanmistir. Ug farkli marka 6rnek i¢in kor
analizler yapilmis ancak prosiilfokarb, tespit limitinin altinda bulunmustur. Segilen 6rnek matriksi i¢in %RSD (<%3,6) ile %90,9 ile
%105,7 arasinda kabul edilebilir yiizde geri kazanimlar elde edilmistir. Matriks eglestirme kalibrasyon stratejisi kullanilarak elde edilen
yiiksek geri kazanimlar, gelistirilen ydntemin dogrulugunu ve uygulanabilirligini kanitlarken, diigik %RSD degerleri analitik yontemin
kesinligini gostermistir. Ornek ¢ozeltilerine 6n deristirme yontemi uygulandiktan sonra analitin ppb/ppt seviyelerini tespit etmek iin
olusturulan yéntemin kullanilabilecegi dnerilmektedir.

Anahtar Kelimeler: GC-MS, matriks eglestirme kalibrasyon yontemi, patates unu, prostlfokarb.

1. Introduction

Herbicides are substances applied to kill, control or prevent
excessive growth of weeds or unwanted plants (Hormenoo
et al. 2021). These substances are important chemicals used
in agriculture, industry, domestic and commercial areas (Bo
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et al. 2020). Among these chemicals, thiocarbamates have
been used as herbicides (Guarda et al. 2020), insecticides
(Lee et al. 2004) and fungicides (Gnatyshyna et al. 2020).
These molecules with S-benzyl, S-alkyl or S-chlorobenzyl
group are converted into sulfoxides in mammalian and
plant bodies (Bo et al. 2020). Prosulfocarb (S-benzyl
dipropylthiocarbamate) is used as herbicide for winter
cereals (Negre et al. 2006). It was discovered by Stauffer
Chemical in Belgium in the late of 1980s (Shaner 2014).
In European countries, prosulfocarb is used to selectively
control grass and broad-leaved weeds in potatoes and winter
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wheat (European Food Safety Authority 2007). It has low
water solubility (~10 mg/L) that reduces the possibility of
leaching downward (Négre et al. 2006). It has been detected
higher than 1.0 ng/m?® in atmosphere in France (Villiot et
al. 2018) and detected in two different sampling location
in Denmark (Ellermann et al. 2012, Mufioz et al. 2018). In
literature, acceptable daily intake for human bodies is 0.005
mg/kg body weight per day (Devault et al. 2022). Although
prosulfocarb effect on human health is not deeply highlighted
in literature, thiocarbamate herbicides can be metabolized
and reacted with biologically active compounds that impairs
important cell processes. In addition, these chemicals can
easily pass into cell membranes and physiological barriers
like blood-brain and fetal placental barriers due to their
lipophilic nature (Mathieu et al. 2015). For this reason,
determination of prosulfocarb in food samples is an
important issue for human health and environment.

In literature, prosulfocarb has been generally separated
and detected by high performance liquid chromatography
(HPLC) (Gennari et al. 2002, Marin-Benito et al.
2018). However, gas chromatography (GC) is a powerful
instrumental method for volatile and semi-volatile analytes.
It has many detector options to obtain sensitive, selective and
specific analyte detection (Erarpat etal. 2020). Among them,
mass selective detector (MS) is a prominent instrumental
method as a detector for GC systems because it gives the
number of analyte and their concentration in a sample and
structural information of analytes as well (Stauffer 2013).
LC-MS systems needs hazardous solvents as mobile phases
but GC-MS has no problem about mobile phase issues
(Sparkman et al. 2011). In addition, GC-MS has a great
advantage of having library based-sample identification that
provides compound names, molecular structure, elemental
formula (Tsizin et al. 2017). Hence, GC-MS system was
performed in the presented study for the quantification of
prosulfocarb in potato flour samples.

Calibrationisone of the mostimportantstepsinanyanalytical
procedure. In ideal conditions, calibration standards and
sample solutions have similar matrix medium. It is difficult
to perform calibration process if the sample matrix is less
similar to calibration standards or more complicated (Sloop
et al. 2019). Matrix effects can be minimized by matrix
matching calibration method meaning that the matrix of
the calibration standards is adjusted to match the matrix of
the sample (Vogl 2005). The matrix-matched calibration
plot was constructed via the spiked sample solution. In this
method, the sample solution used during the construction
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of calibration plot should be analyzed and not contain target
analyte (Bodur et al. 2024). Matrix matching calibration
method was used during the recovery experiments of
prosulfocarb in order to alleviate matrix effects.

Potato (Solanum tuberosum L.) ranks fourth after wheat,
rice and corn in terms of production volume among
various agricultural products in the world. The total potato
cultivation area in Turkey is 203,000 hectares and a total of
5,250,000 tons of potatoes are produced (Unli et al. 2006).
According to Republic of Tirkiye Ministry of Agriculture
and Forestry, prosulfocarb is used at high concentration
levels (800 g/L with 400-500 mL/da) for barley, wheat
and potato (Tarim ve Orman Bakanligi Gida ve Kontrol
Genel Mudurligi 2024). In this study, different potato
flour samples produced in Turkey were analyzed for their
prosulfocarb concentration due to its high usage.

The objective of this study was to develop an accurate
and precise analytical method for the determination of
prosulfocarb in potato flour samples. GC-MS system
was used to separate the analyte in GC and detect in MS
system. After system analytical performance study, the
developed method was implemented for the determination
of prosulfocarb in the spiked potato flour samples.

2. Materials and Methods
2.1. Chemicals and Reagents
Prosulfocarb (%98) was supplied from Dr Ehrenstorfer

GmbH, Germany. Gravimetric standard/sample preparation
was followed during all experiments in this study. A 3110.2
mg/kg stock solution was prepared in methanol and diluted
to obtain working standard solutions. Methanol was
purchased from Merck, Germany. High purity helium gas
was attained from a local gas supplier, Tiirkiye (Istanbul).

2.2. Instrumentation

An Agilent 6890 N gas chromatograph with mass selective
detector was used to separate and quantify target analyte.
Helium gas was used as mobile phase in GC-MS system at
the flow rate of 1.8 mL/min. HP-5MS column (30 m; 250
pm; 0.25 pm) was placed into the oven compartment of GC
system. Inlet temperature, injection volume, injection mode
were 280 °C, 1.0 puLL and splitless mode, respectively. Initial
oven temperature was 100 °C. Oven temperature program
had only one ramp from 100 °C to 300 °C at the rate of
20 °C/min. MS quadrupole, MS source and transfer line
temperature values were 230, 150 and 280 °C, respectively.
ChemStation mass spectrum database was utilized to check
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and confirm fragments of the analyte obtained by MS
system. Qualifier and quantifier ions for prosulfocarb were
128 and 91, respectively.

2.3. Samples

Three different brand potato flours (A, B and C) were
purchased from three different sellers located in Turkiye. A
clean centrifuge tube was placed into an analytical balance
and 50 mg potato flour sample was weighed into the
centrifuge tube. The solid sample was spiked to the desired
concentration level with the analyte standard solution. The
spiked flour sample was diluted to 10 g with methanol in
order to extract the analyte from the sample matrix. The
sample solution was vortexed for 20 s and centrifuged
at 3000 rpm (3461 g) for 4.0 min. The upper liquid part
was transferred into a clean glass vial and sent to GC-MS
system.

Table 1. GC-MS conditions for Program I and II.

3. Results and Discussion
3.1. Analytical Performance of GC-MS System

Two different oven temperature programs were tried to
achieve high signal to noise ratio and good chromatographic
conditions for prosulfocarb. The programs are given in Ta-
ble 1. According to the chromatograms given in Figure 1,
Program I gave highest signal to noise ratio than Program
II. Hence, Program I was selected as optimum oven tem-
perature program for the determination of prosulfocarb by

GC-MS system.

Analytical performance of GC-MS system for the analyte
was tested by calculating limit of detection (LOD), limit of
quantitation (LOQ), linear working range, correlation coef-
ficient (R?) and percent relative standard deviation (%RSD)
values. LOD and LOQ_were found by mathematical for-

Parameter Program I Program I1
Helium flow rate 1.80 mL/min 1.80 mL/min
Inlet temperature 280 °C 280 °C
Injection volume/mode 1.0 pL, splitless 1.0 pL, splitless
Initial oven temperature: 100 °C, Initial oven temperature: 100 °C,
Oven temperature program one ramp from 100 °C to 300 °C at the rate | one ramp from 100 °C to 300 °C at the rate
of 20 °C/min. of 30 °C/min.
MS quad/ source/ transfer line 230,150 and 280°C 230,150 and 280°C
temperature
Abundance Ton 91.00 (90.70 to 91.70): 10ppmp2.Didata.ms
30000 Ton 91.00 (90.70 to 91.70): 10ppmpl.D'\data.ms
25000
20000
15000
10000
5000
D e e B A s e 1 l"l T T
3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00

Figure 1. Chromatograms obtained by Program I (blue) and Program II (black).
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mulas as 3SD/m and 10SD/m, respectively, where SD is
standard deviation of the six repetitive measurements for
the lowest concentration in the calibration plot and m is
the slope of the calibration plot (Sanagi et al. 2009). LOD
and LOQ_are two important performance characteristics
in method validation. This work compares three methods
based on the International Conference on Harmonization
and EURACHEM guidelines, namely, signal-to-noise,
blank determination, and linear regression, to estimate the
LOD and LOQ_for volatile organic compounds (VOCs).
For this purpose, a series of prosulfocarb standard solutions
(2.4-237 mg/kg) was prepared in methanol. Under the
optimum GC-MS conditions, all standard solutions were
analyzed and calibration plot was drawn between 2.4 and
96.6 mg/kg. Linearity was excellent due to high R? value
(0.9997). LOD and LOQ values were figured out to be 0.54
mg/kg and 1.80 mg/kg, respectively. %RSD value calculated
by dividing standard deviation of six measurements for 2.4
mg/kg to mean of the measurements was found as 7.7%. The
analytical performance of GC-MS system is summarized in
Table 2. Overlay ion chromatograms belonging to the stan-
dard solutions are presented in Figure 2.

3.2. Recovery Studies by Matrix Matching Calibration
Strategy

Three different potato flour samples (A, B, C) were treated
with the procedure given in Samples Section. Blank analyses
for the samples gave no analytical signals for the analyte.

Table 2. Analytical performance parameters for GC-MS

system.

Parameter Value

LOD, mg/kg 0.54
LOQ, mg/kg 1.80
Linear working range, mg/kg 2.4-96.6

R? 0.9997
%RSD’ 7.7
Linear equation y=84154x+6005

"The %BRSD walue is belonging to the lowest concentration found in
calibration plot.

For this reason, a calibration plot was drawn using Brand
C sample which spiked to six different concentration levels
(2.5-99.4 mg/kg). Brand A and Brand B sample were also
spiked to different concentration levels and percent recovery
results for the spiked Brand A and B samples were calculated
using the linear equation (y=100640x-37087) obtained by
Brand C sample. In addition to matrix matching calibration
method, percent recovery values were calculated for Brand
A and B samples via external calibration plot with the linear
equation as . Table 3 gives all percent recovery and %RSD
values for the spiked samples. Overlay ion chromatograms
for the spiked samples and standard solution of the analyte
are given in Figure 3.

Abundancc_a
500000

450000
400000
350000
300000

250000
— 49.1 mg/kg

200000
150000
100000

50000

T‘ 24.8 mg/kg
9.6 mg/kg

Ton 91.00 (90.70 to 91.70): 10PPM1.D'data.ms

Ton 91.00 (90.70 to 91.70): 100PPM1.D'data.ms

—* 96.6 mg/kg 101 91.00 (90.70 to 91.70): 25PPM1 D\data.ms
Ton 91.00 (90.70 to 91.70): 2PPM1.D\data.ms

Ion 91.00 (90.70 to 91.70): 5SPPM1.D\data.ms

===

Time-> * e

T [T T ‘ L L I I R RN
6.30 640 6.50 6.60 6.70 6.80 6.90 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 8.00 8.10

Figure 2. Overlay ion chromatograms (prosulfocarb: 91 m/z) of standard solutions in the range of 2.4-96.6 mg/kg.
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According to the results given in Table 3, the developed
GC-MS method can be applied to potato flour samples
with matrix matching calibration method and external
calibration method. High percent recovery results (90.9-
105.7%) obtained by matrix matching calibration method
validated the applicability and accuracy of the developed
analytical method. Low +SD values (0.5-3.4) also proved
the precision of the developed method. When compared to

external calibration method, matrix matching calibration
strategy gave percent recovery results close to 100% more
than external calibration method. Further, positive matrix
effects were observed for Brand A (9.9-99.8 mg/kg) and
B (10.2-101.7 mg/kg) samples. For these reasons, matrix
matching calibration method was appropriate to achieve
excellent percent recovery results for the selected sample.

Table 3. Percent recovery results for the spiked potato flour samples.

Sample code Spiked concentration, mg/kg %Recovery+SD* %Recovery+xSD**
2.6 94.4+1.8 93.3£2.2
5.0 94.6x3.4 102.9+4.0
9.9 98.5+2.7 112.6+3.2
Brand A
24.9 104.4£1.8 122.8+2.2
49.9 103.3+0.5 122.5+0.6
99.8 100.2+0.9 119.3+1.1
2.6 92.9+1.7 91.2+2.0
5.1 90.9+2.1 98.72.5
10.2 99.8+1.7 114.3£2.0
Brand B
25.8 105.7+1.8 124.4+2.1
50.4 100.1£2.5 118.7£3.0
101.7 97.4+1.5 115.9+1.8

*Matrix matching calibration method. **External calibration method.

Abundance Ton 91.00 (90.70 to 91.70): 25ppmA I.D'data.ms
120000 Ton 91.00 (90.70 to 91.70): 25PPM1.D\data.ms
Ton 91.00 (90.70 to 91.70): 25ppmB1.D'\data.ms
Ton 91.00 (90.70 to 91.70): 25ppmC1.D'\data.ms
100000
80000
60000
40000
20000
Time‘> I L D L L L L L L L L L L L L L L UL L DL DL L
6.00 6.10 620 6.30 6.40 6.50 6.60 6.70 6.80 690 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80

Figure 3. Overlay ion chromatogram for prosulfocarb standard solution (24.8 mg/kg) and spiked potato flour samples (24.9, 25.8 and

25.6 mg/kg spiked Brand A, B and C, respectively).
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In literature, there are several analytical methods for the
determination of prosulfocarb in vegetables by GC-MS
system. For example, Przybylski et al. developed direct
QuEChERS method
was used to clean up and extract the analytes from green
vegetables. LOD, LOQ_and R? values were found as 0.50
pg/L, 1.4 pg/L and 0.9772. The method was applied to
green bean, spinach, lettuce samples (Przybylski and Bonnet
2009). Another study proposed an analytical method based
on QuEChERS and liquid chromatography-tandem mass
spectrometry (LC-IMS/MS) methods for the determination
of pesticides including prosulfocarb in honey. LOQ_and R?

analysis method for carbamates.

values were 0.01 mg/kg and 0.996, respectively (Gawel et
al. 2019). In 2019, Fu et. al. presented an analytical method
for the determination of pesticides in herbal species by gas
chromatography-tandem mass spectrometry (GC-MS/
MS). QUEChERS method was also used as clean up and
extraction step in this study. LOQ_and R? for prosulfocarb
in different herb matrices were 2.0-8.0 ng/mL and
0.9946-0.9992, respectively (Fu et al. 2019). To the best
our knowledge, there is no study about the determination
of prosulfocarb in potato flour samples in literature. This
study proposed an analytical approach for the detection
of prosulfocarb in potato flour. In literature, clean up and
extraction methods have been generally used to remove
the matrix effects and extract the analyte. The developed
GC-MS method can be also performed after a clean-up or
extraction method. Hence, ppb/ppt detection limits can be
obtained for the analyte in potato flour samples.

4. Conclusion and Suggestions

In the presented study, an analytical method for direct
determination of prosulfocarb in potato flour by GC-
MS system was proposed. Target analyte was separated
on HP5MS column within 10 min. After the selection of
optimum oven temperature program for the analyte, studies
to figure out the system analytical performance were carried
out by sending a series of analyte standard solutions to GC-
MS system. LOD, LOQ, linear working range, %RSD and
R? were found as 0.54 mg/kg, 1.80 mg/kg, 2.4-96.6 mg/
kg, 7.7% and 0.9997, respectively. Further, applicability/
accuracy of the proposed analytical method was checked
by spiking potato flour samples. According to the results
obtained via matrix matching calibration strategy, excellent
percent recovery values (90.9-105.7%) with low SD (0.5-
3.4) values verified the applicability and accuracy of the
proposed method. The presented method can be used to
qualify and quantify prosulfocarb in potato flour samples.
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This is the first study where an analytical method for the
determination of prosulfocarb in potato flour samples by
GC-MS system was developed. The developed GC-MS
method can be carried out after sample preparation methods
like clean up and extraction are performed.
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Neural Networks”).

Oz

Siber saldirilarin erken tespiti ve tanimlanmasi; saldirilarin etkisinin dogru bir sekilde degerlendirilmesi, bunlara kargt hizli ve etkili
6nlemlerin alinmasi, veri ve sistemlerin korunmas, is stirekliligin saglanmasi, kurumsal itibarin korunmasi, yasal ve diizenleyici
standartlara uyumun saglanmasi agisindan hayati 6nem tagimaktadir. Bu ¢aligmada, bir siber saldir1 tespit sistemi 6nerilmigtir. Saldirt
tespiti i¢in ¢esitli Tekrarlayan Sinir Ag1 (Recurrent Neural Network, RNN) derin 6grenme yontemlerinin yan sira K En Yakin Komgu
(K Nearest Neighbour, KNN), Karar Agaci ve Rastgele Orman makine 6grenme algoritmalari uygulanmigtir. Sistemin sayginli,
KDD’99 veri setinin %10’u tizerinden degerlendirilmis ve tartigilmistir. Ogrenme modellerinin bagarimini karsilagtirmak icin cesitli
degerlendirme metrikleri kullanilmigtir. Ayni veri setini kullanan ¢alismalarla kargilagtirildiginda onerilen Cift Yonli Uzun Kisa Streli
Bellek, daha yiiksek bagarima sahip RNN modeli olarak one ¢ikmaktadir. Ayrica KNN de yuksek bir test dogrulugu (%99.92) ve

duyarlilik (%99.94) sunmustur. Onerilen modeller, siber saldirilarin erken agamada tespit edilmesini kolaylastirabilir.

Anahtar Kelimeler: Derin 6grenme, KDD’99, RNN, siber giivenlik, saldir1 tespiti.

Abstract

Early detection and identification of cyber-attacks is vital to accurately assess their impact, take swift and effective countermeasures
against them, protect data and systems, maintain operational continuity, preserve organizational reputation, and ensure compliance
with legal and regulatory standards. A cyber-attack detection system was proposed in this study. K Nearest Neighbour (KNN),
Decision Tree, and Random Forest machine learning algorithms, and also various Recurrent Neural Network (RNN) deep learning
methods were applied for attack detection. The reputability of the system was evaluated and discussed using 10% of the publicly
available KDID’99 dataset. Various evaluation metrics were used to compare the performance of these learning models. In comparison
to the studies using the same dataset, the proposed Bidirectional Long Short-Term Memory stands out with its higher performance
as an RNN model. KNN also presented a higher test accuracy (99.92%) and recall (99.94%). The proposed models may facilitate the
detection of cyber-attacks at an early stage.

Keywords: Deep learning, KDD’99, RNN, cyber security, attack detection.
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1. Giris

Diinya Ekonomik Forumu (World Economic Forum,
WEF)'nun 2024 Kiiresel Riskler Raporu'nda (WEF 2024)
siber giivensizlik, en biyiik 10 kiiresel risk arasinda gosteril-
mis, kisa vadede en ciddi 4. ve uzun vadede 8. kiiresel risk
olarak siralanmigtir (Sekil 1). Ayrica siber saldirilar, kiiresel
o6lcekte maddi bir krize neden olma ihtimali en yiksek ol-
duguna inanilan ve en acil ¢6zim gerektiren 5 kiiresel risk
arasindadir. Siber saldirilarin 6ntimiizdeki yillarda siirekli
ve onemli bir endige kaynagi olmaya devam edecegi aciktir.
Bununla birlikte siber giivenlik saldirilarini tespit etmek ve
etkilerini azaltmak icin ¢ok cesitli giivenlik araglar1 ve sis-
temleri (givenlik duvarlari, saldir1 tespit sistemleri, bulut
glivenlik yazilimlari gibi) mevcuttur.

Guintimizde biiyiik bir tehdit haline gelen siber saldirilara
karg1 otomatik/erken tespit ve 6nlem alma, 6nemli bir sa-
vunma stratejisidir. Yapay zeka ve makine 6grenmesi gibi
teknolojilerin kullanilmasi, anomalileri ve potansiyel saldir1
isaretlerini tanimlamada yardimei olabilmektedir. Literattir-
de bilgisayar aglarinda saldir1 tespiti i¢in cesitli yapay zeka
yontemlerini kullanan birgok model 6nerilmis ve yiiksek
basarim elde edilmistir. 2020 yilinda Iwendi ve digerleri,
yaptiklar1 ¢alismada KDD99 (KDD Cup 1999 Data) ve
NSL-KDD veri setlerini makine 6grenmesi tabanli saldir1
tespitinde kullanilmiglardir (Iwendi vd. 2020). 5 ana saldi-
r1 tiiriine ait siniflar ele alarak korelasyon tabanli 6znitelik
se¢imi + topluluk siniflandiricilar: (Bagging ve Adaboost)
yaklagimlarini 6nermisler ve yiiksek dogruluk ile disik
yanlis alarm oranina sahip saldir1 takip sistemi gelistirmis-

lerdir. Onerdikleri yaklagim, KDD'99 veri setinde 0 yanlis

alarm orani ve %99.90 tespit orani, NSL-KDD veri setinde
%0.5 yanhs alarm orani ve %98.60 tespit orani bagarimi-
na sahiptir. Yapilan bir bagka ¢alismada (Gao vd. 2021) ise
SCADA aglar i¢in saldirilar, ilk kez zamansal iligkili olma
ve olmama durumlar: i¢in kategorize edilmis ve derin 6g-
renmeye dayali ¢cok yonld bir saldiri tespit sistemi Uzerine
caligilmigtir. Caligmada %10 KDD’99 veri seti; 1) normal
ve iligkisiz saldirilar, 2) normal ve iligkili saldirilar ve 3) hem
iligkili hem de iligkisiz saldirilar1 iceren 3 farkli veri seti
seklinde dizenlenmigtir. Caligmadan elde edilen bulgular
zamansal iligkili saldirilar1 tespit etmede Uzun Kisa Streli
Bellek (Long Short-Term Memory, LSTM)'nin daha iyi
performans gosterdigini, zamansal iligkili olmayan saldiri-
larin tespitinde ise Tleri Beslemeli Sinir Ag: (Feedforward
Neural Network, FNN)'nin daha avantajli oldugunu orta-
ya koymustur. Saldir1 tespitinde Zamansal Evrisimli Aglar
(Temporal Convolutional Networks, TCN)’in bagariminin
incelendigi bir ¢aligmada (Cakir ve Angin 2021), KDD’99
veri seti kullanilmistir. Aragtirmada Tam Evrisimli Aglar
(Fully Convolutional Networks, FCN) ile LSTM ve TCN
tabanl otomatik kodlayicilar gelistirilerek basarimlar: kar-
stlagtirilmug ve ikili siniflandirmada TCN’nin en az LSTM
kadar basarili oldugu raporlanmigtir. Laghrissi ve digerleri
(2021), siber saldirilar: tespit etmek i¢in LSTM tabanli bir
derin 6grenme yaklagimi sunmuglardir. Boyut azaltmanin
uygulandigi bu yaklasim, KDID’99 veri seti tizerinde test
edilmis ve %99.49 dogruluk - %99.15 duyarlilik saglamigtr.
LSTM Tekrarlayan Sinir Ag1 (Recurrent Neural Network,
RNN) uygulanan bir saldir1 tespit modelinde ise degerlen-
dirme UNSW-NB15 veri seti tizerinde yapilmis ve Basit
RNN modeli ile kargilastirildiginda %99’un tzerinde dog-
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ruluk ile daha iyi bagarim gostermistir (Thant vd. 2023). Ka-
songo tarafindan Basit RNN, LSTM ve Gegitli Tekrarlayan
Birim (Gated Recurrent Unit, GRU) yontemlerini kullanan
bir saldir1 tespit sistemi onerilmigtir. Sistemin performan-
sini degerlendirmek i¢cin UNSW-NB15 ve NSL-KDD
veri setleri dikkate alinmus, ayrica 6zellik se¢imi yapilmistir.
LSTM, NSL-KDD veri seti tizerinde %88.13 test dogru-
lugu ile en iyi bagarimi gostermistir. UNSW-NB15 veri seti
tzerinde Basit RNN, %87.07 dogruluk oran: ile en etkili
model olmustur (Kasongo 2023). Ag saldir1 tespit sistemi
icin Cift Yonli LSTM (Bidirectional LSTM, Bi-LSTM)
kullanan sinir aglarinin degerlendirildigi bir ¢alismada
(Pooja ve Shrinivasacharya 2021) ise KDD’99 ve UNSW-
NB15 veri setleri tzerinde deneyler gerceklestirilmistir. Bi-
LSTM modeli, her iki veri seti i¢in %99 dogrulukla yiiksek
sonuglar vermigtir. KDID’99 veri seti tzerinde yapilan bir
baska ¢alismada (Liu ve Zhang 2020) ise Evrisimli Sinir
Aglar1 kullanilarak %98.02 dogruluk elde edilmigtir. Ale-
nazi ve Mishra (2024), saldir1 tespit i¢in Ekstrem Gradyan
Artirma (Extreme Gradient Boosting, XGBoost) modeli
onermigler, KDD’99 veri setinde %99.98 ve NSL-KDD veri
setinde %99.97 ise dogruluk elde etmislerdir. Ayrica ¢alig-
malarinda, Gaussian Naive Bayes (NB) ile XGBoost mo-
delini kargilagtirmiglar ve her iki veri setinde de XGBoost
modelinin tistin yanlarini vurgulamuglardir. Tlgiin ve Samet,
2024 yilinda yaptiklar: ¢caligmada ise NSL-KDD veri seti-
ne 6n islem uygulanmadan ve sirasiyla kategorik veri kod-
lama, 6lgeklendirme, hibrit 6znitelik se¢cimi 6n iglemlerini
hem ayr: ayr1 hem de beraber uygulayarak 5 farkli senaryo
olusturmus ve boylelikle 5 farkli veri seti elde etmislerdir.
Calismanin bir sonraki adiminda bu veri setleri izerinde ge-
sitli makine 6grenmesi yontemlerini kullanmiglardir. En son
adimda ise en bagarili sonuglari veren yontemler ele alinarak
hiperparametre optimizasyonu ile modellerin performansla-
r1 fyilestirilmigtir. Calismada optimizasyon uygulanmasinin,
genel olarak saldir1 tespit basarisini arttirsa da egitim ve test
stiresini uzattig1 gorilmigtiir (Ilgiin ve Samet 2024).

Bu ¢aligmada, Basit RNN, LSTM ve Bi-LSTM olmak tize-
re farkli tirde RNN modelleri kullanilarak siber saldiri tes-
piti gerceklestirilmistir. Ayrica Karar Agaci (Decision Tree,
DT), Rastgele Orman (Random Forest, RF) ve K En Yakin
Komgu (K Nearest Neighbour, KNN) modelleri geligtiril-
mis ve kargilagtirmali analizi yapilmistir. Yapilan analizlere
iligkin sonuglar incelendiginde, biitin 6grenme modelleri
icin %97.76 ve tizeri siniflandirma dogrulugu elde edilmistir.
En yiksek duyarlihiga sahip modeller ise %99.94 ile KNN
ve Bi-LSTM olmugtur. Ayrica, elde edilen sonuglar ayni veri
seti kullanilarak saldir1 tespit sistemi gelistirilmesi amach

138

literatirdeki ¢aligmalar ile kargilagtirildiginda daha yiiksek
basarim saglanmugtir.

KDD’99 veri seti kullanilarak siber saldir1 tespitinin arag-
tirildigi bu ¢alismanin geri kalan bolimleri su sekilde or-
ganize edilmigtir: 2. Boélumde, veri seti ve ¢aligmada ele ali-
nan yontemler agiklanmistir. Ardindan, 3. Bolimde, ¢aligma
kapsaminda elde edilen bulgular sunulmus ve tartigilmistur.
Son boliimde ise sonuglar degerlendirilmistir.

2. Gereg ve Yontemler

Salduri tespiti i¢in farkli yapay zeka yontemleri kullanilarak
modeller gelistirilmis ve modellerin performanslar1 ¢esitli
metrikler agisindan degerlendirilmigtir. Calismanin ana hat-
lar1 Sekil 2'de gosterilmistir.

Veri Toplama ve Veri On isleme
Hazirlama
Model Mimarisi
Secimi
Model Egitimi

Model

KNN, DT, RF
Simple RNN, LSTM, Bi-LSTM

Degerlendirmesi

Sekil 2. Calismanin is akis.

2.1. Veri Seti

Calismada %10 KDD’99 veri seti kullanilmigtir (UCI KDD
Archive 1999). Yaklagik 25 yillik bir veri seti olmasina rag-
men, zaman yayilimi, icerdigi saldiri ¢esitliligi ve toplam veri
sayisinin biytikligi gibi nedenlerle saldiri tespit sistemle-
rinin bagariminin degerlendirilmesinde halen yaygin olarak
kullanilmaktadir. Veri setinde, baglantinin baglangicindan
bitisine kadar gecen siire (duration), baglantinin durumu
(flag), kullanilan iletisim protokolii (protocol_type), ag hiz-
meti (service), kaynaga/hedefe iletilen toplam veri miktari
(src_bytes, dst_bytes), gecersiz giris denemesi sayist (num_
failed_logins), sunucu hata orani (dst_host_srv_rerror_rate)
gibi 41 ozellik yer almaktadir. 97,277 normal ve 396,744
saldirt igeren trafik verisi olmak tizere toplamda 494,021
kayit bulunmaktadur.
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2.2.RNN

RNN, digimler arasinda baglantilarin yer aldig1 ve yon-
lendirilmis dongi olusturdugu bir sinir ag: tiridir (Seker
vd. 2017, Mikolov vd. 2010). Ileri beslemeli bir sinir agin-
da, tim girdiler ile ¢iktilarin birbirinden bagimsiz oldugunu
varsayilirken RNN'de, 6nceki adimlarda elde edilen ¢iktilar
bir sonraki adimda girdi olarak kullanilir ve béylece zamanla
(veya dongtiyle) geri besleme saglanir. Tleri beslemeleri ag-
larin aksine RNN’lerin kisa streli hafiza olugturma olasi-
lig1 vardir (Mikolov vd. 2010) ve ge¢mis girdilerden gelen
bilgileri kullanarak durumu koruyan baglantilara sahiptir.
Bagka bir ifade ile sabit sayida giris vektorii kullanmak yeri-
ne, tahmin i¢in mevcut bir zaman dilimine kadar tiim girig
bilgilerinden yararlanabilir. Diziye yakin veri noktalar: ara-
sindaki korelasyonlar: iceren (zaman) sirali verilerle bas et-
mek i¢in bir ¢6zim sunar (Schuster ve Paliwal 1997). Basit
RNN, model olarak bir girdi katmani (input layer), bir gizli
(hidden/context) katman ve bir ¢ikis (output) katmanina
sahiptir.

LSTM aglari, dizi verilerinin zaman adimlari arasinda-
ki uzun siireli bagimliliklar: 6grenebilen bir RNN turtdir
(Cakir vd. 2020, Bouktif vd. 2020). Genis bir kullanim ala-
nina sahip olan LSTM, basit yapilit RNN’lerin egitim zama-
ninda meydana gelen kaybolan (vanishing) gradyan sorunu-
nu ¢6zmek amagli Hochreiter ve Schmidhuber (1997) tara-
findan tasarlanmistir. LSTM’nin temel yapisini 3 ana kapi
olugturur: 1) giris kapsi (input gate), 2) ¢ikis kapisi (output
gate) ve 3) unutma kapisi (forget gate). Bu t¢ kapi, LSTM
hiicresinin hiicre durumunu ve gizlilik durumunu kontrol
ederek elde ettigi bilginin depolanmasi, giincelleme zamani
ve ¢ikis zamani konularinda karar vermektedir.

Graves ve Schmidhuber tarafindan 2005 yilinda ilk kez
LSTM agina ift yonli egitim uygulanmis ve Bi-LSTM,
LSTM'nin geligmis bir tirt olarak énerilmigtir. Dizi ige-
risinde yer alan bagimliliklar: iki yonli olarak ileri ve geri
yonde dgrenebilmeyi saglamaktadir. Hem 6nceki hem de
sonraki baglami her bir zaman adiminda dikkate almast,
modelin daha dogru tahmin gergeklestirmesine imkan ta-
nimaktadir. Bi-LSTM modeli yapisinda ¢ift ayr1 LSTM
katmani bulundurur. Katman ciftlerinden biri girdiyi zaman
adimu sirasi ile ileri yonde iglerken, digeri ise girdiyi zaman
adimu ters sirast ile geri yonde islemektedir. Elde edilen ¢1k-
tilar ise daha sonra birlestirilmektedir. Bu ¢ift yonli yapist
ile Bi-LSTM bir¢ok uygulamada yiiksek dogruluk ile kul-
lanilabilmektedir.
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2.3. Makine Ogrenmesi Algoritmalar

KNN,; en ¢ok kullanilan makine 6grenmesi algoritmalarin-
dandir. Algoritma, kendisine en yakin %4 komsuya gére tah-
min yapmaktadir. Komgularin belirlenmesinde yakinlik he-
sabr igin kosiniis ve Oklid mesafesi gibi uzaklik yontemleri
kullanilmaktadir (Dolgun vd. 2009). KNN, siniflandirma ve
regresyon problemleri i¢in etkili yontemlerden biridir.

DT, ters agag yapisina benzer. Verileri dallara ayiran yapi-
st ile karar verme siireci olugturur ve bu siirecin sonunda
bir tahmin (siniflandirma/regresyon) gergeklestirir (Ozger
2023). Veriyi bolme karari, gesitli olgiitlere (bilgi kazanci,
Gini indeksi gibi) gore yapilmaktadir. Ornegin bilgi ka-
zanct en yiksek olan 6zellik, kok digimde tutulur ve veriyi
bélmek icin kullanilan ilk kriterdir. Her bir 6zelligin aldig:
degerler dallar: ifade eder ve her bir dalin sonunda bir karar
noktast (i¢ diigiim) olusturulur ya da yaprak yer alir. Yaprak-
lar, agacin en alt seviyesidir ve nihai tahmini saglar (Unald:

ve Yalgin 2022).

RE, siniflandirma ve regresyon amagh karar agaclarini kul-
lanan bir topluluk (ensemble) yontemi olarak bilinmekte-
dir. Algoritmanin ¢aligma mantig1, veri kiimesinden rastgele
olugturulan her bir alt kiime i¢in DT meydana getirilmesi-
ne dayanir. Her bir DT tarafindan uretilen tahminlere gore
agirhklandirma/oylama yapilir ve elde edilen sonug¢ nihai
tahmin olarak sunulur (Ozger 2023, Yalgin vd. 2024).

3. Bulgular ve Tartigma

Calisma kapsaminda gelistirilen 6grenme modelleri, Google
Colaboratory platformunda Python programla dili ile gelis-
tirilmigtir. Pandas, NumPy, Keras (models, layers, callbacks),
Matplotlib, Sklearn (metrics, model_selection, preproces-
sing, neighbors, tree, ensemble) ve Mlxtend kitiphaneleri
kullanilmigtir.

Sinir aglari, saysal girdiler gerektirdigi icin veri setinde yer
alan kategorik veriler (protocol_type, flag, service, target) sa-
yisal degerlere dontstirilmistir. Daha sonra biitin deger-
ler, 0 ile 1 arasinda olacak sekilde normalize edilmistir. Veri
seti, egitim ve test veri seti olmak tizere 80:20 oraninda ikiye
ayrilmigtir. Bununla birlikte KNN, DT ve RF modelleri i¢in
5 katli ¢apraz dogrulama (cross validation) yontemi uygu-
lanmigtir. KNN i¢in 4 komsu sayisi, Elbow yontemi ile 5
olarak elde edilmistir. Denemeler sonucunda DT ve RF i¢in
maksimum derinlik (max_depth) 5 ve RF i¢inde olusturula-
cak agag sayis1 (n_estimators) 40 olarak belirlenmistir. Ca-
lismada Basit RNN, LSTM ve Bi-LSTM yontemleri kul-

lanilarak 3 farkli RNN derin 6grenme modeli tasarlanmugtir
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ve tasarlanan RNN modellerine iligkin detaylar ise Cizelge
1'de verilmistir. Her bir RNN modeli, model ile ayni isimli
katman ve bir yogun (dense) katmandan olugmaktadir. Ci-
zelge 1de her bir katmandaki néron, egitilebilir (trainable)
ve toplam (total) parametre sayist (params) gortlebilmekte-
dir. Katmanlarda Adam optimize edici, sigmoid aktivasyon

Cizelge 1. Tasarlanan RNN model mimarileri.

fonksiyonu ve ikili capraz entropi kaybi (binary crossentropy
loss) kullanilmistir.

Gelistirilen tim modeller i¢in elde edilen test karmagiklik
matrisleri, Sekil 3’te sunulmugtur. Test veri setinin 79452
adeti saldir1, 19353 adeti ise normal trafik verilerinden olusg-

Model Mimari

Model: "sequential”
Layer (type) Output Shape Param #
simple rnn (SimpleRNN) {(None, 18@) 18208
Basit RNN dense (Dense) {None, 1) 181
Total params: 18381 (48.24 KB)
Trainable params: 18381 (48.24 KB)
Non-trainable params: @ (@.88 Byte)
Model: "sequential_ 2"
Layer (type) Output Shape Param #
lstm_1 (LSTM) {None, 58) 18408
LSTM dense 2 (Dense) {None, 1) 51
Total params: 18451 (48.82 KB)
Trainable params: 18451 (48.82 KB)
Mon-trainable params: 8 (9.80 Byte)
Model: “se&uential_l” )
Layer (type) Output Shape Param #
bidirecticonal (Bidirection (MNone, 18@) 28800
al)
Bi-LSTM
dense_1 (Dense) {None, 1) 181
Total params: 28981 (81.64 KB)
Trainable params: 28981 (81.64 KB)
Non-trainable params: 8 (@.88 Byte)
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maktadir. Karmagiklik matrisleri analiz edildiginde; saldiri
orneklerinden 794081t KNN tarafindan dogru sekilde sinif-
landirlmugtir. Yiksek duyarhlikla saldirilarin tespitini ger-
ceklestiren diger bir yontem Bi-LSTM olmustur ve saldi-
riya iligkin 6rneklerin 79403’int dogru tespit etmistir. RE,
normal trafige iligkin 6rneklerin sadece 11'ini yanlis sekilde
saldir1 olarak nitelendirmistir. Bununla birlikte saldiriya ilis-
kin 358 6rnegi de normal olarak tahmin etmistir.

Model performanslarini kargilagtirmak i¢in dogruluk, kesin-
lik, duyarlilik, F1 6l¢ttii ve yanlis tespit orani hesaplanmig-

tir. Her bir modele iliskin performans sonuglar1 Cizelge 2'de
sunulmustur. Sonuglar incelendiginde, bitin modellerin
%97.76 ve tzeri siniflandirma dogrulugu sundugu goril-
mektedir. KNN ve Bi-LSTM, %99.94 ile en yiiksek tespit
oranina (duyarliliga) sahiptir.

Caligma sonuglar, literatiirde ayni veri seti tizerinde yapilan
benzer amach ¢aligmalar ile karsilagtirilmigtir (Cizelge 3).
Cakar ve Angin (2021)'nin ¢aligmalarinda en yiiksek dog-
rulukla saldir1 tespiti LSTM yontemi ile elde edilmistir.
Bununla birlikte LSTM kullanilarak elde edilen siniflandir-

KNN DT RF
o o o
E E E
o o o
T = T = T =
= = =
] ] ]
D c D c D c
L= 79408 =] 79030 =] 79094
%] %] %]
ul ul ul
I I I
Mormal Saldir Mormal Saldir Mormal Saldir
Tahmin Tahmin Tahmin
RNN LSTM Bi-LSTM
o o o
& 18084 1269 £ £
32 32 32
= = =
] ] ]
D c D c D c
L= 78508 =] 79398 =] 79403
QA QA QA
I I I
Mormal Saldir Mormal Saldir Mormal Saldir
Tahmin Tahmin Tahmin

Sekil 3. Karmagiklik matrisleri.

Cizelge 2. Model performans sonuglari.

Dogruluk Kesinlik Duyarlilik F1-olgiitii Yanls Tespit Oram
Basit RNN 0.9776 0.9841 0.9881 0.9861 0.0656
LSTM 0.9991 0.9995 0.9993 0.9994 0.019
Bi-LSTM 0.9991 0.9995 0.9994 0.9994 0.0022
KNN 0.9992 0.9995 0.9994 0.9995 0.0019
DT 0.9953 0.9994 0.9947 0.9971 0.0023
RF 0.9963 0.9999 0.9955 0.9977 0.0006
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Cizelge 3. Ayni veri seti tizerinde literatiir kargilagtirmasi.

Referans Yontem Dogruluk Kesinlik Duyarhihik  F1-élgiitii  Yanls Tespit Orani
Basit RNN 0.9776 0.9841 0.9881 0.9861 0.0656
LSTM 0.9991 0.9995 0.9993 0.9994 0.019
Bu ¢alisma Bi-LSTM 0.9991 0.9995 0.9994 0.9994 0.0022
KNN 0.9992 0.9995 0.9994 0.9995 0.0019
RF 0.9963 0.9999 0.9955 0.9977 0.0006
FCN 0.935 0.927 0.992 0.958 -
Cakar ve Angin 2021 LSTM 0.942 0.939 0.989 0.963
TCN 0.941 0.939 0.988 0.963
FNN - ~0.9911 ~0.8763 ~0.9253 -
Gao vd. 2021 LSTM 0.95:0.01 | 0.84:0.02 | 0.88:0.01
. AdaBoost+RF 0.9908 0.9910 0.9910 0.9910 0.009
Iwendi vd. 2020 :
Bagging+RF 0.9940 0.9940 0.9940 0.9990 0.0057
Liu ve Zhang 2020 CNN 0.9802 0.9998 0.9981 0.9989 0.02

ma sonuglar1 incelendiginde bu ¢aligmada, (Cakir ve Angin
2021) ve (Gao vd. 2021) ¢aligmalarindan daha yiiksek ba-
sarim saglanmugtir. Yanhs tespit orami agisindan en bagarili
model, 0.0006 ile bu ¢aligmada sunulan RF modeli olmugtur.
Iwendi ve digerleri (2020) tarafindan 6nerilen Bagging+RF
yaklagimi da diistik yanls tespit oranina (0.0057) sahiptir.
Cizelge 3’te verilen ayni veri seti kullanilarak yapilan ¢a-
lismalar incelendiginde, en yiiksek duyarliliga sahip mo-
deller ise bu galigmada sunulan Bi-LSTM (0.9994) ve RF
(0.9955) modelleridir.

Calisma kapsaminda KDID’99 veri setinin farkli versiyon-
lar1 Gzerine yapilan ¢alismalar da incelenmigtir. Saldir: tes-
pit icin LSTM yaklagiminin benimsendigi NSL-KDD veri
seti Uizerinde yapilan bir ¢alismada (Kasongo 2023) %88.13
dogruluk, KDID’99 veri seti tizerinde yapilan bir diger calis-
mada (Laghrissi vd. 2021) %99.49 dogruluk elde edilmistir.
Bi-LSTM kullanan bir saldir1 tespit ¢aligmasinda (Pooja
ve Shrinivasacharya 2021) ise KDD’99 veri seti i¢in %99
dogruluk saglanmugtir. Alenazi ve Mishra tarafindan one-
rilen XGBoost modeli ile KDID’99 veri setinde %99.98 ve
NSL-KDD veri setinde %99.97 ise dogruluk saglanmugtir
(Alenazi ve Mishra 2024). En yiiksek dogrulukla saldir: tes-
pitinin XGBoost modeli tarafindan sunuldugu gorilmiistiir.

4. Sonug ve Oneriler

Bu ¢alismada 6nerilen modellerin bagarimini incelemek i¢in
saldir1 tespiti alanindaki ¢aligmalarda yogunlukla kullanil-
mis temel kiyaslama (benchmark) veri setlerinden biri olan
%10 KDD’99 veri seti kullanilmigtir. Calismamizda model-
lerin uygulandig1 bu veri seti sinirh sayida saldir1 kategorisi

142

icermektedir. Onerilen modeller ¢cok basamakli saldirilar:
iceren farkli bir veri seti tzerine uygulandiginda model-
lere iligkin bagarimin daha net bir sekilde gézlemlenecegi
Cakir ve Angin (2021)'nin ¢alismasinda sonuglar kisminda
verilmigtir. Bu aragtirmada incelenen modeller ele alinarak
basarim kiyaslamasi yapildiginda KNN, daha yiiksek bir
test dogrulugu (%99.92), duyarlilik (%99.94) ve F1-6lcuti
(9699.95) sunmustur.

Onerilen modeller, siber givenligin saglanmasi noktasin-
da siber saldirilarin tespit edilmesinde yardimeci olabilir.
Bununla birlikte siber glivenlik, teknolojinin gelismesiyle
birlikte stirekli olarak degisen bir alan oldugundan, siber
tehditlere kars1 savunma stratejilerini siirekli olarak giincel-
lemek ve iyilestirmek 6nemlidir.

KDD’99 veri setinin, makine 6grenmesi yontemleri i¢in si-
nirlamalarinin Ustesinden gelmek amaciyla Tavallaee ve di-
gerleri (2009) tarafindan NSL-KDD veri seti tanitilmistur.
Bu nedenle gelecek ¢alismada, 6nerilen yontemler daha kul-
lanisli ve kapsamli farkls veri setleri tizerinde test edilebilir.
Gelecek ¢aligmada, %10 KDID’99 veri seti tizerinde topluluk
ogrenme yontemlerinin bagarimi detayli olarak degerlendi-
rilebilir. Ayrica bu ¢alisma, saldiri tespiti i¢in ¢oklu siniflan-
dirma yapilacak sekilde genigletilebilir.

Yazar katkilar:

Nesibe Yal¢in: Calismay: planlamig ve tasarlamis, veri setini
diizenlemis, deneyleri gergeklestirmis, sonuglari analiz etmis
ve makaleyi yazmistir, Semih Cakar: Sonuglari analiz etmis
ve makaleyi yazmigstir. Sibel Unalda: Sonuglar1 degerlendir-
mis ve makaleyi yazmustir.
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Investigation of a New Blade Design to Improve the Efficiency of an Axial Fan Used

in an Underground Mine

Bir Yeralt: Madeninde Kullanilan Eksenel Fanin Verimliligini Artirmak Itin Yeni Bir Kanat

Tasariminin Arastirilmasi

Giuneyhan Tagkaya ®, Beytullah Erdogan®

Zonguldak Biilent Ecevit University, Engineering Faculty, Mechanical Engineering of Department, Zonguldak, Turkiye

Abstract

'The blade geometry of a 40 cm diameter axial fan with a front stator cylindrical duct used in the ventilation of an underground mine
is redesigned. The Computer Aided Design (CAD) geometry of the existing fan was extracted and all parameters were analysed.
Keeping the geometrical characteristics of the real fan constant, a redesign was made according to the system requirements and a new
blade profile was selected to provide the required lifting force. In addition to National Advisory Committee for Aeronautics (NACA)
747A315 and NACA 6412 airfoils, Computational Fluid Dinamics (CFD) analysis of NACA 63-412 airfoil was performed and
airfoil performance ratios (C,/C,)) were determined. The rotor geometry designed using the NACA 63-412 airfoil and the existing
fan geometry were combined in CAD environment. The CFD results of the new fan were compared with those of the existing fan
The CFD results of the new fan were compared with the existing case. Accordingly, in the existing fan, at 3700, 4000, 4700 rpm and a
constant flow rate of 2 kg/s, 25%, 37.5% and 43.5% performance increases were obtained with mass flow rates of 2.5, 2.75, 2.87 kg/s
respectively in the new fan design.

Keywords: Airfoil, axial fan, CFD, fan blades, rotor, ventilation.

Oz

Bir yeralti madeninin havalandirilmasinda kullanilan 40 cm ¢apindaki 6n statorlu silindirik kanalli eksenel fanin kanat geometrisi
yeniden tasarlanmigtir. Meveut fanin Bilgisayar Destekli Tasarim (CAD) geometrisi ¢ikarilmig ve tim parametreler analiz edilmigtir.
Gergek fanin geometrik 6zellikleri sabit tutularak sistem gereksinimlerine gére yeniden bir tasarim yapilmis ve gerekli kaldirma
kuvvetini saglayacak yeni bir kanat profili se¢ilmistir. Ulusal Havacilik Danigma Komitesi (NACA) 747A315 ve 6412 kanat profillerine
ek olarak NACA 63-412 kanat profilinin Hesaplamali Akigkanlar Dinamigi (HAD) analizi yapilmis ve kanat performans oranlar:
(C,/C,) belirlenmistir. NACA 63-412 kanat profili kullanilarak tasarlanan rotor geometrisi ile mevcut fan geometrisi CAD ortaminda
birlestirilmigtir. Yeni fanin CFD sonuglar1 mevcut fanin sonuglari ile kargilagtirilmis ve yeni fanda farkli donis hizlarinda kiitlesel
debide %45% varan bir artig saglanmugtir. Buna gére mevcut fanda 3700, 4000, 4700 devir/dakika ve 2 kg/s sabit debide yeni fan
tasariminda 2.5, 2.75, 2.87 kg/s kiitle debileri ile sirasiyla %25, %37.5 ve %43.5 performans artiglar: elde edilmistir.

Anahtar Kelimeler: Airfoil, eksenel fan, HAD, fan kanatlari, rotor, havalandirma.

1. Introduction mining is only possible by providing favorable conditions

. ) . for safe access and extraction. Safe access to the mine is
Underground mining is undoubtedly very important in o ;

largely dependent on ventilation. The evacuation of tox-
ic gases that threaten the health and safety of workers in

mines, spontaneously or during mining activities, and keep-

terms of the economic and strategic position of states and
their competition with each other. Sustainable underground
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the ventilation system is expected to operate 24 hours a day.
'This results in a very high consumption of electrical energy.
'The rapid development of needs and technology has made
it necessary to use limited energy resources more carefully
and effectively. Less energy consumption increases environ-
mental sustainability by reducing the carbon footprint, as
well as reducing costs, enabling technological progress and
enabling countries and organizations to compete with each
other. Therefore, energy efficiency is a fundamental energy
policy element for all countries. For this reason, considering
that one third of the electricity demand of a typical mining
operation is caused by the ventilation system, it is aimed to
minimize the losses in the system, device and process and to
obtain the same system output with less energy consump-

tion (Panigrahi and Mishra 2014).

'The necessity of high efficiency of the components used in
ventilation increases the importance of studies to improve
the performance of axial fans, one of the most important
components of the system. Axial fans have a wide range of
applications such as aircraft engines, heat exchangers, cooling
of computers, heating-cooling-air conditioning installations
of industrial processes, tunnel and mine ventilation and
their physical properties (blade profile, number of blades,
hub geometry, etc.) vary according to the needs of the
application in which they are used. In underground mine
ventilation, where the need for fresh air is at the forefront,
directing blades that protect the fan from mine dust and
at the same time distribute the air evenly can be preferred
at the fan inlet, as well as at the fan outlet or at both inlet
and outlet of the fan. The air coming axially to the fan gains
kinetic energy during its movement on the rotor blades.
'The directing blades of the fan ensure that the air flow is
directed uniformly towards the rotor. The efficiency of the
fan depends on how much kinetic energy is generated,
how low the rotor losses can be kept and how much of this
kinetic energy is converted into static pressure. Therefore,
the calculation of blade angles, determination of the number
of blades and selection of blade profiles are very important
in fan efficiency (Cakir 2018). Until recently, the effects of
certain parameters such as radial distribution of Euler work,
blade load, blade profile, blade tip clearance, number of
blades, ratio of hub radius to tip radius of the fan on axial
fan performance have been demonstrated and accordingly,
axial fan efficiencies have increased. With the increase in
computer speed and capacities after 1980s, Computational
Fluid Dynamics (CFD) has been widely used in studies to
improve the performance of axial fans. The cheap and fast
CFD method has enabled the determination of the effects
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of new parameters on axial fan performance, which are
difficult and costly to investigate by experimental methods
(Ilikan 2014).

Keklikoglu (2019), developed an application code for fan
design using some empirical equations in order to examine
the effects of all parameters of axial fan design. The results
obtained by performing experiments in the test setup
prepared according to Air Movement and Control
Association (AMCA) standards with the new prototype
produced by making a sample design were compared with
the results obtained with ANSYS-CFX software. According
to the experimental and numerical results of the study, a new
design code was developed for the designers as the pressure
difference and volumetric flow rate values were quite close
(Keklikoglu 2019). Jung and Joo (2019) examined the effect
of fan inlet core length on the efficiency of the fan in their
study with the axial fan of an outdoor unit air conditioner.
They determined that the vortex occurring at the edge of the
fan hub inlet affects the attack edge of the blade and causes
yield loss. If the input core length is shorter than a certain
value, the loss increases, but the rounded corner shape
improves the situation. The results showed that the efficiency
increases at certain inlet hub length due to the interaction
between the hub vortex and the blade (Jung and Joo 2019).
Ilikan (2014), investigated the effects of airfoil arrangement
patterns on fan performance and three-dimensional flow
structure. When the results of the CFD solutions made with
the frozen rotor approach are compared with the
experimental results, no significant changes are observed in
the performance values, but differences are observed in the
design flow rates. It is observed that shifting the fan blades
backwards reduces the total pressure and efficiency of the
fan at low flow rates, while it has no effect at design flow
rates and high flow rates. The main novelty of this study is
the demonstration that the unstable region in the
performance curve of axial fans is completely eliminated by
the application of positive translation to the fan blades, and
thus the stable operating region is significantly expanded
(Ilikan 2014). Cakir (2018), carried out two-stage CFD
studies with stator axial fan. In the first stage of the study,
the effects of rotor-stator interaction surface models on fan
performance were compared. At a single rotational speed,
the static pressure and flow rate values were closer to each
other in the stationary impeller and mixing surface models,
but remained lower than the experimental results. It was
observed that the time transformation method was closer to
the experimental results. In the second stage of the study,
two different models were created by applying 300 shifts to

145



Taskaya, Erdogan / Investigation of a New Blade Design

the rotor airfoils forward and backward in the chord
direction. In a study using a mixing surface model, it was
concluded that forward shifting relatively increases fan
efficiency compared to rearward shifting (Cakir 2018). Park
et al. (2019), investigated the effect of reducing tip leakage
flows on the efficiency of an axial flow fan used in an air
conditioning outdoor unit. They aimed to prevent tip leakage
flows and related vortices by coating the casing of the axial
fan. With a CFD study at 154.000 Reynolds number, they
concluded that reducing tip leakage flows increases efficiency
by reducing total pressure loss (Park et al. 2019). Galpin et
al. (2017) compared the total pressure and efficiency results
obtained from time-independent and time-dependent CFD
analyses with experimental results using a single-stage
transonic compressor with 20 rotor and 43 stator blades.
Mixing surface model was used for time independent
solution and time transform model was used for time
dependent solution. In order to understand the uncertainties
of the flow in advance and to establish a solution system,
they first analyzed the flow on the rotor. They found that the
mixing surface model gives results almost as consistent as
the time transformation and that the gain is not so good
compared to the mixing surface when the cost of the time
transformation method is considered (Galpin et al 2017).
Tonello et al. (2017), performed time-independent CFD
analyses on the Franscis-99 turbine using open-source
software. When they compared the results obtained from
the study in which they applied the k- @ (omega) Shear
Stress Transport (SST) turbulence model (partial load, high
load and best efficiency point) with the experimental results,
they found that the mixing surface model has no advantage
over the standing wheel method in predicting the flow
inside the emitter and the general characteristics of the
turbine. When the rotor-stator interactions where the losses
are intense are examined, it is argued that the mixing surface
will be more effective, this is due to the lack of rotor-stator
interaction in the emitter (Tonello et al. 2017). Castegnaro
(2017) worked on the design of low-speed axial fans in
which three important parameters (blade profile, stiffness
ratio and insertion angle) provide the required pressure
difference with the highest efficiency. He stated that there
are methodological differences between traditional blade
design methods of axial fans and that these differences are
caused by these three parameters. Three different rotors with
a diameter of 315 mm were used in the study. In one of the
models, British airfoil C4 and American airfoil NACA 65
series fans were compared by considering the angle of
insertion. The second study was carried out according to the
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stiffness distribution and the third according to the Reynolds
numbers. According to the results of the study, it was stated
that C4 airfoil showed higher performance than NACA 65
airfoils and C4 airfoil is the most ideal airfoil in axial fan
applications (Castegnaro 2017). When designing the airfoils
of turbomachinery and aircraft, it is of great importance to
increase efficiency in the application. Blade efliciency is
highly dependent on the on-wing flows. A high wing
performance ratio, characterized by a high lift coefficient
and low drag coefficient ratio, contributes to increased
efficiency. Coban (2019), conducted a CFD study with new
geometries obtained by changing the geometric properties
of the NACA 0018 airfoil in order to increase the
performance ratio (C,/C)) in wings, and compared the
wing performances with experimental results. Of the 3
geometries used, the first is a 165 mm long standard NACA
0018, the second is a new profile derived from NACA 0018
with a gap cut into the upper surface, and the third is another
NACA 0018 wing variation with 66% of the trailing edge
cut off at the vet length. Reynolds number between 20.000
- 100.000 and angle of attack between 0°-15° values. As a
result, the streamlines and pressure contours of the airfoils
were visually compared at the same Reynolds number at
different angles of attack and at different Reynolds numbers,
at the same angle of attack. The lift coefficient (C) ), resistance
coefficient (C,)) and the ratio of lift coefficient to resistance
coefficient (C,/C) between airfoils and between different
airfoils are given in the study. According to the results of the
study, opening steps and gaps on the airfoil affected the flow,
but this effect was not favorable in the lift coeflicient
compared to the standard airfoil geometry. In addition, the
hollow model performed better than the stepped model, and
it was found that the drag coefficient performance decreased
while the lift coefhicient performance increased in all models
as the Reynolds numbers increased (Coban 2019). Dilmag
(2019), conducted a series of analyses to prove that the
performance of wind turbines can be improved by thickening
the trailing edge of the airfoil geometry symmetrically and
asymmetrically and at certain rates. As a result of the
aerodynamic analyses, the aecrodynamic performance of the
NACA 4415 airfoil at 10° angle of attack was increased by
5% by thickening the airfoil by 2% just below the vet exit
edge. After determining the optimum thickness, 2D analyses
were performed at Re=124.000 at angles of attack between
00-180, and as a result, the C, coefficient of the new
variation was better, while the C, coefficient was close in
both profiles. By applying 3D CFD analysis to 2 geometries

with a rotor diameter of 1,44 m, which he produced and

Karaelmas Fen Miih. Derg., 2024; 14(3):144-162



Tagkaya, Erdogan / Investigation of a New Blade Design

tested in the wind tunnel, he obtained 4,42 Nm torque with
NACA 4415 and 5,12 Nm torque with the second thickened
variation (Dilmag¢ 2019) Korkmaz (2018), suggested that
changing the airfoil shape increases the efficiency by
delaying flow separation at different speeds and angles of
attack. According to the results of CFD analyses of NACA
4412 and NACA 63-215 profiles with 2 new profiles
obtained by changing the x/c ratio (the ratio of the distance
of the maximum blade thickness point from the edge of
attack to the length of the vet), it was seen that the new
airfoils increased the maximum performance ratio. Thus, by
delaying the flow separation between 2-4 degrees, it was
able to postpone the stall due to the sudden decrease in the
lift coefficient (Korkmaz 2018). Bacak (2016), obtained
characteristic and performance curves from CFD analyses
of an axial fan and determined the optimum operating range
of the fan. He compared these results with the results
obtained from Wing Fan’s test bench built according to
AMCA 210 standard. The maximum allowable angle of
attack was verified by analyzing the velocity profile around
the airfoil of an axial fan (Bacak 2016). Fan et al. (2020),
investigated the effects of rotation, displacement and
translation methods applied to the fan blades on the
aerodynamic and structural performance of the fan. The
variation of the wing geometry was performed with a Free
Form Deformation (FFD) approach. According to the
results obtained from CFD analyses, rotation and scrolling
methods are relatively more efficient on the aerodynamic
performance of the fan. At different operating conditions,
the effect of rotation on the efficiency did not always tend to
increase. The excessive rotational effect at low flow rates
caused the total pressure differential of the fan to drop
sharply. According to the optimization results, rotation
caused maximum stress on the wing, while the backward
displacement reduced the stress on the wing surface. Up to
15% improvement in the total pressure difference was
achieved with the blades formed by rotation and sliding
methods (Fan et al. 2020). Bakhtar et al. (2024) has examined
various add-on designs to reduce noise generated by axial
fans. Their research focuses on understanding how different
attachments to axial fans affect aerodynamic noise. Eight
distinct design cases have been evaluated, including the
extension of outlet and inlet ducts, the use of Chevron
nozzles, the placement of spherical balls inside the fan in
staggered and straight patterns, the application of a wavy
inner wall treatment, and combinations of some of these
designs. To analyze the effects of these designs on noise,
CFD and acoustic analyses were conducted using Ansys
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Fluent 2022 R1 software. The results obtained indicate that
all design modifications reduced noise levels and suggest
that these designs could contribute to the development of
quieter fans suitable for various environments (Bakhtar et al.

2024).

and Mudunkotuwa (2021),

biologically-derived modification with the aim of achieving

Fernando designed a
a major reduction in fuel costs and environmental impacts
by reducing frictional resistance. The experimental results
of the NACA 0012 airfoil were used as a reference. They
investigated four different types of modifications which are
lighter than the original wing. By comparing the numerical
results with experimental results, they found two bio-inspired
wing shapes that are more efficient than the original wing
and can be incorporated into the future aerospace industry
(Fernando and Mudunkotuwa 2021). Drwiega et al. (2019)
discussed current research and development projects carried
out within the European project to improve the effectiveness
of auxiliary ventilation in underground mines. These projects
are generally studies to improve the parameters affecting
the fan efficiency by modifying the rotor blades. The rotor
blades and modifications used in the study were obtained
by printing from 3D printing. Both aerodynamic and
structural performance results were obtained by CFD and
Finite Element Method (FEM) analyses on the existing
and modified wings. By comparing the fan characteristic
graphs before and after the modification, it was observed
that the pressure difference, power and efficiency were
increased in the modified fan (Drwiega et al. 2019). Fakhari
and Mrad (2024), conducted an optimization study of an
axial flow fan used in underground mine ventilation using
the parameters of angle of attack, tip clearance, speed,
hub to tip ratio and number of blades. By comparing the
experimental results with the results obtained from CFD
analysis, they stated that by reducing the number of blades
and tip span, a performance increase of 9% was achieved
and confirmed the experimental results with an error rate
of less than 5% (Fakhari and Mrad 2024). NACA airfoils
in order to propose an airfoil for use in underground mine
ventilation fans Panigrahi and Mishra (2014), conducted
CFD analyses with 6 different in 2014. By determining
the lift and drag ratios of the wings at different angles of
attack, the maximum aerodynamic performance ratios
were compared. At 150 angles of attack, they found that
the profile with the highest performance ratio was NACA
747A315. (Panigrahi and Mishra 2014). Kong et al. (2023)
optimized the blade geometry of low-pressure axial flow
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fans to enhance their aerodynamic performance. Traditional
design theories often fall short in addressing the complexity
of 3D internal flows, leading to suboptimal blade profiles
and spanwise distribution. To address this, he developed a
surrogate-assisted multi-objective optimization process,
supported by CFD methods, to determine the optimal
blade shape under two typical operating conditions. Sixteen
parameters were selected, and response functions were
constructed using kriging models, followed by a multi-
objective genetic algorithm to identify the best solutions.
The results indicate that efficiency can be improved by
9%1,26 under low mass flow conditions and by %5,47 under
high mass flow conditions. The optimization also led to a
better distribution of low-pressure zones along the blade
leading edge and a reduction in tip leakage vortex intensity.
'This study presents a successful approach for optimizing fan
blade geometry (Kong et al. 2023).

Hassen (2021), focused on developing new blade types
for underground mine ventilation fans, arguing that
higher efficiency can be achieved with a more uniform
flow distribution. For this purpose, firstly, performance
comparison studies were carried out with CFD using
NACA747A315 and NACA 6412 profiles. Since it achieved
higher efliciency, the NACA 6412 profile continued its
studies. With the analyses performed at 30°-40° angles of
attack with 4 different designs, namely fixed vane, tapered
vane, skewed vane and tapered skewed vane, the flow
velocity, homogeneity and efficiency of the designs were
investigated. He stated that high homogeneity and efficiency
do not necessarily mean high system efficiency and these
two parameters should be evaluated together with system
efficiency (Hassen 2021). Krasyuk and Kosykh (2023)
address the aerodynamic design of axial fans by utilizing an
impeller and an inlet guide vane to reverse the direction of
airflow. This process involves stopping the rotation of the
impeller while allowing the guide vane to rotate, aiming to
enhance fan efficiency in reverse mode. The authors have
developed a novel blade angle analysis method to identify
airflow parameters under reversal conditions. Furthermore,
they delineate the parametric regions in which the proposed
reversal approach is effective. A design of a fan exhibiting
similar performance curves in both forward and reverse
airflow is undertaken. The swirl ratios of the flow within
the guide vane are correlated with the axial velocity ratios,
based on the geometrical similarity of the blade profiles of
the impeller and guide vane at an average radius (Krasyuk

and Kosykh 2023).
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In the aforementioned literature studies to improve the
performance of axial fans, some researchers have focused on
the optimization of all parameters required for fan design
(Keklikoglu 2019, Bacak 2016, Fakhari and Mrad 2024)
while others have focused on the airfoils, arguing that the
fan efficiency is largely dependent on the flows over the
blade. Axial fan performance has been improved by many
studies such as the application of shifting and translation
methods on airfoils (Cakir 2018, Ilikan 2014, Fan et al.
2020), changing the geometric properties on the existing
airfoil (Coban 2019, Dilmag 2019, Korkmaz 2018), Drwiega
et al. 2019) comparing the performance of different airfoils
(Panigrahi and Mishra 2014, Hassen 2021). However, very
few of them are related to axial fans used in underground
mine ventilation (Panigrahi and Mishra 2014, Fakhari and
Mrad 2024, Hassen 2021) and more studies are needed in
this field.

'The innovative aspect of this study compared to other studies
is that it contributes to energy efficiency by improving the
performance of a fan used in a real mining operation, and
at the same time, an alternative blade profile is presented
to increase the efficiency of axial fans used in underground
mine ventilation. CAD geometry of the existing fan was
extracted, all parameters were analyzed and CFD analysis
was performed. When the ventilation systems used in
underground mining were investigated to be used in the
blade design of the existing fan, NACA 747A315, NACA
6412 blades were used (Panigrahi and Mishra 2014, Hassen
2021) and blade performance comparison studies of NACA
63-412 blades were carried out as an alternative to these
blades. The mass flow rates of the polluted air drawn from the
mine at different speeds and at the same pressure difterence
values of the new fan created with the alternative blade with
the highest blade performance ratio were compared. In this
study, the blade geometry of the pre-stator cylindrical ducted
axial fan used in the ventilation of an underground mining
operation in Zonguldak Mining Basin was redesigned due
to low efficiency.

2. Material and Methods

Axial fans used in underground mine ventilation have stator
blades to distribute the air evenly and these blades can be
preferred in front of the rotor to protect the fan from the
adverse conditions of the mine environment (Cengel and
Cimbala 2018). The air coming to the fan in axial direction
is directed towards the rotor blades by the stator blades and
its pressure is increased by being compressed by the rotor
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blades. Thus, the air is displaced in the desired direction. The
axial fan whose specifications are given in Table 1 is used in
the ventilation of a real mine operation.

Table 1. Technical and geometrical characteristics of the
existing fan with 400 mm used in the mine.

Parameter Property

Weight and Power 60 kg and 9 HP
Air Pipe Diameter 400 mm
Operating Pressure 4-6 bar

Air Output Speed 15 m/s
Volumetric Flow 143 m*/min
Air Consumption at 175 o /min

Normal Pressure

Number of Revolution 3700 - 4700 rpm

20 mmwec (milimeter water

Pressing Height

In order to increase the efficiency of the fan, firstly, all
design parameters of the fan were reviewed by applying the
classical axial fan design method. Considering the design
conditions specified in the fan catalogue, lift coefficients and
drag coefficients were determined according to the stiffness
values calculated for the hub end and middle layers of the
blade (Keklikoglu 2019). The rotor blades of the fan rotate
with the flywheel around it and there is no blade end gap
(Figure 1). Certain parameters such as fan diameter, hub-tip
ratio, number of blades, blade angle, vet length were found
to be suitable for the design and it was decided to redesign
the blade geometry by selecting a new blade profile.

2.1. Analytical Approach

The methods and techniques applied should be given in
an understandable way. It should be supported by previous
references. Statistical models and methods of analysis should

2,

Air out

Stator

Guide Vane Rotor

column) be clearly stated.
Hub Diameter 200 mm Air enters the airfoil at the attack edge and leaves the wing
Number of Rotor Blades 6 pieces at the trailing edge (Figure 2). The hump part of the airfoil
Number of Stator Blades 6 pieces is referred to as the low-pressure zone or suction edge, and
@ ~+Casing  Blade Hub

Figure 1. Side view (A) and isometric view (B) of the fan created by software, real fan image (C) and the flow direction (D) of the fan

used in the underground mine.
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LE: Leading Edge

V : Air velocity

-  »

o: Attact of Angle

Low Pressure
TE: Trailing Edge

High Pressure

Figure 2. Forces acting on the airfoil (Yilmaz et al. 2018).

the hollow part is referred to as the high pressure zone or
compression edge. The angle between the direction of arrival
of the air to the wing and the wing is called the angle of
attack. The lift coefficient increases until the optimum value
of the angle of attack. When the angle of attack reaches
a certain value, the lift coefficient becomes maximum and
starts to decrease rapidly after this value. The fan switches to
unstable operation. This condition can also be expressed as
stopping the fan. In order to prevent unstable operation in
fans, it is necessary to determine at which value of the angle
of attack the lift coefficient reaches its maximum value and
the angle of attack should be kept below this value (Ilikan
2014, Kose 2018).

The high lift airfoil blades provide an increase in static
pressure, while the low drag force (F) helps to achieve
lower power consumption, thus increasing fan efficiency.
Therefore, in the selection of the airfoil, it is not sufficient
only to have high lift coefficients of the wings. Drag
coefficients should also be low. The ratio of the lift coefficient
of an airfoil to the drag coeflicient (C,/C,) is called the
airfoil performance ratio and when comparing airfoils, the
airfoil with the maximum performance ratio represents the
highest efficiency. C, and C, are given by equation (1) and
(2) (Ilikan 2014, Keklikoglu 2019).

Fy

CL=050174 (1)
__ I
Co= ity @

F, : Buoyancy force (N)
p: Density (kg/m?)
V: Velocity (m/s)
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A: Wing projection area (m?)
F: Drag force (N)

When designing axial fans, a preliminary design process is
initiated and the design approach is determined by using
the desired results as initial parameters (flow rate (Q, m*s),
total pressure difference (AP, Pa) and speed (n, rpm)) (Ilikan
2014). For this, the solidity value of the blade is needed. The

solidity value (is given by equation (3).

c
o=75 3)
¢: Chord distance (m)

s: Pitch distance (m)

Here “c” is the vet length (m) and refers to the distance
between the LE (air’s leading edge of the wing) end and the
TE (the trailing edge of the wing where the air leaves) end
of the wing. The distance “s”, which is the distance between
the two wings, is called the pitch distance (m).

Solidity value (0) is an important parameter that determines
the design approach in axial fans. When the solidty value
is below 0,7, the isolated blade approach is used, when it
is above 1 (one), the stepped blade approach is used, and
for values in between, the mixed approach, which is a
combination of both isolated and stepped approaches, is
preferred (Castegnaro 2017). In the isolated blade approach,
the interaction of the pressure fields of the blades with each
other is ignored. In the stepped approach, the actual lift
coefficient starts to change as the solidity value increases and
this cannot be ignored because it reduces the fan efficiency

(Keklikoglu 2019).

Axial are designed by the classical method (flikan 2014,
Keklikoglu 2019, Fakhari and Mrad 2024). The number
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of graphs and equations used in the method is quite large.
The axial fan geometry varies according to the needs of the
system in which the fan will be used. In this part of the
study, the methodology of the parts specific to the front
stator axial fan is mainly included. Inlet and outlet vector
analyses and inlet and outlet velocity triangles of front stator
axial fans are given in Figure 3.'The inlet and outlet angles of
the stator are expressed as o, and .

Vo= % (4)
Q: Flow rate (m®%s).

A: Cross-sectional area perpendicular to the flow direction
2
(m?).

Where is the vertical cross-sectional area through which the
flow passes, “V”is the axial velocity (m/s).

In the Figure 3, “U” is the tangential velocity (m/s), “w” is
the angular velocity (rad/s) and “r” is the radius of the fan
(m). The relative speed “W” (m/s) is equal to the difference
between the absolute speed and the tangential speed. “V, ,
is the tangential component of the absolute speed at the
rotor inlet and is an important parameter that determines

the inlet blade angle (B,) given by equation (6) (Kése 2018).

U=wr= 7[6%}1 (5)

U: Tangential velocity (m/s)
w: Anguler velocity (rad/s)
r: Radius (m)

D: Diameter (m)

n: Revolutions per minute (rpm)

tan B, = UtV ;VZ” (6)

V.. The tangential component of the absolute speed at the
rotor inlet (m/s)

V. : Axial velocity (m/s)

If the output blade angle B, (0) at the output edge of the
rotor is B, (0), it is expressed as in equation (7).

tanf. = o (7)

U: Tangential velocity (m/s)
V. : Axial velocity (m/s)

The relative flow velocities (W, and W) at the inlet and
outlet of the rotor are given in equations (8) and (9).

_ Va
-V

V. : Axial velocity (m/s)

'The average blade angles and average relative flow velocities
at the inlet and outlet of the rotor are given by equations

(10) and (11).

_ tanf3, + tan B3,

tan B3, = 5 (10)

B,: Wing entry angle
B,: Wing exit angle

__V
W= cos B, (11)

B, : Avarege wing angle

Stator

: Rotor :

Figure 3. Vector analysis and speed triangles of axial fans with front stator (Cengel and Cimbala 2018).
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W_: Average relative flow velocity (m/s)
V. : Axial velocity (m/s)

The useful power is the product of the flow rate of the
fan and the total pressure difference as given by equation
(12) and its unit is Watt. The delivered power is equal to
the product of torque and angular velocity as expressed by

equation (13).

Wisiauic pover 0., (12)
AP : Total pressure differance (Pa)

Wosatporer =z (13)

T: Torque (Nm)
w: Anguler velocity (rad/s)

In axial fans, the tangential velocities at inlet and outlet are
equal and the shaft power can be calculated directly from
equation (14). Here “/” is the mass flow rate (kg/s).

Wshafl power = r;l.U.VzL‘ (14)
m: Mass flow rate (kg/s)
U: Tangential velocity (m/s)

V. 'The tangential component of the absolute speed at the
rotor inlet (m/s)

The efficiency of axial fans (1) is defined as the ratio of the
useful load to the delivered power as given by equation (15)
(Cengel and Cimbala 2018).

AP,
’7 - ’/;gU.an (15)
Q: Flow rate (m?/s)

APt: Total pressure differance (Pa)
m: Mass flow rate (kg/s)
U: Tangential velocity (m/s)

A% The tangential component of the absolute speed at the
rotor inlet (m/s)

2.2. Numerical Approach

In recent years, numerical methods have been used more
and more compared to experimental methods because they
are more economical and save time. With the computational
fluid dynamics method, it is possible to quickly simulate
complex geometries and systems.

Here the solution of two equations characterizing the flow
is needed. One of them is the continuity equation expressing
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the conservation of mass (16) and the other is the Navier-
Stokes equation derived from Newton’s law of motion (17).

op

B+ 2 (pu) =0 (16)

D (pu) + 2 (puju) = —g—i + %( uw( g; + o )) + Su,
(17)

P: Pressure (Pa)

w: Dynamic viscosity (Pa.s)

t: Time (s)

u: Velocity vector (m/s)

i: The velocity component of the physical quantity in the x
direction in the Cartesian coordinate system (m/)

j: The velocity component of the physical quantity in the x
direction in the Cartesian coordinate system (m/s)

r: Density (kg/m?)

p: Pressure (Pa)

x: Position vector (m)
S: Discretisation term

In Equation 16, t is the time, u is the velocity vector and
x is the position vector. The lower index i represents the
velocity component of the physical quantity in the Cartesian
coordinate system. In Equation 17, P represents pressure
and p represents dynamic viscosity. A source term is added
to the momentum equation, denoted by the mass forces (e.g.
gravitational force), S.

In this study was carried out with ANSYS Fluent 2022
R1 software, which uses the finite volume method as a
discretization method. With this software, which allows to
determine the fluid dynamic forces and pressure distribution
acting on the airfoil, firstly a validation study was carried out
and then 3D CFD analyses of NACA 747A315, NACA
6412 and NACA 63-412 airfoils were performed and airfoil
performance ratios were determined. The blade with the
highest blade performance ratio was compared with the
flow rate and pressure difference results determined by the
analyses of the existing fan geometry.

2.2.1. Validation Study

For the validation study, a study was selected from the
literature in which the performance ratio comparison was

performed by 3D CFD analysis of airfoils (Fernando and
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Mudunkotuwa 2021). In this study, a validation study
comparing the experimental results of NACA 0012 with the
results of CFD analysis is taken as a reference. The analysis
geometry was obtained by taking the NACA 0012 airfoil
profile coordinates from the Airfoil Tools official website
and using the Design Modular CAD programme in the
ANSYS Fluent interface (Yilmaz et al. 2018). As boundary
condition, velocity inlet is modelled as velocity inlet 30
m/s, total pressure at the outlet is “0” Pa and wing surface
is modelled as wall boundary condition Figure 4(a). The
mesh structure of the analysis geometry was created using
ANSYS Meshing. For the precise solution of the boundary
layer on the wing surface, the thickness of the first cell was

chosen to be y+ <1 and the k- SST turbulence model was
used as the turbulence model (Luo et al. 2017). The number
of elements used was kept around 1 million by adhering to
the study. The network structure is given in Figure 4(b).

'The graph of the C values obtained by CFD analysis and
the C,, values obtained by experimental results are given in
Figure 5.

Table 2 shows the C; and C values obtained experimentally
and numerically at different angle of attack values. As a result
of the verification study, it is seen that similar results are
obtained with the reference study (Figure 6). The reference
study (Fernando and Mudunkotuwa 2021) for validation

ssure =0 Pa

@

Figure 4. Mathematical representation of boundary condition (A), Network structure of the verification analysis geometry at 7° attack

angle (B).
0,045 y
=+ @+ Experimental o
~ 0,040 . R
& =—t— Numerical W
E 0,035
2
@ 0,030
b=
g
o 0,025
&
0,020
a
0,015
0,010 Figure 5. CFD analysis
0° 30 70 10° result comparison graph of
Angle of Attack the validation study with
experimental results.
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Table 2. Validation results of the NACA 0012 3D.

Anele of Experimental Results Numerical Results Error (%)
Att%l ceko Lift Coeff. Drag Coeff. Lift Coeff. Drag Coeff. Lift Coeff. Drag Coeff. Lift Coeff. Drag Coeff.
(C) (Cp) (C) (Cp (C) (Cy (C..) (Chrep)
-0.0039 0.0114 -0.0031 0.0147 20.63 29.23 15.43 61.18
3 0.4619 0.0190 0.3011 0.0167 34.82 12.03 34.38 8.15
7 0.6677 0.0282 0.6751 0.0265 1.12 5.73 5.10 11.60
10° 0.8220 0.0441 0.9350 0.0415 13.75 5.86 17.46 6.43
1 6 0,05
0,9 DEXPCrix.nantal ‘__’n;}':’ OExperimental A
—~ 08 OII\{quJ?lerlcal '.-";' 3 0,04 ONumerical #
%) 07 AReference < AReference - e
. ° =
£ 06 E 0,03
g 05 g
S 04 ;jv 0,02
2 03 E
0,2 0,01
0,1
0 0
@ 0 3Angle of Attazk 10 o 3Kngle of At—tau:,k70 10

Figure 6. CFD analysis result comparison graph of experimental, numerical and reference studies A) Lift coefficient (C,) comparison.

B) Drag coefficient (C,) comparison.

converges to the experimental values with a large error
rate. In our study, convergence was obtained with similar
error rates. However, the authors of reference study reached
acceptable error rates (5%-10%) with 7° angle of attack and
they continued their study with 7° angle of attack. It can
be clearly seen that our error rate at 7°is lower than the
reference study.

2.2.1. CFD Analysis

In this study, in order to propose a new blade profile as
an alternative to the two blade profiles proposed in the
literature for underground mine fans to be used in the blade
design of the axial fan currently used in the underground
mine, 3D CDF analyses of the profiles were performed
and C,/C values were compared. After transferring the
coordinates of the airfoils to the Desing Modular, a 3D
airfoil geometry was obtained by creating a surface and
giving depth. In the validation study, the flow volume was
obtained by giving depth to the flow area formed around the
airfoil in accordance with the flow volume geometry used
as a reference. In over-wing flows, the flow characteristics
change abruptly on and around the wing surface. In order to
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accurately observe the effects of flow separation, especially at
the trailing edge, a more precise solution should be provided
in these areas. For this purpose, a body of influence (boi)
geometry is added around the wing geometry up to a certain
distance. Thus, the flow volume is prepared in a structure
that is denser around the airfoil and becomes sparser as it
moves away from the airfoil.

The mesh structure was obtained using Fluent Meshing,
which allows to obtain much higher quality mesh structures
with the same or less number of elements. In order to better
analyze the flow variations on the wing surface and near
the surface, a boi geometry was created around the wing
(Figure 7). In order to solve the boundary layer around the
airfoil correctly, the height of the first cell was determined
as 6x10° m to fulfil the condition y+ < 1 and 15 prismatic
layers were built on the boundary layer. For each profile, the
optimum number of meshes was determined by performing
an independence study from the mesh structure as coarse,
medium and fine at a fixed attack angle (Figure 8). The
DELL Precision 7670 mobile workstation with 12th
generation 19 processor and 32 GB RAM was used in the
analysis.
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Figure 7. The airfoil shapes (A) and the mesh structure (B) of the analysis geometry for which the performance ratios are compared.
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Figure 8. Optimum mesh count graph for NACA 63-412 airfoil.

'The analysis is performed in a time-independent manner, as
is commonly done in literature studies (Cakir 2018, Tlikan
2014, Keklikoglu 2019, Galpin et al.2017, Tonello et al 2017).
A k- SST turbulence model is chosen to provide a precise
solution of the flow separation. Air of constant density
(p=1,225 kg/m?, p=1,8853x10-° Pa.s) was used as the fluid.
The fluid velocity is 30 m/s and the analysis is performed

o

parametrically at different angles of attack (1°, 3%, 5%, 7°,
9°, 11°). As boundary conditions, velocity inlet boundary
condition, total pressure outlet boundary condition and
wall boundary condition were applied. After selecting the
blade profile with the highest performance, the new blade
geometry (Figure 9), which was designed by taking into
account the geometric features of the existing fan, was
assembled to the existing fan in CAD environment and

CFD analyses were performed.

'The fan flow volume geometry is composed of 4 parts: inlet,
stator, rotor and outlet. The rotor volume is modelled as

Karaelmas Fen Miih. Derg., 2024; 14(3):144-162

Figure 9. New wing design created with NACA 63-412, isometric
view (left) and side view (right).

rotating and the other volumes are modelled as stationary
volumes. In axial fan analysis, Multiple Reference Frame
(MRF) method is used to model rotating and stationary
volumes (Ilikan 2014, Keklikoglu 2019). The modelling
of the rotor and stator interface in the fan considered as a
reference is done by the frozen rotor method since this study
is a comparison study (Cakir 2018). The analysis conditions
are provided in Table 3.

The mesh structure was created in the Fluent Meshing
interface. For both fans, solutions were made independent
of the network by solving in different network structures
as coarse, medium, fine. In the network structure, poly
hexcore elements are preferred, which allow the creation
of high quality network geometry. Smooth boundary layer
definition was used on the wall surfaces (Figure 10). The
minimum orthogonal quality value of the network structure
using approximately 8 million elements is 0,3, the maximum
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Figure 10. Fluent meshing of the new fan and a close-up view of the boundary layer around the blade.

Table 3. Analysis conditions.

General Pressure Based, Steady

Model k-w SST, Production Limiter
‘O it (= 3 5
Material 20 C air, p=1,204 kg/m?, n=1,825x10
kg/m.s

Cell Zone MRE, Frozen Rotor, Rotating-Domain,
Condition 4000 rpm
Boundary

.. Inlet: Mass Flow 2 kg/s, Outlet: 0 Pa
Condition
Method Coupled, Second Order

aspect ratio value is 56 and the maximum skewness value is

0.7.

When Figure 10 is analyzed, it is seen that the maximum
performance ratios of NACA 6412 and NACA 63-412
airfoils are reached at 3° attack angle. The NACA 747A315
airfoil reaches maximum performance at 5° angle of attack,
but its performance at this angle of attack is lower than the
other two airfoils.

3. Results and Discussion

'This section is presented in two stages. The Stage 1 includes
the results of the performance ratio comparison studies
between the airfoils for the blade design of the existing
fan. Stage 2 includes the results of the comparison of the
CFD analyses of the new fan geometry and the existing fan
geometry obtained by mounting the new blade designed
with the blade profile with the highest performance among
the blade profiles we tested to the existing fan in CAD
environment.

156

3.1. Wing Profile Performance Ratio Comparison Study

After determining the lift coefficient required by the system
(Table 4), it is crucial to correctly select the airfoil that
will provide this lift coefficient. All 3 airfoils provide the
lift coefficient required by the system. However, which one
will perform better in the system is determined by the blade
performance ratio.

With 3 different wing geometries NACA 747A315, NACA
6412 and NACA 63-412, C, and C_,values were calculated
at 6 different angles of attack (a=1-11°) and C,/C, ratios
are given in Table 5. As a result of the CFD analyses
performed with these airfoils, it was found that the airfoil
performance ratio of NACA 6412 was higher than the
NACA 747A315 airfoil, and the NACA 63-412 airfoil had

the highest performance ratio.

The performance ratios of the airfoils are given in Figure
11. In the first stages of this study, the performance analysis
of the existing fan airfoil and the NACA 747A315 airfoil
was compared by CFD and found to be very close to each
other. In the second stage of the study, airfoils with higher
performance ratios were investigated, and there was no need
to compare with the existing airfoil due to the information
obtained from the first stage.

'The distribution of the velocity vectors of the airfoils at an
angle of attack of 7°, the velocity profiles around the airfoils
(left) and the velocity contours (right) are shown in Figure
12. A uniformly distributed velocity profile is observed on
the surface of the blades. Looking at the trailing edge of
the profiles, NACA 63-412 is the profile where the flow
separation starts the latest. Looking at the C, graphs of the
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Table 4. The stiffness value of the system and the theoretical lift coefficient calculated according to the velocity triangles.

Absolute Exit Avrg. Entry Fxit Rel Avrg.
Airfoil Solidity Speed Wing Wing Rel. Flow FIXI Ve 1 Rel. Lift Coeff.
rfoi o) (V,) Angle  Angle \CH (“;“:m‘js') FlowVel  (C)
(m/%) ®) 6y W, s Vo) W )
Hub 0.84 26.25 78.03 71.36 75.36 72.06 46.93 59.21 0.99
Mid 0.49 17.50 79.90 77.33 78.72 85.20 68.38 76.40 0.82
Tip 0.34 13.13 81.64 80.43 81.03 102.66 90.20 95.80 0.60

Table 5. Performance ratio results of airfoils.

NACA 6412 NACA 747A315 NACA 63-412
Attack Angle
Performance Ratio (C,/C,) Performance Ratio (C,/C)) Performance Ratio (C,/C,)
1° 30.30 15.00 24.95
3° 30.93 22.94 31.61
5° 28.93 26.36 31.51
7° 23.92 24.15 27.45
9° 21.03 18.99 23.42
11° 14.75 12.98 14.86
no g . * NACA 6412
30 L P - e NACA 63-412
28 _ e * NACA 747A315
Qﬂ 26 S ......-.':'_-_,.__ -
o1 o T,
- o o T e
= - . - .
g n .
Q 20 -
w »
£ 18 :
E 16 ._.' -';‘
5 14
- .
12
1° 3° 5° 7° 9° 11° Figure 11. Performance ratio comparisons of
Angle of Attack o
airfoils.

airfoils at different angles of attack (Figure 13), it is seen
that the C, values reach their maximum value at 11°. In this
study, the maximum angle of attack required in the system
does not exceed 10°. Although the C, value of the NACA
63-412 airfoil is lower than NACA 6412, its performance is
higher because of its lower C value.

3.2. Comparison of Existing Fan and New Fan

Considering the catalogue values (Table 1), the axial fan
currently used in a real underground mining operation is

Karaelmas Fen Miih. Derg., 2024; 14(3):144-162

expected to provide a flow rate of 2.87 kg/s between 3700-
4700 rpm. According to CFD analyses (Table 6), the
existing fan reaches a flow rate of 2.87 kg/s at a speed of
4700 rpm between these speeds. When the CFD analysis
results of the new fan created with the fan blade designed
using the NACA 63-412 airfoil, which shows the highest
performance (Table 6), it is seen that it can provide a flow
rate of 2.87 kg/s with a speed of 3700 rpm. Figure 14 and
Figure 15 show that the desired flow rate and pressure
differential can be achieved at lower speeds with the new
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Figure 12. Velocity vectors and velocity contours of the wing blades.
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Figure 13. Comparison of values
of airfoils at different angles of
attack.
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Table 6. CFD analysis results of the existing and new fan in the range of 3700-4700 rpm.

Current Fan New Fan
Number of
i 0 [ o e | B
(n) (rev/min) () (kg/s) (AP) (Pa) (1) (kg/s) (AP) (Pa)
3700 1 347 1 503
3700 1.5 328 2.3 333
3700 2% 176 2.5% 221
4000 2% 275 2 685
4000 2.2 189 2.5 383
4000 2.4 81 2.75* 233
4700 2% 511 2.5 834
4700 2.5 312 2.75 649
4700 2.75 163 2.87* 580

*The results obtained in the new design at constant mass flow rate and different rotational speeds of the existing fan shows the mass flow rate
values.

900

200 OCurrent Fan ONew Design Fan

700 o
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=
&
3 500 5. . ©
s | Tt
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g 400 | LoM0reumin | e
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£ 300 B ~
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-

£ 200 S 6%

100

Figure 14. Flow-
0 pressure graph of the
0.75 1.25 1.75 225 2.75 3.25 existing fan and the
Flow rate (kg/s) new fan at 3700-4700
rpm.

fan, which can pump a flow rate of 2.87 kg/s at 4700 rpm 4. Conclusion and Suggestions
with .a Pressure dlffere'nc.e of 580 Pa, and its performance In this study, in order to increase the efficiency of the fan used
superiority over the existing fan. . L D .

in the ventilation of a real underground mining operation,
At 4000 rpm-2 kg/s operating conditions, the flow rate of  a new blade profile that can be an alternative to the blades
the new fan increased between 25%-435% compared to the ~ recommended to be used in underground mine fan blades in

existing fan (Table 7). the literature is pro-posed A new rotor blade was designed
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Referance Fan

Figure 15. Comparison of

the pressure contours of the
existing fan and the new fan at
4000 rpm and 2 kg/s flow rate.

Table 7. Improvement in the constant flow rate value in the range of 3700-4700 rpm for the existing fan.

Current Fan New Fan Increase (%)

Number of
oo Mty TP i T

/ . . .
(n) (rev/min) (m) (kg/s) (AP) (Pa) (m) (kg/s) (AP) (Pa)
3700 2 176 2.5 221 25.00%
4000 2 275 2.75 233 37.50%
4700 2 511 2.87 489 43.50%

with the profile with the highest performance and the
results of CFD analyses of the reference fan and the new
fan were compared with each other. According to the results
of CFD analyses performed with NACA 747A315, NACA
6412 and NACA 63-412, NACA 63-412 has the highest
wing performance ratio. NACA 6412 performed better than
NACA 747A315, confirming the work of Hassen (2021).

In order to see the change in flow rate and pressure difterence
of NACA 63-412 in the existing fan, CFD analyses of the
new fan, which was designed by adhering to the geo-metrical
characteristics of the fan, showed that the new fan reached
higher flow rates at the same pressure difference at 3700-
4700 rpm. Under 4000 rpm-2 kg/s operating conditions,
the flow rate of the new fan increased between 25% and
43.5% compared to the existing fan.

In this study, the improved fan was designed to provide the
flow rate (2.87 kg/s) specified in the technical catalogue of
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the product at the desired pressure difference (330 Pa) and
at the lowest possible speed (3700 rpm), but it was observed
that the new fan was slightly below these requirements. It
is thought that the reason for this is related to the stator
geometry and blade angles and that studies on this fan
should continue with the stator part of the fan.

Author contribution: Conceptualization, Giineyhan Tagkaya
(G.T.) and Beytullah Erdogan (B.E.); methodology, G.T.
and B.E.; software, G.T.; validation, G.T.; formal analysis,
G.T; investigation, G.T. and B.E.; resources, G.T. and
B.E.; data curation, G.T. and B.E.; writing-original draft
preparation, G.T., B.E. and G.T.; writing-review and
editing, G.T., B.E.; visualization, G.T’; supervision, B.E. All
authors have read and agreed to the published version of the
manuscript.
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Buoyancy Force (N)
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Kestel Bolgesinde (Kadinhani-Konya) Yetisen Bazi Makromantarlarin
Antimikrobiyal Aktivitelerinin Aragtirilmasi

Inwestigation of the Antimicrobial Activities of Some Macrofungi Growing in the Kestel Region
(Kadinhani-Konya)

Aysegtl Yaprak! ®, Sinan Alkan? ®, Erdogan Giines' ®, Giyasettin Kagik!

!Selguk University, Science Faculty, Department of Biology, Konya, Turkiye
Seleuk University, Cumra School of Applied Sciences, Organic Agriculture Administration Department, Konya, Tiirkiye

Oz

Bu aragtirma Beykavag: (Kadinhani-Konya) yoresinde Kestel ormanlarinda yaygin olarak yetisen bazi makrofunguslarin antimikrobiyal
aktivitelerini belirlemek amaciyla gerceklestirilmigtir. Kullanilan materyal; Boletopsis leucomelaena (Pers.) Fayod, Infundibulicybe geotropa
(Bull.) Harmaja, Lactarius sanguifluus (Paulet)Fr., Russula delica Fr., Rhizopogon roseolus (Corda) Th. Fr. tiirlerine ait bazidiyokarplardr.
Elde edilen metanol ekstraktlar1 DM SO (Dimetil stilfoksit)’ da ¢oziilerek 25 mg/ml olarak hazirlanarak, on bir mikroorganizma susuna
karg: test edilmistir. Test suglar1 olarak; Escherichia coli ATCC 25922, Pseudomanas aeruginosa ATCC, 27853, Klebsiella pneumoniae
ATCC 70603, Metisilin direncli Staphylococcus aureus (MRSA) ATCC 43300, Bacillus cereus ATCC 11778, Salmonella enteritidis
ATCC 13076, Sarcina lutea ATCC 9341, Salmonella typhimurium NRRLE 4463, Citrobacter freundii, Enterococcus faecalis ATCC
29212, Candida albicans NRLL Y-417 olmak tizre on tane bakteri susu ve bir maya susu kullanilmigtir. Antimikrobiyal aktiviteyi tespit
i¢in Siv1 Mikrodilisyon ve Agar Disk Diflizyon teknikleri uygulanmigtir. Aragtirmada negatif(-) kontrol olarak DMSO, pozitif(+)
kontrol olarak da ticari gentamisin kullanilmigtir. Calismada belirlenen sonuglara gore, B. leucomelaena ozitintin her iki teknikte
de yalnizca E. coli suguna antibakteriyel bir aktivite gostermedigi, mikrodiliisyon tekniginde ise test edilen tiim bakteri suslarina
1.56 — 0.39 mg/ml dozlarinda etkili oldugu, en yiiksek aktivitesinin ise 0.39 mg/ml dozunda §. aureus susunda gerceklestigi tespit
edilmistir. Disk diftizyon tekniginde ise en yiiksek aktivite S. aureus ile S. Juted’ da belirlenmistir. I. geotropa ve R. roseolus'un bazi suslara
karg1 antimikrobiyal etki gosterdigi gorilmistiir. Gergeklestirilen uygulamalarda en yiksek antimikrobiyal aktivitenin B. leucomelaena
tirtinde oldugu belirlenmistir.

Anahtar Kelimeler: Antimikrobiyal aktivite, agar disk difizyon, sivi mikrodilisyon, makrofungus.

Abstract

This research was carried out to determine the antimicrobial activities of some macrofungi commonly growing in Kestel forests
in the Beykavag: (Kadinhani-Konya) region. For the materials, basidiocarps belonging to the species Boletopsis leucomelaena (Pers.)
Fayod, Infundibulicybe geotropa (Bull.) Harmaja, Lactarius sanguiftuus (Paulet) Fr., Russula delica Fr., Rbhizopogon roseolus (Corda) Th. Fr.
were used. There relevant materials were subjected to methanol extraction and then were dissolved in DMSO (Dimethyl sulfoxide).
'The solutions prepared at 25 mg/ml were assayed against eleven microbial strains. For test strains, Escherichia coli ATCC 25922,
Pseudomanas aeruginosa ATCC, 27853, Klebsiella pneumoniae ATCC 70603, Methicillin-resistant Staphylococcus aureus (MRSA)
ATCC 43300, Bacillus cereus ATCC 11778, Salmonella enteritidis ATCC 13076, Sarcina lutea ATCC 9341, Salmonella typhimurium
NRRLE 4463, Citrobacter freundii, Enterococcus faecalis ATCC 29212 ten bacterial strains, including, Candida albicans NRLL Y-417,
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and one yeast strain were used. Antimicrobial activity was determined using liquid microdilution and agar disc diffusion techniques.
Out of the experimental groups, commercially available gentamicin has been used as a positive (+) control and DMSO as a negative (-)
control. Accordingly B. leucomelaena extract did not show antibacterial activity only against the E. co/i strain in both techniques, it was
effective against all bacterial strains tested in the microdilution technique at doses of 1.56 - 0.39 mg/ml, and at the dose of 0.39 mg/
ml. The highest activity was found against S. aureus. In the disc diffusion technique, the highest activity was detected in . aureus and
§. lutea. It has been observed that I geotropa and R. roseolus have antimicrobial effects against some strains. In the applications carried
out, it was determined that the highest antimicrobial activity was in the B. leucomelaena species.

Keywords: Antimicrobial activity, agar disk diffusion, liquid microdilution, macrofungus.

1. Giris

Mantarlar fotosentez yapamadiklar: i¢in disaridan besin
alarak beslenirler, yani heterotrofturlar. Gidalarini hiicre pe-
riferinde pargaladiktan sonra absorbsiyonla hiicreye alirlar.
Misel veya hif olarak bilinen hiicreleri igerirler. Bu hiicreler
miselyumu, ortam kosullar1 olugursa miselyum da geliserek
fruktifikasyon organini meydana getirir (Kagik 2010).

Ginimizde ise makrofunguslarin fruktifikasyon organla-
rinin gida olarak degerlendirilmesi diginda mantarlar kefir,
ekmek, bira, kahve ve ¢ay gibi gida maddelerinin tretilme-
sinde, bunlardan bagka fruktifikasyon organlar: veya dogru-
dan mantarin metabolitleri ila¢ olarak da kullanilabilmekte-
dir (Kagik 2010). Bunun disinda kimya ve gida sanayisinde
itakonik asit, fumarik, glukonik ve sitrik asit ile invertaz, se-
lilaz, lipaz, proteaz, pektinaz, amiloglukosidaz ve alfa-ami-
laz gibi enzimlerin elde edilmesinde mantarlar kullanilmak-
tadir. Mantarlarin drettikleri vitamin ve mikotoksinler gibi
saglik acisindan biytk 6nem tastyan sekonder metabolitler
saglik sektori agisindan degerlidir(Stimer 2006, Kagik 2010,
Kavanagy 2014).

Mantarlar yiizyillardir cesitli medeniyetlerde besin olarak
(Peksen ve Kaplan, 2017) ozellikle Uzak Dogu tlkelerin-
de bir gida maddesi ve dogal ila¢ kaynag: olarak tiketil-
mektedir. (Kalyoncu vd. 2008). Besin degerlerinin yani sira
mantarlar, dogada organik madde yitkiminda rol aldiklarin-
dan yetistikleri substrat igerigine bagli olarak biinyelerinde
ve bulunduklari ortamin igeriginde degisime neden olurlar

(Sevindik vd. 2016).

Antimikrobiyal etki ¢aligmalarinda farkli test teknikleri-
nin ve test mikroorganizmalarinin kullanildigi ancak bu
test teknikleri i¢inde en uygun ve giivenilir teknigin Disk
Difuzyon Yontemi oldugu ifade edilmektedir (Diulger vd.
1998, Diilger ve Arslan 1999). Cesitli makrofunguslarin an-
timikrobiyal aktivite ¢caligmalarinda Uzerine farkli test mik-
roorganizmalar1 Uzerine deisik ¢ozgenlerden hazirlanan
ozitlerinin degisik etkiler olusturduklar: ortaya ¢ikarilmak-
la beraber, Disk Diftizyon Metodu kullanimlarinda etanol
ekstrelerinden daha iyi sonug alindigi belirtilmektedir (Be-
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nedict ve Brady 1972, Giicin ve Tamer 1986, Isaaccson ve
Platt 1989).

Makrofunguslar konusunda antimikrobiyal aktivite ¢alig-
malar1 olduk¢a yogunlagmustir. Rougieux (1963), Terfezia
boudieri Chatinden hazirlanmis olan 6zitlerin goz i¢i ve
goziin kornea infeksiyonlarinin amili S. aureus'un geligimini
engelledigini saptamasiyla mantarlarin antimikrobiyol etki
caligmalar: adina dikkat ¢eken ilk ¢alismay: yapmistir. Co-
letto vd. (1994), 34 Basidiomycetes tiirti, Smania vd. (1995),
Ganoderma applanatum (Pers.) Pat.” tirt, Dilger vd. (1998),
Macrolepiota procera (Scop.) Singer tiir, Dilger ve Arslan
(1999), Coriolus versicolor (L. ex Fr.) Quel.’ tiirt, Diilger ve
Sen (1999), Russula delica Fr. tirt, Dilger vd. (1999), Tric-
holoma terreum (Fr) Kummer’ tirt, Gerasimenya vd. (2002),
Rusya'nin Moskova sehri dolaylarinda toplamis olduklari
Pleurotus ostreatus (Jacq.) P. Kumm. tiirti, Efremenkova vd.
(2003), Coprinus cinsinin Rusyanin farkli yerlerinden top-
ladiklar: 6 farkli tird, Solak vd. (2006), Clitocybe alexandri
(Gill.) Konr. ile Rhizopogon roseolus (Corda) Th. Fr.” tiirleri,
Yamag ve Bilgili (2006), 10 farkli makrofungus tiri, De-
mirhan vd. (2007), Pleurotus floridanus Singer, Schizophyllum
commune Fr. ve Helvella leucomelaena (Pers.) Nannf. tiirle-
ri, Turkoglu vd. (2007), Russula delica Fr. tird, Yaltirak vd.
(2009) Russula delica, Altuner ve Akata (2010), Infundibu-
licybe geotropa (Bull.) Harmaja, Lactarius deliciosus (L.) Gray,
Lactarius controversus Pers., ve Phellinus hartigii (Allesch. ve
Schnabl) Pat. tiirleri, Kalyoncu vd. (2010), bazi yabani mak-
rofungus misellerinin tzerinde, Bekgi vd. (2011), Morchella
elata ¥r., Morchella conica Krombh, Terfezia claveryi Chatin
turleri, Karaca vd. (2017), Lentinula edodes (Berk.) Sing.
(Shiitake), Lactarius deliciosus ve Ganoderma lucidum (Cur-
tis) P. Karst. tiirleri, Eren ve Akytiz (2018), ZTerfezia boudieri,
Picoa juniperi Vittad., Picoa lefebvrei (Pat.) Maire, Pleurotus
ostreatus, P. floridanus, P sajor-caju (Fr.) Singer, P eryngii
(DC.) Quél. ve Agaricus bisporus (J.E. Lange) Imbach tiir-
leri, Inci ve Kirbag (2018), Terfezia claveryi tird, Inci vd.
(2019), H. leucomelaena tiri hakkinda antimikrobiyal 6zel-
likleri ile ilgili ¢alismalar yapmiglardir. Calismalarin genel
sonuglarina bakildiginda mantarlarin farkli seviyelerde anti-
mikrobiyal etkiye sahip olduklar1 gorilmistiir.
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Kadinhani’'nda, ormanlik bélgelerin az olmasi mantar ce-
sitliligini de sinirlandirmaktadir. Bu nedenle mantarlarin
siklikla yetistigi yer Kestel/Beykavag: yoresidir. Kestel bol-
gesinde halen yogun sekilde su tutma kapasitesine sahip
biiyiik bir yapay gélet bulunmaktadir. Bu sayede bolgenin
iklim sartlari da her gegen yil degiserek alanin bitki 6rtisii
tizerinde de olumlu yonde etkilemektedir. Bolgedeki en-
gebeli arazide yaygin bitki tiirleri olarak Pinus nigra Arn.
subsp. pallasiana (Lamb.) Holmboe, Sorbus torminalis (L.)
Crantz var. torminalis, Juniperus foetidissima Willd., Quer-
cus pubescens Willd., Cistus laurifolius L., Quercus ithaburensis
Decne. subsp. macrolepis (Kotschy) Hedge ve Yalt., Cozone-
aster nummaularia Fish. ve Mey., Juniperus oxycedrus L. subsp.
oxycedrus, agag ve agaceiklari, dere kenarlarinda Sa/ix sp. ve
Populus sp. gibi agaglar1 gérmek mimkiindir (Kigtikodik
vd. 2002, Kigtikodik vd. 2023, Alkan vd. 2023). Kestel yo-
resindeki ormanlarda mantarlar ile ilgili olarak bir yiiksek
lisans tezi (Erdogan, 2004) ile Pekak vd. 2011 ve Aydemir
vd. 2022 ¢alismalari yapilmistir. Kestel ormanlarinda yapilan
caligmalarda iki sinif, 27 familyaya dagilan 106 takson belir-
lenmigtir. En fazla temsil edilen taksonun 7richolomataceae
familyas1 oldugu belirtilmistir (Erdogan, 2004). Kestel yore-
sinde belirlenen bazi makrofunguslar ile ilgili antibakteriyel
ve antifungal ¢aligmanin olmadigindan dolay: bu aragtirma
Kestel (Beykavagi-Kadinhani-Konya) ormaninda yaygin
olarak yetisen bazi yenen makrofunguslarin antibakteriyel
ve antifungal aktivitelerini belirlemek amaciyla gerceklesti-
rilmistir.

2. Gereg ve Yontem

Arastirma i¢in gerekli mantar 6rnekleri sonbahar mevsimin-
de Kestel bolgesinde (Beykavagi-Kadinhani-Konya) yapilan
arazi caligmasi ile elde edilmistir. Arazi ¢aligmalarinda tespit
edilen mantar 6rneklerinin bulundugu koordinatlar: belir-
lenip, fruktifikasyon organlar: aliiminyum folyoya sarilarak,
muhafaza altina alinmistir. Elde edilen mantar 6rneklerinin
ekolojik ve morfolojik karakterlerinin yani sira habitat 6zel-
likleri ve elde edilen diger veriler kaydedilmistir. Her mantar
6rnegi numaralandirilmistir. Fungaryuma aliiminyum folyo
icinde getirilen makrofungus 6rneklerinin mikroskobik ve
makroskobik 6zellikleri incelenerek ve mevcut kaynaklar
yardimiyla (Breitenbach ve Kranzlin 1986, Ellis ve Ellis
1990, Breitenbach ve Kranzlin 1991, Gerhardt 1997, Bre-
itenbach ve Kranzlin 2005, Kranzlin 2005) teshisleri yapil-
mugtir. Elde edilen mantarlarin fungaryum 6rnekleri Seleuk
Universitesi Mantarcilik Uygulama ve Aragtirma Merkezi
Midurligi Fungaryumu'nda argivlenmistir.

Karaelmas Fen Miih. Derg., 2024; 14(3):163-171

Mantar 6zitlerinin hazirlanmasinda dimetil silfoksit ve
metanol ¢ozictleri, antimikrobiyal etki ve bakteri kiltiir-
lerinin hazirlanmas: ¢aligmalarinin  degerlendirilmesinde
Mueller-Hinton Broth ve Mueller-Hinton Agar besiyerleri
kullanilmigtir. Ekstrelerin antimikrobiyal etkilerinin aragti-
rildig1 caligmalarda kontrol amacgh Gentamisin (Genta®),
ekstrelerin ve kontrol antibiyotiginin sulandirilmasinda
Phosphate Buffered Saline (PBS) tabletleri, mikroorganiz-
malarin canliligini géstermek i¢in 2,3,5- Trifeniltetrazol-

yum klorid (T'TC) kullanilmustir (Zengin vd, 2015).

Kullanilan ¢6ziiciilerin 6zellikleri; Metanol (CH,OH, kay-
nama noktast 64.6 °C, donma noktas1 -98 °C,), Dimetil stl-
foksit (DMSO) [(CH,),SO, kaynama noktas1 189 “C, don-
ma noktasi -20 °C,] olarak belirtilmigtir (Uyar 1992).

Mantar ekstrelerinin antimikrobiyal etkilerinin belirlenmesi
adina yapilmig caligmalarda hayvan, insan ile gidalar Gzerin-
de patojen olan mikroorganizmalar tercih edilmigtir. Calig-
mada Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC, 27853, Klebsiella pneumoniae ATCC 70603, Meti-
silin direngli Staphylococcus aureus (MRSA) ATCC 43300,
Bacillus cereus ATCC 11778, Salmonella enteritidis ATCC
13076, Sarcina lutea ATCC 9341, Salmonella typhimuri-
um NRRLE 4463, Citrobacter freundii, Enterococcus faecalis
ATCC 29212, Candida albicans NRLL Y-417 olmak tizere
on tane bakteri susu ve bir maya susu kullanilmis olup, an-
timikrobiyal calisma Selguk Universitesi Fen Fakiiltesi Bi-
yoloji Boliimii, Mikrobiyoloji Aragtirma Laboratuvari’nda
gerceklestirilmistir.

2.1. Mantar Ekstraktlarinin Hazirlanmas:

Araziden toplanilan mantarlar temizlenip kurutulmaya tabi
tutulmus, kurutulan mantar érnekleri mekanik bir 6gittct
yardimiyla 6gutilmustir. Daha sonra ekstraksiyon islemi
Soxhlet cihazinda (QUALITEC) yapilmistir. Hassas tera-
zide (KERN PLJ) 5 g tartilan numuneler, 100 ml metanol
¢ozgeninin kullanildigi Soxhlet cihazinda 50 °Clde 4 saat
streyle ekstraksiyon islemine tabi tutularak, oziitleri elde
edilmistir. Elde edilen 6zitler Whatman No:1 filtre kagi-
dindan gegirilerek filtre edilmis ve daha sonra da azaltilmig
basing altinda 50 °C'de rotary evaporatorde (ISOLAB) eva-
pore edilmeye baslanmigtir. 64.5 °C'de ¢6ziici ekstrakttan
ayrilmaya baglamigtir. Kalan ¢6ziicliniin ugmast i¢in eks-
traktlar 48 saat etiivde 40 °C'de bekletilmistir. Bu iglemin
ardindan -20 °C ‘de dondurucuda saklanmistir. Ekstreler
antimikrobiyal etkileri yontiinden incelenecegi sirada, Disk
Difuzyon ve Sivi Mikrodiliisyon yonteminde kullanilmak
tizere DMSO'da ¢oziilerek 25 mg/ml olacak sekilde stoklar:
hazirlanmis ve stoklar enjektor filtrelerden gegirilerek steril
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edilmislerdir ve kullanilana kadar + 4 °C de saklanmiglardir

(Zengin vd, 2015).
2.2. Besiyerlerin Hazirlanmasi

Antimikrobiyal aktivitenin belirlenmesi amaciyla kullanilan
Swvi Mikrodiliisyon tekniginde Mueller-Hinton Broth be-
siyeri, disk diftizyon tekniginde ise Mueller-Hinton Agar
kullanilmistir. Bakterilerin canlandirilmasinda ise Brain
Heart Infuzyon Broth (BHIB) besiyeri tercih edilmistir.
Brain Heart Infiizyon Broth (BHIB) ve Mueller-Hinton
Broth besiyeri saf suda eritildikten sonra otoklavda 121 °C’
de 15 dk. steril edilmistir.

2.3. Antibakteriyel Aktivitenin Belirlenmesi
2.3.1. Disk Difiizyon Yontemi

Oncelikle Stok bakteri ve maya suslari derin dondurucudan
cikaridmistir. Suglar inokile edildikten sonra 37°C 'de 18-24
saat inkibe edilerek taze kiltiirleri hazirlanmigtir. Kiltir-
lerin yogunlugu McFarland standart bulaniklik derecesine
gore 0.5 olacak sekilde Densimat (Biosan) dansitometre
cihazinda ayarlanarak bakteriyel siispansiyon hazirlanmugtur.
Daha sonra bakteri kiltir soliisyonlarindan 100 pl alinarak
besiyerlerinin tizerine yayilmigtir. Daha 6nceden hazirlan-

mis kendi ¢oziict i¢inde 25 mg/ml olan her ekstraktin steril
soliisyonlar1 6 mm ¢apinda steril antibiyotik disklere 20°er
pl emdirilerek, 37°C’ de 18-24 saat inkiibe edilmigtir. Daha
sonrasinda olusan inhibisyon tabakalarinin ¢ap: 6lgtlerek

kayit islemi yapilmistir(Sokmen vd. 1999)
2.3.2. §1v1 Mlikrodiliisyon Yontemi

96 kuyucuklu mikrotitrasyon plaklarin her bir kuyucuguna,
hazirlanan Mueller-Hinton Besiyeri’ nden 100°er pl dagitil-
diktan sonra stok haldeki ekstraktlardan plaklarin ilk kuyu-
cuklarina 100%r pl konulmustur. Daha sonra ilk kuyucuktan
baslanilarak 100 pl’ lik hacimler alinip, bir sonraki kuyucu-
ga ilave edilerek yar1 yariya sulandirmalari yapilmustir. 0.5
McFarland bulanikliginda bakteri siispansiyonlari hazirlan-
mus, gerekli sulandirma yapilarak her kuyucuktaki inoku-
lumun son konsantrasyonu 5 x 10° kob/ml olacak sekilde
her kuyucuga 100 pl eklenmistir. Plaklarin son kuyucuguna
kontrol amagli herhangi bir kiltir ya da ekstrakt konul-
mamuigtir. Son olarak Plaklar 18-24 saat 37°C’ de inkibe
edilmistir. Inkiibasyon siiresi bitiminde kuyucuklara 20 pl
2,3,5- trifeniltetrazolyum klorid eklenilerek 30 dk. daha in-
kibasyona birakilmigtir. Plaklarda gozle gorilir bir Greme
olmamig, pembe kirmizi renkli olmayan son kuyucuk mini-

Cizelge 1. Tespit edilen makrofunguslarin sistematigi ve lokaliteleri.

Tiirkge Bilimsel Ismi

(Sesli vd. 2020)

Sistematigi

Toplama Tarihi,
Substrat, Koordinat

Fungaryum

Numaras1

Karadibidelik

B. leucomelaena

Bankeraceae, Thelephorales,
Agaricomycetes, Agaricomycotina,

Basidiomycota, Myceteae (Fungi)

10.11.2020
Karisik Orman
38°08'10.69’K
32°15’34.26”D

FN5416

1L geotropa Etce

Incertae sedis, Agaricales,

09.11.2020
Karigik Orman
38°0820.99’K
32°15°23.00’D

FN5415

L. sanguifluus Solgunkanlica

Russulaceae, Russulales,

09.11.2020
Karigik Orman
38°0822.45"K
32°15°24.67°’D

FN5414

R. roseolus

Altavganbobregi

Rhizopogonaceae, Boletales,

10.11.2020
Karigik Orman
38°07°20.79’K
32°15°38.34°D

FN5418

R. delica Akgintar

Russulaceae, Russulales,

10.11.2020
Karigik Orman
38°08'11.04°K
32°15°29.05"D

FN5417
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mum inhibisyon konsantrasyonu (MIK) olarak belirlenmis-
tir (Zengin vd, 2015).

3. Bulgular

Yapilan arazi ¢alismalarinda Kestel (Kadinhani-Konya) or-
maninda yaygin olarak bulunan mantar érneklerinin teghisi
sonucunda Boletopsis leucomelaena (Pers.) Fayod, Infundibu-
licybe geotropa (Bull.) Harmaja, Lactarius sanguifluus (Pau-
let) Fr., Russula delica ¥r. ve Rhizopogon roseolus (Corda) Th.
Fr. tiirleri tespit edilmistir (Sekil 1, Cizelge 1).

Calismada Kestel (Kadinhani-Konya) bélgesinde yaygin
olarak yetistigi tespit edilen makrofunguslardan B. leucome-
laena, I. geotropa, L. sanguifluus, R. roseolus ve R. delica tiirle-
rinin metanol ekstraktlarinin Sivi Mikrodiliisyon metodun-
da elde edilen antimikrobiyal aktivite sonuglari Cizelge 2'de,

Disk Difiizyon metodundaki antimikrobiyal aktivite sonug-
lar1 ise Cizelge 3'de verilmigtir.

4. Tartisma

Caligmada elde edilen bulgular literatiir ile karsilagtirilmig-
tir. Russula delica ile yapilan antimikrobiyal aktivite ¢caligma-
larinda (Diilger ve Sen, 1999), mantarin basta Corynebac-
terium xerosis CCM 2824 ve Listeria monocytogenes ATCC
19117 olmak tizere bazi Gram pozitif ve Gram negatif bak-
teriler ile baz1 mayalara 6zellikle Kluyveromyces fragilis ize-
rine bir antimikrobiyal etki i¢erdigini belirlemislerdir. Bagka
bir ¢aligmada ise, Turkoglu vd. (2007) tarafindan R. delica’
nin antimikrobiyal etkisi, Agar Disk Diflizyon metodunda
yedi Gram(-) , altt Gram (+) bakteri ile bir maya tzerine
incelenmistir. R. delica Gram negatif bakterilere karg: etkili

B. leucomelaena

L. sanguifluus

4 Wk .,

R. delica

R. roseolus

Sekil 1. Arazi ¢aligmalarinda tespit edilen ve materyal olarak kullanilan makrofunguslar.

Karaelmas Fen Miih. Derg., 2024; 14(3):163-171

167



Yaprak, Alkan, Giines, Kasik / Kestel Bolgesi Makromantarlar

olmadigi, Micrococcus luteus ve Micrococcus flavus un da igin-
de bulundugu Gram pozitif bakterilere kars: ytiksek inhibe
edici etki gosterdigi gozlenmistir. Zonlarin maksimum de-
gerlerinin 15 — 20 mm civarinda oldugu tespit edilmistir.
Yine Yaltirak vd. (2009) R. delica’nin antimikrobiyal ve anti-
oksidan etkilerini aragtirdiklar: ¢alismada, kullanilan dokuz
mikroorganizma susuna karg: antimikrobiyal etkisinin oldu-
gunu tespit etmiglerdir.

R. delica ile yaptigimiz ¢aligmada ise; kullandigimiz test
mikroorganizmalarina karst potansiyel bir antibakteriyel ve
antifungal bir aktiviteye sahip olmadig: belirlenmistir (Ci-
zelge 2). R. delica'nin, farkli ¢aligmalarda antimikrobiyal etki
gosterdigi ayni tiire ait farkli suglara calisgmamizda etki gos-
termedigi tespit edilmigtir.

Solak vd. (2006), calismalarinda Clitocybe alexandri ve R.
roseolus’un farkli ¢ozgenler kullanilarak hazirlanmis 6ziit-
lerinin Agar Disk Difiizyon teknigi ile bazi mikroorganiz-
malar Uzerine ¢aligtiklar: bir ¢aligmada ise her iki mantarin
metanolik ekstrelerinin E. co/i (15-13 mm), Bacillus subtilis
(25-18 mm) ve Enterobacter aerogenes (25-16 mm)e karst
antimikrobiyal etkisi saptamiglardir. Ayni zamanda C. ale-
xandri’ nin etilasetat 6ziitinin Saccharomyces cerevisiae (12
mm) ve C. albicans (14 mm) mayalar: tizerine etkisinin bu-
lundugunu belirtmislerdir.

Cizelge 2. Sivi Mikrodiliisyon yontemindeki sonuglar (mg/ml).

R. roseolus oziitii ile caliymamizda ise, Mikrodiltisyon tek-
niginde C. freundii, E. faecalis ve §. lutea suslarina karsi s1-
rastyla 1.56, 0.78 ve 0.39 mg/ ml dozlarinda antibakteriyel
aktivite tespit edilirken, en etkili oldugu sus ise 0.19 mg/
ml dozuyla S. aureus oldugu belirlenmistir. Yine bu 6ziitiin
her iki teknikte de antifungal bir aktiviteye sahip olmadig
gortlmustir (Cizelge 2, 3).

Altuner ve Akata (2010), bazi makrofungus ekstraktlarinin
antimikrobiyal aktivitesi isimli ¢alismalarinda, I geotropa,
Lactarius controversus Pers., L. deliciosus ve Phellinus hartigii
(Allesch. & Schnabl) Pat. tiirlerine ait antimikrobiyal etkile-
ri incelemiglerdir. Netice olarak, Shigella flexneritizerine tim
ekstrelerin, P hartigii hari¢ tim ekstrelerin P aeruginosa ize-
rine antibakteriyel etkiye sahip olduklar: gézlemlemislerdir.

1. geotropa éziitiiniin ise test edilen mikroorganizmalar ara-
sinda yalmzca C. freundii susuna Sivi Mikrodilisyon tekni-
ginde 1.56 mg/ml dozunda antimikrobiyal aktivite goster-
digi gortlmustir (Cizelge 2).

Lactarius sanguifluus 6ziitii sonuglari incelendiginde ise her
iki teknikte de test edilen mikroorganizmalara karsi potan-
siyel bir antibakteriyel ve antifungal aktiviteye sahip olma-
dig1 belirlenmistir (Cizelge 2, 3).

Elde edilen literatiir taramasinda B. leucomelaena ekstrakt:
ile ilgili bir bulguya rastlanmamugtur.

- «
3 3 = F
Test mikroorganizmalar: g £ & S
- — = &~
E. coli ATCC 25922 - - - -
Pseudomonas ATCC 27853 0.78 - - - -
K. pneumonia ATCC 70603 1.56 - - -
Metisilin direncli 8. aureus (MSSA) ATCC 43300 0.39 - - 0.19
S. enteritidis ATCC 13076 1.56 - - _
8. lutea ATCC 9341 0.78 - - 0.39
E. faecalis ATCC 29212 1.56 - - 0.78
S. typhimurium NRRLE 4463 1.56 - - -
B. cereus ATCC 11778 1.56 - - -
C. freundii 0.78 1.56 - 1.56
C. albicans NRRL Y-417 1.56 - - -
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Cizelge 3. Disk Difiizyon yontemindeki sonuglar(Zon ¢aplart mm).

: - . .

= & & = 2

Test mikroorganizmalari % § gﬁ % g
(] ) & = =]

= B = E o S

E. coli ATCC 25922 - - - - - 23
Pseudomonas ATCC 27853 7 - - - - 22
K. pneumonia ATCC 70603 - - - - - 15
Metisilin direncli S.aureus(MSSA) ATCC 43300 10 - - - 8 24
S. enteritidis ATCC 13076 - - - - - 25
S.lutea ATCC 9341 10 - - - - 24
E. faecalis ATCC 29212 7 - - - 7 20
S. typhimurium NRRLE 4463 - - - - - 21
B. cereus ATCC 11778 - - - - - 23
C. freundii - - - - - 23
C. albicans NRRL Y-417 - - - - - 25

Calismamizin sonuglarina gore, B. leucomelaena ekstraktinin
her iki teknikte yalmizca E. coliye karst antibakteriyel bir
aktivite gostermedigi, Mikrodiliisyon tekniginde ¢aligma-
da test edilen bakteri suglarinin timitne 1.56 — 0.39 mg/ml
dozlarinda etkili oldugu, en yiiksek aktivitenin ise 0.39 mg/
ml dozunda §. aureus’a karsi oldugu belirlenmistir (Cizelge

2).

Incelenen bes makrofungus tiiriinden B. leucomelaena ve R.
roseolus tirlerinin test mikroorganizmalar: tizerinde antimik-
robiyal etkisinin oldugu tespit edilmistir. Diger mantar tiirle-
rinden elde edilen ekstraktlarin etkisi gozlenmemistir (Ci-
zelge 2,3). Bu durumun suglarin farkli direng seviyelerinden
ve kullanilan yéntemden kaynaklandig: varsayilmustir.

Test mikroorganizmalarina antimikrobiyal aktivite goster-
meyen mantar tiirleri besin olarak degerlendirilmekte olup,
tarkli ¢oziict ile elde edilmis 6zttlerin farkli mikroorganiz-
malar agisindan etkileri arasgtirilabilir. Caligmada antimik-
robiyal etkisi tespit edilen makrofunguslarin antibakteriyel
ozellikleri dikkate alinarak saglik sektoriinde potansiyel
kaynak olarak degerlendirilmesi ve benzer ¢aligmalar igin
literatiir veri kaynag olarak kullanilmasi uygun olacaktir.

5. Tegekkiir

Bu ¢alisma Seleuk Universitesi BAP Koordinatorliigiin-
ce desteklenmis olup, tesekkiirlerimizi sunariz(Proje No:

20201060).
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Yazarlik Katki Beyan1
Yazar 1: Caligmanin tim agamalarina katkisi vardir.

Yazar 2: Arazi ¢alismalar, tiir teghisleri ve ekstrakt elde edil-
mesi

Yazar 3: Antimikrobiyal denemelerin yapilmasi

Yazar 4: Fikir sahibi ve tiim agamalarin gerceklestirilmesi
Etik Standartlar Bildirgesi

Yazarlar tim etik standartlara uyduklarini beyan ederler.
Cikar Catismas1 Beyam

Yazarlarin bu makalenin igerigiyle ilgili olarak beyan ede-
cekleri higbir ¢ikar ¢atigmasi yoktur.
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