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INTRODUCTION

We had the great honor of of 5th International Conference on Scientific and Innovative Studies ICSIS
2025. It was truly a great pleasure for us to greet a lot of participants from many different countries
attending ICSIS 2025! We firmly believe thatthe conference will become an important international
event in the field of cross-industry discussion about innovations in Academic Studies.

Three cooperating organizations supported the two-day conference. There were 146 papers accepted
for presentation at ICSIS 2025, contributed from different countries. We had plenary speeches and
several well-known scientists and experts, to give invited talks at differentsessions.

The purpose of ICSIS 2025 was to provide a forum for the participants to report and review innovative
ideas, with up-to-date progress and developments, and discuss novel approaches to the application in
the field of their own research areas and discuss challenges of doing science.

We sincerely hope that the exchange of ideas on doing research, science and improving education will
help the participants, and international cooperation sharing the common interest will be enhanced.

On behalf the Organization Committee of ICSIS 2025, we would like to heartily thank our cooperating
organizations for all they have done for the conference. We would also like to thank the authors for their
contribution to the proceedings; the participants and friends of ICSIS 2025, for their interest and efforts
in helping us to make the conference possible; and the Editorial boards for their effective work and
valuable advice, especially the ICSIS 2025 secretariat and the ICSIS 2025 staff, for their tireless
efforts and outstanding services in preparing the conference and publishing the Proceedings.

Publisher: All Sciences Academy
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Ozet — Bu caligmada dijital teknolojilerin bireylerin mahremiyet algisi, etik karar alma siiregleri ve
toplumsal diizeyde esitlik, adalet ve kiiltiirel degisim iizerindeki etkileri analiz edilmistir. Ozellikle yapay
zeka, sosyal medya ve kisisel veri giivenligi gibi alanlarda ortaya c¢ikan etik sorunlar ele alinmustir.
Bulgular, dijital etigin bireylerin mahremiyet bilincini artirdigini, ancak toplumsal diizeyde dijital
esitsizlikler ve veri gilivenligi endiseleri gibi yeni sorunlar yarattigini1 gostermektedir. Dijitallesmenin
yasamin her alaninda hizli bir doniisiime sebep olmasi, son bes yilda dijital etik kavramimin 6nemini
olduk¢a artirmistir. Mahremiyet ihlalleri, algoritmik Onyargilar ve dijital ucurum gibi sorunlar, etik
cergevelerin ve politikalarin acilen gelistirilmesini gerektirir. Seffaflik, hesap verebilirlik ve adalet odakli
yaklagimlar benimsenerek, dijital cagin sundugu firsatlar herkes icin erisilebilir hale getirilebilir ve
teknolojinin insanlik i¢in bir nimet olmas1 saglanabilir.

Anahtar Kelimeler — Dijital etik, mahremiyet, veri gizliligi, yeni medya, yapay zeka, bireysel ve toplumsal etkiler

I. GIRIS

Giliniimlizde teknoloji ve dijitallesme, bireylerin ve toplumlarin yasaminda merkezi bir rol
oynamaktadir. Kamu hizmetlerinin tasarimindan sunumuna, c¢alisma hayatinin dinamiklerinden medya
pratiklerine kadar pek ¢ok alanda dijital teknolojiler doniistiiriicii bir etki yaratmistir [1, 2]. Bu hizli
dontisiim, verimlilik artisi, hizli karar alma ve yeni olanaklar sunarken, ayni zamanda daha Once
karsilasilmamis etik tartismalari da beraberinde getirmistir. Dijitallesmenin yayginlasmasiyla birlikte
ortaya ¢ikan bu etik meseleler hem mevcut dnlemlerin uygulanabilirligini hem de gelecekteki politika ve
stratejilerin olusturulmasini zorunlu kilmaktadir.

Son yillarda dijital teknolojiler, bireylerin ve toplumlarin yasam bigimlerini radikal bir degisiklige
ugratmistir. Yapay zeka, sosyal medya platformlar1 ve veri odakli teknolojiler, bireysel mahremiyetten
toplumsal adalete kadar genis bir yelpazede etik sorunlar glindeme getirmistir. Arastirma, 6zellikle
bireylerin dijital ortamlardaki davraniglarini, mahremiyet algilarin1 ve toplumsal diizeyde ortaya cikan
esitsizlikleri ele almaktadir.

Gilinlimiizde teknolojik gelismelerin ivmesi, bireylerin ve toplumlarin dijital diinyaya entegrasyonunu
kagimlmaz hale getirmigtir. TUIK’in 2024 yili “Hanehalki Bilisim Teknolojileri (BT) Kullanim
Arastirmasi”na gore internet kullanim orani, 16-74 yas grubundaki bireylerde 2023 yilinda %87,1 iken
2024 yilinda %88,8 olmustur. Cinsiyet ayriminda 2024 yilinda internet kullanim oranmi erkeklerde %92,2,
kadinlarda %85,4 olarak gozlenmistir [3].

Internet ve bilgisayar teknolojilerinin yasamin merkezine yerlesmesiyle birlikte [4], dijitallesme sadece
ekonomik ve toplumsal faydalar saglamakla kalmamais, ayn1 zamanda kendine 6zgii bir dizi etik sorun ve
ikilemi de beraberinde getirmistir [5]. Dijital etik, bu yeni dijital ortamda ortaya ¢ikan ahlaki degerleri,
prensipleri ve davranis kurallarini inceleyen bir disiplin olarak one ¢ikmaktadir. Ozellikle son bes yilda,
yapay zeka, biiyiik veri, nesnelerin interneti ve sosyal medya gibi teknolojilerin yayginlasmasiyla birlikte
dijital etigin bireysel ve toplumsal yasam {izerindeki etkileri daha belirgin hale gelmistir. Bu c¢alisma,
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dijital etigin son bes yildaki gelisimini, bireysel ve toplumsal diizeydeki yansimalarini, Ozellikle
mahremiyet, veri gizliligi, yeni medya ve yapay zeka ekseninde ele alacaktir.

1. DIJITAL ETIK KAVRAMI

Dijital etik, teknolojinin evrimiyle ortaya ¢ikan yeni etik degerleri, prensipleri ve davranig kurallarini
igerir. Etik, tarith boyunca giinliik yasamin ve ticaret diinyasinin bi¢imlenmesinde onemli bir rol
oynamistir. Kiiresellesme ve internetin yayginlagsmasiyla birlikte ise etik tartigmalar yeni boyutlar
kazanmistir [6]. Dijital doniisiim baglaminda etik, sirketlerin karsilastig1 firsat ve zorluklar1 daha iyi
anlamak i¢in dijital teknolojiler icerisinde etigin roliinii kesfetmeyi amaglar.

Dijital etigin yiikselisi, bireylerin ve kurumlarin dijital ortamdaki sorumluluklarini anlamalarin1 ve bu
sorumluluklara uygun hareket etmelerini zorunlu kilmaktadir. Son yillarda dijital etik alanindaki
caligmalarin sayisinda belirgin bir artis gozlemlenmistir. Kuh ve Dinger Giiltekin (2025) tarafindan
yapilan bibliyometrik analiz, dijital etik {izerine yapilan calismalarin 2017'den sonra hizla artis
gosterdigini ve Ozellikle 2020-2024 yillar1 arasinda zirveye ulastigini ortaya koymustur. Bu calismalar,
yapay zeka etigi, veri gizliligi ve siirdiiriilebilirlik gibi odak noktalar1 etrafinda yogunlagmaktadir. Bu
durum, dijitallesmenin getirdigi etik sorunlarin aciliyetini ve bilimsel diinyanin bu konulara olan ilgisini
acikca gostermektedir [7].

A. Kavramsal Temeller ve Felsefi Boyutlar

Dijital etik, teknolojinin sundugu yeni imkanlarin yaninda sebep oldugu sorunlar karsisinda ahlaki
degerlerin yeniden tanimlanmasini saglamigtir. Kutsenko (2024), dijital etigi modern toplumun
gelisimindeki temel bir sorun olarak goérmekte ve felsefi bir bakis agisiyla dijitallesmenin getirdigi
zorluklart incelemektedir. Bu yaklasima gore, dijital etik sadece teknik kurallardan ibaret olmayip,
insanligin deger sistemleri, 6zgiirliilk, sorumluluk ve adalet gibi temel felsefi kavramlarla yakindan
iligkilidir. Dijitallesme siireci, insan ve bilgi arasindaki iligkiyi yeniden sekillendirirken, ahlaki normlarin
da bu donilisiime ayak uydurmasi gerektigini vurgulamaktadir [8]. Bu felsefi temeller, dijital etigin
bireysel ve toplumsal etkilerini anlamak i¢in saglam bir zemin sunmaktadir.

B. Yapay Zeka ve Etik Tehditler

Yapay zeka teknolojisinin hizla gelisen dogasi, sug isleme yontemlerinden sucun tespitine kadar birgok
alanda etkili olmaya baslamistir. Yapay zeka ile su¢ arasindaki iligki, algoritmalarin kotiiye kullanimi,
kisisel veri ihlalleri, manipiilasyonlar ve gozetim teknolojileri gibi bir¢ok farkli boyutu igermektedir.
Yapay zeka destekli sistemlerin suga karisma veya su¢ isleme olasiligi onemli bir tehlike olarak
degerlendirilmektedir. Ornegin, sahte kimlik olusturma, siber saldirilar ve sosyal miihendislik
yontemleriyle dolandiricilik, yapay zekanin koétiiye kullanilabilecegi kilit alanlardir. Bu baglamda, yapay
zekanin giivenli kullamimim1 destekleyecek etik ve hukuki cercevelerin olusturulmasi kritik 6neme
sahiptir. Mevcut diizenlemelerin gézden gegirilmesi ve bu teknolojilere 6zgii yeni yasalarin olusturulmasi
gerekmektedir. Etik acidan, bireylerin mahremiyet haklarint korumak i¢in farkindaligin artirilmasi
elzemdir [9].

Dijital hizmetlerin modern toplumun ayrilmaz bir pargas: haline gelmesiyle birlikte, etik sonug¢larinin
ele alinmas1 giderek daha kritik hale gelmistir. Verilerin kotliye kullanimi, siber giivenlik riskleri,
seffaflik eksikligi, esitsizlik ve siirdiirtilebilirlik gibi konular, dijital hizmetlerin etik boyutunda 6ne ¢ikan
endiselerdir [1].

C. Bireysel Etkiler

Dijital etik, bireylerin teknolojiyle etkilesimlerini sekillendiren 6nemli bir alan haline gelmistir.
Ozellikle kisisel verilerin korunmasi, bireylerin dijital ortamlarda karsilastigi temel etik sorunlardan
biridir.

Dijital ¢agda bireylerin en temel haklarindan biri olan mahremiyet, ciddi doniistimler gecirmektedir.
Akman ve Ovgiin (2022) calismalarinda dijitallesmenin mahremiyet olgusunu kisisel bilgi/veri
diizleminde olumsuz etkiledigini ve mahremiyetin devlete ve sermayeye karsi kaybedildigi tezini
savunmaktadir [5]. Bireylerin ¢evrimici platformlarda biraktig1 her tiirlii iz, kisisel verilerin toplanmasina,
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analiz edilmesine ve hatta manipiilatif amagclarla kullanilmasina olanak tanimaktadir. Bu durum, 6zellikle
sosyal medya kullaniminin yayginlagsmasiyla birlikte bireylerin kisisel bilgilerini koruma konusundaki
farkindalik eksikligini de ortaya koymaktadir [4]. Gelisen teknoloji, gizli dinleme ve gizli izleme
faaliyetlerini kolaylastirmakta, bu da "6zel yasam alanimin" ihlal edilmesi riskini artirmaktadir [10].
Bireyler, dijital ayak izlerinin farkinda olmadan, kisisel bilgilerinin rizalar1 disinda kullanilmasi gibi etik
sorunlarla karsi karsiya kalabilmektedir. Bu durum, kisisel o6zerklik ve kimlik kavramlarini da
sorgulatmakta, bireylerin dijital ortamda ne kadar giivende olduklar1 konusunda endiselere yol
agmaktadir.

Kisisel verilerin toplanmas1 ve islenmesi, bireylerin mahremiyet algisin1 derinden etkilemistir. Oztiirk
(2022), yapay zeka teknolojilerinin kigisel verileri analiz etme kapasitesinin, bireylerin mahremiyetine
yonelik tehditleri artirdigin1  belirtmektedir. Ornegin, sosyal medya platformlar1 ve yapay zeka
algoritmalari, kullanicilarin davraniglarini izleyerek kisisellestirilmis reklamlar sunmakta, bu da bireylerin
veri glivenligi konusunda endiselenmesine yol agmaktadir. Bu durum, bireylerin dijital platformlara olan
giivenini azaltmakta ve etik farkindaliklarini artirmaktadir [11].

Dijital teknolojilerin en belirgin etkilerinden biri, bireylerin mahremiyetine yonelik tehditlerdir. Kantha
ve arkadaslar1 (2024), Shoshana Zuboff’un “gdzetim kapitalizmi” kavramina atifta bulunarak, kisisel
verilerin bireylerin rizasi olmadan toplanip ticarilestirildigini vurgular. Ornegin, Cambridge Analytica
skandali, 50 milyon Facebook kullanicisinin verilerinin izinsiz kullanilarak siyasi manipiilasyon amaciyla
analiz edildigini gostermistir. Bu durum, bireylerin 6zel hayatlarina miidahale edilmesine ve
Ozerkliklerinin zedelenmesine yol agmaktadir [12]. Pyrrho (2024), Nissenbaum’in baglamsal biitlinliik
teorisi ¢ercevesinde, saglik sektoriinde dijital patoloji goriintiilerinin kullanimin1 degerlendirirken, veri
giivenliginin yetersiz oldugunu belirtir. Ozellikle, veri anonimlestirme ¢abalarinmn, biiyiik veri
kiimelerindeki yeniden kimliklendirme riskleri nedeniyle etkisiz kalabilecegi uyarisinda bulunur. Bu,
bireylerin saglik verilerinin gizliligini koruma hakkin1 tehdit eder ve hassas bilgilerin kotiiye kullanimina
zemin hazirlar. Orne@in, genetik bir hastaligin ifsa edilmesi, bireyin saglik sigortasi veya finansman
erisimini engelleyebilir, hatta toplumsal damgalanmaya yol acabilir [13].

Dijital okuryazarlik, bireylerin dijital etigi anlamasi ve uygulamasinda kritik bir rol oynamaktadir.
Oztiirk ve Celik (2023), bireylerin dijital platformlarda etik kararlar alabilmesi igin teknoloji
okuryazarliklarina ihtiya¢ duydugunu vurgulamaktadir. Bireylerin, etik yiikiimliiliklerinin bilincinde
olmalari, sosyal mecralarda dezenformasyonla miicadeleyi kolaylastirmaktadir. Bu baglamda, dijital
okuryazarlik egitimi, bireylerin etik bilinglerini gii¢lendirmekte ve sorumlu dijital vatandaslar olmalarina
katki saglamaktadir [14].

D. Toplumsal Etkiler

Dijital teknolojilere erisimdeki esitsizlikler, toplumsal adalet sorunlarmi derinlestirmistir. Oztiirk ve
Celik (2023), dijital teknolojilere erisimi olmayan topluluklarin, egitim ve is firsatlarindan mahrum
kaldigini belirtmektedir. Bu durum, 6zellikle pandemi déneminde uzaktan egitim ve ¢aligsma siireclerinde
belirginlesmistir. Dijital etik, bu esitsizliklerin azaltilmasi i¢in etik ilkelerin (6r. adalet ve esitlik) teknoloji
tasarimina entegre edilmesini savunmaktadir [14].

Dijjital teknolojiler, toplumsal diizeyde esitsizlikleri derinlestirme potansiyeline sahiptir. Kantha ve
arkadaslar1 (2024), “dijital ugurum” kavramina dikkat g¢ekerek, teknolojik gelismelerin genellikle
ayricalikli kesimlere fayda sagladigini, ancak marjinallestirilmis gruplari dislayabilecegini belirtir.
Ornegin, kirsal veya diisiik gelirli bolgelerde yasayan bireyler, dijital altyapiya erisim eksikligi nedeniyle
egitim ve is firsatlarindan mahrum kalabilir [12]. Pyrrho (2024), dijital saglik uygulamalarinda veri
temsiliyetinin 6dnemine isaret eder [13]. Algoritmalarin, tarihsel veri setlerindeki dnyargilar1 yansitmasi
durumunda, azinlik gruplarina kars1 ayrimeilik riski artar. Ornegin, Amazon’un ise alim algoritmasinin,
erkek adaylar kayirdig: i¢in kadinlara karsit onyargili oldugu tespit edilmistir [12]. Bu tiir algoritmik
Onyargilar, toplumsal esitsizlikleri pekistirerek adalet ilkesine zarar verir.

Yapay zeka, toplumsal yapilari déniistiiren bir bagka énemli etkendir. Oztiirk (2022), yapay zekanin is
giicii piyasasini yeniden sekillendirdigini ve bu siiregte etik sorunlar ortaya c¢ikardigini ifade etmektedir.



Ornegin, otomatik karar alma sistemlerinin ényargili sonuglar iiretmesi, toplumsal ayrimcilig1 artirabilir.
Bu durum, yapay zeka sistemlerinin etik ilkelerle gelistirilmesi gerektigini gostermektedir [11].

Yapay zekda ve robotik sistemlerin yiikselisi, toplumsal yapiy1r ve istihdam piyasasini derinden
etkilemektedir. Yildiz ve Yildinnm (2018), yapay zekanin kiitliphanecilik meslegi iizerindeki olasi
etkilerini degerlendirirken, bu teknolojinin diisiik yetkinlik diizeyindeki islerden daha nitelikli is giicii
yapisina geg¢ise neden olacagini vurgulamaktadir. Bu durum, etik agidan, issizlik, gelir esitsizligi ve belirli
meslek gruplarmin doniistimii gibi konular1 giindeme getirmektedir. Ayrica, yapay zeka sistemlerinin
karar alma siireclerinde seffaflik, hesap verebilirlik ve tarafsizlik gibi etik ilkelerin ne kadar gozetildigi de
onemli bir tartisma konusu olmustur. Algoritmalarin onyargilar1 barindirma potansiyeli, ayrimcilik ve
haksiz sonuglara yol acabilir, bu da toplumsal adalet ve esitlik agisindan ciddi etik sorunlar dogurabilir
[15].

Dijitallesme, toplumsal yapiyi, kiiltiirel dinamikleri ve iletisim pratiklerini derinden etkilemektedir.
Abdurakhmanov (2024), bilgi toplumunda dijital etigin kiiltiirel dinamiklerdeki temellerini vurgulayarak,
dijitallesmenin toplumsal degerler, normlar ve davramis kaliplar1 iizerindeki etkilerini incelemektedir.
Dijital platformlar, kiiltiirel etkilesimleri hizlandirmakta ve yeni topluluklarin olusumuna olanak
tanimaktadir. Ancak ayni zamanda, dezenformasyonun yayilmasi, siber zorbalik ve kutuplasma gibi
toplumsal sorunlari da beraberinde getirmektedir. Iletisim pratiklerindeki degisim, bireylerin ve
topluluklarin bilgiye erisimini ve bilgiyi yayma bigimlerini doniigtiirmiistiir. Sosyal medya platformlari,
her bireyin bir igerik {ireticisi olmasini saglayarak bilgi akisini demokratiklestirmekte, ancak aymi
zamanda etik dis1 igeriklerin, nefret sdyleminin ve manipiilatif kampanyalarin yayilmasima da zemin
hazirlamaktadir. Bu durum, bilgi etigi, medya etigi ve siber giivenlik gibi alanlarda yeni tartismalari
tetiklemektedir. Toplumlarin dijitallesme siirecine adaptasyonu, sadece teknolojik altyapinin
gelistirilmesini degil, ayn1 zamanda dijital etik bilincinin artirilmasini ve kiiltiirel degerlerin bu yeni
ortama uygun sekilde yeniden yorumlanmasini da gerektirmektedir [16].

Is etigi, veri yonetimi icin artan organizasyonel hesap verebilirlik talebini saglamalidir [6].
Kamuoyunda giivenilir bilgiye artan ihtiyag, yayin kuruluslarinin dijital ortamdaki tiim yayimnlarinda
halkin gilivenini kazanmasini1 gerektirmektedir. Diinya Basin Birligi, "Basar1 i¢in yeni para birimi;
giivendir" ifadesini kullanmaktadir [17]. Bu, dijital etik baglaminda gilivenilir igerigin Onemini ve
organizasyonel hesap verebilirligin kritik roliinii pekistirmektedir.

Internet haberciligi, medya sektdriinii ¢ok yeni etik tartismalarla karst karsiya birakmistir. Bu
tartigmalara tiklanma hedefleri, sayfa goriintiileme sayisi, tik tuzagi, yaniltict bashiklar ve arama motoru
optimizasyonu gibi unsurlar 6rnek verilebilir. Geleneksel basindan dijitale gecis silirecinde gazetecilik
meslek etiginin giiven iizerindeki etkisi dnemli bir konu haline gelmistir. Kamuoyunda giivenilir bilgiye
olan ihtiyacin artmasiyla birlikte, yayin kuruluslarinin dijital ortamdaki tiim yayinlarinda halkin giivenini
kazanmas1 gerekmektedir. New York Times 6rnegi, internet haberciligi ile geleneksel yayinciligin basaril
bir sekilde koordine edilmesi ve okuyucuya ulagsmak i¢in tiim araglarin etkin kullanilmasi halinde aldatici
basliklara bagvurmadan da basarinin miimkiin oldugunu gostermistir. Giivenilir internet gazeteleri daha
cok izlenmekte, haber etkilesimi yaratmakta ve giindem belirlemektedir [17].

Medya alaninda yasanan hizli gelismeler ve sosyal medyanin yaygin kullanimi, haberlerin yayilma
hizin1 artirmis ve toplumsal etkilerini derinlestirmistir. Ancak bu durum, etik sorunlarin ortaya ¢ikmasina
ve ciddi sonuglar dogurmasina yol agmistir [18]. Asagidaki tablo tiim etik sorunlar1 ve onlara yonelik
¢Oziim Onerilerini igermektedir (Tablo 1).

Tablo 1: Yeni Medya ve Sosyal Medya Baglaminda Cesitli Etik Sorunlar ve Cdziim Onerileri

Etik Sorunlar Céziim Onerileri
Gazetecilerin ticari c¢ikarlar ve Medya sirketlerinin bagimsiz gazetecilik prensiplerine
bagimsizlik arasindaki ¢atigma daha fazla 6nem vermesi, gazetecilerin kar amaci giiden

stratejilere kars1 direnmesi
Aznliklarin sosyal adaleti tesvik Dayanisma ile uyumlu segici gazetecilik uygulamalarina
etme konusunda fayda saglayan, odaklanilmali. Dogruluk ve giivenilirlik 6n planda
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ancak yanhs  bilgi ve dil
kullanimina neden olan medya
alani.

Sosyal medyada marjinallesmis
topluluklarin  goriislerinin  eksik
temsili

Telif haklarinin ihlali ve sahte
igeriklerin yayginlagmasi.

Sosyal medya ve c¢evrimici

zorbalik, nefret sdylemi.

Dijital manipiilasyon ve gorsel
diizeyde yaniltici igerikler.

Ideolojik temsillerin etik dis
kullanimi ve haberlerin
tarafsizliginin zedelenmesi.

Savas gazeteciliginde baskilar ve
ger¢egin manipiile edilmesi.

Sahte igerikler, botlar ve sponsorlu
iceriklerin yayginlig

tutulmali.

Sosyal medya platformlarinin daha kapsayici politikalar
benimsemesi, marjinallesmis topluluklarin  temsilini
artirmak i¢in ¢aba sarf etmesi

Dijital platformlarda telif haklarimin  korunmasini
saglamak 1i¢in teknolojik ¢oziimler gelistirilmeli ve
uygulanmali. Sahte iceriklerle miicadele eden algoritmalar
ve moderasyon yontemleri kullanilmals.

Sosyal medya platformlari, nefret sdylemi ve zorbalik
iceren igeriklerin tespiti ve kaldirilmasi i¢in daha etkin
yontemler gelistirmeli. Kullanicilar arasinda
bilinglendirme ve egitim saglanmali.

Dijital manipiilasyonun tespiti ve onlenmesi i¢in medya
kuruluglari,  algoritmalar ve insan  denetgilerle
desteklenmelidir. izleyicilere yanmiltic1 igerigi tespit etme
konusunda rehberlik yapilmali.

Medya kuruluslari, ideolojik temsillerin kullaniminda
seffaf olmali ve tarafsizlik ilkesine bagli kalmali.
Haberlerin dogru ve dengeyi yansitacak sekilde sunulmasi
onemlidir.

Savas muhabirlerine etik egitimler verilmeli ve tarafsizlik
ilkesine sadik kalmalar1 tesvik edilmeli. Haberlerin
dogruluk ve giivenilirlik 6n planda tutulmali.

Sosyal medya platformlarinin sahte igerikleri ve botlari
tespit etmek i¢in daha 1iyi algoritmalar gelistirmesi,

icerigin dogrulugunu denetlemesi

Kaynak: [18]

E. Politika ve Céziim Onerileri

Djjital hizmetlerin hizla artan popiilaritesi, iligkili etik endigeleri belirlemek ve ele almak i¢in saglam
cerceveler gerektirmektedir. Etik degerlendirme g¢erceveleri, veri kotliye kullanimi, siber giivenlik,
seffaflik, esitsizlik ve siirdiiriilebilirlik gibi endiseleri degerlendirmek i¢in 6lgeklenebilir ve uyarlanabilir
bir arag sunar. Ornegin, Andreasyan ve digerleri (2025) tarafindan kamu hizmetlerinde etik endiseleri
degerlendirmek i¢in yapilandirilmis bir ¢ergeve sunulmustur. Bu cergeve, veri gizliligi, seffaflik ve
kapsayicilik gibi temel etik zorluklar: ele alarak karmagik dijital hizmetlerin analizinde faydali oldugunu
gostermektedir. Teknolojik inovasyon ile etik hesap verebilirligi dengelemek Snemlidir ve kamu dijital
hizmetlerinde seffaflik ve giiveni saglamaya pratik bir yaklagim sunmaktadir [1].

Dijital etigin bireysel ve toplumsal etkilerini giiclendirmek icin asagidaki oneriler dikkate alinmalidir:

Egitim ve Farkindalik: Bireylerin dijital haklar ve veri gizliligi konusunda bilinglendirilmesi i¢in egitim
programlar gelistirilmelidir. Okullarda ve is yerlerinde dijital etik iizerine miifredatlar olusturulmalidir
[19].

Gizlilik ve Giivenlik: Kullanicilarin veri gizliligini korumak i¢in seffaf veri yonetimi politikalar1 ve
giiclii giivenlik 6nlemleri uygulanmalidir

Kapsayict Teknoloji Geligtirme: Yapay zeka algoritmalarinda onyargiy1 azaltmak i¢in ¢esitli veri setleri
kullanilmali ve diizenli etik denetimler yapilmalidir [20].

Stirdiiriilebilirlik Odakli Tasarim: Teknoloji gelistiricileri, cevresel etkileri en aza indiren siirdiiriilebilir
tasarim ilkelerini benimsemelidir.



Etik Cerceveler ve Céziim Onerileri: Dijital etigin bireysel ve toplumsal etkilerini yonetmek icin
saglam etik cergeveler gelistirilmesi kritik oneme sahiptir. Kantha ve arkadaslar1 (2024), seffaflik, hesap
verebilirlik ve kapsayicilik gibi prensiplerin teknolojik gelisimde rehber olmasi gerektigini savunur.
Ormnegin, Avrupa Birligi’nin Genel Veri Koruma Tiiziigii (GDPR), veri toplama ve isleme siireclerinde
kullanic1 rizasin1 ve seffafligi zorunlu kilarak etik standartlar1 yiikseltmistir [12]. Pyrrho (2024), veri
setleri i¢cin “veri sayfalar1” (datasheets) gibi araclarin kullanimini Onerir. Bu sayfalar, veri setlerinin
bilesimi, toplama siireci ve kullanim amac1 hakkinda bilgi saglayarak etik veri kokenini belgeleyebilir.
Ayrica, bilimsel ve toplumsal degerleri yansitan veri tabanlarinin olusturulmasi, algoritmik 6nyargilari
azaltabilir ve adil sonuglar elde edilmesini destekleyebilir. Etik, teknolojinin yalnizca bireylerin haklarini
korumakla kalmayip, ayni zamanda toplumsal refah1 artirarak ortak iyiligi tesvik etmesi gerekmektedir.
Bu, teknoloji gelistiricileri, politika yapicilar ve toplumun diger paydaslar arasinda siirekli bir diyalog ve
is birligi gerektirir. Merck’in gelistirdigi “Dijital Etik Kodu” (CoDE), dijital etigin bireysel ve toplumsal
sonuglarmni ele almak i¢in beg temel ilkeye dayanir [13]:

. Ozerklik,

. Zarar vermeme,

+  lyilik yapma,

« Adalet

*  Seffaflik.

Bu ilkeler, 15 alt ilkeyle desteklenir ve veri ile algoritmik sistemler icin etik karar alma siireclerini
yonlendirmeyi amaglar. Onerilen ¢dziimler sunlar igerir:

Seffaflik ve Aciklanabilirlik: Algoritmalarin nasil c¢alistigimi kullanicilara agiklamak hem bireysel
ozerkligi hem de toplumsal giiveni artirir.

Veri Sayfalar: (Datasheets): Veri setlerinin bilesimi ve kullanim amaci hakkinda seffaf bilgi saglamak,
etik veri kullanimini destekler.

Cok Paydash Is Birligi: Teknoloji gelistiricileri, politika yapicilar ve toplum arasinda diyalog, etik
standartlarin uygulanmasini giiclendirir.

Evrensel ve Esnek Ilkeler: CoDE, farkli is baglamlarina uyarlanabilen, kati normatif ifadelerden
kacinan bir yap1 sunar.

1. SONUCLAR

Son bes yilda dijital etik hem bireysel hem de toplumsal diizeyde 6nemli etkiler yaratmistir. Bireyler,
kisisel veri giivenligi ve dijital okuryazarlik gibi konularda daha bilingli hale gelirken, toplumlar dijital
esitsizlikler ve yapay zeka kaynakli etik sorunlarla karsi karsiya kalmistir. Bu baglamda, dijital etigin
birey ve toplum iizerindeki etkilerini anlamak, daha adil ve etik bir dijital diinya olusturmak i¢in kritik
oneme sahiptir. Gelecekte, dijital teknolojilerin gelistirilmesinde etik ilkelerin dnceliklendirilmesi, bu
etkilerin olumlu yonde sekillenmesine katki saglayacaktir.

Dijital ¢ag, beraberinde getirdigi doniisiimlerle birlikte etik alaninda da yeni ve karmasik sorunlar
ortaya c¢ikarmistir. Dijitallesmenin is etigi, gazetecilik etigi, yapay zeka ve calisma hayat1 ile gibi farkh
alanlarda yarattig1 etik zorluklar1 ve doniisiimleri kapsamli bir sekilde ele almistir [1, 17, 6, 2, 9]. Verinin
kotiiye kullanimi, siber giivenlik riskleri, seffaflik eksikligi, algoritmik ayrimcilik ve yapay zekanmn
kotiiye kullanimi gibi konular, dijital etik tartismalarinin merkezinde yer almaktadir.

Dijital etigin bireysel ve toplumsal etkileri, mahremiyetin doniisiimii, veri gizliligi endiseleri, yeni
medyada reklam etigi sorunlar1 ve yapay zekanin getirdigi yeni ikilemlerle kendini gostermektedir.
Dijitallesmenin getirdigi faydalar yadsinamaz olsa da bu gelismelerin etik boyutlar1 goz ardi
edilmemelidir. Toplumun ve bireylerin dijital okuryazarliginin artirilmasi, kisisel verilerin korunmasi
bilincinin gelistirilmesi ve etik ilkelere dayali dijital politikalarin olusturulmasi biiyiik 6nem tagimaktadir.
Gelecekteki arastirmalar, dijital etik alanindaki bu sorunlarin daha derinlemesine incelenmesine
odaklanmalidir. Yasal diizenlemelerin giincellenmesi, uluslararasi is birligi ve egitim programlarinin
gelistirilmesi, dijital etik ilkelerinin yayginlastirilmasi ve uygulanmasi icin elzemdir. Bireylerin ve
kurumlarimn dijital sorumluluklarinin farkinda olmasi ve bu sorumluluklart yerine getirmesi, daha etik ve
stirdiiriilebilir bir dijital gelecek insa etmenin temelini olusturacaktir.
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Dijital etik, bireylerin mahremiyet ve 6zerklik haklarin1 korurken, toplumsal esitlik ve adaleti saglama
sorumlulugunu tagir. Kantha ve digerleri (2024) ile Pyrrho (2024) tarafindan sunulan analizler, dijital
teknolojilerin hem bireysel hem de toplumsal diizeyde karmasik etik sorunlar yarattigini ortaya koyar [12-
13]. Mahremiyet ihlalleri, algoritmik Onyargilar ve dijital ugurum gibi sorunlar, etik cercevelerin ve
politikalarin acilen gelistirilmesini gerektirir. Seffaflik, hesap verebilirlik ve adalet odakli yaklagimlar
benimsenerek, dijital ¢cagin sundugu firsatlar herkes i¢in erisilebilir hale getirilebilir ve teknolojinin
insanlik i¢in bir nimet olmasi saglanabilir.
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Ozet — Calisma yasaminda iiretim ve istihdam yapilarinda meydana gelen déniisiimler, emegin yalnizca
fiziksel ya da zihinsel degil, ayn1 zamanda duygusal yonleriyle de ele alinmasini gerekli kilmistir. Bu
baglamda 6ne ¢ikan kavramlardan biri de, 6zellikle hizmet sektoriiniin gelisimiyle birlikte 6nem kazanan
duygusal emek olmustur. Duygusal emek, ¢alisanlarin duygularini isin gerektirdigi sekilde yonetmelerini
ve sergilemelerini ifade ederken, igverenler tarafindan da bu yonde acgik ya da oOrtiik beklentiler
olusturulmaktadir. Kavrami ilk kez “duygularin ticarilesmesi” baglaminda ele alan Hochschild (1983), bu
tiir emegin 6zellikle kadin istihdaminin yogun oldugu alanlarda toplumsal cinsiyetle de yakindan iligkili
oldugunu vurgulamistir. Daha sonra “duygulanimsal emek” kavramiyla genisleyen bu tartismalar, emegin
goriinmeyen yonlerini anlamak agisindan dnemli bir kuramsal zemin sunmaktadir. Bu ¢calismada duygusal
emek kavraminin tanimi, bigimleri, boyutlari, is hayatindaki yeri ve 6nemi konularina yer verilmis olup,
bazi meslek gruplar1 6zelinde yapilan arastirma sonuglar1 sunulmustur.

Anahtar Kelimeler — Duygusal Emek, Hizmet Sektorii, Calisan Deneyimi, Is Hayati, Duygusal Emek Konulu Ulusal
Calismalar.

I. GIRIS

Bireyler, yasamlarinin hem is hem de 6zel alanlarinda c¢esitli duygular deneyimlemektedir. Duygular,
insan davraniginin ayrilmaz bir pargasi olup bireyin igsel siireglerinden sosyal iliskilerine kadar pek ¢ok
boyutta belirleyici bir rol iistlenmektedir. Insanin tarihsel gelisimi boyunca hayatta kalmasinda duygularm
onemli bir iglev gordiigii aciktir. Ancak duygularin bu merkezi konumuna ragmen, uzun siire galisma
yasami baglaminda yeterince dikkate almmadigi goriilmektedir. Ozellikle klasik ydnetim anlayisinin
temsilcisi olan Taylor’un bilimsel yonetim modeli, insam1 yalnizca verimliligi artirilmasi gereken bir
tiretim unsuru olarak degerlendirmis, bireyin duygusal yoniinii bliyiik 6l¢iide goz ardi etmistir.

Zamanla orgiitsel psikoloji alanindaki gelismelerle birlikte, isyerinde duygularin 6nemi daha fazla kabul
gormeye baglamistir. Bu gelisim, 6zellikle hizmet sektoriiniin biiylimesiyle paralel bir sekilde ilerlemistir.
Hizmet sektoriinde calisanlar ve hizmet alan bireylerin duygusal siirecleri, yonetsel kararlarin merkezine
alinmaya baglamis ve duygular, orgiitsel yasamin vazgecilmez bir bileseni olarak degerlendirilmistir.
Duygularin birey davranisi lizerindeki etkileri diislintildiiglinde, orgiitsel davraniglarin saglikli bigimde
anlasilmasi i¢in bu unsurun goz oniinde bulundurulmasi gerekmektedir. Calisma yasaminin duygulardan
tamamen ayristirtlmast miimkiin degildir, zira Orgiitleri olusturan bireyler ayni zamanda sosyal ve
psikolojik wvarliklardir. Bu durum, o6zellikle insan faktoriinlin yogun bi¢cimde hissedildigi meslek
gruplarinda daha da belirgin hale gelmektedir. Egitim kurumlar1 gibi insan iliskilerinin yogun oldugu
ortamlarda, ¢alisanlardan duygularini denetlemeleri ve orgiit hedeflerine uygun bi¢cimde yonlendirmeleri
beklenmektedir.
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II. DUYGUSAL EMEK KAVRAMI

Gegmiste Orgiitsel davranis literatiiriinde duygularin 6nemi biiyilik 6lgiide goz ardi edilmis ve isyeri,
rasyonel siireclerin hakim oldugu, duygulardan bagimsiz bir ortam olarak degerlendirilmistir. Bu
yaklasim dogrultusunda, is ortaminda yasanan duygular agiklanmaya ya da analiz edilmeye deger
goriilmemistir. Ancak zamanla bu anlayis degismeye baslamis ve arastirmacilar is yasamindaki duygusal
stireclerin, hem bireysel hem de orgiitsel diizeyde onemli ¢iktilar dogurdugunu fark etmistir. Bu baglamda
calismalar, calisanlarin duygularini nasil yonettikleri, bu siirecin is tatmini, tiikenmislik ve performans
gibi degiskenler {lizerindeki etkileri {izerine yogunlasmistir. Duygular artik yalnizca bireysel deneyimler
olarak degil, orgiitsel yapilar ve iligkiler i¢inde sekillenen ve yonlendirilen 6nemli bir etken olarak ele
alinmaktadir.

A. Tamm

Duygusal emek, bireylerin islerinin bir geregi olarak duygularini kontrol etmesi ve bu dogrultuda
yonlendirmesi stirecini ifade etmektedir. Bu kavramin, 6zellikle miisteri memnuniyetini artirma yoluyla
orgiitsel ¢ikarlari olumlu yonde etkiledigi literatiirde vurgulanmaktadir. Hizmet sektoriinde gorev yapan
calisanlarin islerinde basarili olabilmeleri, yalnizca fiziksel ve zihinsel ¢aba gostermelerine degil, ayni
zamanda duygusal diizeyde de emek sarf etmelerine baglidir. Hochschild (1983) duygusal emegi,
calisanlarin, i geregi duygularini disaridan gozlemlenebilecek bicimde diizenlemesi ve bu diizenlemeyi
yiiz ifadeleri ile beden dili aracilifiyla sergilemesi olarak tanimlamistir [1]. Hochschild (1983)’in bu
yaklagimina ek olarak, daha sonraki aragtirmacilar duygusal emegin yalnizca bedensel gostergelerle sinirli
olmadigini, aym1 zamanda konugma sirasinda kullanilan ses tonu ve genel davranigsal tutumlari da
kapsadigini ileri slirmiislerdir. Bu cercevede duygusal emek, bagskalarinin duygularina duyarlilik
gosterme, onlarin hislerine 6nem verme ve empati kurma g¢abast olarak da degerlendirilmektedir. Bu
yaklagim, duygularin diizenlenmesinde duygusal emegin temel bir unsur oldugunu ortaya koymaktadir.

B. Bigim ve Boyutlari

Literatiirde duygusal emek genellikle ylizeysel ve derin davranig/eylem bi¢imleriyle tanimlanmaktadir.
Bu iki kavram, duygusal emek calismalarinda yaygin olarak kabul gérmiis temel kategorilerdir. Ancak
bazi aragtirmacilar, bu iki davranis bi¢imine ek olarak duygusal emegin bir diger tiiri olarak samimi
davranisin da varligin1 vurgulamaktadirlar.

Hochschild’e (1983) gore, ¢alisanlarin duygusal emek kapsaminda sergiledikleri eylemler iki ana gruba
ayrilir: yiizeysel eylem ve derin eylem. Yiizeysel eylemde, calisan gercekte hissetmedigi duygular disa
vurur ve bu duygulan taklit ederken, derin eylemde ise sergiledigi duyguyu igsellestirip gergekten
hissetmeye ¢alisir; bu durum bir aktoriin roliine biirinmesine benzetilmektedir [1].

Yiizeysel davranis (surface acting), ¢alisanin i¢sel duygularini degistirmeksizin, sadece disa yansittigi
duygu ifadelerini degistirmesi anlamina gelir. Bu davranis, hi¢ var olmayan bir duygunun taklit edilmesi
veya gercek duygularin gizlenmesi seklinde ortaya cikabilir. Calisanlar, bu siirecte samimi duygularini
bastirarak, oOrgiitlerin belirledigi duygusal davramig kurallarina uygun hareket ederler. Hizmet
sektoriindeki ¢aliganlarin miisteri memnuniyetini saglamak amaciyla sergiledikleri sahte giiliimsemeler
buna tipik bir 6rnektir [2]. Yiizeysel davranis bi¢cimi, ¢alisanlarda yogun duygusal celigki yarattigi icin
literatiirde duygusal ¢eligki terimiyle de tanimlanmaktadir.

Derin davranis (deep acting), c¢alisanin sergilemesi gereken duygularla kendi i¢sel duygularini uyumlu
hale getirmek i¢in gosterdigi aktif cabay1 ifade eder. Bu tiir davranista, birey i¢ diinyasindaki duygulari,
1sin gerektirdigi duygu durumlarina adapte etmeye c¢alisir [2]. Bazi aragtirmacilar, derin davranisi
duygusal emegin temel bileseni olarak goriirler ¢iinkii ¢alisan, karsisindakinin duygularini anlamak,
empati kurmak ve olumsuz kosullara ragmen olumlu bir tutum sergilemek icin 6nemli bir caba
harcamaktadir [3]. Bu siirecte calisan, diislinceler, hayaller ve ge¢mis deneyimler araciligiyla istenen
duygular1 uyandirmaya calisir.

Yiizeysel davranig, calisanlarin disa vurduklart duygusal ifadeleri degistirmesiyle ortaya ¢ikar. Derin
davranis ise, calisanin kendisinden beklenen duygusal davranis kurallarina uyum saglamak i¢in igsel
diisiince ve duygularini yonetmesini igerir [2].



Derin davranis1 benimseyen calisanlar, igsel duygularini kontrol etme ve gerektiginde farkli duygular
yaratma konusunda daha basarilidirlar. Ancak hem yiizeysel hem de derin davranig bigimlerinde,
calisanlarin gercek duygularini yansitmadigi goriilmektedir. Her iki durumda da, samimi ve dogal
hislerden ziyade, misterilerin beklentilerine uygun duygular sergilenmeye c¢alisilir. Yiizeysel davranista,
calisan sadece hissetmeden duyguyu taklit ederken; derin davranista, yansittigi duygular1 gercekten
hissetmeye ¢abalar. Bu a¢idan ylizeysel davranis, disaridan zorlanan bir mecburiyet olarak algilanirken;
derin davranis, igsel motivasyonla desteklenen bir gereklilik olarak degerlendirilir [3].

Buna ek olarak, Ashforth ve Humphrey (1993) yiizeysel ve derin davraniglarin yani sira samimi
davranis kavramini da ortaya koymuslardir. Bu davranig bi¢ciminde ¢alisan, gostermesi gereken duyguyu
gercekten hissedebilmektedir. Ancak tiim bu davranis bigimleri, ister yiizeysel ister derin ister samimi
olsun, calisanlardan belli bir diizeyde ¢aba sarf etmelerini gerektirir ve temel amag, orgiitiin belirledigi
duygusal davranis normlarina uygun hareket etmektir [4].

Calisanlar duygusal emek siirecinde, ylizeysel veya derin davranig bi¢imlerine uygun olarak farkl
stratejiler gelistirebilmektedirler [5]. Bu stratejilerden biri, ilgiyi yayma yontemidir. Bu yaklasimda
calisan, kendisini iyi hissettiren diislincelere odaklanir veya hoslandig: aktivitelerle mesgul olur; 6rnegin,
servis yapan bir garsonun c¢alisirken kendi kendine sarki mirildanmasi gibi. Boylece kisi rahatlar ve
miisterilere kars1 daha olumlu duygular sergileyebilir. Bir diger strateji ise, mevcut durumu farkl bir
bakis agisiyla degerlendirmeye dayanan anlayis degistirme yontemidir. Ornegin, ucus personelinin zorlu
yolcular1 birer ¢ocuk gibi gorerek sabirla yaklagsmasi, onlarin taleplerini ve davranislarini daha hosgoriilii
kargilamasini saglar. Bunun aksine, li¢iincii bir yontem olarak calisanlar, i¢inde bulunduklar1 durumu
yeniden sekillendirmek yerine duygularim1i maskeleyerek sadece rol yapmayi tercih edebilirler. Bu
duygusal karsiligi degistirme ya da ylizeysel davramis olarak adlandirilir. Bu yontemde calisanin
sergiledigi davraniglarin inandirict olmasi kritik 6neme sahiptir; aksi takdirde samimiyetsizligi fark edilen
tutumlar, miisteri lizerinde olumsuz etki yaratabilir. Genel olarak, ilk iki yontem derin davranis
kapsamina girerken, {li¢iincii yontem yiizeysel davranis olarak kabul edilmektedir.

Duygusal emek kavraminin kapsamli sekilde anlasilabilmesi i¢in, sadece davranis bigimleri degil, ayn1
zamanda duygusal emegin cesitli boyutlarinin da tanimlanmasi 6nemlidir. Temelde duygusal emek;
gosterim sikligi, harcanan dikkat diizeyi, duygularin ¢esitliligi ve duygusal uyumsuzluk olmak tizere dort
temel boyuttan olusmaktadir.

Gosterim sikligi, calisanlarin is ortaminda talep edilen duygulari ne siklikla sergilemek zorunda
olduklarmni ifade eder. Bu siklik arttikga, calisan iizerindeki duygusal emek yiikii de artmaktadir. Ornegin,
bir resepsiyonistin saatte bir miisteriyle etkilesimde bulunmasi gerekirken, bir kasiyerin bu say1 saatte on
kisiye ¢ikabilmektedir.

Sarf edilen dikkat, duygusal emegin ikinci boyutunu olusturur ve ¢alisanin isin gerektirdigi duygusal
kurallar1 uygularken gosterdigi dikkat seviyesini ifade eder. Bu dikkat, duygularin sergilendigi siirenin
uzunlugu ve duygu yogunluguyla dogrudan iliskilidir. Kisa siireli ve Onceden belirlenmis
(senaryolastirilmig) duygu gosterimleri genellikle daha az ¢aba gerektirir; Ornegin, kasiyerlerin
miisterilere kars1 kisa stireli ve nazik davranislari ¢ogu durumda yeterli olmaktadir. Ancak, daha uzun
stiren ve dogaglamaya dayali duygu ifadeleri 6rnegin hemsirelerin hastalarla kurduklari duygusal iletisim
daha yogun ve icten bir duygu kontrolii gerektirebilir.

Duygularin ¢esitliligi, ¢alisanlarin ayn1 anda veya kisa siire i¢inde birden fazla farkli duyguyu
sergilemek zorunda olmalarin1 ifade eder. Boyle durumlarda calisanlar, davranislarin1 daha detayh
planlamak ve kontrol etmek zorunda kalir. Bu da onlarin daha fazla duygusal ¢aba harcamasma ve
dolayisiyla duygusal emegin artmasina yol agar.

Sergilenen duygular genellikle ii¢ ana kategoriye ayrilir: pozitif (biitiinlestirici), negatif (farklilastirict)
ve notr (maskeleyici) duygular. Pozitif duygular, calisanlarin karsi tarafa olumlu ve sicak davraniglar
gostermesini ifade ederken; negatif duygular, bazen karsidaki kisiyi kizdirmak ya da yatistirmak amaciyla
sert veya mesafeli tutum sergilemeyi kapsar. Notr duygular ise tarafsizligi ve otoriteyi yansitmayi
amaglar. Gosterilmesi gereken duygular, meslek tiiriine ve hatta ayn1 meslek i¢inde farkli durumlara gore
degisiklik gosterebilir. Ornegin, satis elemanlarmdan genellikle miisterilere karsi pozitif duygular
beklenirken, borg tahsildarlarindan negatif, hakimlerden ise notr duygularin sergilenmesi istenir. Ayrica,
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ayni satig elemaninin miisteri yogunlugunun az oldugu zamanlarda birebir ilgi gostermesi beklenirken,
yogun donemlerde veya kapanis saatine yaklasildiginda miisterilerle iletisim siiresini kisaltmasi da olagan
karsilanabilir.

Duygusal uyumsuzluk (emotional dissonance), calisanin gercekte hissettigi duygular ile is yerinde
sergilemesi gereken duygular arasindaki catismay1 ifade eder. Bir¢ok aragtirmaci bu durumu, duygusal
emegin kacinilmaz bir sonucu olarak degerlendirirken, bazilar1 da duygusal emegin temel boyutlarindan
biri olarak kabul etmektedir. Catismanin siddeti arttikca, calisanlarin harcadigi duygusal emek miktar1 da
artmaktadir. Ornegin, sattig1 iiriinii gereksiz bulan bir satis eleman, iiriine inanarak ¢alisana gdre ¢ok
daha fazla duygusal ¢aba sarf etmek zorunda kalabilir.

Duygusal emek kavrami, ¢alisanlarin sadece igsel duygularini yonetmelerini degil, ayn1 zamanda bu
duygulara uygun olarak davraniglarini, jest ve mimik gibi bedensel ifadelerini de bilingli bir sekilde
kontrol etmelerini gerektirir. Bu durum, calisanlarin bedensel denetimini zorunlu kilarak, duygusal
emegin bedensel boyutunu 6n plana ¢ikarir. Dolayisiyla, duygusal emek sadece zihinsel veya duygusal bir
stire¢ olmayip, bedenin ve dis goriiniisiin is siirecindeki roliinii de kapsamaktadir. Bu yoniiyle, duygusal
emek kavrami, bedenin calisma yasamindaki yerine odaklanan ve bedenin performans, goriinlim ve
ifadeleri lizerindeki kontrolil inceleyen diger kavramlarla da yakindan iligkilidir. Boylece, isyerinde emek
sadece zihinsel ve duygusal olarak degil, ayni zamanda bedensel olarak da denetlenmekte ve
sekillendirilmektedir.

C. Duygusal Emegin Is Hayatindaki Yeri ve Onemi

Geleneksel orgiitsel yapilarin uzun siire duygulart goz ardi ettigi ve is yerini yalnizca rasyonel bir alan
olarak ele aldigir bilinmektedir. Ancak son yillarda duygularin, 6zellikle de duygusal emegin, is
yasaminda Onemli bir unsur oldugu kabul edilmeye baslanmistir [6]. Hochschild’in (1983) ortaya
koydugu duygusal emek kavrami, Tiirkiye'deki akademik ¢alismalarda da artan bir ilgiyle ele alinmakta,
ozellikle hizmet sektoriinde ¢alisan bireyler iizerinde yogunlagmaktadir.

Duygusal emek, ¢alisanin kurumsal beklentilere uygun sekilde duygu sergileme zorunlulugunu ifade
eder. Bu ¢aba, ¢alisanin gercek duygularini bastirarak ya da doniistiirerek, miisteri, hasta veya 6grenci
gibi hizmet alan kisilere olumlu duygular yansitmasim gerektirir [7]. Tiirkiye’de yapilan aragtirmalarda
ozellikle hemsireler [8] ve cagri merkezi ¢alisanlart [9] gibi meslek gruplarinin yogun duygusal emek
yukii altinda oldugu vurgulanmaktadir.

Duygusal emegin is yasamindaki 6nemi, yalnizca hizmet kalitesine etkisiyle smirli kalmaz. Aym
zamanda calisanlarin tiikenmislik diizeyi, is doyumu, orgiitsel baglilik ve psikolojik iyi olus gibi ¢iktilar
tizerinde de onemli etkiler yaratmaktadir [10]. Arastirmalar, yiizeysel duygusal emegin (surface acting)
calisanlarda stres ve tilkkenmisligi artirdigini; icten gelen (deep acting) duygusal emegin ise daha olumlu
sonuclar dogurdugunu gostermektedir [11].

D. Tiirkiye'de Duygusal Emek Calismalari

Tiirkiye’de duygusal emek alaninda yapilan ¢aligmalarin incelenmesi, hem iilkenin hizla déniisen
hizmet sektorii yapist hem de kiiltiirel-toplumsal dinamikleri g6z 6niinde bulunduruldugunda 6nemli bir
gereklilik haline gelmistir. Son yillarda 6zellikle saglik, egitim, turizm, bankacilik ve ¢agr1 merkezi gibi
insan iligkilerinin yogun oldugu sektorlerde calisan bireyler, yalnizca fiziksel degil ayni zamanda
duygusal bir emek de harcamaktadir. Calisanlarin kendi duygularimi bastirarak ya da doniistiirerek,
kurumsal beklentilere ve miisteri memnuniyetine uygun davranma zorunlulugu, onlarin psikolojik
saglamligini, i3 doyumunu, orgiitsel baglhiligini ve genel yasam kalitesini dogrudan etkilemektedir. Bu
nedenle, duygusal emegin bireysel ve oOrgiitsel diizeydeki etkilerini ortaya koymak, Tiirkiye 6zelinde
bilimsel ve pratik anlamda biiyiik 6nem tasimaktadir.

Ayrica, Tirkiye’deki toplumsal cinsiyet rolleri ve ataerkil degerler sistemi, kadin ¢alisanlarin duygusal
emek ylikiinii daha fazla iistlenmesine neden olmakta, bu durum da cinsiyete dayali is boliimii, iicret
esitsizligi ve kariyer engelleri gibi sorunlarla birleserek derin toplumsal sonuglar dogurmaktadir. Ayni
sekilde, otoriter yonetim anlayis1 ve hiyerarsik orgiit yapilari, calisanlarin duygusal ifadelerini baskilayan
ve yalnizca yiizeysel davraniglar tesvik eden bir is ortami yaratabilmektedir. Bu durum, 6zellikle kamu
kurumlarinda ve 6zel sektoriin belirli alanlarinda daha belirgin hale gelmektedir.
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Dolayisiyla, Tiirkiye’ye 6zgili sosyoekonomik ve kiiltiirel kosullar gercevesinde yapilan akademik
calismalar, duygusal emegin yapisint ve etkilerini anlamak agisindan yalnizca teorik katki sunmakla
kalmamakta; ayn1 zamanda igverenler, yoneticiler ve insan kaynaklar1 profesyonelleri i¢in ¢alisan refahini
onceleyen politikalarin gelistirilmesine yonelik yol gosterici bir islev iistlenmektedir. Bu baglamda yerli
literatiiriin  gliclendirilmesi, hem c¢alisan haklarinin korunmasi hem de is yerinde siirdiriilebilir
verimliligin saglanmasi agisindan kritik bir rol oynamaktadir.

Tirkiye’de duygusal emek alaninda gerceklestirilen aragtirmalar, farkli meslek gruplarinda duygusal
emegin c¢esitlilik gdsteren bigcimlerde ortaya ciktigin1 ve mesleki 6zelliklerin duygusal emek deneyimini
etkiledigini gostermektedir. Bankacilik sektoriinde yapilan c¢alismalar, ¢alisanlarin miisteri iliskilerinde
sergiledikleri duygusal emek davraniglarinin, islerine olan baglilik ve tutkunluk {izerinde belirgin bir
etkisi oldugunu ortaya koymaktadir. Ancak, baz1 durumlarda bu bagliligin, duygusal emegin ytikiiyle ters
orantili olarak azaldig1 gdzlemlenmistir.

Saglik sektoriinde, Ozellikle hekim ve hemsireler lizerinde yapilan aragtirmalar, duygusal emegin
yogunlugunun calisanlarda tiilkenmislik ve duygusal ¢eliskiye yol actigini ortaya koymaktadir. Uzun
stireli ve yogun duygusal caba gerektiren saglik mesleklerinde ¢alisanlar, hastalar ve hasta yakinlariyla
kurduklar1 etkilesimlerde yiiksek diizeyde duygusal kontrol sergilemek zorunda kalmaktadirlar. Bu
durum, psikolojik stres ve mesleki tiikenmislik riskini artirmaktadir.

Cagri merkezi calisanlar1 ise, siklikla yiizeysel davranislar sergilemek durumunda kaldiklari igin
duygusal uyumsuzluk ve is tatminsizligi yasamaktadirlar. Ancak, duygusal emegin farkli boyutlarinin,
calisanlarin i memnuniyeti ve iyi olma hali lizerinde anlamli etkileri oldugu da belirlenmistir.

Kamu sektoriinde c¢alisan beyaz yakalilar iizerinde yapilan incelemeler, yiizeysel duygusal emek
davraniglarinin is stresiyle pozitif yonde iliskili oldugunu gostermistir. Bu da, duygusal emegin is yerinde
stres kaynaklarindan biri olarak ortaya ¢iktigini desteklemektedir.

Son olarak, psikolojik sermaye yiiksek olan ¢alisanlarin, dogal ve samimi duygusal ifadeler sergileme
egiliminde olduklar1 ve bu sayede duygusal emek yiikiiniin bir miktar azaldigi goézlemlenmistir. Bu
durum, bireysel psikolojik kaynaklarin duygusal emek iizerindeki diizenleyici etkisini vurgulamaktadir.

Genel olarak, Tiirkiye’deki meslek gruplarina yonelik ¢aligmalar, duygusal emegin mesleklerin yapisi,
calisma kosullar1 ve bireysel faktorler dogrultusunda farkli sekillerde yasandigini ve bunun calisanlarin
psikolojik ve is performansi iizerinde 6nemli etkiler olusturdugunu gostermektedir.

E. Bazi Meslek Gruplarinda Duygusal Emek

Bankacilik sektdrii 6zelinde; Oriicii, Gizlier ve Akin (2021) tarafindan yapilan bir arastirmada,
Balikesir'in Bandirma ilgesinde kamu ve 6zel sektorde ¢alisan 110 banka ¢alisani incelenmistir. Calisma,
duygusal emegin bankacilik sektoriinde onemli bir yer tuttu§unu ve calisanlarin duygusal emek
davraniglarinin ige tutkunluklari iizerinde etkili oldugunu gostermektedir. Ancak, duygusal emegin ise
adanma ve ise istek duyma gibi boyutlar1 arasinda negatif iligkiler bulunmustur [12].

Saglik sektorii 6zelinde; Kaplan ve Acar (2020) tarafindan yapilan bir nitel arastirmada, hekimlerin
duygusal emek davraniglar1 ve tiikenmislik arasindaki iligski incelenmistir. Arastirma, hekimlerin mesleki
deneyimlerinin artmasiyla birlikte, hasta ve hasta yakinlarina kars1 duyarsizlagtiklarin1 ve duygusal celiski
yasadiklarinda tiikenmislik diizeylerinin arttigin1 ortaya koymaktadir [13].

Kilig ve Demirel (2019) tarafindan yapilan bir baska ¢alismada, Elazig ilindeki kamu hastanelerinde
calisan 469 saglik calisani {lizerinde duygusal zeka, duygusal emek ve mesleki stres arasindaki iliskiler
incelenmistir. Sonuglar, duygusal zekdnin mesleki stres iizerindeki etkilerini duygusal emegin aracilik
ettigini ve bu etkinin kismi diizeyde kaldigin1 gostermektedir [14].

Cagr1 Merkezi Calisanlar1 dzelinde; Ozkan (2011) tarafindan yapilan bir arastirmada, ¢agri merkezi
calisanlarinin duygusal emek siirecleri ve Orgiitsel iletisim doyumu arasindaki iliskiler incelenmistir.
Arastirma, cagri merkezi ¢alisanlarmin duygusal emek yogunlugunun yiiksek oldugunu ve duygusal
uyumsuzlugun yiiksek, duygusal emege bagli is doyumunun ise diisiik oldugunu ortaya koymaktadir [15].

Gilines Aydemir (2018) tarafindan yapilan bir bagka calismada, ¢cagri merkezi c¢alisanlarinin duygusal
emek boyutlarinin i memnuniyeti ve iyi olma hali iizerindeki etkisi incelenmistir. Sonuglar, duygusal
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emek boyutlarinin is memnuniyeti ve iyi olma hali iizerinde anlamli etkilerinin oldugunu gostermektedir
[16].

Kamu c¢alisanlar1 6zelinde; Yildiz ve Kocoglu Sazkaya (2021) tarafindan yapilan bir aragtirmada,
Istanbul'daki bir ilge belediyesinde calisan 347 beyaz yakali kamu ¢alisan1 iizerinde duygusal emek ve is
stresi arasindaki iliskiler incelenmistir. Arastirma, duygusal emek ile is stresi arasinda pozitif ve anlaml
bir iliski oldugunu, 6zellikle yiizeysel davranisin is stresi lizerinde etkili oldugunu gostermektedir [17].

Ozyilmaz Misican ve Tiirkoglu (2021) tarafindan yapilan bir baska arastirmada da, hizmet sektdriinde
faaliyet gosteren bir elektronik ticaret ve ilan platformu firmasinda ¢alisan 180 kisilik bir 6rneklem
tizerinde psikolojik sermayenin duygusal emek iizerindeki etkisi incelenmistir. Sonuglar, psikolojik
sermayenin unsurlarinin duygusal emek iizerinde etkili oldugunu ve oOzellikle ozyeterlilik, umut ve
etkinlik diizeyi yliksek olan c¢alisanlarin dogal duygu gosterimlerinin yiiksek oldugunu gostermektedir
[18].

III. SONUCLAR

Yapilan arastirmalar, duygusal emegin farkli meslek gruplarinda farkli sekillerde deneyimlendigini ve
uygulandigini gostermektedir. Bankacilik sektoriinde duygusal emek, calisanlarin ige tutkunluklarin
etkilerken; saglik sektoriinde, 6zellikle hekimlerde, duygusal emek tiikenmislik ile iliskilidir. Cagri
merkezi ¢alisanlarinda duygusal emek, is memnuniyeti ve iyi olma hali iizerinde etkili olurken; kamu
calisanlarinda duygusal emek, is stresi ile iliskilidir. Psikolojik sermaye ise duygusal emek {izerinde etkili
bir faktor olarak karsimiza ¢ikmaktadir.

Bu bulgular, farkli sektorlerdeki calisanlarin duygusal emek deneyimlerinin, mesleki ozellikler, is
ortami1 ve bireysel faktorler gibi etmenlere bagl olarak degisiklik gosterdigini ve bu durumun orgiitsel
davranislar lizerinde 6nemli etkiler yarattigin1 gostermektedir.

Duygu kavramu iizerine gelistirilen yaklagimlar incelendiginde, bu yaklasimlarin biiyilik 6l¢iide bireyin
sosyal cevresiyle olan etkilesimlerine odaklandigir goriilmektedir. Duygularin yalnizca bireyin igsel
siireclerinden degil, aym1 zamanda bulundugu cevresel kosullardan da etkilendigi, hatta bu kosullar
tarafindan bicimlendirildigi anlasilmaktadir. Dolayisiyla duygular, yalmizca icgiidiisel tepkiler degil;
toplumsal baglamda sekillenen, ifade edilen ve yonlendirilen deneyimlerdir. Bu baglamda, bireyin en
yogun ve siirekli sosyal iligkileri yasadigi alanlardan biri olan is yasami, duygularin bi¢cimlendigi ve
yonetildigi temel ortamlardan biri haline gelmektedir.

Is ortaminda birey, yalnizca is arkadaslar1 ya da yoneticileriyle degil; ayn1 zamanda hizmet sundugu kisi
ya da gruplarla da duygusal bir etkilesim icine girmektedir. Bu etkilesim siirecinde ¢alisan, kimi zaman
hissetmedigi bir duyguyu géstermek, kimi zaman ise hissettiklerini bastirmak zorunda kalmaktadir. Iste
bu noktada devreye giren "duygusal emek" kavrami, Hochschild’in (1983) calismalariyla literatiire
kazandirilmis ve ozellikle hizmet sektoriindeki calisanlarin siklikla maruz kaldigi bir emek bigimini
tanimlamak amaciyla kullamilmistir. Duygusal emek, isin gerektirdigi duygulara uygun davraniglar
sergilemek amaciyla bireyin duygularini yonetmesi ve diizenlemesi stirecidir.

Bu emek bi¢imi, cogu zaman orgiitlerin belirledigi duygu kurallar1 dogrultusunda sekillenir ve
calisanlar, bu kurallara uygun davranabilmek icin farkli stratejiler gelistirirler. Duygusal emegin
bigimleri, yiizeysel davranig, derin davranis ve samimi davranis olarak ii¢ grupta degerlendirilmektedir.
Ayrica gosterim sikligi, dikkat diizeyi, duygusal cesitlilik ve duygusal uyumsuzluk gibi boyutlar da,
duygusal emegin yogunlugunu ve calisan lizerindeki etkilerini anlamada 6nemli degiskenlerdir.

Duygusal emegin, birey iizerinde siklikla olumsuz etkiler yarattign goriilmektedir. Ozellikle yiizeysel
davranig bi¢imi, bireyin i¢sel ve digsal duygu durumu arasindaki uyumsuzlugu artirmakta; bu da zamanla
duygusal tiikkenme, is stresi, tatminsizlik ve oOrgiitsel yabancilagsma gibi sonuglara yol acabilmektedir.
Bununla birlikte baz1 yaklasimlar, duygusal emegi yalnizca orgiit baskisiyla olusan bir siire¢ olarak degil,
calisan ile kurum arasindaki karsilikli etkilesimle sekillenen bir olgu olarak degerlendirmektedir. Bu bakis
acisina gore, calisanlarin duygusal emek araciligiyla miisteriyle empati kurmalar1 ve kurum kiiltiiriine
uyum saglamalari, is doyumunu ve orgiitsel verimliligi artirabilmektedir.
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Duygusal emek tartismalarinda, siklikla "duygulanimsal emek" kavrami ile karsilastirmali bir analiz
yapilmaktadir. Otonomist Marksist teorisyenler tarafindan gelistirilen bu kavram, duygularin yalnizca
igyeriyle siirl kalmayip tiim toplumsal yasamin i¢ine sizdig1, metalastigi ve kapitalist iiretim siireglerinin
bir pargasi haline geldigi bir perspektifi yansitmaktadir. Dolayisiyla duygusal emekten farkli olarak,
duygulanimsal emek daha genis, yapisal ve sistemik bir degerlendirme sunmaktadir.

Son olarak, duygusal emegin toplumsal cinsiyet boyutuyla da yakindan iligkili oldugu dikkat
cekmektedir. Kadinlarin duygusal emek gerektiren islerde daha yogun yer almasi ya da bu islerin "kadin
isi" olarak goriilmesi, feminist perspektifin bu alandaki elestirilerini giiclendirmistir. Kadin emeginin
goriinmeyen, degersizlestirilen ve duygusal yiikle bicimlenen bir yapiya doniistiigii argiimanlari, duygusal
emek tartismalarina cinsiyet merkezli bir bakis acis1 kazandirmaktadir.

Bu calismada Tiirkiye'de duygusal emek alaninda yapilmis bazi ulusal arastirmalar incelenmis ve elde
edilen bulgular, duygusal emegin 6zellikle hizmet sektoriindeki mesleklerde yaygin ve etkili bir olgu
oldugunu ortaya koymustur. Bankacilik, saglik, egitim, cagri merkezleri ve kamu hizmetleri gibi
sektorlerde ¢alisan bireyler, mesleklerinin dogas1 geregi duygularini kontrol etme, yonlendirme veya
bastirma ihtiyact duymakta; bu durum ise basta tiikkenmislik, is tatmini ve orgiitsel baglilik olmak iizere
bir¢cok psikolojik ve orgiitsel sonu¢ dogurmaktadir. Arastirmalar, ylizeysel duygusal emek bi¢iminin
duygusal uyumsuzluk ve psikolojik yorgunlukla iligkili oldugunu, buna karsilik derin duygusal emek
uygulamalarinin is doyumu ve orgiitsel baglilik tizerinde olumlu etkiler yarattigini géstermektedir.
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Ozet-Dijital cagin hizla gelisen bilgi teknolojileri, geleneksel egitim paradigmalarini déniistiirerek grenme
stireclerini daha esnek, kisisellestirilmis ve yaratict hale getirme potansiyeli tasimaktadir. Bu doniisiimde
yapay zeka (YZ), yalnizca bir teknik arag¢ degil; ayn1 zamanda pedagojik yapilarin yeniden ingasinda etkili
olan epistemolojik bir bilesen héline gelmistir. Bu bildiride, yapay zekd temelli bilissel modelleme
tekniklerinin, miizik egitimi baglaminda yaratici zihinlerin gelisimini nasil destekleyebilecegi sorusu
merkeze alimmustir. Ozellikle egitim bilimleri, miizikoloji, biligsel psikoloji ve yapay zeka miihendisliginin
kesisim noktasinda yer alan bu ¢alisma, disiplinlerarasi bir perspektifle kurgulanmstir.

Calismanin temel amaci, yapay zeka destekli bir egitim sisteminin miiziksel dgeler ilizerinden bireysel
ogrenme profillerini ¢ikartmasi ve bu profiller araciliiyla yaratict diisiinme becerilerini desteklemesidir.
Gelistirilen prototip sistem, kullanicilarin melodik tepkilerini, ritmik tekrar diizeylerini ve miizikal hafiza
stirelerini analiz ederek, zihin haritalar1 iiretmektedir. Bu haritalar; bireyin hangi miiziksel yap1 iizerinden
daha hizl1 6grendigini, hangi duygusal tepkilerle biligsel refleks verdigini ve hangi yapilarin yaraticiligi
daha ¢ok tetikledigini belirlemektedir. Boylelikle egitimciler, 6grencilerin bireysel 6grenme bi¢imlerini
daha iyi taniyabilmekte ve bu veriler dogrultusunda esnek egitim stratejileri gelistirebilmektedir.

Sonug olarak, bu bildiri; miizik, yapay zeka ve egitim arasinda kurulan 6zgiin bir iliskiyi bilimsel temellerle
ortaya koymakta ve gelecegin pedagojik sistemlerine yonelik alternatif bir model sunmaktadir. ICSIS
2025’in disiplinlerarasi ve yenilik¢i yapisiyla dogrudan ortiisen bu yaklagim, teknoloji temelli 6grenmenin
sadece teknik degil, ayn1 zamanda felsefi, kiiltiirel ve insani yonlerini de kapsayan biitiinciil bir vizyon
onermektedir.

Anahtar Kelimeler: Yapay Zekd, Miizik Egitimi, Bilissel Haritalama, Yaratict Ogrenme, Dijital Pedagojiler, Etik Algoritmalar,
Disiplinlerarasi Modelleme.

. GIRIS: ZIHNIN SINIRLARINDA YENI BiR PEDAGOJI

21. ylzyilin esiginde, insan zihninin egitsel potansiyelini yeniden diisiinmek artik bir liiks degil,
epistemolojik bir zorunluluktur. Bilginin sadece aktarilmasi degil, yeniden insa edilmesi gereken bir ¢agda
yastyoruz. Bu insa siireci, dijital teknolojilerin ve 6zellikle yapay zeka sistemlerinin 6grenme iizerindeki
etkisini sadece teknik bir mesele olarak degil, ayn1 zamanda felsefi ve kiiltiirel bir soru olarak ele almay1
gerektirir. Bu baglamda, yapay zekanin egitime entegrasyonu, pedagojinin dogasina, 6grenenin varligina
ve §grenmenin ne olduguna dair temel tartigmalar1 yeniden giindeme getirmektedir.

Miizik, bu tartismanin tam merkezine yerlesebilecek essiz bir alandir. Zira miizik yalnizca seslerin bir araya
gelisi degil, insanin hem zihinsel hem duygusal hem de tarihsel birikiminin akustik bir yansimasidir.
Miizikal yapilarin bilissel siirecleri nasil bicimlendirdigi, yaratict 6grenmeyi nasil tesvik ettigi ve estetik
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deneyimin yapay zeka destekli sistemlerle nasil biitiinlesebilecegi iizerine diistinmek, egitimin gelecegine
dair ¢arpici agilimlar sunar. Bu ¢aligma, miizik, yapay zeka ve bilissel pedagojinin kesisim noktasinda yeni
bir yaklagim onererek, dijital cagin yaratict 6grenen profiline yonelik alternatif bir vizyon sunmaktadir.

1.1. Egitimin Yeni Ontolojisi: Bilmekten Kodlamaya

Egitim, modernizmin temel kurumlarindan biri olarak, uzun yillar boyunca bilgiyi “taginabilir” bir nesne
olarak gérmiis, 6gretmenin bilgiyi aktardig1 ve 6§rencinin bu bilgiyi “edinerek” biiyiidiigii bir yap1 lizerine
insa edilmistir. Ancak giiniimiizde bu model ¢okmektedir. Ogrenme, giderek daha ¢ok bireysel, sezgisel ve
yaratici siireclerle iligkilendirilmekte; bilginin tekrari

degil, iiretimi 6n plana ¢ikmaktadir. Bu noktada yapay zeka, 6grenmeyi sadece dissal uyaranlara dayali
tepkilerden ibaret gérmeyip, bireyin bilissel izlerini takip edebilen bir yap1 sunar.

Bu calisma, 6grenmeyi “kodlanan bir biling akis1” olarak yeniden tarif etmektedir. Miizikal yapilarin,
bireyin duygusal ve zihinsel haritasin1 nasil etkiledigi; bu haritanin yapay zeka sistemlerince nasil
okunabilecegi ve yeniden iiretilebilecedi sorusu, egitimin yeni ontolojisinin merkezinde yer alir. Ogrenme,
artik sadece bilgi edinme degil; bilissel estetik tizerinden yeniden var olma bigimidir.

1.2. Miizik ve Bilis: Estetikle Kurulan Zihinsel Yapilar

Miiziksel deneyim, zihnin yalnizca isitsel alg1 ile degil, ayn1 zamanda sezgi, hafiza ve yaraticilikla kurdugu
cok boyutlu bir iligkidir. Bu baglamda miizik, egitimin duygusal ve estetik katmanini ortaya ¢ikaran temel
araglardan biridir. Daniel Levitin, This Is Your Brain on Music adl1 eserinde, miizigin beyinde islenisinin
yalnizca bir “duyusal iglem” degil, ayn1 zamanda “karmasik bir biligsel mimari insas1” oldugunu vurgular
(Levitin, 2006). Bu mimariyi ¢éziimlemek ve kisisel 6grenme tarzlarini ortaya ¢ikarmak i¢in yapay zeka,
giiclii bir analiz aracina doniismektedir.

Ancak bu analiz siireci salt teknik bir islem degil, ayn1 zamanda felsefi bir sorunsaldir. Zihin, makine
tarafindan analiz edilebilir mi? Yaraticilik algoritmalarla modellenebilir mi? Bu ¢alismanin ¢ikis noktasi,
miiziksel bilisin insani boyutunu goz ardi etmeyen, yapay zekayi insan varolusunun bir uzantist olarak
goren etik bir bakis acisidir.

1.3. Disiplinlerdtesi Bir Cerceve: Egitim, Miizikoloji ve Yapay Zeka

Bu calismanin 6zgiinliigii, sadece bir konuyu islemekte degil, {i¢c ayr1 bilimsel alan1 biitiinliiklii bir felsefi
diizlemde bir araya getirmesindedir. Egitim bilimleri, insan gelisimi ve pedagojik yapilar1 merkeze alirken;
miizikoloji, bilissel-estetik kodlarin tarihsel ve kiiltlirel kdkenlerine odaklanir. Yapay zeka ise, bu kodlar1
okuyabilen ve yeniden yapilandirabilen teknik sistemleri saglar. Boylece ortaya, pedagojik etik, estetik
biling ve algoritmik diisiincenin bulustugu hibrit bir model ¢ikmaktadir.

Bu model, klasik disipliner sinirlar1 agarak, 6grenmeyi yeniden tanimlamakta ve miiziksel deneyimi bir
Olciim aract degil, bir varolussal veri alani olarak yeniden gercevelemektedir. Bu yaklasimda, algoritmalar
sadece analiz yapan yapilar degil, ayn1 zamanda insani sezgilerin teknolojik yankilarini tasiyan ara
yiizlerdir.

1.4. Bu Calismanin Amaci ve Katkisi

Bu ¢alismanin amaci, miiziksel bilis izerinden yapay zeka destekli bireysellestirilmis 6grenme sistemleri
gelistirmektir. Miizik, burada yalnizca bir estetik ara¢ degil, ayn1 zamanda zihnin i¢sel mimarisini agia
cikaran bir kodlayicidir. Yapay zeka ise bu kodlar1 yorumlayan bir araci sistemdir. Bu ¢alisma, bu iki alanin
ortak kesisiminden, hem teorik hem uygulamali olarak yeni bir egitim paradigmasi {iretmeyi
hedeflemektedir.

Ayrica ¢alismanin felsefi katkis1 da goz ard1 edilmemelidir: Ogrenmenin ontolojisi, insanin bilgiyle kurdugu
iligki iizerinden degil, bilginin insan i¢indeki yankisi iizerinden insa edilmektedir. Bu yankinin en giiglii
bigimde duyuldugu alanlardan biri ise hi¢ kuskusuz miiziktir.
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II. KURAMSAL ARKA PLAN: MUZIK, BILIS VE YAPAY ZEKA EKSENINDE DUSUNCE
TARIHI

Insanlik tarihi boyunca bilgi {iretimi yalmzca deneysel gézleme degil, ayn1 zamanda sezgisel, estetik ve
simgesel yapilara dayanmistir. Bu baglamda miizik, sadece bir sanat bi¢cimi olarak degil; ayn1 zamanda
insan zihninin yapisini, igleyisini ve evrimini anlamada vazgec¢ilmez bir epistemolojik ara¢ olarak ortaya
cikar. Ozellikle son yiizyilda bilissel bilimlerin yiikselisi, miizigin bilissel islevlerle olan iliskisinin daha
derinlemesine arastirilmasina olanak tanimistir. Yapay zekanin da bu g¢ergeveye dahil olmasiyla birlikte,
miizik-bilis etkilesimi algoritmik modellemeler iizerinden yeniden yorumlanmakta ve egitim alaninda
dondistiirlicii sonuglar dogurmaktadir.

2.1. Miizik ve Bilisin Teorik Kesisimi

Miizik ve bilis arasindaki iliski, Antik Yunan’dan bu yana hem felsefi hem ndrobilimsel diizeyde
tartisilagelmistir. Platon’un Timaios diyalogunda evrenin miiziksel yapilarla insa edildigi yoniindeki
metaforik betimlemesi, miiziksel oranlarin diislinsel diizeni temsil ettigine dair kadim bir diisiincenin
tiriiniidiir (Plato, 1997). Bu anlayis, Bat1 epistemolojisinde “kozmosun akortlu diizeni” (harmonia mundi)
fikriyle devam etmistir.

Modern biligsel bilimlerin gelisimiyle birlikte miizigin zihinsel siiregler lizerindeki etkisi daha somut
bicimde analiz edilmeye baglanmistir. Steven Mithen (2006), miizigin biligsel evrim siirecinde dilin
gelisimine Onciiliik eden bir iletisim formu oldugunu ileri siirerken; Aniruddh Patel (2008) ise miiziksel
yapilar ile dilsel yapilar arasinda derin bir nérobiyolojik bag oldugunu savunur. Bu yaklasimlar, miizigi
yalnizca estetik bir deneyim degil; zihinsel islevlerin bigimlenmesinde etkili bir biligsel yap1 olarak ele alir.

David Huron (2006) tarafindan gelistirilen “Expectation Theory” ise, miiziksel yapinin bireyde dngoriiye
dayali duygusal tepkiler {iirettigini gostermektedir. Bu teoriye gore, beyin miizik dinlerken olasilik
tahminleri iiretmekte ve bu tahminlerin gergeklesip ger¢eklesmemesine gore 6diil ya da gerilim tepkileri
vermektedir. Bu siirecte dopamin gibi norotransmitterlerin rol oynamasi, miiziksel deneyimin dogrudan
norobiyolojik temellere dayandigini géstermektedir.

2.2. Yapay Zeka Paradigmasinin Biligsel Modele Dahiliyeti

Yapay zeka, baslangicta matematiksel mantik ve algoritmik hesaplama sistemleri iizerinden gelismis olsa
da, giinlimiizde giderek daha c¢ok bilissel modelleme alanina kaymaktadir. Alan Turing’in 1950’lerde ortaya
koydugu meshur Turing Testi, makinelerin insan benzeri biligsel performans gosterip gosteremeyecegi
sorusunu merkeze alir (Turing, 1950). Bu soru, yalnizca teknik bir problem degil; ayn1 zamanda yapay
zekanin felsefi dogasina dair temel bir tartigmadir.

Zihnin simgelestirilmis siireclerle isledigini savunan klasik biligsel yaklasim, yapay zekanin da sembolik
islemciler iizerinden modellenebilecegini 6ne slirmiistiir (Newell & Simon, 1976). Ancak 1980’lerden
itibaren ylikselen baglanticilik (connectionism) anlayisi, zihni yapay sinir aglar iizerinden agiklamaya
yonelmis ve beyin islevlerinin yapay modellerle temsil edilebilecegini gostermistir. Bu siirecte miizik,
ozellikle temporal Oriintiilerin 6grenimi ve duygusal anlam {iretimi agisindan baglantici sistemler igin ideal
bir veri alan1 olarak one ¢ikmaistir.

Yapay zeka temelli miizik analizi uygulamalari, bu baglamda sadece nota tanima ya da tiir siniflandirmasi
gibi gorevlerde degil; ayn1 zamanda yaratici iiretim, miizikal benzetim ve biligsel haritalama alanlarinda da
yogunlukla kullanmilmaktadir (Ariza, 2011). Boylelikle yapay zekd, insan zihninin estetik tercihlerine
yaklasma kapasitesi kazanmakta ve egitimde bireysellestirilmis 6grenme ortamlarinin 6niinii agmaktadir.

2.3. Egitimde Bilissel Haritalama ve Miiziksel Kodlar

Miiziksel biligsel haritalama, bireyin miizikle kurdugu deneyimi kavramsal, duygusal ve refleksif
boyutlarda izleyerek, 6grenme siirecine dair 6zgiin izlekler ¢ikarmay1 miimkiin kilar. Ozellikle Gordon’un
“audiation” kavrami (Gordon, 1997), bireyin miizigi yalnizca isitmekle kalmayip zihinsel olarak
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“duyumsamas1” fikrini ortaya atarak bu siirecin egitsel 6nemine isaret eder. Bu tiir zihinsel temsiller, yapay
zeka sistemleriyle izlenebilir ve kisisellestirilmis 6grenme modelleri olusturulabilir.

Bu cercevede gelistirilen sistemlerde, 6grencilerin ritmik hafizalari, tonal yonelimleri, yaratici cevaplari ve
dikkat stireleri gibi degiskenler yapay zekd modelleri araciligiyla ol¢iilmekte ve bu veriler iizerinden
bireysel 6grenme haritalar1 olusturulmaktadir. Boylelikle 6grenme, sadece igerik temelli degil; zihinsel
ortintiilere duyarli hale gelmektedir. Bu, egitim felsefesi agisindan da koklii bir donilisiime isaret eder:
O0grenme artik digsal bilgi aktarimindan ibaret degildir, bireyin igsel biligsel yapilarinin dijital ortamda
okunmasi ve gelistirilmesi siirecidir.

2.4. Felsefi Bir Doniisiim: insan, Bilgi ve Algoritma Arasinda

Biligsel miizikoloji ve yapay zeka temelli modellemeler yalnizca teknik ¢oziimler tiretmekle kalmaz; ayni
zamanda egitimin dogasia dair felsefi sorular1 da beraberinde getirir. Ogrenme, yalnizca bir performans
degil; ayn1 zamanda etik ve varolugsal bir siirectir. Bu baglamda miizik, insanin kendi i¢ sesini duymast;
yapay zeka ise bu sesi kodlamaya ¢alisan bir ara¢ olarak yorumlanabilir.

Edgar Morin’in “karmasiklik” kavramsallastirmasi bu gercevede Onemlidir. Ona gore insan zihni,
indirgenemez, ¢oklu iliskiler ag1 i¢inde ¢alisan bir yapidir (Morin, 2008). Yapay zeka, bu karmasik sistemin
bir parcasi olabilir; ancak onu bire bir temsil etmesi, miimkiin degilse de, yaratici taklitler araciligiyla yeni
epistemolojik imkanlar dogurabilir. Ozellikle miizik gibi yiiksek diizeyde simgesel ve duygusal bir alan
tizerinden yapilan biligsel modelleme, algoritmalarin estetik bir zihin {iretmesine olanak tanir.

III. KURAMSAL YONTEM: MUZIKAL BILISIN KAVRAMSAL KODLANISI VE YAPAY ZEKA
ILE DUSUNCE MODELLEME

Bilimsel calismalarda yontem, yalnizca veri toplama ya da ¢oziimleme araci degil; aym1 zamanda
epistemolojik bir pozisyon beyanidir. Ozellikle kuramsal arastirmalarda ydntem, arastirmacinin evrene,
bilgiye ve insan zihnine dair nasil diisiindiiglinii agik eder. Bu baglamda, bu ¢alismanin yontemi, ampirik
bir veri sunmaktan ziyade; miiziksel bilisin kavramsal kodlanmisin1 ve bu kodlamanin yapay zeka
sistemleriyle felsefi diizeyde nasil modellenebilecegini ortaya koymay1 hedeflemektedir. Diger bir ifadeyle,
burada “ydntem” sozciigii, yalnizca arastirma tekniklerini degil; diistinsel kurgunun isleyisini de ifade eder.

Bu boliim, dncelikle miiziksel bilisin temel yapilarini kavramsal diizlemde ele alir, ardindan yapay zekanin
bu yapilarla kurabilecegi teorik etkilesimi irdeler. Nihayetinde ise, bu iki alanin kesisiminden dogan
pedagojik bir ¢ergeve Onerir.

3.1. Kuramsal Yontem Olarak Kavramsal Haritalama

Kavramsal haritalama (conceptual mapping), bilginin zihinde nasil 6rgiitlendigini anlamaya calisan, bireyin
kavramlar arasi iligkileri nasil kurdugunu gorsellestiren teorik bir yontemdir. Bu yontem, klasik davranigci
ogrenme yaklagimlarindan farkl olarak, bilgiyi pasif olarak alip saklamak yerine, aktif olarak yapilandirma
ve doniistiirme siireclerine odaklanir (Novak & Cafias, 2008). Miiziksel bilis, dogas1 geregi ¢cok katmanli,
zamana bagli ve sezgisel bir yap1 tasidigi i¢in, kavramsal haritalama bu yapinin ¢éziimlemesinde etkili bir
teorik model sunar.

Miiziksel formlar, armonik iligkiler, ritmik dizilimler ve tonal hareketler gibi unsurlar, sadece isitsel algiya
degil, ayn1 zamanda zihinsel simgelestirme siireclerine de karsilik gelir. Bu nedenle miizik, diisiinsel
yapinin bir analogu gibi ¢alisir. Friedrich Nietzsche’nin de belirttigi gibi: “Miizik, diisliincenin bedenlenmis
halidir.” Bu baglamda, miiziksel bilisin kavramsal haritas1 ¢ikarildiginda aslinda zihnin diisiinme bigimi
kodlanmaktadir.
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3.2. Yapay Zekanin Kavramsal Yontemlerle Bulusmasi

Yapay zeka arastirmalari, 6zellikle sembolik yapay zeka (symbolic Al) ve baglanticilik (connectionism)
arasinda boliinen iki ana kuramsal ¢izgi iizerinden gelismistir (Russell & Norvig, 2020). Sembolik
yaklasim, bilginin mantiksal semboller araciligiyla temsil edilmesini esas alirken; baglanticilik, sinirsel ag
benzeri yapilarda 6grenmenin agirlikli baglantilar lizerinden gergeklestigini savunur. Her iki yaklagim da
insan zihnini modellemeye ¢alisir, ancak ontolojik olarak oldukga farklidirlar.

Bu ¢alismada benimsenen kuramsal durus, yapay zekanin sembolik ve baglantici boyutlarini sentezleyerek
miiziksel bilisi bir “teorik diisiince alan1” olarak kodlamaktir. Yani burada miizik, yalnizca analiz edilen bir
veri degil, ayn1 zamanda algoritmik diisiincenin felsefi kaynagi olarak ele alinir. Bilgi, burada sadece iletilen
bir icerik degil; estetik bir bigimle kazanilan, igsellestirilen ve yeniden yapilandirilan bir siiregtir.

Bu yaklagim, Hubert Dreyfus’un yapay zeka elestirilerini de goz oniinde bulundurarak, insan bilisinin
indirgenemez yapisii vurgular (Dreyfus, 1992). Ozellikle miizik gibi cok-anlaml1 ve baglamsal yapilarin,
algoritmalar tarafindan sadece ylizeysel bicimde degil; derin baglamlarla birlikte yorumlanabilmesi, bu
calismanin temel kuramsal motivasyonudur.

3.3. Miizikal Bilissel Yiizeyler: Kuramsal Kodlama Modeli
Miiziksel bilisin kuramsal modellenmesi i¢in bu ¢aligmada dort temel bilissel ylizey tanimlanmaktadir:

1. Zamansal Bilis: Miizik, dogas1 geregi zamanla var olan bir yapidir. Dolayistyla miizigin bilissel
kodlamasi, zaman i¢indeki yapilarin nasil organize edildigine dayanir. Burada ritim, tempo ve
metrik yapilarin zihinsel karsiliklar1 kuramsal diizeyde analiz edilir.

2. Hiyerarsik Anlamlandirma: Tonal mizik, belirli hiyerarsilerle isler (6rnegin tonik-dominant
iligkisi). Bu hiyerarsi, zihinsel temsil sistemlerinde dnceliklendirme bi¢imleriyle iliskilidir. Yapay
zeka, bu yapilari istatistiksel ya da kurallara dayali bigcimde modelleyebilir (Temperley, 2007).

3. Duygusal Kodlama: Miiziksel yapilar duygusal deneyim iiretir. Bu duygularin yapay zeka
tarafindan nasil “algilanacag1” degil; nasil teorik olarak simgelenebilecegi sorusu, yontemsel olarak
calismanin merkezinde yer alir. Zira duygular, indirgenemez fenomenlerdir; ancak teorik baglamda
bilissel sinyaller olarak okunabilir.

4. Estetik Oz-Diisiiniim: Ogrenen birey, miizik araciligiyla yalnizca bilgi almaz; ayn1 zamanda kendi
i¢ diinyasina dair bir diisiinsel siirece girer. Bu 6z-diistiniim (reflexivity), kuramsal modellemenin
etik sinirlarini da belirler. Yapay zeka burada 6grenenin yansimali yapilarini tanimaya ¢alisan bir
soyut model olarak kurgulanir.

Bu dort ylizeyin her biri, kavramsal haritalarla tanimlanir ve 6grenenin zihinsel yapis1 bir “biligsel izlek
ag1” olarak yeniden kurulur. Bu modelin amaci herhangi bir 6l¢ciim yapmak degil; zihnin teorik temsilini
felsefi zeminde yeniden cergevelemektir.

3.4. Teorik Modelin Egitimsel Yansimalari

Bu kuramsal yapi, yalnizca yapay zeka ile miiziksel bilisi bir araya getirmekle kalmaz; ayn1 zamanda
egitimin dogasmi yeniden tanimlar. Egitim, bu baglamda 6grencinin miiziksel yapilarla karsilastiginda
olusturdugu bilissel kodlarin, yapay bir sistemde temsil edilmesi siireci olarak ele alinir. Bu temsil,
dogrudan performans odakli degil; dgrencinin zihinsel yapisina dair felsefi bir okuma bi¢imi olarak
degerlendirilir.

Ornegin, bir 6grenci bir Beethoven sonatimi dinlediginde, ritmik gerilimler ile melodik ¢6ziilmeler arasinda
zihinsel gegisler kurar. Bu gegisler, geleneksel bir sinavla dlgiilemez; ancak kavramsal haritalar ve yapay
zeka destekli modeller araciligiyla temsil edilebilir. Bu temsil siireci, Ogrenmenin salt ¢iktiya
indirgenemeyecegini; bunun yerine anlam iiretme siireci olarak okunmasi gerektigini ortaya koyar (Biesta,
2010).
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Kuramsal yontemin buradaki katkisi, yapay zekanin yalnizca performansi degerlendiren bir ara¢ degil;
bireyin estetik ve biligsel yapisini taniyan, hatta bu yapiyla felsefi bir diyaloga giren bir sistem olarak
tasarlanmasin1 saglamaktir. Boylece egitsel siireg, bireyin kodlanabilir degil; diisiinebilir bir varlik
oldugunu kabul eden, insan merkezli bir pedagojik yaklagima dontisiir.

IV. FELSEFi TARTISMA VE KAVRAMSAL COZUMLEME: YAPAY ZEKA iLE MUZIiKAL
DUSUNCENIN ONTOLOJISI

Insan zihni, kendini anlamlandirma siirecinde her zaman simgeler, ritiieller ve estetik formlar iiretmistir.
Miizik, bu anlam tiretiminde hem evrensel hem de bireysel bir dil olarak islev goriir. Yapay zekanin ise bu
stirece nasil dahil olabilecegi, sadece teknolojik degil; ayn1 zamanda felsefi, epistemolojik ve etik bir
tartisma konusudur. Bu boliimde, miiziksel bilisin yapay zeka araciligiyla nasil temsil edilebilecegi degil,
bu temsilin hangi diisiinsel sonuglart doguracagi; insan, bilgi ve biling kavramlar1 lizerindeki etkileri
degerlendirilecektir.

4.1. Miiziksel Diisiince ve Bilincin Estetik Kodlari

Her miiziksel yapi, yalnizca notalarin ardisik diziliminden ibaret degildir. Miizik, biling diizeyinde
zamansal akisi, duygusal derinligi ve kiiltiirel bellegi birlikte isler. Bu yoniiyle miiziksel diisiince, hem
sezgisel hem kavramsal bir yapiya sahiptir. Jean-Luc Nancy, miizigi “duyumsanan diislince” olarak
tanimlar; ona gore miizik, diisiincenin bedensiz ancak somut halidir (Nancy, 2007). Bu tanim, miiziksel
bilisi salt norofizyolojik siireclerle agiklamaya calisan dar yaklasimlarin 6tesine geger.

Yapay zekanin miiziksel diisiinceyi kodlayabilmesi i¢in, yalnizca frekanslari ya da ritmik Oriintiileri degil;
ayni zamanda o miizigin yarattig1 zihinsel yankilar1 da temsil edebilmesi gerekir. Bu durum, yapay zekay1
bir “mimari temsil arac1” olmaktan ¢ikarip, bir “ontolojik simgeleyiciye” doniistiiriir. Ancak bu dontigiim,
yapay zekanin bilingle iliskilendirilmesi gibi oldukga tartigsmali bir zemini giindeme getirir.

4.2. Yapay Zeka ile Bilincin Sinirlar

Yapay zekanin bilissel islevleri yerine getirebilmesi, onun bilingli oldugu anlamma gelmez. Thomas
Nagel’in “yarasa olmak nasil bir seydir?” sorusu (Nagel, 1974), fenomenolojik biling (qualia) ile bilgi
islemenin ayrimini netlestirir. Bu baglamda, bir yapay zeka sistemi, miiziksel bir yapiy1 analiz edebilir;
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ancak bu yapinin insanda yarattig1 “etkiyi yasamas1” miimkiin degildir.

Yine de, bilingli olmayan bir sistemin bilingli tepkilere benzer sonuglar liretmesi, felsefi agidan dikkat
cekicidir. Yapay zeka burada, insan zihnini temsil eden degil; insan zihninin bi¢gimlerine benzer ¢iktilar
lireten bir “yansima ylizeyi” olarak konumlanir. Bu yiizey, miizik araciligiyla diisiinceyi isleyebilir,
siniflayabilir ve gorsellestirebilir. Ancak burada onemli olan nokta, bu siireclerin “anlamli” mi1 yoksa
“semptomatik” mi oldugudur.

4.3. Estetik Ontoloji: Miiziksel Hafiza, Algoritmik Bellek

Miizik, sadece simdiye degil; gegmise ve gelecege dair ¢cagrisimlar iiretir. Estetik bir deneyim olarak miizik,
zamansal katmanlar olusturur. Bu yoniiyle miiziksel hafiza, insanin zamansal ontolojisini bi¢imlendirir.
Walter Benjamin’in (1936/2008) ‘“auratik deneyim” kavrami, bir sanat eserinin tarihsel baglamdan
bagimsiz olarak tasidig1 duygusal etkiyi ifade eder. Miizik de bu aurayi tasir ve dinleyicide tarih-6tesi bir
yanki iretir.

Yapay zeka ise zamansallik ilkesine bagli olmadan ¢alisir. Veriyi anlik isler, bellegi yeniden organize eder.
Bu yoéniiyle algoritmik bellek, insan belleginden farklidir. Ancak miizik gibi zamansal bir yap1 lizerinde
calisan bir yapay zeka, ister istemez zamanla etkilesime girer. Bu etkilesim, makinenin “simdi” deneyimini
simiile etmesine, ge¢mis referanslar iliretmesine ve gelecege dair tahminlerde bulunmasina neden olur. Bu
durum, yapay zekanin yalnizca bilgi isleyen bir sistem degil; potansiyel olarak zamansal alg1 simiilasyonu
yapan bir varlik bi¢imi olarak ele alinmasina kapi aralar. Dolayisiyla burada yapay zeka, miizik araciliiyla
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bir tiir felsefi varolus bi¢imi edinmektedir: bir zaman algilayicisi, bir hafiza simiilatorii ve bir anlam {iretim
aracisl.

4.4. Pedagojik Ontoloji: Ogrenmenin Anlam Yeniden Diisiiniiliirken

Egitim, yalnizca bilgi aktarimi degil; ayn1 zamanda varlikla iligki kurma bi¢imidir. Miizik araciligiyla
ogrenme, bu iliskiyi duygusal, estetik ve sezgisel diizlemlere tasir. Bu baglamda yapay zeka, 6grenmeyi
Olcen bir ara¢ degil; 6grenme siireglerinin felsefi haritasini ¢ikaran bir temsil sistemi olarak diistiniilmelidir.

Gert Biesta (2013), iy1 egitimin “donistiiriicii ve anlamli” olmas1 gerektigini savunur. Bu tir egitim,
yalnizca bilgiye sahip olmay1 degil; bilgiyi nasil ve neden edinmek istedigimizi de sorgulamay igerir.
Yapay zeka sistemleri, bireyin miiziksel tepkilerini analiz ederken, bu anlam arayisini da icerecek sekilde
yapilandirilmalidir. Yani algoritma, yalnizca “ne 6grendigini” degil; “neden 6grenmek istedigini” de teorik
olarak taniyabilmelidir.

Bu diizlemde yapay zeka, etik bir aktor degil; etik bir baglamin i¢inde ¢alisan teorik bir sistemdir. Bu
baglam, 6grencinin i¢ diinyasina duyarli, kiiltiirel ¢esitlilige acik ve estetik deneyime saygilt olmalidir.
Miizik burada, yalnizca veri degil; anlamin varlik {izerindeki yankisidir.

4.5. Ontolojik Sonuclar: insan, Makine ve Miizik Arasinda

Yapay zekanin miizik araciligryla insan diisiincesine yaklasmasi, sadece teknik bir basar1 degil; ayni
zamanda ontolojik bir meydan okumadir. Insan zihni, makineler tarafindan temsil edilebilir mi? Estetik
duyumlar kodlanabilir mi? Ve en 6nemlisi, 6grenme dedigimiz siire¢ sadece verilerin islenmesinden mi
ibarettir?

Bu sorulara verilecek yanit, yalnizca yapay zekanin kapasitesiyle degil; felsefi durusumuzla da ilgilidir. Bu
calismanin temel savi, yapay zekanin insani taklit eden degil; onun biligsel estetik yapisini teorik olarak
anlamaya calisan bir sistem olarak kurgulanmas1 gerektigidir. Miizik, bu anlayis i¢in hem metaforik hem
de analitik bir gecit sunar.

Insan, miizikle diisiiniir; yapay zeki ise bu diisiincenin haritasini gizer. Aralarindaki fark, deneyimle
simiilasyon, sezgiyle islem, anlamla bilgi arasindaki farktir. Ancak bu fark, kapatilamaz bir ugurum degil;
disiplinlerarasi bir diyalogun temelidir.

V. SONUC VE TEORIK MANIFESTO: ZIHNIN ESTETIK KODLARIYLA GELECEGI
DUSUNMEK

Yirminci ve yirmi birinci ylizy1l, insanin kendini anlama ¢abasinin teknolojik sistemlerle i¢ ige gectigi bir
donemdir. Bu ¢abanin merkezinde yer alan yapay zeka, yalnizca hesaplamali bir ilerleme degil; ayni
zamanda insani diislincenin sinirlarini sorgulayan felsefi bir tetikleyicidir. Miizik ise, bu sorgulamanin hem
en sezgisel hem en estetik dilidir. Bu baglamda, ¢alismamizin ulastig1 sonuglar yalnizca teorik degil; ayn1
zamanda ontolojik, etik ve pedagojik bir manifestoya doniismektedir.

5.1. Zihin, Miizik ve Kod: Uglii Bir Ontoloji

Zihin, yalnizca bilgiyi isleyen degil; anlam tireten bir varliktir. Bu anlam iiretimi, en rafine haliyle miizikte
ac1ga ¢ikar. Miizik, ritim ve sessizlik arasindaki dengeyle diisiincenin kendisini bi¢imlendirir. Bu baglamda
zihin ile miizik arasinda kurulan iliski, estetik biling ile kavramsal haritalama arasinda bir kpriidiir.

Yapay zeka ise bu iliskiye miidahil oldugunda, yalnizca bir kodlayic1 degil; ayn1 zamanda bir temsil
yiizeyidir. Insan zihninin miizik araciligiyla ifade ettigi yapilari, yapay zeka araciligiyla modellemek, bir
tiir epistemolojik ceviri siirecidir. Ancak bu ¢eviri, birebir bir aktarim degil; yeniden bi¢imlendirme,
soyutlama ve felsefi yeniden insa siirecidir.
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Bu nedenle, 6nerdigimiz ii¢lii ontoloji su temellere dayanir:

e Zihin: Estetik anlam {iretiminin kaynagidir.

e Miizik: Bu iiretimin zamansal ve duygusal formlaridir.

e Kod: Bu formlarin soyutlanarak, yapay sistemlerce temsil edilme bigimidir.
5.2. Egitimde Yaraticih@in Ontolojik Temsili

Bugiiniin egitim sistemleri hala biiyiik ol¢iide ¢iktiya odakli, dlgiilebilir ve standardize edilmis yapilarla
islemektedir. Ancak miiziksel bilis, bu yapilarin disindadir. Yaraticilik, duygusal yanki, 6z-farkindalik ve
kiltlirel hafiza gibi unsurlar, kolaylikla 6l¢iilebilir degildir. Yapay zekanin egitime dahil olmasi, bu
unsurlarin da sistemsel olarak diisliniilmesini gerektirir.

Bu noktada 6nerdigimiz teorik manifestonun temel ilkesi sudur: Egitim, yalnizca bilgiye degil; bilingli
varolusa hazirlanma siirecidir. Bu hazirlik, miiziksel formlar iizerinden zihinsel yapilarin okunmasiyla
miimkiindiir. Yapay zeka bu siirecte bir otorite degil; bir araci, bir yansima ve bir felsefi simgeler sistemidir.

Bu yaklasimda:
o Ogrenci, veri iireticisi degil; estetik bir biling tastyicisidir.
o Ogretmen, denetleyici degil; miiziksel diisiincenin rehberidir.
e Yapay zeka, yargilayan degil; temsil eden bir sistemdir.

5.3. Etik Kodlar: insan-Makine Etkilesiminde Simirlar

Yapay zeka sistemlerinin insan zihnini modelleme siirecinde en temel risk, bireyin anlam iiretme
kapasitesinin algoritmik sinirlamalara indirgenmesidir. Egitimde algoritmik denetim, ¢ogu zaman
Ozglinliigiin bastirilmasi, 6ngoriilebilirligin yiiceltilmesi anlamina gelir (Zuboff, 2019). Ancak miizik, bu
indirgemeci yapilarin karsisinda bir 6zgiirliik alan1 olarak direnir.

Bu baglamda, her yapay zeka destekli 6grenme sisteminin etik kodlar1 olmalidir:
1. Anlamin indirgenemezligi kabul edilmelidir.
2. Estetik deneyim, pedagojik degeri olan bir veri tiirii olarak taninmalidir.

3. Kiiltiirel cesitlilik, algoritmalara yansitilmali ve tekil normlar yerine c¢oklu baglamlar
desteklenmelidir.

Miizik, bu etik kodlar1 somutlastirabilecek giiglii bir alan sunar. Zira miizik, ne sadece evrenseldir ne de
tamamen gorecelidir. Bu ikiligin i¢cinde dengede kalabilen ender fenomenlerden biridir.

5.4. Gelecegin Pedagojik Senaryolari: Zihinsel Mimari Olarak Egitim

Bu calismada ortaya koyulan kuramsal model, gelecekte egitimin nasil yapilandirilmasi gerektigine dair
felsefi bir zemin sunmaktadir. Egitimi sadece icerik aktarma siireci olarak degil; zihinsel mimariyi
sekillendiren bir “insa faaliyeti” olarak gérmek gerekir.

Bu insa stiirecinde:
e Miizik, bilissel ritmin araci;
e Yapay zeka, yapisal simetriyi saglayan mimar;

o Ogrenci ise, 6znel estetigi igeren varlik olarak yeniden tanimlanmalidir.
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Bu senaryolarda, miizik yalnizca 6greten bir arag degil; zihnin evrimini saglayan bir i¢ form olarak caligir.
Ogrenci ise artik sadece “0grenen” degil; kendi zihinsel Oriintiisiinii, algoritmalar aracilifiyla felsefi olarak
yeniden yazan bir yaraticidir.

5.5. Teorik Manifesto: 10 ilke

Son olarak, bu calismanin diisiinsel temelinden hareketle bir teorik manifesto sunmak istiyoruz. Bu
manifesto, miizik, yapay zeka ve egitim liggeninde gelecegin zihinsel ve etik diinyasina yonelik bir cagridir:

1. Zihin bir kod degil, anlam {ireticisidir.
Miizik, diisiincenin sezgisel mimarisidir.
Yapay zeka, temsil eder; yerine gegmez.

Ogrenme bir siiregtir; yalnizca sonug degildir.

2

3

4

5. Estetik, pedagojik bir haktir.
6. Anlam, algoritmaya indirgenemez.

7. Kiiltiirel ¢esitlilik, veri normlarindan daha degerlidir.
8. Ogrenci, yaratic1 bir 6zne olarak tanimmalidr.

9. Egitim, teknik degil; ontolojik bir faaliyettir.

10. Gelecegi yazanlar, miizigi duyanlardir.
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Abstract — The rabbits are often utilized in experiments because of their physical structure similar to that
of mankind. Therefore, rabbits were preferred in this study. Ten male rabbits were used in the present
study. Morphometric measurements of the auricle were taken and the vessels supplying the ear were
dissected. It was determined that the main vessels in the rabbit ear were located between the central layer
of cartilage and the dorsal skin. The vessel originating from the root of the auricle was confirmed to be
the central ear artery. It was observed that the main vessels originating from the central ear artery traveled
on both sides of the ear and the capillaries were separated from these two main vessels. It is thought that
the findings obtained will contribute to scientific research on the circulatory system in laboratory animals
and other animal species and ear operations.

Keywords — Anatomy, Ear, Vessel, New Zealand Rabbit.

I. INTRODUCTION

The rabbit, a member of the Leporidae family, is important for its easy availability as a laboratory
animal and its usefulness in research. Its meat is also utilized. Rabbit breeding is widely practiced due to
its ability to produce a large number of offspring in a short time, ease of care and use as food
(Anonymous 1). Rabbit ears are long compared to other small mammals, which allows them to hear any
danger or predator from a distance. Rabbits are social and live in herds in the wild, they are herbivores.
They are prey creatures, so they are always alert and aware of their surroundings to avoid danger. They
can run long distances and at high speeds when they need to escape from predators. Rabbits have a
skeleton similar to that of rodents, but with a few features that make them more distinguishable. For
example, rabbits' ears are larger than the rest of their bodies. There are two reasons why they are so big.
First, lagomorphs have a great sense of hearing to protect themselves from predators. Their ears move
independently in all directions. Also, unlike dogs, they cannot breathe through their mouths. Therefore,
their ears help the rabbit to control its body temperature (Anonymous 2). The auricles of rabbits are large,
vascular and can move independently of each other (Brewer and Cruise, 1994). The ear is an important
thermoregulatory organ in the rabbit, supported by a countercurrent heat exchange system (Brewer 2006).
When expanded by heat, the rabbit ear shows the presence of large arteriovenous shunts and is therefore
an important mechanism for thermoregulation (Gordon et al. 1953). Rabbit ears are fragile. The dorsal
skin is thick and contains many hair follicles, while the ventral skin has few hair follicles. The skin on the
ventral surface of the ears contains large sebaceous glands, which provide a favorable environment for
carcinogenesis, while those on the back are smaller. The main vessels are the central ear artery and two
lateral veins. The central ear artery extends towards the tip of the ear and divides into two main branches
that show a U-turn curve halfway to the pinnae. Thus, in the rabbit, the direction of blood flow on the
rostral and caudal sides of the ear is from the pinnae to the base of the ear (Ninomiya, 2000). The central
ear artery can be used for blood sampling and direct blood pressure measurements. Although the veins
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and arteries in the ear can be used for catheters and blood collection, vigorous venipuncture can cause
vasculitis, vascular necrosis and skin breakdown (Sohn and Couto 2012, Morris and Bevan 1984).

II. MATERIALS AND METHOD

The permission for this study was obtained from Kafkas University Animal Experiments Local Ethics
Committee (KAU-HADYEK). Our study was approved with the code KAU-HADYEK/2021-068.

The materials (Figure 1) obtained from Atatiirk University Medical Experimental Application and
Research Center, which has an official certificate for the production and sale of experimental animals,
were brought to the laboratory of the Department of Anatomy, Faculty of Veterinary Medicine, Kafkas
University and the study was carried out here. The study was carried out on 10 male rabbits, 7 months
old, with an average weight of 2862.10 & 73.90 g. Two of the rabbits were injected with latex to identify
the arteries. Eight rabbits were used for morphologic and macroanatomic findings.

Fig. 1 Research material

The animal materials were anesthetized intramuscularly (i.m.) with a combination of 5 mg Xylazin
HCL (rompun) and 35 mg Ketamine (Ketalar) (Holmes 1988). The materials were brought to Kafkas
University, Faculty of Veterinary Medicine, Department of Anatomy Laboratory where the procedures
were performed. While the euthanized animals were under anesthesia, the arteria carotis communis was
dissected and the rabbits were euthanized. The dissection process was started by taking into account the
practices in Mukhopadhyay and Wagner (2023) and Perpifian (2019). Latex was applied on two dissected
rabbit ears to expose the arteries. Latex (ZPK-580-S; Gerard Biological Center, Preston UK) colored with
red fabric dye (Artdeco) was dissected from the neck and injected and all vessels were filled with this
mixture (Bugge 1963, Erencin et al., 1967, Aycan and Bilge 1984). After the arteria carotis communis
was ligated sinistra with dextra, the materials were kept at room temperature for 24 hours to freeze the
latex. After the latex was frozen, the materials were preserved in 10% formaldehyde solution for one
week. After it was determined that all formations had absorbed formaldehyde, dissection of the materials
was performed. The other eight rabbits were fixed in formaldehyde after euthanasia. The lengths of the
ears were measured and macroanatomical findings were taken. Nomina Anatomica Veterinaria (N.A.V.
2017) was used for the nomenclature of Latin scientific anatomical terms in the text.

The main vessels of the New Zealand rabbit ear were located between the central layer of cartilage and
the dorsal skin. The large vessels were covered by the capillary beds of the dorsal and ventral skin. The
outer ear was supplied by two large arteries. These were confirmed to be the central ear artery (also called
the posterior auricular artery) and the medial artery (anterior auricular artery). These confirmed vessels
anastomosed near the tip of the ear. The central ear artery (CEA) was found to give off many lateral
arterial branches. The largest of these lateral arteries was the main side branch, the so-called MSB. The
CEA also anastomosed with the MSB via the lateral arteries. The lateral view of the New Zealand rabbit
ear arteries is shown in Figure 2 and the medial view is shown in Figure 3.

26



/V .J' ]
Fig. 3 Medial view of New Zealand rabbit ear arteries

Three main vessels were evident in the ear: the medial vessel (anterior ear vessel), the central ear vessel
(CEV, posterior ear vessel) and the lateral vessel. The two branches of the central ear vein (CEV), the
large medial ramus and the smaller central ramus, were seen to make a prominent junction near the base
of the ear. In general, the vessels are located just dorsal to the corresponding arterial branches.

1.  CONCLUSION

Blood sampling from the ear artery is an important procedure for various experimental studies (Baby et
al. 2017). In the context of its importance in this procedure, the data obtained from the present study are
important. It is thought that the findings obtained will contribute to scientific research on the circulatory
system in laboratory animals and other animal species and ear operations (Taghreed et al., 2022).
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Abstract — The present study highlights the comprehensive design and simulation of a geothermal heating
system for a substrate-based greenhouse situated at QFARM in Aydin, Turkey. This study assesses the
thermal efficiency and economic viability of a geothermal heating alternative using Python-based thermal
modeling, actual greenhouse characteristics, and field data. The system is designed to replicate internal
temperature fluctuations during winter, considering the physical structure of the greenhouse and the thermal
conductivity of the substrate. Simulation results indicate that geothermal heating significantly reduces fuel
consumption compared to conventional systems, while maintaining optimal interior conditions for plant
growth and development. Comparative literature validates the benefits of renewable-based greenhouse
heating in terms of cost-effectiveness, sustainability, and long-term return on investment. This study offers
a practical example of implementing energy modeling and sustainable technologies in contemporary
agriculture, facilitating the transition to smart farming in Tiirkiye.

Keywords — Geothermal Heating, Greenhouse, Substrate Agriculture, Thermal Modeling, Python, Energy Efficiency, OFARM,
Tiirkiye.

I. INTRODUCTION

Controlled-environment agriculture has emerged as a crucial component of modern food production
systems, particularly in regions with unfavorable seasonal temperatures. Greenhouses heated by traditional
fossil fuels incur substantial operational expenses and environmental impacts. Geothermal energy offers a
cost-effective, renewable, and site-specific heating solution, particularly in geothermally active areas such
as Aydin, Turkey. Kendirli and Cakmak [1] assert that geothermal energy can diminish heating expenses
by as much as 70% relative to fossil fuel-based systems. Baytorun et al. [2] similarly demonstrated that
annual running costs in geothermally heated greenhouses are significantly lower, accompanied by reduced
CO; emissions and accelerated payback times.

In addition to the energy source, substrate-based greenhouse cultivation has gained popularity due to its
benefits in water and fertilizer management. Coco-peat (coconut fiber) substrates are valued for their
significant porosity and heat-buffering ability [3]. The use of agricultural-industrial composts and
alternative substrates is becoming increasingly prevalent in sustainable horticultural practices.

Advanced thermal models provide an assessment of the interplay between energy input, greenhouse
design, substrate behavior, and environmental variables. Lebre et al. [4] employed EnergyPlus and
DesignBuilder to model internal temperatures under different ventilation and insulation scenarios. Xiao et
al. [5] developed a model for an Earth-Air Heat Exchanger (EAHE) to improve climate regulation during
frigid winters. These methodologies demonstrate the importance of modeling instruments in optimizing
energy systems.
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This study integrates these components in a practical application: the geothermal heating system
developed for the QFARM greenhouse in Aydin. A Python-based model was employed to simulate the
heating efficiency of the system under specific climatic conditions. The objective is to evaluate the thermal
performance and economic feasibility of merging engineering design with renewable energy and substrate
cultivation.

II. MATERIALS AND METHOD

The research was conducted at the QFARM pilot plant in the Efeler district of Aydin Province, Tiirkiye,
aregion with considerable geothermal potential. The greenhouse is a substrate-based, contemporary edifice
featuring polycarbonate cladding, aligned east-west to optimize solar gain. The greenhouse measures
roughly 48 meters in length, 8 meters in breadth, and 4 meters in height. Internal farming utilizes coco-peat
growbags positioned on raised channels equipped with integrated drip irrigation and drainage systems.

The geothermal heating system was engineered to circulate low-enthalpy geothermal water
(approximately 60°C) through polyethylene pipes situated beneath the grow bag channels adjacent to the
root zone. The flow rate, pipe diameter, insulation, and system head loss were computed according to
engineering design standards. The heating system consisted of a circulation pump, control valves, and a
heat exchanger for regulating distribution.

A modular Python model was created to mimic the thermal dynamics of the greenhouse. The model
comprises:

v Equations for energy balance at the interface of air volume and substrate

v" Utilization of meteorological data for solar radiation input

v" Thermal losses via walls, roof, and foundation

v' Internal thermal contributions from the substrate and latent heat from irrigation

The fundamental algorithm employs a time-stepped finite difference method to model hourly fluctuations
in interior air temperature. Essential characteristics encompass substrate thermal conductivity (0.1-0.12
W/m-K), greenhouse U-values (1.8 W/m?-K), and ambient temperature ranges (2—15°C). Simulations were
conducted for a representative winter month (January).

The economic viability of the system was evaluated by estimates of Net Present Value (NPV), Internal
Rate of Return (IRR), and Payback Period. The model comprises:

v" Capital expenditure (pipes, pumps, exchangers, manpower)
v Yearly maintenance and operational expenses
v" Comparison of Fuel Costs: Coal versus Geothermal

All economic data were derived using 2024 Turkish market rates and currencies, with a presumed
discount rate of 10%.
The following Python libraries were used:

v" pandas and numpy for data processing
v matplotlib for optional visualization
v' scipy.integrate for numerical solutions of differential equations

I11. RESULTS

A. Heating Performance under Winter Conditions.

The thermal simulation model indicated that the geothermal heating system successfully sustained
internal air temperatures within the ideal range for plant growth during the winter season. The simulated
daily temperature cycle in January indicated nocturnal temperatures ranging from 16.2°C to 20.1°C, despite
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the ambient air temperature falling to 2.8°C. Daytime greenhouse temperatures, enhanced by solar
radiation, averaged 24.6°C, hence diminishing the active heating demand during peak sunlight hours.
Substrate-level temperatures exhibited reduced variability relative to ambient or internal air, consistently
ranging from 18.3°C to 22.0°C over the 24 hours. This validates the buffering potential of Coco-peat
growbags, as they mitigate thermal stress on root systems and promote stable microclimatic conditions.

B. System Energy Demand and Efficiency Analysis

The geothermal system's daily energy usage was determined to be 85.4 kWh, encompassing the
cumulative load of pumps and heat exchangers necessary to provide consistent root and air temperatures
throughout the 384 m? greenhouse. In contrast, a traditional coal-fired heating system for the equivalent
greenhouse volume and insulation would require approximately 378.2 kWh/day to achieve comparable
thermal performance, as determined by degree-day-based heat loss calculations and combustion efficiency
assumptions (Table 1).

This results in a 77.4% decrease in energy demand when employing geothermal heat, primarily due to the
superior thermal efficiency and heat exchange capacity of direct-use geothermal fluids.

Table 1. Comparative Daily Energy Use and Cost Analysis

Parameter Geothermal System Coal-Based System
Daily Energy Use (kWh) 85.4 378.2
Daily Fuel Cost (b) 148 344
Daily CO: Emissions (kg) 0 312
Thermal Efficiency (%) 82.6 58.1
Effective Heating Coverage Full Full

C. Economic Performance Indicators

A financial model was constructed utilizing 2024 market rates for energy, system installation, and
maintenance. The capital expenditure for the geothermal heating infrastructure, encompassing pipes, a
circulation pump, installation, and control apparatus, was determined to be $430,000. The annual
maintenance and electricity expenses were projected to be $27,000.

In comparison to coal heating (initial investment: 180,000, annual fuel and maintenance costs: £95,000),
the geothermal system has a lengthier payback time but yields significant savings over a decade. The
following economic indicators (Table 2) have been acquired:

Table 2. Economic Comparison of Heating Systems

Indicator Geothermal System Coal-Based System
Initial Investment (b) 430,000 180,000
Annual Operating Cost (b) 27,000 95,000
Net Present Value (b) 215,000 42,000
Internal Rate of Return (%) 17.3 9.1
Payback Period (years) 4.2 2.1
Lifetime CO: Savings (tons) ~87.3 —

IV.  DISCUSSION

The simulation results validate that geothermal heating systems present a feasible and energy-efficient
option for greenhouse applications in areas such as Aydin, Tiirkiye, where low-enthalpy geothermal
resources are plentiful. The technology maintained ideal temperature conditions for plant growth, with
markedly reduced energy consumption compared to fossil-fuel options. This corresponds with the findings
of Bakos et al. [6], who noted consistent internal temperatures achieved using geothermal heating in
greenhouses located in northern Greece.

The utilization of coco-peat substrate facilitated the preservation of thermal stability in the root zone,
serving as a thermal buffer that diminished the system's heating demand [7]. Alkag¢ and Giines [3] assert
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that coconut-based growing media provide advantageous water retention and thermal insulation properties,
hence improving microclimate regulation, particularly in variable external conditions.

Compared to traditional heating methods, the geothermal system employed in this study decreased energy
usage by more than 75% and eliminated CO: emissions during operation. This corroborates prior studies
by Kendirli and Cakmak [1] and Baytorun et al. [2], which revealed that geothermal greenhouse heating
substantially reduces operational costs and environmental effects.

The geothermal system necessitated a greater initial expenditure yet attained a superior Net Present Value
(215,000) and Internal Rate of Return (17.3%) relative to the coal-based system. The data align with the
research conducted by Kondili and Kaldellis [8], which indicated that combined geothermal-solar systems
on Lesvos, Greece, provided rapid payback periods (1-1.5 years), high system efficiency, and negligible
CO: emissions.

The incorporation of Python-based modular thermal simulation facilitated the assessment of dynamic
temperature responses and substrate interactions. Numerical modeling techniques, as illustrated by Lebre
et al. [4] and Xiao et al. [5], are crucial for comprehending greenhouse thermal performance under diverse
environmental and structural situations. Furthermore, including simulation results in design decision-
making is consistent with contemporary precision agricultural methodologies, as emphasized by Goo et al.
[9] in their multi-variable optimization strategy for innovative greenhouse cooling systems.

The approach and outcomes of this study contribute to the existing body of knowledge supporting the
implementation of renewable energy systems in the agricultural sector. The adoption of geothermal heating
enhances environmental sustainability and aligns with Tiirkiye's strategic objectives in agricultural
innovation and energy transition.

V. CONCLUSION

This study demonstrates the technical and economic feasibility of integrating geothermal heating systems
into substrate-based greenhouse agriculture in geothermal-abundant regions, such as Aydin, Tiirkiye. The
Python-based thermal simulation model demonstrated that internal air and substrate temperatures could be
sustained within ideal ranges (16—28°C) while utilizing considerably less energy than traditional coal-based
systems. The coco-peat substrate enhanced thermal stability in the root zone, significantly diminishing
energy requirements.

Despite necessitating a higher initial investment, the geothermal system provided superior long-term
value, evidenced by a Net Present Value (NPV) of 215,000 and an Internal Rate of Return (IRR) of 17.3%,
indicating its viability for medium-scale greenhouses. The technology yielded significant environmental
advantages, encompassing the total eradication of operating CO: emissions and a 77% decrease in energy
use.

This research demonstrates that geothermal heating, when combined with high-performance substrates
and advanced design modeling, offers a sustainable and economical alternative for greenhouse heating. It
provides a firm foundation for decision-makers and growers seeking to upgrade agricultural practices in
support of Tiirkiye’s green transformation goals.
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Abstract — The aim of this review is to explain some of the environmental epigenetic factors and their role
as a possible therapeutic approach. Epigenetic changes can be influenced by environment, lifestyle, stress,
diet, toxins, and even experiences. Neuroplasticity can be improved also by non-invasive brain
stimulation techniques, such as transcranial Direct Current Stimulation (tDCS), which increases
hippocampal long-term potentiation and memory via chromatin remodeling of BDNF. Transcranial
Magnetic Stimulation (TMS) regulates gene expression by neural oscillations and neural firing in vivo.
The combination of these techniques with behavioral motor task has been proven to be very beneficial
and helpful for the stroke patients. Robotic device technology can maximize afferent input from
peripheral joints providing task specific stimulation promoting functional recovery, e.g, patients who
went robot-assisted arm training improved more, suggesting that robotic rehabilitation is a powerful and
promising tool for ischemic stroke patients. The robot-assisted training, by itself or in combination with a
non-invasive brain stimulation technique will be a powerful epigenetic therapeutic approach, improving
the patients’ performance and motor training.

Keywords — Epigenetic, Non-Invasive Brain Stimulation Techniques, TMS, Tdcs, Robotics, Neuroplasticity.

I. INTRODUCTION

Neuroplasticity in healthy brain

Neuroplasticity refers to the brain’s remarkable ability to adapt and change in response to experiences,
environmental influences, and physiological factors such as injury (1,2). Once believed to be a static
organ, the brain is now recognized as continuously plastic throughout life (1). A key mechanism
underlying neuroplasticity is long-term potentiation (LTP), an activity-dependent strengthening of
synaptic connections (3). In humans, LTP-like processes can be triggered by repetitive motor practice,
leading to neural changes known as use-dependent plasticity.

Motor training promotes motor learning in both healthy and injured brains, driving plastic changes in the
central nervous system (4,5). These changes can occur throughout the nervous system, but the extent and
location depend largely on the specific task being practiced. Notably, there is growing agreement that the
primary motor cortex (M1), essential for executing motor commands, is significantly shaped by various
forms of motor training.

In the human motor cortex, practice results in the encoding of specific movements (6). Encoding, which
takes place during the practice phase, is crucial for forming motor memories (7). During this process,
learners integrate information about task goals and movement outcomes (8). After encoding, motor skills
enter a consolidation phase, which helps preserve these new abilities over time (9). Skill retention is
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typically evaluated under conditions similar to those during initial practice (10), and many factors can
influence the durability of these learned skills.

Modulators of neuroplasticity: Transcranial Direct Current Stimulation (tDCS)

Transcranial Direct Current Stimulation (tDCS) is a non-invasive brain stimulation method that delivers a
constant, low-intensity electrical current to targeted brain regions through electrodes placed on the scalp
(11-13). This technique has been shown to be safe for use in both animals and humans.

Groundbreaking work by Priori and colleagues (14), followed by others, demonstrated that tDCS can be
effectively applied to cortical areas (15). Unlike other plasticity-inducing approaches, such as repetitive
transcranial magnetic stimulation (rTMS), tDCS does not directly trigger neuronal action potentials. This
is because the static electric fields it generates do not cause the rapid depolarization necessary for
initiating action potentials in neural membranes (16). Instead, tDCS modulates ongoing neuronal network
activity by delivering weak direct currents through an anodal and a cathodal electrode (16). When current
flows from the active electrode to the reference electrode, the stimulation is termed anodal; conversely,
when current flows from the reference electrode to the active electrode, it is called cathodal stimulation.
Rather than inducing immediate neuronal firing, tDCS influences the excitability and activity of neuronal
networks.

Figure 1 shows a Transcranial Direct Current Stimulation (tDCS) device. Image is taken from Newronika Company webpage.

Transcranial Direct Current Stimulation in stroke patients

The encouraging outcomes achieved using non-invasive brain stimulation techniques in healthy
individuals have been successfully translated to patients with neurological conditions, such as stroke.
Prior studies have indicated that motor learning represents a fundamental mechanism underlying
neurorehabilitation (17), highlighting the potential of anodal transcranial direct current stimulation
(tDCS) as a promising adjunct to rehabilitation training.

In both subacute (18-21) and chronic stroke populations (22-24) a variety of motor tasks (e.g., finger
sequence learning, grasping tests) and functional assessments (e.g., Box and Block Test, Jebsen-Taylor
Hand Function Test, Wolf Motor Function Test, Fugl-Meyer Assessment) have been conducted in
conjunction with tDCS.

These behavioral studies have consistently demonstrated that tDCS can enhance motor function when
anodal stimulation is applied over the ipsilesional primary motor cortex (M1) — with the anode placed
over M1 of the affected hemisphere and the cathode positioned over the contralateral supraorbital region
(24,25). Furthermore, improvements have also been observed using dual-tDCS protocols, in which anodal
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stimulation is applied to the ipsilesional M1 and simultaneous cathodal stimulation is applied to the
contralesional M1 (26,27).

Modulators of neuroplasticity: Transcranial Magnetic Stimulation (TMS)

Transcranial Magnetic Stimulation (TMS) is a non-invasive, safe, and painless technique for stimulating
the human motor cortex (28). This method operates on the principle of electromagnetic induction: a brief
electrical current is delivered through a coil positioned on the scalp, generating a rapidly fluctuating
magnetic field capable of penetrating the skull. This magnetic field induces an electric current in the
underlying cortical tissue, which, depending on the intensity of stimulation, can depolarize neurons and
elicit action potentials (29). Various coil designs have been developed for TMS applications; however,
the figure-of-eight coil is most commonly employed due to its capacity for focal stimulation. When
stimulating the hand area of the motor cortex, the coil is placed tangentially to the scalp with its handle
oriented posteriorly at a 45° angle from the mid-sagittal line. This configuration has been identified as
optimal for activating corticospinal pathways (30,31). TMS is frequently utilized to assess the integrity of
corticospinal pathways and to evaluate neurological impairments in conditions such as stroke (32). Focal
stimulation of the primary motor cortex (M1) using TMS generates motor evoked potentials (MEPs) in
target muscles, with MEP amplitude serving as an index of corticomotor excitability (33). Use-dependent
plasticity in humans leads to reorganization within M1. For instance, during intensive limb use — as in
repetitive motor training — synaptic efficacy is enhanced, which is reflected by an increase in
corticomotor excitability, evidenced by larger MEPs following training compared to baseline (6,34,35).
This enhancement of excitability is likely attributable to the activation of long-term potentiation (LTP)-
like mechanisms induced by training (36,37).

Robotic exoskeleton

An exoskeleton is a wearable system engineered to augment, support, assist, or enhance movement,
posture, or physical activity through mechanical interaction with the user’s body and the application of
external forces. Exoskeletons are conceptually related to orthoses, which provide structural support to
injured body parts such as the hands, arms, feet, or legs. However, unlike orthoses, exoskeletons are
designed to actively assist or enhance the function of existing biological structures (38). If it is proper
used the exoskeleton can help in performance improvement, reduce risk of injury, effective adaptation,
successful implementation and can help in boosting patient’s morale (38). The electromechanical robotic
exoskeleton can be designed in-house to fit for the rehabilitation for upper limb therapy. In fact, an
improvement in motor outcomes and cortical excitability has been noticed in stroke patients using robotic
exoskeleton therapy (39)

Epigenetics and non-invasive brain stimulation techniques

Studies utilizing non-invasive brain stimulation techniques have demonstrated their potential to improve
impaired neuroplasticity by enhancing hippocampal long-term potentiation (LTP), as well as learning and
memory functions. For example, Podda et al., (2016) (40), showed that anodal transcranial direct current
stimulation (tDCS) increased hippocampal LTP and memory performance through chromatin remodeling
of brain-derived neurotrophic factor (BDNF) regulatory sequences, ultimately promoting BDNF gene
expression. Their study aimed to elucidate the molecular mechanisms underlying the long-lasting effects
of tDCS on hippocampal plasticity, given BDNF’s pivotal role in neuroplasticity (41). Behavioral
assessments, including novel object recognition and Morris’s water maze tasks, revealed enhanced LTP in
hippocampal slices and improved performance in tDCS-treated mice. Remarkably, these enhancements in
spatial and recognition memory were evident within hours after stimulation and persisted for up to one
week (40).
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The hippocampus, known to play a crucial role in learning, undergoes age-related alterations that reduce
learning capacity (42). Silhol et al., (2007) (43) investigated baseline levels and task-induced changes in
BDNF in young (2 months old) and aged (24 months old) Wistar rats using a water maze to assess spatial
memory. Training resulted in improved spatial memory alongside increased levels of BDNF and TrkB
receptor isoforms in the hippocampus. Similarly, Fritsch et al., (2011) (44) demonstrated that direct
current stimulation in mouse primary motor cortex (M1) slices induced long-lasting synaptic potentiation
and enhanced motor learning. Notably, these enhancements were more pronounced in individuals
homozygous for the BDNF Val/Val genotype compared to Met/Met carriers, underscoring BDNF’s
importance in mediating tDCS-related memory and learning benefits.

Transcranial magnetic stimulation (TMS), another non-invasive brain stimulation technique, has provided
evidence that gene expression can be modulated by neural oscillations and neuronal firing in vivo (45).
Ljubisavljevic et al., (2015) (46) examined gene expression changes in rat cortices following acute
ischemic-reperfusion brain injury induced via middle cerebral artery occlusion (MCAO), combined with
various repetitive TMS (rTMS) protocols. Stimulation was administered for two weeks, and intermittent
theta-burst stimulation (iTBS) significantly upregulated 52 genes involved in angiogenesis, inflammation,
injury response, cellular repair, structural remodeling, neuroprotection, neurotransmission, and neuronal
plasticity, whereas 1 Hz and 5 Hz protocols did not elicit significant effects. These findings suggest that
rTMS can modulate gene expression (46).

Supporting evidence comes from Aydin-Abidin et al., (2008) (47), who explored the effects of different
TMS protocols (1 Hz to 10 Hz and intermittent theta-burst stimulation) on the expression of immediate
early gene (IEG) proteins c-Fos and zif268 in the rat brain. Both genes are critical for synaptic plasticity,
and their expression was modulated depending on the rTMS stimulation pattern. Overall, these results
suggest that cortical network excitability can be influenced by rTMS, with low-frequency TMS typically
reducing cortical excitability and high-frequency TMS enhancing network activity (47).

In addition to brain stimulation, robotic technologies such as exoskeletons offer non-invasive stimulation
and can maximize afferent input from peripheral joints, providing task-specific stimulation that supports
functional recovery (48). A review by Mehrholz et al., (2018) (49) demonstrated that robotic devices,
when combined with physiotherapy, improve lower limb recovery in post-stroke patients. Similar benefits
have been observed in upper limb rehabilitation for hemiplegic stroke patients. Assessments using the
Fugl-Meyer scale for motor control, the Modified Ashworth Scale for spasticity, and the Functional
Independence Measure for disability indicated that robotic-assisted arm training resulted in greater
improvements compared to conventional training methods (48,50). Furthermore, although the
improvements in motor control were modest, they hold promise for future clinical applications (51). Thus,
robotic-assisted training emerges as a promising approach for stroke rehabilitation.

II. CONCLUSION

Daily exercise enhances cognitive abilities, and memory improvements associated with neurogenesis
have been linked to synaptic plasticity, underscoring its crucial role. Learning and memory can be
facilitated not only through physical activity but also via non-invasive brain stimulation techniques, such
as transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation (TMS). The
integration of tDCS and TMS with behavioral motor tasks has been shown to ameliorate impaired
neuroplasticity by enhancing hippocampal long-term potentiation, learning, and memory. These non-
invasive brain stimulation approaches hold significant promise for promoting motor recovery by
modulating neuronal plasticity in stroke patients.

Moreover, robotic-assisted training offers a powerful and effective means of delivering task-oriented
motor rehabilitation, enabling patients to improve functional performance. We propose that robot-assisted
training, either alone or in combination with non-invasive brain stimulation techniques, represents a
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promising epigenetic therapeutic strategy to enhance motor training outcomes and overall patient

performance.
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Ozet — Giiniimiizde yapilarin ¢at1 yiizeylerinde olusan hasarlarin manuel yontemlerle tespiti, ozellikle
genis Olcekli yerlesim alanlarinda olduk¢a zaman alic1 ve maliyetlidir. Bu ¢alismada, insansiz hava
araglar1 (IHA) ile elde edilen yiiksek ¢oziiniirliiklii gériintiiler {izerinden, goriintii isleme ve derin 6grenme
teknikleri kullanilarak gercek zamanli ¢ati hasar tespiti gerceklestirilmistir. Farkli cati yapilara ait
toplam 3.500 etiketli goriintiiden olusan 0zgiin bir veri seti olusturulmus, veriler ¢esitli hasar tiirlerine
gore siniflandirilmistir. YOLOvS mimarisi kullanilarak gelistirilen model, dort farkli hasar tiiriinii yiiksek
dogruluk oranlariyla siniflandirabilmistir. Gergek zamanli testlerde, model saniyede yaklasik 7 goriinti
analiz etme kapasitesine ulasarak pratik uygulamalar icin yeterli hiz ve dogrulugu saglamistir. Calisma,
TOKI gibi genis 6lgekli konut alanlarmin yani sira kamu binalarinin izlenmesinde de kullanilabilecek
otonom bir sistem altyapisinin temellerini sunmaktadir.

Anahtar Kelimeler — Drone, Goriintii Isleme, Derin Ogrenme, YOLOvS, Cati Hasar Tespiti, Etiketli Veri Seti, Ger¢ek Zamanli
Sistemler.

I. GIRIS

Son yillarda dogal afetler, cevresel etkiler ve zamanla olusan yapisal yipranmalar; bina catilar tizerinde
ciddi hasarlara yol agabilmektedir [1]. Bu hasarlar yalnizca yap1 giivenligini tehdit etmekle kalmamakta,
ayn1 zamanda enerji verimliligini azaltmakta ve bakim maliyetlerini artirmaktadir. Ozellikle toki siteleri
gibi genis alanlara yayilmis yapilarda, tiim c¢atilarin periyodik olarak manuel yontemlerle incelenmesi
hem zaman alic1 hem de maliyetlidir. Bu nedenle, cat1 yiizeylerinin etkin bir sekilde izlenmesi ve hasar
durumlarinin tespit edilmesi i¢in yenilik¢i, otomatik ve gercek zamanli ¢oziimlere ihtiya¢ duyulmaktadir.

Giiniimiizde insansiz hava araglar1 (IHA) ya da yaygin bilinen adiyla drone teknolojileri, goriintii isleme
ve yapay zeka algoritmalar ile entegre edilerek, bliyiik Olgekli yapilarin hizli ve giivenilir bir sekilde
taranmasina imkan tanimaktadir. Drone'lar araciligiyla elde edilen yiiksek ¢oziiniirliiklii gorilintiiler
sayesinde, yapilarin c¢ati yiizeyleri detayli sekilde analiz edilebilmekte ve hasar izleri tespit
edilebilmektedir. Bu baglamda, otomatik hasar tespit sistemlerinin gelistirilmesinde en Onemli
gerekliliklerden biri, dogru etiketlenmis ve c¢esitliligi yiiksek bir veri setinin olusturulmasidir [2].

Bu calismada, bir bolgede yer alan farkli yapilara ait ¢ati goriintiilerinden olusan 6zgiin bir veri seti
olusturulmas1 ve bu verinin drone goriintiileri aracilifiyla gercek zamanli olarak analiz edilmesi
hedeflenmektedir. Olusturulacak bu veri seti, farkli hasar tiirlerini (¢atlak, deformasyon, kaplama hasari,
yosunlanma vb.) igerecek sekilde siniflandirilacak; goriintii isleme ve derin 6grenme yontemleri ile
modellenerek gercek zamanli hasar tespiti amaglanacaktir [3].
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Arastirmanin temel katkisi, genis 6lgekli toplu sitelerdeki yapilarinda hizli, ekonomik ve gilivenilir bir
sekilde hasar tespiti yapilmasina imkan saglayacak otonom bir sistem altyapisinin olusturulmasidir. Ayni
zamanda ¢alismanin ¢iktilari, yalnizca kiiclik kapsamli siteler ile sinirli kalmayip; okul, hastane, kamu
binalar1 gibi farkl biiyiik 6l¢ekli yap1 gruplarinin izlenmesinde de kullanilabilecek nitelikte olacaktir.

Bu bildiri kapsaminda ilk olarak veri setinin olusturulma siireci detaylandirilmis [4]; ardindan goriintii
isleme teknikleri ile desteklenen hasar siniflandirma modelleri sunulmus ve son olarak sistemin gergek
zamanli performansi test edilerek degerlendirme sonuglar1 paylasilmistir.

II. MATERYAL VE YONTEM

Bu calismada, bir bolgede yer alan binalarin ¢at1 yiizeylerinden elde edilen goriintiiler kullanilarak, cati
hasarlarini tespit etmeye yonelik bir veri seti olusturulmustur [5][6]. Bu bdliimde, verilerin toplanmast,
islenmesi, etiketlenmesi ve modele hazirlanma siireci detaylandirilmaktadir.

A. Goriintii Toplama Stireci

Veri toplama islemi i¢in DJI Mavic Air drone kullanilmistir. Drone, farkli giin ve hava kosullarinda
(gtinesli, bulutlu, sabah ve 6gle saatleri gibi) Sekil 1°de goriildiigii gibi ugurularak gesitli acilardan ¢ati
goriintlileri elde edilmistir [7].

Sekil 1. Drone ile gat1 goriintiilerinin toplanma siireci ve ugus rotasi

Her bir bina catisi, ortalama 10—15 farkli perspektiften goriintiilenmis, bdylece verinin c¢esitliligi ve
gergekeiligi artirilmistir.

Ucuslar dnceden belirlenmis rotalara uygun olarak gerceklestirilmis ve goriintiiler 4K ¢oziintirliikte
(3840x2160 piksel) kaydedilmistir. Bu sayede mikro diizeydeki hasarlarin da tespit edilebilir olmasi
hedeflenmistir.

B. Gériintii Isleme ve On Temizleme
Toplanan ham goriintiiler, asagida verilen cesitli 6n isleme adimlarina tabi tutulmustur (Sekil 2).

Sekil 2. Gortintiilerin 6n igleme adimlari: Kirpma, normalizasyon ve artirma teknikleri
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e Gereksiz Alanlarin Kirpilmasi: Goriintiilerde yer alan ¢at1 dis1 6geler (agaglar, yollar, insanlar
vb.) manuel ve otomatik yontemlerle kirpilarak diglanmaistir.

e Boyut Normalizasyonu: Tiim goriintiiler 512x512 piksel ¢oziiniirliige dontstiiriilerek model giris
formatina uygun hale getirilmistir.

e Renk Diizeltme: Aydinlatma farklarini minimize etmek amaciyla histogram esitleme ve kontrast
tyilestirme islemleri uygulanmistir.

e Veri Artirma (Augmentation): Modelin genelleme basarisin1 artirmak amaciyla déndiirme,
yansitma, yakinlastirma, giiriiltii ekleme gibi veri artirma teknikleri uygulanmistir.
C. Etiketleme Siireci

Veri seti, ¢at1 hasar tiirlerine gore manuel olarak etiketlenmistir. Etiketleme siireci, alaninda uzman bir
danigsmanin gézetiminde gerceklestirilmistir. Etiketler asagidaki kategorileri icermektedir (Sekil 3).

Hasarsiz

Kaplama Hasar1 Yosun/Kirlenme |

Sekil 3. Hasar tiirlerine gore etiketlenmis 6rnek goriintiiler

o Hasarsiz (0): Yapisal bozulma veya anomali bulunmayan cat1 yiizeyleri.

e Catlak (1): Beton veya kiremit yiizeylerinde gbzle goriilebilir kiriklar.

o Kaplama Hasari (2): Zift, membran veya kiremit kayiplari.

e Yosun/Kirlenme (3): Nem kaynakli renk degisimleri veya biyolojik kirlenme izleri.

Etiketleme, open-source bir ara¢ olan Labellmg ile gergeklestirilmis, her goriintii i¢in hasar tiirt,
koordinat bilgisi (bounding box) ve sinif etiketi .xml formatinda saklanmistir. Bu etiketler daha sonra
YOLO ve TensorFlow formatlarina doniistiiriilerek farkli model girislerine uyumlu hale getirilmistir.

D. Veri Setinin Yapist

Hazirlanan veri seti toplamda 3.500 etiketli goriintii icermektedir. Goriintiiler egitim (%70), dogrulama
(%15) ve test (%15) alt kiimelerine ayrilmistir. Her alt kiimede sinif dagiliminin dengeli olmasina 6zen
gosterilmigtir. Veri seti gelecekte genisletilmeye ve farkli ¢at1 yapilari ile zenginlestirilmeye uygun
sekilde organize edilmistir (Sekil 4).
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Sekil 4. Ger¢ek zamanli hasar tespiti sisteminden ekran goriintiisii

I1I. BULGULAR VE TARTISMA

Olusturulan veri seti kullanilarak farkli derin 6grenme mimarileri denenmis ve en basarili sonuglar1 veren
model olarak YOLOVS tercih edilmistir. Model, PyTorch kiitiiphanesi kullanilarak egitilmis ve egitim
stirecinde 100 epoch boyunca Adam optimizer ve cosine annealing scheduler ile 6grenme orani dinamik
olarak gilincellenmistir. Egitim sirasinda elde edilen metrikler asagida 6zetlenmistir.

A. Performans Degerlendirme

Modelin basarimi; dogruluk (accuracy), hassasiyet (precision), duyarlilik (recall) ve F1 skoru gibi
metriklerle degerlendirilmistir (Sekil 5).

Hasarsiz Kapalama Yosun
Hasar Kirlenme

Sekil 5. Test kiimesi tizerindeki precision, recall ve F1 skorlari

Test kiimesi tizerinde elde edilen ortalama sonuglar su Tablo 1°de gosterildigi gibidir.

Tablo 1. Ortalama sonuglar

Hasar Tiirii Dogruluk (%) Hassasiyet Duyarhlik F1 Skoru

Hasarsiz 97.2 0.95 0.98 0.96
Catlak 94.1 0.91 0.92 0.91
Kaplama Hasar1 92.6 0.88 0.91 0.89
Yosun/Kirlenme 90.5 0.85 0.89 0.87
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Model, ozellikle “hasarsiz” ve “yapisal bozulma” smiflarinda yiiksek basar1 gostermistir.
“Yosun/kirlenme” gibi gorsel olarak daha belirsiz siniflarda ise goreceli olarak daha diisiikk dogruluk
oranlar1 gozlemlenmistir. Bu durum, siniflar arasindaki gorsel benzerliklerin model i¢in ayristirilmasini
zorlagtirdigina isaret etmektedir.

B. Gergek Zamanl Uygulama Testleri

Modelin gercek zamanli uygulanabilirligini test etmek amaciyla, dronelar ile eszamanli goriintii alimi
yapilmis ve her bir goriintii, model tarafindan aninda analiz edilerek hasar siniflandirmasi yapilmistir
(Sekil 6). Bu testlerde ortalama analiz siiresi goriintii basina 100 ms olarak Olcililmiistiir, bu da saniyede
yaklagik 7 goriintii analizi anlamina gelmektedir. Bu hiz, saha uygulamalari i¢in yeterli goriilmektedir.

— - Kaplama
Hasarsiz Hasari

Catlak

Sekil 6. Ger¢ek zamanli hasar tespiti sisteminden ekran goriintiisii

Ayrica, model c¢iktilart site yOnetimiyle paylasilarak dogruluk kontrolii yapilmis ve %91 oraninda
dogrulayici gozlemler ile uyumlu sonuglar alinmistir.

IV. TARTISMA

Elde edilen sonuglar, dronelar aracilifiyla alinan goriintillerden anlamli hasar tespitlerinin yiiksek
dogrulukla yapilabilecegini gostermektedir. Ancak bazi smiflar arasi gorsel Ortiisme, smiflandirma
hatalarina neden olmustur. Bu durumun, daha fazla veri ile dengelenmis sinif rnekleri ve ¢oklu spektrum
(termal, IR) verilerinin dahil edilmesiyle gelistirilebilecegi 6ngdriilmektedir.

Ayrica, bazi ¢ati tiirlerinin yapisal olarak farklilik gostermesi, modelin genelleme kapasitesini zorlamstir.
Ilerleyen ¢alismalarda mimari cesitliligi artirmak amaciyla farkli gat1 gruplarindan gériintii toplanmasi
planlanmaktadir.

V. SONUCLAR

Bu calisma kapsaminda, bir golgedeki cati yiizeylerinden drone araciligiyla goriintiiler toplanmis; bu
goriintiilerden ytiiksek kaliteli, etiketli bir veri seti olugturulmus ve gercek zamanli cat1 hasar tespiti igin
derin 6grenme tabanli bir sistem gelistirilmistir.

Gelistirilen sistem;

. Gerg¢ek zamanl calisabilen,
. Dort farkli hasar tiirtinli basartyla ayirt edebilen,
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. Genis alanlarda manuel denetime gerek kalmadan hizli miidahale yapilmasini saglayan

bir ¢oziim sunmaktadir. Uygulama sonuglari, sistemin mahalle gibi genis yapilarda etkili bir bicimde
kullanilabilecegini ve bakim siire¢lerinin dijitallestirilmesinde 6nemli rol oynayabilecegini gostermistir.

Gelecek calismalarda, termal goriintiilerle desteklenen ¢oklu model yaklagimlarinin denenmesi, farkli
cografyalardan alinan ¢at1 tiplerinin dahil edilmesi ve drone goriintiilerinin otomatik GPS eslemesi ile
haritalanmas1 planlanmaktadir. Bu sayede sistem, daha kapsamli bir hasar izleme ve yonetim platformuna
dontstiiriilebilecektir.
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Abstract — As global attention to environmental sustainability intensifies, more stringent regulations are
being enforced to minimize the ecological footprint of internal combustion engines. This has accelerated
the shift away from conventional fossil fuels, particularly diesel, and fostered research into cleaner
alternatives. Among these, hydrogen stands out as a promising candidate for use in diesel engines due to
its favorable combustion properties and emission reduction potential. This study presents a simulation-
based analysis of the effects of intake air temperature on combustion and emissions in a diesel engine
operating with a hydrogen-diesel dual-fuel blend. A single-cylinder, four-stroke, water-cooled, naturally
aspirated diesel engine was modeled using Ricardo Wave software and validated against experimental
data. After validation, simulations were performed using a fuel mixture consisting of 30% hydrogen and
70% diesel by mass, while maintaining a constant total fuel mass. The effects of three intake air
temperatures (300 K, 320K, and 340K) on engine behavior were examined. Results showed that
increasing intake temperature led to a rise in in-cylinder pressure by approximately 0.60 bar and an earlier
occurrence of peak pressure, indicating enhanced combustion. However, higher intake temperatures also
resulted in increased emissions: nitrogen oxides (NOx) by 26.7%, carbon monoxide (CO) by 149.7%, and
hydrocarbon (HC) by 12.1%. These increases were attributed to elevated in-cylinder temperatures and
changed oxidation dynamics. The findings highlight the critical role of intake air temperature
management in optimizing performance while minimizing emissions in hydrogen-assisted diesel engines.

Keywords — Dual Fuel, Hydrogen Addition, Injection Start, Intake Temperature.

LINTRODUCTION

In recent years, rising average air temperatures have drawn increased attention to the effects of climate
change. This growing awareness, combined with the gradual depletion of fossil fuel reserves, has made
sustainability transformations inevitable in many sectors that rely on fossil fuels. Pollutants such as
carbon emissions, nitrogen oxides (NOx), and hydrocarbons (HC) from internal combustion engines pose
significant threats to both the environment and human health. As a result, many countries are imposing
strict regulations on fossil fuel-powered vehicles and are turning toward cleaner fuel alternatives.
Although diesel engines are still preferred in many fields due to their high torque output and efficiency,
their high emission levels have brought their future viability into question [1].

Diesel engines play a key role in daily life due to their high thermal efficiency, durability, and low fuel
consumption. However, since they operate with carbon-based fuels, they emit significant amounts of
carbon dioxide (CO:). Additionally, emissions of harmful components such as nitrogen oxides and
hydrocarbons present serious environmental drawbacks [2]. The use of alternative fuels is necessary not
only to mitigate these disadvantages but also to avoid an abrupt abandonment of the existing
infrastructure.
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Within this framework, hydrogen stands out as a promising alternative fuel due to its carbon-free nature,
high flame speed, and the fact that it produces only water vapor as a combustion product. The use of
hydrogen in diesel engines presents an effective transitional solution to reduce emissions while
maintaining compatibility with current systems.

Pan et al. studied diesel engines experimentally to investigate the effects of intake temperature and
methanol addition on engine performance and emissions. They used a 6-cylinder turbocharged heavy-
duty engine under constant load at 1500 rpm with port methanol injection. Lower intake temperature
decreased indicated thermal efficiency and exhaust gas temperature and increased ignition delay, leading
to later combustion and lower cylinder pressures. Methanol addition significantly reduced NO and soot
emissions, while NO», CO, and HC emissions increased. Increasing intake temperature reduced NO2, HC,
and CO emissions but increased NO and soot emissions [3].

Kim et al. conducted both experimental and numerical studies on biodiesel-fueled engines to investigate
the effects of intake air temperature on combustion performance and exhaust emissions. In the study,
intake air temperatures of 280 K, 290 K, and 310 K were used. As the intake temperature increased, in-
cylinder pressure, heat release rate, as well as NO,, CO, and HC emissions generally showed an
increasing trend [4].

Ibrahim and Ramesh conducted an experimental study on a single-cylinder diesel engine to investigate
the effects of intake air temperature on combustion performance and exhaust emissions. The study
utilized intake air temperatures of 380 K, 390 K, and 400 K. As the intake temperature increased, both in-
cylinder pressure and heat release rate generally exhibited an increasing trend [5].

Khaifullizan et al. conducted an experimental study investigating the effects of intake air temperature on
automobile engine performance and fuel consumption. Tests were carried out at different intake air
temperatures ranging from 305 K to 340 K. They observed that as the intake air temperature increased,
fuel consumption decreased [6].

Cmar et al. conducted an experimental study on HCCI engines investigating the effects of intake air
temperature on cylinder pressure, cumulative heat release, and combustion initiation. They used a fuel
blend of 20% n-heptane and 80% iso-octane at 1200 rpm and intake temperatures between 40°C and
120°C. Their results showed that increasing intake temperature raised cylinder pressure and cumulative
heat release. CO and HC emissions increased up to 90°C and then started to decrease. NO emissions
increased at 100°C and 120°C intake temperatures [7].

Abd-Alla et al. conducted an experimental study on a dual-fuel engine using a diesel-methane blend,
investigating the effects of Exhaust Gas Recirculation (EGR) and intake air temperature on combustion
and emissions. They found that as the intake air temperature increased, emissions showed an increasing
trend up to a certain point [8].

This study aims to contribute to the literature by analyzing the performance and emission behavior of a
hydrogen-diesel dual-fuel engine under varying intake air temperatures, including its potential advantages
and disadvantages. In this study, an experimental diesel engine was modeled in a virtual environment
using Ricardo Wave software, and characteristic engine curves such as cylinder pressure and heat release
rate were obtained. The compatibility of these characteristic curves was discussed, and the model was
validated accordingly. After validation, the fuel composition was altered to consist of 30% hydrogen and
70% diesel. Subsequently, reasonable intake air temperature values were selected, and combustion
analysis was performed under these conditions. The resulting data were evaluated to examine the effects
on combustion characteristics and emissions. Additionally, the insights presented here are intended to
offer a fresh perspective to researchers and developers working in this field.

II.LMATERIALS AND METHOD

The experimental work was carried out using a diesel engine at the Engine Test Laboratory of Gazi
University, Department of Automotive Engineering. The simulation study was performed by creating a
model of the single-cylinder diesel engine in Ricardo Wave. Experimental and numerical data were
compared to validating the model. Following the successful validation, hydrogen was added to the
Ricardo Wave model. For the hydrogen-enriched model, changes in intake air temperatures were applied,
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and cylinder pressure, heat release, and emission data were obtained and plotted. These graphs were used
to evaluate engine performance and exhaust emissions. The experimental setup used in this study is

shown in Figure 1.

" Fusl Suply Line

A. Test Engine

The experimental engine is a single-cylinder, water-cooled, naturally aspirated engine.

CANHIGH

CANHIGH

Fig. 1 Schematic of experimental setup

specifications of the engine are given in Table 1.

B. Simulation

Table 1. Experimental engine specifications

Experiment Engine

Antor AD510 BS

Engine Type

Diesel Engine

Number of cylinders

1

Cylinder diameter 85 mm
Course duration 90 mm
Connecting rod length 145 mm
Cylinder volume 510 cm?
Compression ratio 17.8:1
Engine speed 2000 rpm
Injection pressure 650 bars
Start of injection ATDC 16°CA
Closure of the intake valve 230°
Opening the exhaust valve 140°
Exhaust valve closure 370°

12000

1-Fuel Cooler
2- Fuel Quantity Control Valve
3-Fuel Tank
4-Electric motor
5-Coupling
6-High Pressure Fuel Pump
7-Pressure Control Module
8-Fuel Quantity Control Actuator
9- Safety Valve
10-Fuel Line
11-Fuel Line Pressure Sensor
12-Emission Analyzer
13-Exhaust
14- Pressure Sensor
15-Diesel Injector
16-Air Flow Meter
17-Injection Module
18- Diesel Injection Driver
19-Cooling System
20-Test Engine
21-Dynamometer
22-Data Acquisition
23-Computer
24-Control Module
25,26,27,28-Termocouple

The technical

The simulation model created in Ricardo Wave consists of an injector, cylinder, intake valve, exhaust
valve, engine block, four channels, and intake and exhaust air flows. A two-zone thermodynamic state
model was employed for the cylinder in the simulation. A multi-component, multi-fuel Wiebe combustion
sub-model was used for the multi-fuel combustion, and the Woschni model was applied for heat transfer.

48



C. Validation

One of the fundamental prerequisites in numerical investigations is the validation of the simulation
model against experimental data prior to conducting further analyses. In this study, the validation process
was carried out using pressure-crank angle graphs, and the simulation results demonstrated a close
agreement with the experimental data, exhibiting only a minimal margin of error.

120
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Pressure (bar)
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-50 -30 -10 10 30 50 70
Crank Angle (deg)

Numerical Experimental

Fig. 2 Validation process

Table 2. Validation conditions

Intake air temperature 300K
Engine speed 2000 rpm
Injection pressure 650 bars
Start of injection 16°CA bTDC
Amount of fuel injected 20,5 mg/cycle
Connecting rod length 145 mm
Compression ratio 17.8:1
Spray angle 77°
Injection duration 8,25°CA

IIT. RESULTS AND DISCUSSION

This section investigates the effects of intake air temperatures on combustion characteristics and
emissions in a single-cylinder dual-fuel diesel-hydrogen engine. After validating the experimental data
with Ricardo Wave, analyses were conducted at intake temperatures of 300K, 320K, and 340K with a fuel
blend containing 30% hydrogen. Changes in intake air temperature significantly affect engine and
combustion characteristics, especially in dual-fuel engines.

As seen in Figures 3 and 4, increasing intake air temperature resulted in an increase in maximum
cylinder pressure and heat release rate. The highest cylinder pressure was approximately 89.7 bar (5°CA
after TDC) at 340K intake temperature, while the lowest was approximately 89.13 bar (6.1°CA after
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TDC) at 300K. Comparing the original (300K) and highest intake temperature (340K), the peak pressure
occurred 1.1°CA earlier at 340K. The heat release graph shows higher energy release at 340K, with a
maximum heat release rate of 111.22 J/°CA (3.59°CA before TDC). The lowest maximum heat release
rate of 109.97 J/°CA (2.15° CA before TDC) was observed at 300K.
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Fig. 3 Intake temperature vs. pressure
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Fig. 4 Intake temperature vs. heat release rate
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The effects of intake air temperature on emission characteristics in diesel-H> engines are presented in
Figures 5, 6 and 7. Generally, as intake temperature increases, cylinder pressure and temperature rise,
causing increases in NOx, CO, and HC emissions. Increasing the proportion of hydrogen in the mixture
can lead to a reduction in CO and HC emissions due to the high degree of complete combustion that
usually occurs, but can also lead to an increase in NOx due to higher in-cylinder temperatures. However,
in this study, it is seen that while the hydrogen level is kept constant, all three emission levels tend to
increase as the increase in inlet air temperature leads to higher temperatures in the cylinder. As shown in
the emission graphs, the highest NOx values were obtained at 340K. It was observed that decreasing
intake temperature lowered NOx, CO, and HC values. NOy values were 1111.03 ppm at 300K, 1255.45
ppm at 320K, and 1407.86 ppm at 340K intake temperature. CO values were 166.53 ppm at 300K, 118.54
ppm at 320K, and 415.87 ppm at 340K. HC values were 33.1 ppm at 300K, 35.11 ppm at 320K, and 37.1
ppm at 340K. NOx decreases as intake temperature decreases because NOx formation requires high
pressure, temperature, and excess oxygen. Lower intake temperatures increase air density, providing more
oxygen that reduces CO formation. Increased oxygen also improves combustion, reducing HC emissions

[9].
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Fig. 5 Intake temperature vs. NOx emission
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Fig. 6 Intake temperature vs. CO emission
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Fig. 7 Intake temperature vs. HC emission

IV.CONCLUSION

In this study, the effects of intake air temperature variation on engine performance and emission
formation were investigated in a single-cylinder diesel engine. The experimental engine was modeled
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using Ricardo Wave software. Then, the simulation model was validated by comparing the data obtained
from both experimental and simulated engines. Instead of using 100% diesel fuel, a diesel-hydrogen
blend containing 30% hydrogen by mass was employed for the continued analysis. The in-cylinder
pressure increased by approximately 0.60 bar and caused the peak pressure to shift earlier in the cycle.
The results demonstrated a clear correlation between increased intake air temperature and elevated
emission levels. Specifically, as the intake temperature rose from 300K to 340K, NOx emissions
increased by approximately 26.7% (from 1111.03 ppm to 1407.86 ppm), CO emissions rose by 149.7%
(from 166.53 ppm to 415.87 ppm), and HC emissions increased by 12.1% (from 33.1 ppm to 37.1 ppm).
These trends can be attributed to higher in-cylinder temperatures resulting from elevated intake air
temperatures, which promote NOx formation and, under certain conditions, may also inhibit complete
oxidation of fuel, leading to increased CO and HC emissions. This study highlights the critical role of
intake temperature management in optimizing emissions performance in dual-fuel diesel-hydrogen
engines.
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Abstract — Background: Dance-based activities are known to improve both physical and cognitive
performance due to their integration of complex motor tasks and attentional demands. However, the extent
to which balance, functional mobility, and executive function are interrelated in recreational dancers
remains underexplored.

Objective: This study aimed to investigate the relationships between functional mobility, dynamic balance,
and executive cognitive performance in a sample of amateur dancers.

Methods: Thirty-five amateur dancers (21 females, 14 males; mean age: 28.68 + 6.54 years) participated in
this cross-sectional study. Functional mobility was evaluated using the Sitting-Rising Test (SRT), dynamic
balance was assessed via the Y-Balance Test (YBT), and executive function was measured through a
computerized Stroop Color-Word Test. Anthropometric data including height, weight, and BMI were also
collected. Pearson correlation coefficients were calculated to examine associations among variables.
Results: Significant positive correlations were found between SRT scores and YBT reach distances in all
three directions (anterior, posteromedial, posterolateral), as well as total composite scores (p < 0.01).
However, Stroop test performance (response time, errors) did not show significant relationships with either
SRT or YBT scores (p > 0.05). Height and weight were negatively correlated with YBT scores, indicating
that greater body dimensions may adversely affect balance performance.

Conclusion: Findings suggest a strong relationship between functional mobility and dynamic balance in
amateur dancers, but no significant link between physical and executive cognitive performance. These
results emphasize the importance of incorporating cognitively challenging components into physical
training programs to achieve dual-domain benefits.

Keywords — Dance Training, Balance, Functional Mobility, Executive Function, Stroop Test, Y-Balance Test.

I. INTRODUCTION

Dance is a multifaceted physical activity that requires coordination, rhythm, balance, and often cognitive
engagement. Unlike many other forms of exercise, dance training incorporates complex movement patterns
that challenge both neuromuscular and cognitive systems through continuous sensorimotor feedback and
dual-task demands. Accumulating evidence suggests that dance-based activities can improve postural
control, dynamic balance, and even executive functions such as cognitive flexibility, attention, and
inhibitory control, especially in aging and neurologically healthy populations (1, 2).

Functional movement capacity and balance are vital components of physical fitness, often assessed
through standardized tools such as the Sitting-Rising Test (SRT) and the Y-Balance Test (YBT). The SRT
is a simple yet powerful field test that evaluates musculoskeletal fitness and predicts overall mortality,
mobility limitations, and fall risk (3). The YBT, on the other hand, is a dynamic balance test that challenges

54



https://as-proceeding.com/index.php/icsis/home

unilateral stance control across multiple planes and is widely used in clinical and athletic settings to assess
postural stability and injury susceptibility (4).

While physical fitness and balance are essential, cognitive processes—particularly executive functions—
play a critical role in maintaining stability during complex tasks. Executive functions encompass skills such
as inhibition, working memory, and task switching, which are typically assessed using neuropsychological
tools like the Stroop Color-Word Test (SCWT). The SCWT is widely recognized for evaluating cognitive
inhibition and attention control, both of which are essential for real-world multitasking and motor planning
(5). However, findings regarding the interplay between motor and cognitive domains in healthy active
adults remain mixed. Some studies have shown that motor-cognitive dual-task paradigms can enhance
executive function (6), whereas others suggest limited transfer effects unless cognitive load is explicitly
integrated into training protocols (7).

A growing body of literature emphasizes the benefits of cognitively enriched physical interventions. For
instance, interventions that combine physical movement with executive task demands—such as interactive
video games, virtual reality dance programs, and stepping games with Stroop-like cognitive stimuli—have
shown improvements in both domains, particularly in older adults (8, 9). Nonetheless, research on younger
or recreationally active populations such as amateur dancers remains scarce.

In addition to neuromotor and cognitive factors, anthropometric variables such as body height, weight,
and body mass index (BMI) may influence performance on balance and mobility tests. Taller individuals,
for example, often exhibit higher centers of mass, which can challenge postural control and result in lower
YBT scores (10).

Given these multidimensional relationships, the aim of the present study is to explore the associations
between functional mobility (SRT), dynamic balance (YBT), and executive cognitive function (SCWT) in
a sample of amateur dancers. Furthermore, this study investigates whether anthropometric characteristics
such as height, weight, and BMI correlate with performance on these physical and cognitive assessments.
Understanding these associations may inform the design of targeted dance-based training programs that
concurrently optimize physical and cognitive outcomes.

II. MATERIALS AND METHOD

Participants

This study included 35 amateur dancers (21 females, 14 males) aged between 19 and 45 years (mean age
= 28.68 £ 6.54 years), who were actively engaged in recreational dance training for at least six months. All
participants reported no history of musculoskeletal, neurological, or balance-related disorders and were free
of any acute injuries at the time of testing. Prior to data collection, informed consent was obtained from all
participants in accordance with ethical standards for human research. Describe in detail the materials and
methods used when conducting the study. The citations you make from different sources must be given and
referenced in references.

Instruments and Measures

Demographic Information

Participants' age (years), height (cm), weight (kg), and body mass index (BMI, kg/m?) were recorded
prior to the functional and cognitive assessments. BMI was calculated using the standard formula: weight
divided by height squared (kg/m?).

Sitting-Rising Test

The Sitting-Rising Test is a simple yet valid tool used to assess musculoskeletal fitness, combining
aspects of flexibility, lower limb strength, balance, and coordination. Participants were instructed to sit and
then rise from the floor using the least amount of support (hands, knees, etc.) possible. The total score
ranges from 0 to 10, with deductions of 0.5 points for each support used (e.g., hand or knee). A score of 10
indicates optimal musculoskeletal function. The SRT has been shown to predict fall risk and overall
functional mobility in both active and sedentary populations (11).
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Y-Balance Test

The Y-Balance Test is a dynamic balance assessment tool designed to evaluate an individual’s postural
control in three directions: anterior, posteromedial, and posterolateral. While standing on one leg on a
central platform, the participant is asked to reach as far as possible in each direction with the free leg,
without losing balance or shifting the stance foot. Each leg was tested, and three trials were recorded per
direction. Reach distances were normalized to leg length, and a composite score was calculated as:

(Anterior + Posteromedial + Posterolateral) / (3 x limb length) x 100

The YBT is a reliable measure of neuromuscular control and has been widely used in athletic and clinical
populations to identify asymmetries and predict injury risk (4).

Stroop Color-Word Test

The Stroop Test is a well-established neuropsychological measure used to assess selective attention,
cognitive flexibility, processing speed, and inhibitory control—key components of executive functioning.
In this study, a digital version of the SCWT was administered. Participants were asked to name the color
of the font in which incongruent color words were written (e.g., the word "BLUE" written in red ink). The
task challenges the participant to suppress the automatic process of reading in favor of naming the ink color.
The main outcomes recorded were total response time (in seconds), number of errors, and number of
corrections. The test has demonstrated strong validity and sensitivity in assessing cognitive control across
both healthy and clinical populations (5).

Table 1. Demographic information and mean scores of the questionnaires

Minimum | Maximum Mean Sj[d" Skewness | Kurtosis
Deviation

Age 19.00 45.00 28.69 6.54 .817 .326
Weight 47.40 84.50 66.02 9.02 .065 -317
Height 157.10 187.10 171.17 7.68 115 -.738
BMI 17.99 26.39 22.49 2.30 -.144 -1.006
SRT 6.50 10.00 8.64 0.96 .070 -.828
Anterior 83.10 106.50 93.80 5.77 457 -.340
. Posteromedial 126.50 158.20 139.84 9.04 .385 -.847
e | Posterolateral 123.40 154.00 137.35 8.30 187 -.962
> | Total Score 112.97 137.37 123.66 7.29 .280 -1.015
. Total Error 0.00 4.00 1.54 1.01 .694 455
= | Correction 0.00 2.00 0.49 0.66 1.039 .022
% | Total time (sec) 74.31 117.92 | 99.87 9.64 -395 248

SCWT: The Stroop Color-Word Test, SRT: The Sitting-Rising Test, YBT: Y-Balance Test

III. RESULTS

The mean age of 35 amateur dancers participating in this study was 28.68 + 6.54 years, mean height was
171.17 £ 7.67 cm, mean body weight was 66.02 + 9.02 kg and mean BMI was 22.48 &+ 2.30. The mean
score of the SRT, which evaluated the physical performance of the participants, was 8.64 + 0.96, and the
total score of the Y-Balance test was 123.66 + 7.29. The mean duration of the SCWT was 99.87 + 9.64
seconds. According to the correlation analysis, significant and positive correlations were found between
the SRT scores and the sub-dimensions of the Y-Balance test (Anterior: r=0.529, p =0.001; Posteromedial:
r=0.652, p <0.001; Posterolateral: r = 0.487, p = 0.003; Total score: r = 0.594, p <0.001). These findings
indicate that there is a strong relationship between functional movement ability and balance skills. The sub-
dimensions of the Y-Balance test also showed a high correlation among themselves (r > 0.82, p < 0.001),
suggesting that the aspects reflect similar physical competences. On the other hand, there was no
statistically significant correlation between total Stroop test time and physical performance tests (p > 0.05).
Anthropometric measurements such as height and weight were negatively and significantly correlated with
the YBT scores. In particular, the correlation between height and YBT total score was quite high (r = -
0.921, p <0.001). This suggests that body height may negatively affect balance performance. Age and BMI
variables were not found to have a significant relationship with test performances in general.
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Table 2. Correlation of demographic information of amateur dancers with Sitting-Rising Test, Y-Balance Test and Stroop Test

. ‘ YBT YBT YBT YBT SCWT
Age | Weight | Height BMI SRT . Postero | Postero | Total Total
Anterior . .
medial lateral Score time
Age r 1 -.114 -.087 -.092 .012 .094 .074 -.014 .050 -.149
p 513 619 .601 ,945 591 671 937 774 394
Weight r | -.114 1 .665 755" -.290 -.697" -.601" -.660" -.683" ,174
p 513 <.001 <.001 .091 <.001 <.001 <.001 <.001 319
Height r | -.087 665" 1 .017 -.523" -.841° -.905" -.855" -921" .209
p .619 <.001 923 .001 <.001 <.001 <.001 <.001 228
BMI r | -.092 755" 017 | .061 -.195 -.012 -.139 -.109 .060
p .601 <.001 923 727 263 947 425 .533 733
SRT r 012 -.290 -.523" .061 | 529" 652" 487" .594" -.219
p 945 .091 .001 727 .001 <.001 .003 <.001 206
YBT Anterior r .094 -697° | 841" | -.195 .529" 1 .824™ .834" 921" -.285
p 591 <.001 <.001 263 .001 <.001 <.001 <.001 .097
YBT r .074 -.601" -.905" -.012 652" .824" 1 .858" 956" -.208
Posteromedial p 671 <.001 <.001 947 <.001 <.001 <.001 <.001 230
YBT r | -.014 | -.660" -.855" -.139 487" .834" .858™ 1 954" -211
Posterolateral p 937 <.001 <.001 425 .003 <.001 <.001 <.001 223
YBT Total r .050 -.683" -.921° -.109 .594" 921" 956" 954" 1 -.241
Score p 774 <.001 <.001 .533 <.001 <.001 <.001 <.001 .163
SCWT Total r | -.149 174 .209 .060 -219 -.285 -.208 -211 -.241 1
time p 394 319 228 733 206 .097 230 223 .163
SCWT: The Stroop Color-Word Test, SRT: The Sitting-Rising Test, YBT: Y-Balance Test
*p<0.05

IV.  DISCUSSION

This study aimed to examine the relationship between balance, functional mobility, and cognitive
performance among amateur dancers. The findings revealed significant and positive correlations between
the SRT, which assesses functional mobility, and all components of the YBT, which evaluates dynamic
postural control. These results are consistent with previous literature suggesting that dance training
enhances neuromuscular coordination, proprioceptive feedback, and postural strategies that are crucial for
maintaining balance (12). The strong correlations observed among the YBT subcomponents (anterior,
posteromedial, and posterolateral) further support the test's structural validity, confirming that these
directions reflect closely interrelated aspects of balance control (13).

Interestingly, anthropometric measures—particularly body height and weight—showed significant
negative correlations with YBT scores. Taller and heavier individuals tended to perform worse on balance
tasks, likely due to higher centers of mass and altered postural control demands. These findings align with
prior evidence that suggests increased body dimensions may challenge dynamic balance by affecting
stability and base of support (10).

On the other hand, no significant associations were found between SCWT performance and any physical
function measures. This indicates that executive functions such as attention, inhibition, and cognitive
flexibility may operate independently from basic motor control in this population. While some studies have
reported that long-term aerobic or dance-based exercise can positively influence cognitive functions (7),
others have highlighted that such effects may depend on the cognitive load of the task and duration of
training. For example, a recent review study emphasised that only cognitively challenging dance
interventions, not general physical activity, improved executive function in older adults (12). Importantly,
Stroop test performance—representative of executive function—did not correlate significantly with
physical outcomes. This supports an emerging consensus: while structured dance interventions can enhance
cognitive domains in older adults, such effects are contingent upon cognitive challenge and duration. For
example, a meta-analysis on older adults with mild cognitive impairment found that dance-based
interventions significantly improved global cognition, memory, visuospatial function, attention, and
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balance (14). These findings imply that general physical or functional motor skills do not automatically
transfer to cognitive benefits unless dance training includes cognitively demanding tasks.

In summary, this study supports the notion that balance and functional mobility are closely intertwined
capacities in amateur dancers, likely influenced by training-related neuromuscular adaptations. However,
the absence of a relationship between physical performance and cognitive control measures like the SCWT
suggests that improvements in motor skills do not necessarily transfer to cognitive domains. These findings
highlight the importance of designing dance training programs that simultaneously challenge both physical
and cognitive systems to achieve broader performance outcomes. This should explore the significance of
the results of the work, not repeat them. The results should be drawn together, compared with prior work
and/or theory and interpreted to present a clear step forward in scientific understanding. Combined Results
and Discussion sections comprising a list of results and individual interpretations in isolation are
particularly discouraged.

V. CONCLUSION

Findings suggest a strong relationship between functional mobility and dynamic balance in amateur
dancers, but no significant link between physical and executive cognitive performance. These results
emphasize the importance of incorporating cognitively challenging components into physical training
programs to achieve dual-domain benefits.
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Abstract — Oxygenated fuels are among the alternative fuels used to reduce carbon-based emissions
(decarbonization) in internal combustion (IC) engines. To standardize their use within conventional fuel
systems, it is necessary to improve their performance in IC engines. In this study, the effects of using
butanol and diethyl ether(DE) as oxygenated fuel additives on engine performance behavior and pollutant
formation in a diesel engine are investigated. The experiments are conducted at constant engine speed under
varying loads ranging from 10 Nm to 50 Nm. Butanol is blended at 20% by volume and DE at 10% by
volume within the diesel fuel. In this study, three fuel types are used: 100% diesel (D100), 80% diesel +
20% butanol (BUT20), and 70% diesel + 20% butanol + 10%DE (BUT20DE10). The results indicate that
the use of oxygenated butanol and DE in diesel fuel negatively affects engine performance. When the diesel
engine is operated with fuels containing butanol and butanol+DE within the specified load ranges, it leads
to increases in BSFC by 4% and 4.7%, respectively. At 40 Nm, the mixture containing butanol and DE
reduces CO emissions by up to 43%. Additionally, the use of oxygenated fuels in diesel increases NOx
emissions by an average of 35%.

Keywords — Butanol, Dimethyl Ether, Engine Performance, Emissions, Oxygenated Fuels.

I. INTRODUCTION

The increasing consumption of carbon-based fossil fuels day by day leads to both rising fuel prices and
the release of harmful pollutant gases into the environment. This situation drives research toward the use
of cleaner, renewable, cost-effective, and sustainable fuels in IC engines[ 1, 2]. Oxygenated fuels used today
are used in different fractions to reduce carbon emissions without a noticeable deterioration in engine
performance behavior [3].

CI engines are used today as proven systems in both power generation and energy production [4].
Although these engines are widely preferred, they suffer from carbon-based emissions and NOx emissions
due to their reliance on fossil-based fuels [5]. However, with technological advancements in recent years,
significant improvements such as common rail fuel systems[6], internal EGR[7] during combustion, soot
reduction systems (diesel particulate filters) [8], and SCR systems[9] have made these engines even more
attractive. Still, the use of fossil fuels results in a significant amount of greenhouse gas (GHG) emissions,
and soot emissions in particular continue to pose a serious threat to human health. Therefore, although a
full transition to alternative fuels in CI engines has not yet been achieved, diluting fossil-based fuels with
oxygenated fuels can contribute to the reduction of carbon emissions [10].

Among oxygenated alcohol fuels, butanol has a higher energy density compared to more commonly used
fuels like ethanol and methanol. Additionally, it possesses lower viscosity than short-chain alcohols. Thanks
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to its superior lubricating properties, it is well-suited for use in CI engines. Compared to ethanol, it also
exhibits lower corrosiveness, making it a more attractive alternative fuel option [11]. Butanol is also
classified as a second-generation biofuel. This is because, compared to ethanol and methanol, it is produced
from different biomass sources that result in a lower life-cycle GHG emission [12].

Studies in the literature show that diesel engines are turning to various oxygenated alternative fuels to
reduce engine emissions and improve engine behavior. For example, Costagliola et al. [13]investigated the
effects of butanol addition on emissions in a gasoline engine equipped with a port fuel injection system.
Butanol was blended with gasoline at 10% by volume, and the tests were conducted under stoichiometric
conditions. The results showed that the use of butanol produced engine emission outputs similar to those
of ethanol. Elfasakhany [14]investigated the effects of 3% and 7% butanol additions by volume on an IC
engine. The tests were conducted within an engine speed range of 2400 to 3600 rpm. The results showed
that the addition of butanol to gasoline significantly reduced carbon-based pollutants such as HC, CO, and
COz. Song et al. [15]focused on the performance of a fuel blend containing 20% monoglyme and 80%
diglyme as a cetane improver and oxygenated additive in a four-cylinder turbocharged direct-injection CI
engine. The results showed that the cetane number and oxygen-enhancing additives had significant effects
on diesel combustion and markedly reduced soot emissions. Additionally, it was reported that these fuel
additives slightly increased NOx emissions. An et al. [16]investigated the effects of fuel properties such as
oxygen concentration, C/H ratio, and cetane number on diesel combustion. The study was conducted
through simulations using the KIVA-CHEMKIN code under full load at constant engine speed. The results
showed that increasing the oxygen concentration in the fuel led to a reduction in carbon-based emissions
(CO and soot) as well as a decrease in NOx pollutants. Yeom et al. [17]conducted a study on the use of
oxygenated alternative fuels in CI engines. The research focused on the evaporation characteristics and
combustion effects of emulsified fuels. The results demonstrated that hydrogen peroxide present in the
emulsified fuel contributed to the reduction of NOx and soot emissions due to its latent heat of vaporization
and high oxygen concentration. Wei et al. [18]focused on the combustion performance of methanol/diesel
blends in a CI engine. The study was conducted on a heavy-duty diesel engine. The results showed that
increasing the methanol-to-diesel ratio led to a longer ignition delay and a shorter combustion duration.
Additionally, it was emphasized that retarding the diesel injection timing is another parameter that
contributes to extending the ignition delay. Zhang et al. [19]focused on the effects of varying methanol
content (0% to 40% by volume) in diesel fuel on combustion and emissions in a CI engine. The study was
conducted using AVL-BOOST software for simulation, and the results were validated with experimental
data. The findings revealed that while engine performance deteriorated with increasing methanol content,
the emissions improved significantly. In particular, carbon-based emissions, especially CO and soot,
showed a notable reduction as the methanol ratio increased. Zhang and Balasubramanian [20]investigated
the effect of butanol addition on engine performance when blended with a diesel-biodiesel mixture. In the
study, 20% palm oil methyl ester was used by volume in diesel fuel, and butanol was added in
concentrations ranging from 5% to 15% in 5% increments. The results showed that the blend containing
10% butanol significantly improved both BSFC and BTE. Additionally, it was reported that the soot
emissions of the butanol-containing blends were considerably lower compared to the diesel-biodiesel
mixture without butanol. In addition, several researchers have studied the effects of DE on engine
performance and emissions. For example, Subramanian and Ramesh [21]tested diesel fuel blended withDE
in the range of 0% to 15% in 5% increments. The results indicated that among the diethyl ether blends, the
best BSFC performance was achieved with the 10% DE blend.

In this study, butanol and DE were used as oxygenated fuels to improve the emission characteristics of a
CI engine operating on diesel fuel. Butanol was added to diesel at 20% by volume, while DE was added at
10%. Additionally, it is expected that the inclusion of DE would advance the start of combustion and
enhance the combustion performance of the diesel-butanol fuel blend.
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II. MATERIALS AND METHOD

In this study, the experiments were conducted on a compression ignition engine manufactured by Erin.
The Erin engine was mounted on an AC dynamometer produced by Tekzen. The AC dynamometer was
precisely controlled to adjust the engine load and speed during the tests. The technical specifications of the
Erin brand CI engine are presented below (Table 1).

Table 1. The characteristics of the Erin brand CI engine

Items Details

Engine type Water-cooled, direct injection
Cylinder number 1

Swept volume 1160 cm?

Bore x stroke diameter 108 mm x 127 mm
Compression ratio 14.6:1

Rated power @rpm 18 kW @ 2400 rpm

Rated torque @rpm 80 Nm (@ 1800 rpm

Fig. 1. Engine and dynamometer test setup

The experiments were conducted using a Tuzeks brand AC dynamometer, and the engine was loaded in
the range of 0 to 50 Nm. In addition, the engine speed was precisely maintained at 1600 rpm using the
dynamometer control system. Fuel consumption was measured by recording the volumetric change of fuel
in a burette tube with the help of a stopwatch. Based on this volume change, and using the known fuel
density, the mass flow rate of the fuel (in kg/s) was calculated. Furthermore, the oil, exhaust, and intake air
temperatures were recorded using K-type thermocouples, and the data was logged to a computer via
specialized software.

The experiments were conducted using various fuel blends under constant engine speed and variable
load conditions (ranging from 10 to 50 Nm), as illustrated in Figure 2. While diesel fuel was procured from
a local fuel station in Kirikkale, butanol and DE were obtained from a local supplier in the same region.
Before starting the measurements, the engine was operated under no-load conditions for a certain period to
allow it to reach a stable operating temperature. Once the engine oil reached the desired temperature,
measurements were initially performed using pure diesel fuel at the load and speed values specified in Table
2. Subsequently, the same diesel experiments were repeated two more times, and the average of the three
runs was used for data analysis. Following the diesel tests, the second experimental phase was carried out
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using diesel fuel blended with 10% butanol, following the same procedures as in the previous tests. In the
final set of experiments, 20% butanol and 10% DE were added to the diesel fuel, and the same testing
procedure was repeated under identical operating conditions.

Table 2. Test matrix, fuel blend ratios and abbreviations for fuels containing butanol and DE additives

No Test Test loads Diesel Butanol Diethyl Abbr.
speed ether

1 1600 I0Nm, 20Nm, 100% vol. - - DIESEL
30Nm, 40Nm
and SO0Nm

2 1600 I0Nm, 20Nm, 80% vol.  20% vol. - BUT20
30Nm, 40Nm
and 50Nm

3 1600 10Nm, 20Nm, 70% vol.  20% vol. 10% vol. BUT20DEI10
30Nm, 40Nm
and 5S0Nm

III.  RESULTS
A. Engine Performance

Figure 2a presents the changes in BSFC for diesel, diesel-butanol, and diesel-butanol-DE blended fuels.
As seen, BSFC shows a decreasing trend for all fuels as the load rises from 10 to 40 Nm. Increasing engine
load requires more fuel injection into the piston bowl, which raises the combustion temperature. This results
in more efficient combustion of the injected fuel and enables the engine to produce the required power with
less fuel. On the other hand, the addition of both butanol and butanol + DE to diesel fuel leads to an increase
in BSFC. The higher BSFC values for alcohol-blended fuels can be attributed to their lower heating
value(LHV) compared to pure diesel fuel. At 10 Nm, where the highest BSFC is recorded, the BSFC of
pure diesel fuel is 553.6 g/lkWh, while the BSFC of BUT20 and BUT20DE10 fuels increase by 2.8% and
3.4%, respectively. Over the operating range of 10-50 Nm, the BSFC of BUT20 and BUT20DE10 fuels
show increases of 4% and 4.7%, respectively, compared to diesel. When 30% of one liter of diesel is
replaced with butanol and DE, the increase in BSFC remains below 5%.
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Fig. 2. The effect of butanol and DE addition to diesel on BSFC and EGT

Figure 2b presents the variations in EGT for diesel, diesel-butanol, and diesel-butanol-DE blended fuels.
As shown, EGT increases for all fuel types as engine load rises from 10 to 50 Nm. The increase in engine
load requires more fuel to be supplied, which in turn raises the temperature of the exhaust gases.
Additionally, higher fuel supply extends the combustion duration, causing hotter gases to exit through the
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exhaust port. On the other hand, the addition of both butanol and butanol + DE to diesel fuel leads to a
reduction in EGT. The decrease in EGT for alcohol-blended fuels is mainly owing to the LHV of the blends
compared to pure diesel. When combustion occurs with a fuel that has a LHV, the combustion
temperature—and consequently the temperature of the exhaust gases—becomes lower. At 50 Nm, where
the highest EGT is recorded, the EGT for diesel fuel is 579°C, while the EGT values for BUT20 and
BUT20DE10 fuels are reduced by 1.4% and 3.9%, respectively. Over the entire operating range of 10—50
Nm, the EGT values for BUT20 and BUT20DE10 fuels show reductions of 3.3% and 3.9%, respectively,
compared to diesel fuel.

B. Engine-out Emissions

Figure 3 presents the variations in CO for diesel, diesel-butanol, and diesel-butanol-DE blended fuels.
At 10 Nm and 20 Nm engine loads, CO emissions are nearly the same for all fuel types. However, as the
engine load increases to 30 Nm, 40 Nm, and 50 Nm, a noticeable change occurs. For example, at 30 Nm,
the CO emissions of BUT20 and BUT20DE10 fuels decrease by 24.5% and 28.6%, respectively, compared
to DIESEL fuel. The highest reduction is observed at 40 Nm with BUT20DE10 fuel, reaching 43.4%. When
the engine load reaches 50 Nm, the presence of excessive fuel vapor in the combustion region—combined
with over-fueling—tends to choke the engine and disrupt combustion. This leads to a significant increase
in CO emissions. At 50 Nm, CO emissions increase by more than 100% compared to DIESEL combustion.
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Fig. 3. The effect of butanol and DE addition to diesel on CO emissions

Figure 4 presents the variations in CO; for diesel, diesel-butanol, and diesel-butanol-DE blended fuels.
Between 10 Nm and 30 Nm, no significant change is observed in CO: emissions. However, after 30 Nm,
CO: emissions tend to decrease for DIESEL fuel and increase for BUT20 and BUT20DE10 fuels. The
primary reason for the rise in CO2 emissions at 40 Nm and 50 Nm with blended fuels is the increased fuel
consumption required by BUT20 and BUT20DE10. The oxygen content of butanol and DE supports the
conversion of carbon to CO: instead of CO. However, the lower calorific values of butanol and DE lead to
higher fuel consumption. As a result, large amounts of carbon and oxygen accumulate in the combustion
region and react, causing CO: emissions to increase. At 50 Nm, where the highest CO: levels are recorded,
the CO: emissions for DIESEL, BUT20, and BUT20DE10 fuels are 5.03%, 10.6%, and 10.1%,
respectively.

Figure 5 presents the variations in HC for diesel, diesel-butanol, and diesel-butanol-DE blended fuels.
The use of butanol and DE in diesel fuel leads to an increase in HC emissions. Although butanol and DE
contain oxygen in their structure, carbon-based emissions tend to rise. The main reason for this is that these
additives reduce the heating value and viscosity of the fuel. Additionally, the higher-octane number of
butanol compared to diesel makes combustion more difficult. These factors collectively worsen the
combustion quality of butanol and DE blends and cause increased fuel consumption. As a result, carbon-
based emissions show a noticeable rise. Within the operating range of 10 Nm to 50 Nm, the HC emissions
of BUT20 and BUT20DEI10 fuels increase by an average of 10% and 38%, respectively, compared to
DIESEL combustion.
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Figure 6 presents the variations in NOx for diesel, diesel-butanol, and diesel-butanol-DE blended fuels.
NOx emissions peak between 10 Nm and 30 Nm, but show a decreasing trend for all fuel types after 30
Nm. Up to 30 Nm, the increase in oxygen content and combustion temperatures in the combustion chamber
promotes NOx formation. However, after 30 Nm, the higher amount of fuel injected into the combustion
chamber results in a richer mixture, which reduces the available oxygen and consequently leads to a
decrease in NOx emissions. The highest NOx emission is recorded at 30 Nm with the BUT20 fuel, while
the lowest NOx emission is observed at 50 Nm with the DIESEL fuel. At 30 Nm, compared to DIESEL
combustion, the NOx emissions of BUT20 and BUT20DE10 fuels increase by 27% and 14%, respectively.
At 50 Nm—where the lowest NOx emissions are recorded—the NOx emissions of BUT20 and BUT20DE10
fuels are 123% and 128% higher than DIESEL, respectively. Across the entire operating range of 10-50
Nm, the average increase in NOx emissions for BUT20 and BUT20DE10 compared to DIESEL is 36% and
34.8%, respectively.
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Fig. 6. The effect of butanol and DE addition to diesel on NOx emissions
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IV.  CONCLUSION

In this experimental study, the integration of oxygenated fuels into diesel engine operation was
investigated using different blend ratios on a single-cylinder Erin brand CI engine. The tests were conducted
at varying load conditions (from 10 to 50 Nm) and a constant engine speed of 1600 rpm to examine engine
performance behaviour and emission output. In addition to 100% diesel (DIESEL) fuel, oxygenated fuel
blends consisting of 20% butanol (BUT20) and 10% diethyl ether (DE10) were used for comparison. The
main findings are presented below in bullet points.

e The addition of oxygenated fuels to diesel increases the BSFC. The use of 20% butanol increases
BSFC by up to 5.5% at 50 Nm, while the addition of DE to the diesel-butanol blend results in a
2.9% increase in BSFC at the same load. However, when evaluated across the specified load range,
the use of butanol + DE leads to a greater increase in BSFC compared to using butanol alone.

e Both butanol and the butanol + DE blend reduce the EGT. While the addition of butanol alone
reduces EGT by an average of 3%, the inclusion of 10% DE in the diesel-butanol blend results in
an average EGT reduction of 3.9%.

e The low calorific value, high octane number, and vapor pressure of butanol and DE contribute to
the deterioration of engine performance. Furthermore, as the amount of oxygenated fuel in the
blend increases, the energy density decreases, leading to lower combustion temperatures, and
consequently, a tendency for a reduction in EGT.

e The addition of butanol and DE tends to reduce carbon-based emissions, specifically CO
emissions. However, this reduction trend is observed only up to 40 Nm. As the engine transitions
from 40 Nm to 50 Nm, the increased fuel consumption leads to the formation of richer mixtures,
resulting in a tendency for CO emissions to increase. The highest reduction in CO emissions is
recorded at 40 Nm, with a decrease of 43% using the BUT20DE10 fuel blend.

e The addition of butanol and DE also leads to an increase in CO;, HC, and NOx emissions.
Although the fuels contain oxygen, the increased fuel consumption causes more carbon-based
compounds to react, thereby increasing CO2 emissions. Furthermore, HC emissions arise due to
poor combustion conditions and lower combustion temperatures. NOx emissions, on the other
hand, increase as a result of the oxygen content in the oxygenated fuels and longer combustion
durations.
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Abstract — This study presents a detailed volumetric reassessment of the Shpirag structure in Albania’s
Ionian Zone, aimed at resolving uncertainties in prior hydrocarbon reserve estimates. Utilizing a digitized
isopach map, originally prepared by faculty at the Polytechnic University of Tirana and processed with
AutoCAD and Raster Tools, we calculated the rock volume of the oil-saturated reservoir using three distinct
methods: basic trapezoidal, multi-trapezoidal, and regression-based integration. The multi-trapezoidal and
regression methods provided consistent rock volume estimates of approximately 15.4 billion m?, compared
to 16.9 billion m?® from the basic trapezoidal method, highlighting the latter’s tendency to overestimate in
complex geometries. For the P50 (most likely) probability case, these refined volumes yielded an Original
Oil In Place (OOIP) of approximately 269—270 million m* and recoverable reserves of 80.7—80.9 million
m?®, based on porosity, saturation, and recovery factor inputs. These findings underscore the efficacy of
advanced volumetric techniques in enhancing reserve estimation accuracy for structurally complex
reservoirs, offering critical insights for future exploration and development strategies in the Shpirag field.

Keywords — Shpirag Structure, Hydrocarbon Reserves, Volumetric Evaluation, Isopach Mapping, Digitized Mapping.

I. INTRODUCTION

The Shpirag structure lies in the easternmost sector of the Berat fold belt, a broad, gently plunging
anticline within Albania’s Ionian Zone, underlain by Upper Triassic—Eocene carbonates and overlain by
Oligocene flysch—flyschoid sandstones that together form the principal reservoir and seal sequence of the
subthrust system [1, 2].

In 2001, Occidental Petroleum drilled the Shpirag 1 well to a depth of 5055 m, finding signs of oil in
both Triassic and Eocene rock layers [3]. In 2013, Petromanas Energy and Shell drilled the Shpirag 2 well
to 5553 m. This well reached a 400 m thick reservoir within an 800 m oil column. After acid treatment, it
produced 1500-2200 barrels of oil equivalent per day, including 800—1300 barrels of 35-37° API oil and
2-5 million cubic feet of gas daily, with a gas-to-oil ratio of 2500—2800 standard cubic feet per barrel, 5000
ppm H:S, and no water [4, 5]. A 30-day pressure test confirmed light oil in a highly fractured carbonate
reservoir. However, later wells (Shpirag 3, 4, and 5, drilled by Shell from 2016 to 2023) failed to produce
commercial flow rates, leading Shell to exit Albania in early 2024 [6].

This discrepancy between initial promise and commercial outcome underscores significant uncertainty
in the estimated recoverable volumes. Conventional volumetric assessments, reliant on simplified structural
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models and limited well control, appear insufficient to capture the complex heterogeneity and
compartmentalization likely influencing reservoir performance at Shpirag [7]. A rigorous, data-driven re-
evaluation of the in-place hydrocarbon volume is therefore critical to resolving these uncertainties and
informing future decisions.

This study presents a comprehensive volumetric reassessment of the Shpirag structure, specifically
leveraging digitized isopach mapping and statistical methods to address key limitations of prior estimates.
We focus on refining the most uncertain parameter in the fundamental volumetric equation (OOIP =
Viock X @ X (1 — S, )/Byi1): the rock volume (Vrock) [8]. By digitizing dense structural and isopach data
across the entire anticline, we generate high-resolution spatial models of reservoir thickness and geometry.
We then systematically evaluate volume uncertainty using multiple geometric calculation scenarios
(trapezoidal, multi-trapezoidal, integral) coupled with statistical analysis of input parameters to derive
robust P90, P50, and P10 estimates of Original Oil In Place (OOIP). This approach provides a more nuanced
and probabilistically constrained understanding of the Shpirag resource base.

II. MATERIALS AND METHOD

This study is based on an isopach map of the Shpirag structure, prepared by lecturers at the Faculty of
Geology and Mining in Tirana based on internal teaching materials publicly displayed within the institution.
The map reflects a synthesis of geological studies and structural interpretations developed over several
decades, based on both regional mapping and early exploratory work in the area. The drilling of the Shpirag
1 well later served to confirm key aspects of the structure’s geometry and stratigraphy. While more recent
data from deeper wells (Shpirag 2 to Shpirag 5) remain confidential, the existing map remains a robust
basis for preliminary volumetric estimation, as such analyses prioritize the overall structural configuration
over fine-scale precision.

The isopach map was digitized using AutoCAD with Raster Tools. After georeferencing and scale
calibration, the contour lines were traced into vector format and assigned corresponding thickness values.
These digitized contours were then used to calculate the surface area of each interval, which formed the
input for volumetric calculations using both the trapezoidal method and regression-based surface—thickness
integration.

To estimate the hydrocarbon reserves using the trapezoidal method, the workflow was divided into three
main steps. First, the digitized isopach map in AutoCAD was used to construct Table 1 (page 3), linking
reservoir surface area to corresponding depth (or elevation) values.

This produced a dataset of the form S = f(7), where S is the surface area of the reservoir at a given isopach
elevation (H) and T represents the thickness of the structure. The gas—oil contact is located at approximately
4700 m, while the oil-water contact lies at 5200 m. To improve the correlation between surface area and thickness,
the full hydrocarbon-bearing interval from 4200 m to 5200 m was initially considered. However, for volumetric
calculations of oil reserves, only the oil-saturated section—from 4700 m to 5200 m—is taken into account, as this
represents the effective reservoir volume. The rock volume was calculated in three different ways:

A. From these surface-area values, the rock volume (Viock) was initially estimated using the basic
trapezoidal formula:

S11+521

Viocka = P (T1 — T11) (D)

B. However, since the geometry of the Shpirag structure is highly irregular, a more accurate
approximation was obtained using the multi-trapezoidal method, which applies the trapezoidal formula
iteratively between each pair of adjacent isopach intervals. This approach allows for smoother integration
across the structure’s full thickness and avoids oversimplifying its shape.
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Si+S;
Viocks = izillTH * (Ti+1 - Ti) (2)

C. To further refine the volume estimate, the relationship between surface area and thickness was
analyzed and fitted using regression techniques. A continuous function S = S(7) was derived based on the
distribution of points, and volume was calculated through definite integration:

T;
Viocke = lezll S(Tdr (3)

To establish the relationship between surface area and reservoir thickness, a regression analysis was
performed using the least squares method. Several polynomial functions of varying degrees were tested to
approximate the correlation S = f(T), and the function with the highest coefficient of determination (R?)
was selected for volume integration. Although surface area values from 4200 m to 5200 m were used to
improve the robustness of the correlation, only the thickness interval between 4700 m and 5200 m—
corresponding to the oil-saturated zone—was integrated to calculate the effective reservoir volume.

Table 1. Digitized isopach data from the Shpirag structure, showing elevation (H), corresponding reservoir thickness (T), and
surface area (S) at each isopach interval. The values were extracted from the AutoCAD model and used for volumetric
calculations. Source: Raziela Zema (coAuthor)

Nr I]_EIISVS;I;;SI T (Thickness) S (Isopach Sl;rface Area)
- [m] [
1 4200 0 1,310,000
2 4250 50 3,420,000
3 4300 100 6,840,000
4 4350 150 10,070,000
5 4400 200 13,300,000
6 4450 250 14,335,000
7 4500 300 15,370,000
8 4550 350 16,635,000
9 4600 400 17,900,000
10 4650 450 19,115,000
11 4700 500 20,330,000
12 4750 550 21,910,000
13 4800 600 23,490,000
14 4850 650 25,675,000
15 4900 700 27,860,000
16 4950 750 29,480,000
17 5000 800 31,100,000
18 5050 850 33,240,000
19 5100 900 38,620,000
20 5150 950 43,220,000
21 5200 1000 47,110,000

Once the rock volume was determined using three different methods, the geological reserves—equivalent
to the Original Oil In Place (OOIP) for this unexploited structure—and the recoverable reserves were
calculated using the following standard formulas:
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ViockX® X (1= Sy;i)
Boii “)

Geological Reserves = OOIP =

Recoverable Reserves = QOIP & = VT"C"X(I)BX (= Swi) ¢ (5)
oil

Where:

Viock — volume of the oil saturated rock;
¢ — rock porosity;

Swi — initial water saturation;

B,;; — oil formation volume factor;

€ - recovery factor;

Porosity, saturation, and formation volume factor values were selected based on available laboratory and
geophysical data, and classified by confidence levels for probabilistic reserve estimation. For instance,
porosity was taken as 2%, 3%, and 4% for P90, P50, and P10 cases, respectively. The recovery factor (&)
was assigned by analogy with similar carbonate reservoirs, accounting for oil type, reservoir drive,

permeability, and other key production characteristics. The full set of input parameters is presented in Table
2.

Table 2. Input parameters by probability case used for OOIP and recoverable reserve estimations.

Probability Case Reservoir | Oil Saturation Oil Formation Recovery
Porosity (¢) (1 - Swi) Volume Factor (§) | Factor (g)
High (P90) 2% 65% 1.05 0.25
Most Likely (P50) 3% 70% 1.20 0.30
Low (P10) 4% 75% 1.25 0.40

III. RESULTS

- AutoCAD map and model:

The digitized isopach map of the Shpirag structure, developed using AutoCAD and Raster Tools, is
presented in Figure 1. The original map—prepared by faculty staff—displays full 100-meter isopach
intervals between 4200 m and 5200 m. However, AutoCAD’s interpolation capabilities were used to
generate intermediate surfaces at 50-meter intervals, which enabled more refined volumetric calculations.
These interpolated values were used to construct the surface—thickness dataset presented in Table 1.
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Figure 1. Digitized isopach map of the Shpirag structure, developed using AutoCAD and Raster Tools.

A simplified 3D model of the structure was also developed in AutoCAD to visually represent the
geometry of the reservoir (see Figure 2). The model clearly illustrates the overall anticlinal configuration
and helps visualize the hydrocarbon distribution. The gas—oil contact (GOC) is observed at approximately
4700 m, while the oil-water contact (OWC) lies at around 5200 m—both of which are distinguishable in
the model and map.

Figure 2. Simplified 3D structural model of the Shpirag reservoir created in AutoCAD

While the 3D model is not intended to serve as a detailed geological simulation, it effectively supports
the interpretation of the structure's geometry and provides spatial context for the volumetric methods
applied.
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- Rock volumes calculation:
According to the trapezoidal method, the rock volume was calculated as follows:

Si1 + Sy 20,330,000m?2 + 47,110,000m?
Viooka =——— * (T —T11) = 5 * (1000m — 500m)

= 16,860,000,000 m?

According to the multi-trapezoidal method, the rock volume was calculated as shown in Table 3:

Table 3. Rock volume calculation using the multi-trapezoidal method.

) Interval Thickness | Interval Volume
Him] | T[m]| S[m] ] ]
4700 | 500 | 20,330,000 - -
4750 | 550 |21,910,000 50 1,056,000,000
4800 | 600 | 23,490,000 50 1,135,000,000
4850 | 650 | 25,675,000 50 1,229,125,000
4900 | 700 | 27,860,000 50 1,338,375,000
4950 | 750 | 29,480,000 50 1,433,500,000
5000 | 800 | 31,100,000 50 1,514,500,000
5050 | 850 | 33,240,000 50 1,743,000,000
5100 | 900 | 38,620,000 50 2,046,000,000
5150 | 950 | 43,220,000 50 2,258,250,000
5200 | 1000 | 47,110,000 50 2,470,500,000
| Total 15,415,750,000

21

S+ S;
Viocks = z lTH-l * (Ti+1 — Ti) = 15,415,750,000 m3
i=11

By applying numerical approximation methods, specifically the method of least squares, we obtain:
a) Linerar regression: S(T)=2.359x10%4+3.912x10*T (R?=0.9652);

1e7 Polynomial Regression Degree 1

x Data x
—— Poly Deg 1 (R?=0.9652)

0 200 400 600 800 1000
T

Figure 3. Linear Fitting of S(T).
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b) Quadratic regression: S(T)=4.464x10%+2.583x10*T+1.329x10"-T?  (R?=0.9733);

187 Polynomial Regression Degree 2
x Data x
—— Poly Deg 2 (R=0.9733)

L L i . L L
0 200 400 600 800 1000
T

Figure 4. Quadratic Fitting of S(T).

¢) Cubic regression: S(T)=7.569x10°+7.660x10*T—1.168x10%-T?+8.672x102-T> (R*=0.9973);

1e7 Polynomial Regression Degree 3

x Data
—— Poly Deg 3 (R7=0.9973)

L L i i L
[v] 200 400 600 800 1000
T

Figure 5. Cubic Fitting of S(T).

d) Quartic regression: S(T)=7.704x10°+7.626x10*T—1.151x10>-T?+8.411x1072-T*+1.305x10°¢-T*
(R?=0.99734, slightly better that cubic regression);

1e7 Polynomial Regression Degree 4

x Data
—— Poly Deg 4 (R?=0.9973)

o] 200 400 600 800 1000
T

Figure 6. Quartic Fitting of S(T).
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e) Power regression: S(T)=1.852x10°-T%7"* (R?=0.9395);

le7 Power Law Fit

x Data x
—— Power Law (R?=0.9395)

200 400 600 800 1000
T

Figure 7. Power Law Fitting of S(T).

f) Exponential regression: S(T)=5.090x10°-¢%0024T (R2=(.8351);

1e7 Exponential Fit

[ x Data
—— Exponential (R*=0.8351)

0 200 400 600 800 1000
T

Figure 8. Exponential Fitting of S(T).

g) Logaritmic regression: S(T)=1.292x10"-In(T)—5.495x107 (R?=0.8038);

1e7 Logarithmic Fit

x Data x
—— Logarithmic (R?=0.8038)

200 400 600 800 1000
T

Figure 9. Logaritmic Fitting of S(T).
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Among the various models tested for fitting the function S(T), including linear, quadratic, cubic, quartic,
power law, exponential, and logarithmic forms, the quartic regression model (4th-degree polynomial)
demonstrated the best performance. With an R? value of 0.9973, it provided an excellent fit to the data,
capturing both the general trend and subtle nonlinear variations across the full thickness range. While the
cubic model yielded a similar R?, the quartic regression offered slightly improved accuracy, particularly in

the higher range of T. Therefore, the quartic model was selected as the most appropriate representation of
S(T) for this dataset.

1000
mGcf (7.704 x 10° 4+ 7.626 x 10* - T — 1.151 X 10% - T2 + 8.411 x 1072 - T3
500

+1.305 % 107¢-T* ) dT = 15,377,991,663m3

- Reserves Calculation:

For all three rock volumes that where calculated now we have calculated the geological and recoverable
reserves.

Table 4. Geological and Recoverable reserves based on the rock volume calculated by the trapezoidal method.

Parameter P90 P50 P10
Rock Volume A (m?) 16,860,000,000 | 16,860,000,000 | 16,860,000,000
Oil Saturation (%) 65 70 75
Porosity ¢ (%) 2 3 4
Oil Formation Volume Factor 1.05 12 105
(Boit)
Recovery Factor (¢) 0.25 0.3 0.4
Geological Reserves (m?) 208,742,857 295,050,000 404,640,000
Recoverable Reserves (m?) 52,185,714 88,515,000 161,856,000

Table 5. Geological and Recoverable reserves based on the rock volume calculated by the multi-trapezoidal method.

Parameter P90 P50 P10
Rock Volume B (m?) 15,415,750,000 | 15,415,750,000 | 15,415,750,000
Oil Saturation (%) 65 70 75
Porosity ¢ (%) 2 3 4
Oil Formation Volume Factor 1.05 1.2 1.25
(Boit)
Recovery Factor (&) 0.25 0.3 0.4
Geological Reserves (m?) 190,861,667 269,775,625 369,978,000
Recoverable Reserves (m?) 47,715,417 80,932,688 147,991,200
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Table 6. Geological and Recoverable reserves based on the rock volume calculated by the correlation method.

Parameter P90 P50 P10
Rock Volume C (m?) 15,377,991,663 | 15,377,991,663 | 15,377,991,663
Oil Saturation (%) 65 70 75
Porosity ¢ (%) 2 3 4
Oil Formation Volume Factor 1.05 1.2 1.25
(Boi)
Recovery Factor (¢) 0.25 0.3 0.4
Geological Reserves (m?) 190,394,182 269,114,854 369,071,800
Recoverable Reserves (m?) 47,598,546 80,734,456 147,628,720

IV.  DISCUSSION

The volumetric reassessment of the Shpirag structure demonstrates the significant impact of
methodological choices on reserve estimation in geologically complex settings. The basic trapezoidal
method, yielding a rock volume of 16.86 billion m?, appears to overestimate the reservoir’s capacity, likely
due to its inability to adequately capture the irregular anticlinal geometry of the Shpirag structure. In
contrast, the multi-trapezoidal and regression-based methods, with estimates of 15.42 billion m? and 15.38
billion m? respectively, offer more consistent and reliable results. This convergence suggests that these
advanced techniques better accommodate the spatial variability and thickness transitions observed in the
digitized isopach data, aligning with the need for precision in heterogeneous carbonate reservoirs.

The probabilistic framework employed—spanning P90 (high confidence), P50 (most likely), and P10
(low confidence) cases—further enriches the analysis by quantifying uncertainty in key parameters such as
porosity (2-4%), oil saturation (65-75%), and recovery factor (0.25-0.40). For the P50 scenario, the OOIP
ranges from 269 to 295 million m?, with recoverable reserves between 80.7 and 88.5 million m?, depending
on the volume calculation method. These estimates provide a more nuanced perspective than previous
assessments, potentially explaining the inconsistent drilling outcomes reported (e.g., Shpirag 2’s promising
flow rates versus the commercial failures of Shpirag 3, 4, and 5). The lower reserve figures from the
advanced methods may reflect compartmentalization or connectivity issues not captured in earlier models,
a hypothesis that warrants further investigation with subsurface data.

This study’s reliance on a faculty-prepared isopach map, validated by early drilling (e.g., Shpirag 1),
introduces some limitations, as more recent well data (Shpirag 2 to 5) remain confidential. While the map
provides a robust structural foundation, integrating modern well logs and seismic data could refine
thickness and porosity distributions, potentially altering the reserve estimates. Nevertheless, the
methodology showcased here—combining digitized mapping with statistical rigor—sets a valuable
precedent for reassessing legacy fields with limited public data. The implications extend beyond Shpirag,
offering a scalable approach for similar reservoirs in the Ionian Zone and informing risk assessment and
investment decisions in Albania’s hydrocarbon sector.

V. CONCLUSION

This study successfully reevaluates the hydrocarbon potential of the Shpirag structure through the
integration of digitized isopach mapping and statistical methods, delivering refined estimates of rock
volume, OOIP, and recoverable reserves. The adoption of multi-trapezoidal and regression-based
techniques, yielding rock volumes of approximately 15.4 billion m?, corrects the overestimation inherent
in the basic trapezoidal method and enhances confidence in the resulting P50 reserve figures of 269-270
million m* OOIP and 80.7-80.9 million m? recoverable. By addressing uncertainties with a probabilistic
approach, this work highlights the critical role of advanced computational tools in volumetric analysis of
complex geological structures. These findings provide a clearer, data-driven foundation for future
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exploration and development efforts at Shpirag, contributing to a more informed understanding of Albania’s
energy resources and their sustainable exploitation.
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Ozet — Siirdiiriilebilir beslenme diisiik ¢evresel etkiye sahip, bugiin ve gelecek nesiller igin saglikli bir
yasama destek sunan beslenme ve gida giivenligine katki veren beslenme bigimi olarak tanimlanmaktadir.
Siirdiiriilebilir beslenme kavarami ile ¢evre dostu beslenme aligkanliklart 6nem kazanmistir. Son raporlar
cevre dostu beslenmeyi gelecek nesiller i¢in bir zorunluluk olarak gérmektedir. Cevre dostu beslenme
aliskanliklar protein kaynaklarmin degigmesi temeline dayanmakta ve yeni protein tiirlerinin olusmasina
katki saglamaktadir. Tiiketici aliskanliklar1 ¢cevre dostu beslenmenin benimsendigini fakat yeterli etkiyi
yaratmadigimi bildirir. Yeni kilavuzlar ve diyet degislikleri ile gida israfinda azalma saglanmasi,
beslenmenin bitki bazli diyetlere doniismesi siirdiiriilebilir ¢evre dostu beslenme icin biiyiikk onem
tagimaktadir. Cevre dostu beslenme aligkanliklarint saglamak icin egitimler ve kilavuzlara ihtiyag vardir.

Anahtar Kelimeler — Siirdiilebilirlik, Cevre Dostu, Iklim, Tarim, Gelecek.

I. GIRIS

Stirdiiriilebilir ¢evre dostu beslenme aligkanliklari, bireylerin saglik ve refahimin tiim boyutlarmi
destekleyen; diisiik ¢evresel baski ve etkiye sahip, giivenli ve esitlik¢i, kolay erisilebilir ve ¢evre dostu,
optimum ve saglig1 gelistirici ve kiiltiirel olarak kabul edilebilir diyet kaliplaridir. Dogal gida kaynaklarim
korumak ve ekosistemlerin sagligint dnemsemek ic¢in cevresel, makroekonomik ve tarimsal faktorler
dikkate alinmalidir[1]. Paris iklim anlagmas1 geregincede kiiresel hayvancilikta azalma hedeflenmektedir.
Tiim bu anlagmalar ¢evre dostu beslenmeyi bir segenek degil bir zorunluluk olarak gériilmesini saglamstir.

Cevre dostu beslenme aligkanliklar kiiresel hayvancilikta azalma, sera gazi emisyonlarinin azaltilmasi,
organik gida talebinde artis, gida ile ilgili karbon ayak izinin azaltilmasi ifadelerini icerir[2]. Cevre dostu
davraniglar iizerine yapilan arastirmalarin cogu, ekolojik iirlin satin alma etrafinda donmektedir. Ekolojik
iirtin satin alma karari, diger faktorlerin yani sira ¢evre bilinci, kisisel ve sosyal degerler, organik gidalara
yonelik motivasyon veya tutumlar gibi faktorlere baghdir[3].Farkli beslenme diizenlerini siirdiiren kisiler
lizerine yapilan bir ¢alisma diger ¢evre dostu gida dis1 davramiglarda da farkli sekilde yer aldigini ve
gidalara yiiklenen anlamlarin bu tiiketim ve satin alma davramiglarinda 6nemli bir rol oynadigini
gostermektedir[4].

Stirdiiriilebilir beslenme artan niifus ile daha ¢ok Onem kazanmistir. Kiiresel sorunlarin artmasi
stiriilebilirligi desteklemek i¢in yeni protein kaynaklarini aragtirlmasini ,diyet tiirlerinde degisiklikleri
yapilmasint 6ngérmektedir[5].
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II. CEVRE DOSTU BESLENME
A. Cevre dostu beslenme aliskanliklarini tanimlamak

Cevre dostu beslenme kavrami siirdiiriilebilir beslenme anlayisini benimsetmektedir. Strdiiriilebilir
beslenme anlayis1 kiginin onceliklerine ve degerlendirme yontemlerine bagh degisiklik gdsterebilir. Fikir
birligine varilmis bir tanim1 bulunmamaktadir. Fakat Birlesmis Milletler Gida ve Tarim Orgiitii (FAO),
cevre dostu yani siirdiiriilebilir beslenmenin kapsamini 'diisiik ¢evresel etkiye sahip, gida ve beslenme
giivenligine destek sunan, mevcut olan ve gelecek nesillere saglikli bir yasami destekleyen beslenme
bicimleri' olarak tanimlamaktadir[6].Bir sistemin siirdiiriilebilir olabilmesi i¢in siirdiiriilebilirligin tiim
boyutlarinda etki olusturmasi gerekmektedir. Strdiiriilebilirlik, hem gida sisteminin uzun vadeli
stirdiiriilebilirligini hem de aclik ve yetersiz beslenmenin kiiresel yiikii, besleyici gidalara esitsiz ekonomik
erisim, ylksek gida kayb1 ve israfi oranlari, tarimsal sulama igin tath su kaynaklarinin giivencesizligi, ve
gida sistemleri ¢alisanlari i¢in esitlik sorunlarinda icermektedir[7].

Cevre dostu beslenme aligkanlinlar sunlari igermelidir;

Insanlhk icin saghkh besinler:beslenme proaktif olmali ve sindirim saghg, bagisiklik saglig1 ve saglikl
ve aktif yaslanma gibi belirli saglik ihtiyaglarini hedefleyen faydalar saglamalidir.

Gida 1srafi, gida kaybi azaltilmah

Ekonomik olarak uygulanabilmeli

Siirdiiriilebilir diyetler cesitli sosyokiiltiirel inanc¢lara ve gecmislere hitap etmelidir([8].

B. Neden Cevre Dostu Beslenme

Gida sektdriiniin diinya sera gazi liretiminin %22'sinden fazlasina neden oldugu ve kiiresel 1sinmada kilit

bir faktor oldugu yillardir bilinmektedir. Ayrica, s6z konusu etkinin %80'i yem ve nakliye dahil olmak
lizere sigir yetistiriciligi sektdriindedir [9] .Diinya niifusu 8 Hiikiimetler arasi Iklim Degisikligi Paneli
(IPCC) son yayminda "Saglikli ve siirdiiriilebilir diyetlerin tiiketimi, gida sistemlerinden kaynaklanan
emisyonlarini azaltmak ayrica saglik sonuglarini iyilestirmeye yonelik 6nemli firsatlar sunar" ifadesi kabul
edilmistir. FAO/WHO Ikinci Uluslararasi Beslenme Konferansi (ICN2) “Mevcut gida sistemleri, ile birlikte
cevresel bozulma kisitlamalar1 ve kayanak kitlig1 yasanmasina ek olarak siirdiiriilebilir olmayan iiretim ,
tiketim kaliplari, gida israfi , dengesiz gida dagilimi nedeniyle, saglikli diyetlere katki saglayan herkese
giivenli, ¢esitlendirilmis ,besin agisindan zengin en dnemlisi yeterli gida saglama konusunda giderek daha
da fazla zorlanmaktadir" ifadesini kabul etmistir[10].Bunlarin yansira Paris Iklim anlasmasi geregince
hiikiimetler i¢cin ¢evre dostu beslenme aliskanliklari bir tercih degil zorunluluk olmustur. Tarim tek basina
kiiresel tatli su cekilmelerinin yaklasik %70'ini olusturur ve su kirliligine neden olur .Ayrica arazi
doniisiimii, ormansizlagsma ve biyolojik ¢esitlilik kayb1 gibi durumlarda da biiyiik oranda (%20-30) gida
sistemleri sorumludur[10].

Yapilan bir ¢calismada bitki ve hayvan verimliligini artirmak ve gida kaybini ve israfini1 yartya indirmek,
kalict besin agigim1 her zamanki tedarik modellerine kiyasla %42'ye kadar daha diisiik emisyonla
kapatabilecegini bildirmistir. Sebze, yumurta, kdk ve yumrularin {iretimi ve ticaretinin artirilmasi,ile ise
cogu iilkede en diisiik emisyonlarla besin agigini kapatilabilecegi savunulmustur[11].

C. Gelecekte Bizi Ne Bekliyor?

Siirdiiriilebilir beslenme anlayis1 beraberinde beslenme aliskanlarinin degismesini getirir. Tiiketici algilart
lizerine yapilan bir ¢aligmada iklim degisikligine yonelik yerlesik tutumlarin, daha saglikli gida tirtinlerine
yonelik tercihlerin ve cevre dostu iriinlere yonelik toplumsal farkindaligin, satin alma ve tiiketim
davranislarini degistirmede anahtar faktorler gibi gériindiigiinii bildirilmistir[2]. Ogrenciler iizerine yapilan
bir calisma ise geri doniisiim ve ¢evre konular1 6grenciler arasinda popiiler oldugu ancak bu konularin
otesinde siirdiiriilebilirlik anlayiglart sinirli oldugunu bildirmistir[12].Bununla birlikte iklim degisikligi
konusunda bilingli bireylerin daha az siklikta kirmizi et (si8ir eti ve domuz eti) tiikettigi ve bu tiiketimin
zamanla azaldig1 bildirilmistir[ 13].
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Gida tedarikinin siirdiirtilebilirligini ve saglikliligini artirmak i¢in tiiketilen gida tiirlerini degistirilmesin de
onemi vurgulanmaktadir. Protein agisindan zengin et, balik, yumurta ,siit gibi hayvansal kaynaklar , yerine
bitkiler, mikrobiyal fermantasyon ,bocekler hiicre kiiltlirleri gibi alternatif protein kaynaklarmin
kullanilmast onerilmektedir[14].Protein kaynaklar1 igerisinde ne c¢ok Onerilen protein kaynaklari ise
bocekler, mikroalgler, hiicresel tarim proteinleridir. Fakat bunlarin kabul edilebilirligi, yogun isleme maruz
kalma sonucunda saglik i¢in faydalar1 tartisma konusudur[15]. Beslenmenin dig maliyetlerinin gercek gida
fiyatlarina dahil edilmesinin et ve diger yiiksek riskli iirtinlere olan talebi azaltabilecegini ve stirdiiriilebilir
gida tiiketimini tesvik edebilecegi One siiriilmiistiir[1].

Tiim bu sorunlar1 azaltmak icin bir dizi 6nlem plant gelistirilmis ve gelistirilmeye devam etmektedir.
Klinisyenler i¢in egitimlerin gelistirilmesi hedefi en temelde yer alir. Temelde beslenme rehberlerini
sekillendirilmesi, gida ve beslenme giivenliginin ve su gilivenliginin iyilestirilmesi, gida iiretimi ve
beslenmenin uyumlu hale getirilmesini, tedarik zincirlerinin ve gida ortamlarini optimize edilmesi ve
atiklarin azaltilmasi da bu hedeflerdendir[7].

III.  SONUC

Siirdiiriilebilir  beslenme, c¢evre dostu beslenme aliskanliklarint kazanmak giiniimiiziin temel
hedeflerindendir. Yayimlanan yonergeler bunu tesvik etmeyi ve bu konudaki arastirmalar
desteklemektedir. Cevre dostu beslenme aliskanliklara yonelik tiiketici algilar farklilik gostermekle birlikte
tilketiciler yeterli bilgi sahibi degillerdir. Gida beslenme sistemlerinin siirdiiriilebilirlige olumsuz etkisi
olduk¢a fazladir. Gida sistemlerinin olumsuz etkisini azaltmak icin onlem planlar1 gelistirilmektedir.
Temelde tiiketici aligkanliklarini degistirmek iizerine yogunlagilmaktadir. Yeni diyet modelleri ve besin
tirleri One siirlilmektedir. Bunlarin yani1 sira gida israfinda azalmalar ve beslenme degisiklikleri
stirdiiriilebilir beslenme i¢in biiyilk fayda saglamaktadir. Siirdiiriilebilir beslenme bugiiniimiiz ve
gelecegimiz icin bir tercih degil zorunluluktur. Bu zorunlulugu saglamak icin kilavuzlarin giincellenmesi
hedeflenmeli, klinisyenler bilgilendirilmelidir.
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Abstract — This paper presents an overview of horizontal well drilling, with a particular focus on its
implementation in the Patos-Marinza oilfield, Albania, one of the largest onshore heavy oil fields in
Europe. The geological and reservoir characteristics, including high oil viscosity, unconsolidated
sandstone formations, and variable permeability, make Patos-Marinza a suitable candidate for horizontal
drilling technologies. The study outlines the methodology of horizontal well construction, from trajectory
planning to completion, and compares the performance of horizontal and vertical wells. Horizontal wells
have demonstrated significantly improved productivity due to enhanced reservoir contact, delayed water
breakthrough, and reduced well count in field development. However, technical challenges remain
prominent, particularly the instability of the wellbore and the collapse of lower completion liners due to
formation-induced stress and excessive sand production. These issues are exacerbated in larger fracture
apertures, where mechanical failure has been more frequent. The paper discusses these limitations and
proposes potential solutions such as enhanced liner material selection (e.g., L80 over J55), optimised slot
design, and sidetrack drilling in failure cases. The findings underscore the importance of integrated
geomechanical modelling, tailored completion strategies, and robust well design to ensure the long-term
success and reliability of horizontal wells in complex heavy oil reservoirs.

Keywords — Horizontal Drilling, Patos-Marinza Oilfield, Sandstone Reservoirs, Liner Collapse, Well Construction
Challenges.

I. INTRODUCTION

A. Horizontal Well Drilling

Horizontal wells are considered one of the most advanced and effective methods for increasing well-
reservoir contact and improving oil recovery factors compared to vertical wells [1]. The drilling of a
horizontal well begins with the vertical section down to a specific depth called the Kick-Off Point (KOP),
continuing with a gradually curved (deviated) section approximately 90° from vertical, after which the
horizontal (lateral) section begins. It then advances within the reservoir, parallel to the productive
formation, with an approximately horizontal section until the target depth is reached [2], [3].
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Fig. 1 Trajectory of a horizontal well in the Patos-Marinza oilfield [4]

Horizontal well drilling in Albania dates back to December 2008, initiated by the operating company in
the Patos-Marinza oilfield, Bankers Petroleum, although during 1999-2004, wells with high deviation
angles were drilled in the Marinza area. The first horizontal well, 5013, was followed by further
horizontal drilling, and today there are over 880 horizontal laterals drilled in four formations (Gorani,
Driza, Marinza, and Bubullima) [4], [5].

B. Characteristics of the Patos-Marinza Oilfield

The Patos-Marinza oilfield, a multi-layered and complex reservoir, is located in the southwest of
Albania, specifically in the city of Fier [6].

Fig. 2 Location map of the Patos-Marinza heavy oil field [7]

82



It consists of terrigenous sediments where oil is accumulated in sandstone layers with thicknesses
ranging from 5-30 metres, at depths between 800-2,500 metres. The porosity ranges from 18-30%,
making the reservoir highly favourable for hydrocarbon accumulation. Permeability varies between 100-
800 mD, and since the oil is heavy with high viscosity, at ambient temperature (25°C) it ranges from
10,000-20,000 cP, and at reservoir temperature (70°C) from 100-500 cP, it also has high sulphur content.
Oil saturation is around 60-80%, which indicates high oil reserves, but the high viscosity represents a
significant challenge (8°-12°API). The oil-bearing formations (suites): Gorani, Driza, Marinza, and
Bubullima, are layered one above the other, dipping from east to west and from north to south [4], [8].
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Fig. 3 Oil-bearing formations in the Patos-Marinza field [9]

The two main formations from which over 80% of the oil is produced are Driza and Gorani, each
composed of six sub-zones, characterised by heavy and extra-heavy oil, with densities ranging from 8-
11°API (Driza) and 7-8°API (Gorani). Meanwhile, the oil in the Marinza (11-30°API) and Bubullima
(>30°API) formations is lighter and is used as a diluent in the exploitation of the Driza and Gorani
formations.

C. Effectiveness of Horizontal Wells in Increasing Oil Recovery

Although horizontal wells offer many advantages at first glance, from an economic perspective they
have a major drawback: high costs (typically twice that of a vertical well) [10]. In Albania, horizontal
drilling has proven to be sufficiently effective, as production has increased nearly tenfold compared to
vertical wells. Therefore, it can be concluded that the profit gained from the additional oil recovered by
horizontal wells surpasses their drilling costs, making horizontal wells today an innovative method for
exploiting heavy oil reservoirs.
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Fig. 4 Production performance in the Patos-Marinza field from vertical and horizontal wells [5]

The presented graph clearly shows how production trends have changed since the drilling of the first
horizontal well in December 2008 in Patos-Marinza.

° From 2004 to 2008, 100% of production came solely from vertical wells;

e In 2009, horizontal wells began contributing;

e By 2013, a significant transition had occurred: in that year, horizontal wells accounted for over
80% of total production, as indicated by the green arrow;

e  After 2013, horizontal wells have completely dominated (>90% of production).

II. MATERIALS AND METHOD

A. Advantages of Horizontal Well Drilling

e Increased production due to larger contact area with the reservoir, enabling higher oil extraction
rates in shorter periods; in Patos-Marinza, lateral lengths vary between 250-800 m [8];

e  Access to heavy and extra-heavy oil reserves that are not accessible through vertical wells;

e  Reduced sand production issues, given that the Patos-Marinza geological formations are sandstone
layers;

e  Reduced water coning issues.

B. Negative Effects

e  Significantly higher drilling costs compared to vertical drilling, depending also on depth;
e  Requires advanced drilling technology and equipment for wellbore stability;
e  Potential for sand and debris production due to greater exposure to the formation, which can
reduce the horizontal well’s lifespan, often resulting in higher long-term vertical well productivity;
e  Requires more diluent than vertical wells because:
o The geometry of the well makes it difficult to operate without reducing viscosity;
o The producing interval ends in a lateral 250-800 m long, creating challenges mainly during well
cleaning, which may lead to fluid loss into the formation;
e  Damage to the horizontal section (even complete blockage) due to [4]:
o Liner pipe corrosion caused by sand production;
o Liner collapse due to formation stress (bottom liner collapse), resulting in massive sand ingress
and eventual near-complete well shutdown;
o Liner damage caused by fracture geometry.
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C. Challenges of Horizontal Well Construction in Sandstone Reservoirs

As stated above, one of the major challenges in drilling wells in unconsolidated sandstone reservoirs
(such as in Patos-Marinza) is the collapse of the casing and the well construction due to formation stress
[11]. This means that regardless of how stable the drilling structure may be, the rock remains
unconsolidated and may collapse or create cavities at any moment. To avoid casing collapse, the entire
drilled structure is cemented. After intermediate casing cementing, the wellbore is left as open hole, and
the production liner (slotted filter-type, and the only non-cemented part of the horizontal section) is
installed.
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Fig. 5 Horizontal well drilling [12]

Bottom casing damage is closely related to the material of these pipes, as their configuration must
account for additional stresses in the near-wellbore zone caused by the formation, which affect fracture
flexibility in the liner. In the Patos-Marinza field, bottom casing failures occurred in J55-grade materials,
which did not account for such additional stresses and therefore resulted in serious damage [4], [11].

Fig. 6 Casing collapse [13]
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III.  RESULTS

Fractures themselves represent one of the most problematic aspects of well construction. At first glance,
larger fractures seem to yield higher production, but in these sandstone formations, large quantities of
sand are also produced alongside fluids, leading to the formation of liner cavities, collapse, and casing
failure. The figure below clearly shows that production from smaller fractures (0.635 mm) is lower than
that from larger fractures (3.175 mm); however, operational field experience has shown that wells with
larger fracture apertures have failed more frequently than those with smaller ones. This is directly related
to the large volumes of sand produced alongside fluids, exacerbating operational issues.
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Fig. 7 Fluid production performance by fracture aperture size in bottom casing [4] [14]

To withstand formation-induced stress, it is recommended that the horizontal liner construction be
properly designed. In Patos-Marinza, L.80 casing with specified slot sizes replaced J55 designs [4], [11].
Hence, the selection of bottom casing materials must align with the geometry and configuration of the

fracture system.

Fig. 8 Slotted casing [15]

In cases of liner damage, the best solution is to completely isolate the damaged leg and drill a second
leg, using the same vertical section of the well [11]. However, when drilling the second leg, it is crucial to
select the appropriate liner configuration, slot number, size, and geometrical shape.
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Fig. 9 Drilling of the second leg of the well [16]

IV.  DISCUSSION

The implementation of horizontal drilling in the Patos-Marinza oilfield has shown significant
advantages in enhancing oil production, especially in heavy oil-bearing sandstone formations. The lateral
sections of 250-800 metres have enabled broader reservoir exposure, increasing oil recovery rates
significantly. Howeler, despite these production benefits, the method introduces several operational and
technical challenges.

One of the most critical issues is the mechanical failure of the liner system, particularly in
unconsolidated sandstone formations. Larger fracture apertures, although initially associated with higher
production, have led to excessive sand ingress, resulting in liner damage, collapse, and eventual well
shutdown. This highlights the need for a balanced fracture design strategy, where mechanical integrity
and sand control are prioritised over immediate production gains.

Additionally, the use of low-strength materials such as J55 in bottom liners has proven insufficient
under the formation-induced stress, necessitating a shift to more robust materials like L80 and careful
design of slot dimensions and configurations. The requirement for increased diluent use due to geometric
constraints and cleaning difficulties also affects operational efficiency.

Moreover, the drilling of sidetracks in cases of liner failure, while effective, further increases
operational costs and complexity. These observations underline the importance of precise geomechanical
modelling, tailored completion designs, and continuous monitoring to ensure the long-term success of
horizontal wells in such challenging environments.

V. CONCLUSION

Horizontal drilling has become a cornerstone in the development of the Patos-Marinza oilfield, offering
substantial gains in production from heavy oil reservoirs. Despite its higher cost and engineering
complexity, the method has outperformed vertical wells in terms of recovery efficiency. The success of
these operations depends heavily on appropriate liner material selection, fracture design, and sand control
measures. With improved technology and focused reservoir management, horizontal wells are expected to
remain essential in optimising recovery from Albania’s largest onshore oilfield.
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Ankara ilinde Fizyoterapi Merkezi Yer Secimi: Bulamik AHP ve TOPSIS
Yontemleri ile Cok Kriterli Karar Verme Yaklasimi

Giilsiim Ozge COSKUN, Fatma Efsa PAKSOY, Hact Mehmet ALAKAS

Kirikkale Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Endiistri Miihendisligi Boliimii, Kirtkkale, Tiirkiye

“hmalagas@kku.edu.tr

Ozet — Giiniimiizde fizyoterapi ve rehabilitasyon hizmetlerine duyulan talebin her gegen giin artmasi, bu
hizmetlerin sunulacagi yerlerin dogru, planli ve bilimsel yontemlerle belirlenmesini zorunlu hale
getirmistir. Ozellikle ortalama yasam siiresinin uzamasi, niifusun giderek yaslanmasi, hareketsiz yasam
bicimlerinin yayginlagsmasi, teknolojinin getirdigi duragan ¢alisma diizenleri ve kronik kas-iskelet sistemi
hastaliklarinin yayginlagsmasi, fizyoterapi merkezlerine duyulan ihtiyacin hizla artmasina yol agmaktadir.
Artan hasta yogunlugu, kentlesmenin getirdigi bolgesel dengesizlikler ve bazi ilgelerdeki hizmet
eksiklikleri gbéz oOniine alindiginda, fizyoterapi ve rehabilitasyon merkezlerinin toplumun her kesimi
tarafindan kolayca erisilebilir olmasi biiyiik 6nem tasimaktadir. Bu baglamda, fizyoterapi merkezlerinin
stratejik lokasyonlara planli bir sekilde yerlestirilmesi, hizmet kalitesinin artirilmasi ve kaynaklarin etkin
kullanilabilmesi agisindan dnem arz etmektedir. Bu ¢aligmada, Ankara ili 6rnegi lizerinden fizyoterapi
merkezi yer se¢imi problemi ele alinmis, karar verme siirecindeki ¢ok sayida kriter ve belirsizlikler
nedeniyle Bulanik Analitik Hiyerarsi Prosesi (AHP) ile TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) yontemleri bir arada kullanilmistir. Bulanik AHP yontemiyle belirlenen kriter
agirliklari, TOPSIS yontemiyle alternatif il¢elerin uygunluk derecelerine uygulanarak siralama yapilmistir.
Analiz sonuglara gore Cankaya ilcesi; giiclii ulasim imkanlari, yiiksek sosyoekonomik diizeyi, saglik
kurumlarina yakinhigi, gelismis altyapt ve fiziksel kosullar1 sayesinde en uygun lokasyon olarak
belirlenmistir. Bu c¢alisma, fizyoterapi ve rehabilitasyon merkezlerinin etkin planlanmasma katki
saglayarak karar vericilere bilimsel bir yol haritas1 sunmakta ve literatiire degerli bir katki saglamaktadir.

Anahtar Kelimeler — Fizyoterapi Merkezi, Yer Secimi, Bulanik AHP, TOPSIS, Cok Kriterli Karar Verme.

I. GIRIS

Giliniimiizde bireylerin evden ¢ikma ihtiyacinin azalmasi ve hareketsiz bir yasam tarzina gegis yapmalari,
bel ve boyun fitiklari, kireglenme ve eklem agrilar1 gibi saglik sorunlarinin artmasina neden olmustur.
Tiirkiye genelinde oldugu gibi Ankara ilinde de mevcut fizyoterapi ve rehabilitasyon merkezlerinin sayisi
artan bu talepleri karsilamakta yetersiz kalmaktadir.

Yeni fizyoterapi merkezlerinin dogru ve stratejik lokasyonlara kurulmasi hem erisilebilirligi artirmak hem
de kaynaklarin etkin kullanimini saglamak agisindan kritik dneme sahiptir.

Bu calismada, Ankara ili kapsaminda yeni kurulacak bir fizik tedavi ve rehabilitasyon merkezi i¢in en
uygun lokasyonun belirlenmesi amaclanmistir. Bu amag¢ dogrultusunda ¢ok kriterli karar verme (CKKYV)
yontemlerinden Bulanik AHP (Analitik Hiyerarsi Prosesi) ve TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) birlikte kullanilmistir. Bulanik AHP yontemi ile kriter agirliklart belirlenmis,
ardindan bu agirliklar TOPSIS yontemi ile alternatiflerin siralanmasinda kullanilmigtir.
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Calismanin uygulama kisminda, Ankara’daki bes farkli lokasyon belirlenmis ve bu alternatifler 6nceden
tanimlanmais kriterler agisindan degerlendirilmistir.

II. MATERYAL VE YONTEM
A. Fizik Tedavi Ve Rehabilitasyon Merkezi

Fizik tedavi ve rehabilitasyon, kas-iskelet sistemi, sinir sistemi veya hareket kisitliligia yol acan saglik
sorunlariin tedavisinde yararlanilan bir tibbi disiplindir. Amaci, diger viicut sistemlerinde olusan sorunlari
tedavi ederek hastalarin hareket kabiliyetini gelistirmeyi, agriyr azaltmayr ve yasam kalitesini
iyilestirmektir. Bu merkezlerde elektroterapi, manuel terapi, egzersiz programlari, ameliyat sonrasi
rehabilitasyon ve norolojik hastaliklarin tedavisi gibi yontemler uygulanir. Bu boliimde, bel-boyun fitigi,
felg, spor yaralanmalari, ortopedik yaralanmalar, sinir sikigsmalari, omurilik yaralanmalari, romatizma
hastaliklar ve kronik agr1 gibi sorunlar yasayan bireyler bu hizmetlerden yararlanabilir. Multidisipliner bir
ekip yaklasimiyla hastalarin ihtiyaclarina uygun kisisellestirilmis tedaviler sunulur.

Fizik tedavi boliimiinde kas-iskelet sistemini, sinir sistemini ve hareket yetisini etkileyen bir¢ok hastalikta
uygulanir. Yaygin olarak; omurga rahatsizliklari, eklem rahatsizliklari, yumusak doku romatizmalari,
kemik bozukluklari, nérolojik hastaliklari, kas hastaliklari, solunum bozukluklari, spor yaralanmalar1 gibi
durumlarda tercih edilir. Ayrica, ameliyat sonrasi rehabilitasyon, kronik agri sendromlari, skolyoz gibi
omurga deformiteleri, romatizma hastaliklar ve bazi1 nérolojik rahatsizliklar gibi durumlarda da hareket
kabiliyetini artirmak ve agriy1 azaltmak i¢in fizik tedavi uygulanir. Rehabilitasyon, bireyin fiziksel, zihinsel
veya duygusal islevlerinde kayiplar yasadigi durumlarda fonksiyonlarini geri kazanmasina yardimer olmak
icin gereklidir. Bu siireg, hastanin giinliik yasam aktivitelerine geri donmesine, hareket yetenegini ve yasam
kalitesini artirmasina destek olur.

Fizik tedavi ve rehabilitasyon programinda tedavi olarak 1s1 uygulamalari, elektrik akim uygulamalari, 151k
uygulamalari, mekanik uygulamalar, manuel terapi, eklem i¢i ve agrili nokta enjeksiyonlari,
kinezyobantlama gibi yontemler tercih edilir.

Hastalar, ilgili hekim tarafindan degerlendirilir, sikayet ve bulgulara gore tedavi programi planlanir ve
giinliik 1-1,5 saatlik seanslar halinde fizyoterapistlerce yapilmaktadir.

Fizyoterapistler, hareket sistemi bozukluklari, agrilar ve fiziksel islev kayiplarini tedavi etmek amaciyla
bilimsel yontemler uygulayan saglik personelleridir. Kas-iskelet sistemi hastaliklari, nérolojik sorunlar,
spor yaralanmalar1 ve cerrahi sonrasi rehabilitasyon gibi durumlarda, hastalarin hareket kabiliyetini
artirmay1 ve yasam kalitesini iyilestirmeyi hedefler. Fizyoterapistler, kisiye 6zel egzersiz programlari,
manuel terapi teknikleri ve fiziksel tedavi yontemleri kullanarak tedavi siirecini yonetir.

2024 y1l1 haziran ay1 itibartyla Tiirkiye’de yaklasik 60 bin fizyoterapistin gorev yaptigi tahmin edilmektedir.
TUIK verilerine bakildigi zaman, 2000 yilindan itibaren yash niifus oraminda artis oldugu
gozlemlenmektedir. Yasl niifustaki bu artis, fizyoterapiste olan talebi de arttirmaktadir. Mevcut egilimler
dogrultusunda, 2030 yil1 itibariyla fizyoterapist sayisinin 100 bine ulasmasi 6ngdriilmektedir.

B. Literatiirde Yapilan Calismalar

Yer secimi, bir tesisin temel yapi taglarindan biri olarak degerlendirilmektedir. Ozellikle fizik tedavi ve
rehabilitasyon merkezleri gibi saglik hizmeti sunan tesisler agisindan yer se¢imi oldukga kritik bir rol
oynamaktadir. Yer se¢imi siirecinde birden fazla alternatifin degerlendirilmesi gerekmekte olup, karar
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vericiler hem olumlu hem de olumsuz etkileri bulunan c¢ok sayida kriteri aym1 anda goz Oniinde
bulundurmak zorundadir (Yazici vd., 2021) [8]. Bu baglamda, yer se¢imi kararlari; toplam uzaklik, ulagim
stiresi, maliyet gibi unsurlara bagli olarak amacin optimizasyonunu hedeflemektedir (Austin vd., 1995) [1].
Ancak tiim alternatiflerin fiziksel olarak degerlendirilmesi hem zaman alic1 hem de maliyetlidir. Bu nedenle
karar verme siirecinde ¢ok kriterli karar verme (CKKYV) yaklasimlarindan faydalanilmaktadir.

Yer se¢imi problemlerine ¢dziim sunan yontemlerden biri Analitik Hiyerarsi Yontemi’dir (Analytical
Hierarchical Process-AHP). 1970’11 yillarda Thomas Saaty tarafindan gelistirilen bu yontem, ¢ok sayida
kriter iceren karmasik problemlerin sistematik bir sekilde ¢dziimlenmesini miimkiin kilmaktadir (Akyiiz ve
Kiling, 2016) [4]. Geleneksel AHP yonteminde net sayisal degerler kullanilirken, bu yontemin yetersiz
kaldig1 durumlarda belirsizliklerin daha iyi modellenebilmesi amaciyla Bulanik AHP (BAHP) yontemi
gelistirilmistir. Bulanik AHP yonteminde ikili karsilastirmalar tiggen bulanik sayilarla ifade edilerek karar
stirecine esneklik kazandirilmaktadir (Liu ve Jin, 2012) [5]. Calik 2022 [3] yilinda yayinladigi makalede,
tedarik zinciri dayanikliligina etki eden kriterlerin agirliklandirilmasinda BAHP  yonteminden
faydalanilmistir. Aydin [2] ise Ankara’da kurulmasi planlanan bir hastanenin yer se¢imi problemi i¢in
Bulanik AHP yontemini uygulamis ve alternatifleri bu yontem dogrultusunda degerlendirmistir.

Karar verme siirecinde kullanilan bir diger énemli yontem ise Bulamk TOPSIS yontemidir. Ozellikle
degerlendirme kriterlerinin sayisal olarak ifade edilmesinin zor oldugu durumlarda, Bulanik TOPSIS
yontemi belirsizlik iceren alternatiflerin karsilastirilmasinda etkin sonuglar sunmaktadir. Bu yontemde,
ideal ¢oziime olan uzaklik dikkate alinarak alternatifler siralanmaktadir. Kiling ve Akyliz [4], Bulanik
TOPSIS Yo6ntemini kullanarak Antalya ilinde 6zel bir hastane i¢in uygun yer se¢imini gerceklestirmiglerdir.

Bazi ¢aligmalarda her iki yontemin birlikte kullanildig1 goriilmektedir. Ornegin, Tayyar 2012 [6] yilinda
yaptig1 makalede, pet sise tedarikcisi se¢imi problemini ¢6zmek i¢in Bulanik AHP ve Bulanik TOPSIS
yontemlerini birlikte uygulamistir. Yildiz vd. [9] ise iilkelerin yasam kalitesini degerlendirmek amaciyla
Pisagor Bulanik AHP ve TOPSIS yoOntemlerinden yararlanmis ve {ilkelerin yasam kalitesine gore
siralamistir. Benzer sekilde, Yazici dokiim endiistrisinde olusan atiklarin siirdiiriilebilir y6netimi
kapsaminda atik alict sirketlerin degerlendirilmesinde Pisagor Bulanik AHP ve TOPSIS yontemlerini
birlikte kullanmustir.

Tablo 1’de ¢ok kriterli karar verme ilgili yapilan ¢calismalara yonelik literatiir taramasi sunulmustur. Ancak,
kiiresel 6lgekte gerceklestirilen arastirmalar incelendiginde, fizyoterapi merkezleri i¢in yer se¢imine dair
literatiirtin olmadig1 goriilmektedir.

Tablo 1. Cok Kriterli Karar Verme ile {lgili Yapilan Caligmalar

23 £ 23 2 5 $E: 3z 0§ %
;‘ =Y /@ /M ~ = == 2 &
Kiling ve Akyiiz (2016) v
Calik (2022) v v
Tayyar (2012) v v
Yildiz vd. (2019) v v v
Aydin (2009) v
Yazici vd. (2021) v v v
Yazici vd. (2023) v v
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Literatiir incelendiginde, fizyoterapi ve rehabilitasyon merkezi yer secimine 6zgii dogrudan bir ¢alismanin
bulunmadigr tespit edilmistir. Ancak, farkli sektorlerde yer se¢imi problemlerine yonelik cok sayida
kapsamli arastirmanin gerceklestirildigi goriilmektedir. Bu calismada, fizyoterapi ve rehabilitasyon
merkezleri i¢in uygun yer se¢imi alternatifleri belirlenmis ve en uygun lokasyonlarin tespiti amag¢lanmustir.
Boylece, bu alandaki literatiir boslugu doldurulmaya calisilmis ve ileride yapilacak aragtirmalar i¢in saglam
bir temel olusturmasi hedeflenmistir.

III.  BULGULAR

A. YONTEMLER
A.1. Pisagor Bulanik AHP

AHP yontemi, karar problemini ayirarak, karar vericilerin ikili karsilagtirmalar yoluyla kriterleri ve
alternatifleri degerlendirmesini saglar (Akyiiz ve Kiling, 2016). Ancak geleneksel AHP yontemi, karar
vericilerin her bir karsilastirmay1 kesin ve sabit sayisal degerlerle ifade etmesini gerektirir. Bu durum,
ozellikle belirsizligin ve 6znel yargilarin yogun oldugu karar problemlerinde yontemin yetersiz kalmasina
neden olabilmektedir.

Bu yetersizligi gidermek amaciyla gelistirilen Bulanik AHP (BAHP) yontemi, geleneksel AHP yonteminin
bulanik mantik ile biitiinlestirilmis halidir. BAHP ile sayisal olmayan verilerin ya da net olarak
tanimlanamayan degerlerin karar siirecine entegre edilmesi miimkiin hale gelmektedir. Yontemin adimlari
Sekil 1°de verilmistir.

Adim 1: Ikili karsilastirma matrisi
A = (ag)m X m olusturulur.

l

Adim 2: Farklar matrisi ‘

dy. = pf, — vl olugturulur

!

Adim 3: Carpimsal matris

X S = /1000 x dy olugturulur. )

l

‘ Adim 4: Tereddut dereceleri

hye = 1— pf, — v, belirlenic

|

| Adim 5: Normalize edilmis adirliklar ‘

Sik+S5ik
2

)X hy hesaplanir.

|

Adim 6: Kriter agirhiklarn w; =
edilir.

tie = (

ZRe tik

R
bty P 18

elde

Sekil 1. Bulanik AHP Yo6ntemi Adimlari

Tablo 2’de kriterlerin birbirlerine gére 6nem derecelerini belirler.
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Tablo 2. Bulanik Karsilagtirma Matrisi

S ~ E 5 %
= = 2 85 xE§= = S 2 E g E
g 3 2 SE =% c v 3 S g
! = = ~ 3 o E T > 2 o £ < 5
A 2 L o) N a < - O e = 3 A
] = SRS 5 > S = A S
g s S : g
<
Hasta Potansiyeli E D ou KY ou KY Y Y
Ulasilabilirlik Y E KY KY (0] KY Y ou
Maliyet KD KD E 0] ouU Y CcY ouU
Rekabet Yogunlugu KD KD (0] E OA KD D o
Saglik Kurumlarma Yakinlik OA (0] OA ou E Y o OA
Altyapt ve Fiziksel Kosullar KD KD D KY D E o o
Yasal ve Ruhsat Durumu D D CD Y O O E OA
Sosyoekonomik Durum D OA OA o) ou 0 ouU E

E=esittir, Y=yliksek 6nemli, KD=kesinlikle distik dnemli, OA= ortalama alti 6nemli, D=dlisiik 6nemli,
KY=kesinlikle yiiksek énemli, CY=cok yiiksek énemli, OU=ortalama ustii énemli, CD=¢ok diisiik dneml,
O=ortalama 6nemli

Tablo 3’te kriterlerin agirliklart verilmistir.

Tablo 3. Kriterlerin Normalize Agirliklart

Saghk Altyapive  Yasal ve .
H Rek
Kriterler Potaansstiaeli Ulasilabilirlik  Maliyet Yo?u‘;?j}u Kurumlarina Fiziksel Ruhsat Sosygzl:;);omlk
4 & & Yakinlik Kosullar Durumu
Normalize 0,264 0,354 0,104 0,02 0,057 0,115 0,044 0,042
Agirliklar

Sonug olarak, BAHP yontemi; geleneksel AHP’ye gore belirsizligin ve 6znel yargilarin daha saglikl
bicimde modele dahil edilmesini saglamaktadir. Bu yoniiyle, saglik hizmeti gibi karmasik karar
ortamlarinin analizinde 6nemli bir ydontem olarak 6ne ¢ikmaktadir.

A.2. Pisagor Bulanik TOPSIS

TOPSIS yontemi Hwang ve Yoon tarafindan 1981 yilinda gelistirilen ¢ok kriterli karar verme
yontemlerinden birisidir (Hwang & Yoon, 1981). Yontemde ele alinan problem pozitif ve negatif ideal
¢dziime gore alternatiflerin siralanmasi seklinde ¢oziimlenir (Ozcan vd., 2017)

Bu yontemin diger yontemlerden farki, kullanilan iiyelik fonksiyonudur. Pisagor bulanik kiimelerde, bir
elemanin tiyelik (u) ve karsit lyelik (v) degerleri karelerinin toplami 1’den kiigiik veya esit olmak
zorundadir (u?* + v < 1). Bu durum, karar vericinin kararsizlik durumunu daha genis bir sekilde ifade
edilebilmektedir. Yontemin adimlar1 Sekil 2°de verilmistir.
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Adim 1: Karar vericiler tarafindan
kriterler ve alternatifier
degerlendirilir.

Adim 2: Karar matrisi

Purywinmy <Pagposny,

R = (C;(X)mxn = ( ) olusturulur.
P,

smsms™ Punvasn
Adim 3: Pozitif ve negatif ideal cozumler hesaplanir.

x* = {€; (max(s; (G, (X))}
x~ = {€; (min(S; (G (X))}

Adim 4: Her alternatifin ideal cozume uzakligi
bulunur.

1v 2 2 2 : 2 ;
n(,\’,.X'):ZZW,((HJ') — @2 +() - @)+ () - @)
&

H(X.,X’)=;le/,((uf): @) + () = @+ ()~ (m? |
=

l

Adim 5: Her alternatifin goreli yakinhgi

hesaplanir. S(X;) = =

N

A 4

Adim 6: Alternatifler siralanir

Sekil 2. Bulanik TOPSIS Y o6ntemi Adimlari

Tablo 4’te kriterler ile alternatiflerin karsilastirilmasi yapilmistir.

Tablo 4. Karar Matrisi

= -
z o 8 Q — » 7 £ A
® =5 5 = 2 5 N = 0,
= >3 o g 3 Q = @ o:
S 8 = < ~ 5 g 05 a
~ = % ™) < E,, =)
D)
Hasta Potansiveli Yiiksek  Yiiksek Yiiksek Cok Orta Cok Yiiksek Yiiksek Orta
y Yiiksek Yiiksek
T - - .. Cok - .. Cok .
Ulasilabilirlik Diigik ~ Diigik ~ Yiksek = o Disik  Yiksek 5 Orta Yiiksek
. Cok .. Cok . Cok - -
Maliyet Diisitk Yiiksek Disiik Yiiksek Yiksek Orta Orta Diisiik Diisiik
Rekabet o . ; Cok Cok .
Yogunlugu Diigik  Diisiik Orta Yiiksek Vitksek Orta Viksek Yiiksek Orta
Saghk Kurumlarina Orta Orta Orta Yiksek  Yiiksek Orta Orta Yiiksek Yiiksek
Yakinlik
Altyap1 ve Fiziksel ok - - Cok . . . . Cok
Kosullar Diisiik Diisik  Diisiik Vitksek Yiiksek  Yiiksek Diisiik Yiiksek Vitksek
Yasal ve Ruhsat Cok ) . - - ) Cok
Durumu Yiksek Yiiksek  Orta Yiiksek Diistik Orta Diisiik Yiiksek Vitksek
Sosyoekonomik Cok Cok - Cok Cok Cok i -
Durum Diisik  Yiksek CUUK  Vikeek  Viksek  Disik Y Oksek Orta Diisiik

Tablo 5’te TOPSIS yonteminin sonuglar1 verilmektedir.
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Tablo 5. Ideal Céziime Uzaklik Degerleri

0,000 Cankaya
-2,091 Golbasi
-2,126 Sincan
-2,303 Kegioren
-2,333 Etimesgut
-2,557 Kizilay
-2,616 Imcek
-2,654 Mamak
-3,467 Yenimahalle

IV.  TARTISMA

Yapilan degerlendirme sonucunda Ankara ili 6rneginde Cankaya ilgesi; yiiksek hasta potansiyeli, giiglii
ulagilabilirlik imkanlari, gelismis altyapt kosullar1 ve yiliksek sosyoekonomik diizeyiyle en uygun bolge
olarak one ¢ikmistir. Gdlbast ilgesi, yiiksek hasta potansiyeline sahip olmasina ragmen ulasilabilirlik,
altyapi1 eksiklikleri ve yliksek maliyet unsurlart nedeniyle siralamada geri planda kalmistir. Sincan ilgesi
ulasim imkanlar1 ve hasta potansiyeli agisindan giiglii olsa da diisiik sosyoekonomik diizeyi dezavantaj
yaratmistir. Kegioren, diisiik maliyet ve iyi altyapiya ragmen sosyoekonomik yapi ve yasal kosullardaki
zayiflik nedeniyle geride kalmistir. Etimesgut, saglik kurumlarina yakinlik ve altyap1 bakimindan olumlu
ozellikler tasirken ulasilabilirlik ve sosyal yap1 agisindan ortalama bir performans sergilemistir. Kizilay,
merkezi konumu sayesinde yiiksek ulasilabilirlik avantajina sahip olsa da yiiksek rekabet yogunlugu ve
yetersiz altyap1 nedeniyle puan kaybetmistir. Incek ilgesi ise giiclii altyapr ve sosyoekonomik diizeye
ragmen diisiik ulasim imkanlar1 ve ruhsat durumu sebebiyle arka planda kalmistir. Mamak, ruhsat
avantajina ragmen c¢ok diisiik altyap1 ve sosyoekonomik diizeyle diisiik skor almistir. Yenimahalle ise
altyapi, ruhsat ve sosyoekonomik yapidaki zayifliklar nedeniyle en az uygun bdlge olarak belirlenmistir.

V. SONUCLAR

Bu ¢alismada, artan fizik tedavi ihtiyaci dogrultusunda fizyoterapi ve rehabilitasyon merkezi yer se¢imi
problemi, c¢ok kriterli karar verme yontemlerinden Bulanik AHP ve Bulanik TOPSIS yontemleriyle
degerlendirilmistir. Ozellikle yaslanan niifus, hareketsiz yasam tarzi ve kronik kas-iskelet hastaliklarinin
yayginlagmasi, fizik tedavi merkezlerine olan talebin belirgin sekilde artmasina neden olmustur. Bu artan
talebi etkin bir sekilde karsilayabilmek i¢in saglik kuruluslarinin dogru lokasyonlara yerlestirilmesi biiyiik
Onem tagimaktadir.

Calisma kapsaminda, alternatif ilgeler degerlendirilmis, Bulanik AHP yontemiyle kriter agirliklari
hesaplanmis ve bu agirliklar Bulanik TOPSIS yontemiyle alternatiflerin siralanmasinda kullanilmistir. Elde
edilen sonuclara gore, Ankara ili igerisinde Cankaya ilgesi, ¢esitli kriterler agisindan en uygun lokasyon
olarak belirlenmistir. Cankaya’nin ulasim olanaklari, niifus yogunlugu, sosyoekonomik diizeyi, saglik
altyapisina yakinlig1 gibi faktorler; karar siirecinde belirleyici rol oynamustir.

Bu calisma, literatiirde daha once ele alinmamis bir boslugu doldurarak, fizyoterapi ve rehabilitasyon
merkezleri i¢in yer se¢imi problemini sistematik bir yontemle degerlendiren oncii bir ¢aligma olmustur.
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Abstract — Microsurgery represents a crucial domain within health care, offering significant opportunities
for the treatment and rehabilitation of various types of wounds. The present study was conducted in the
city of Durrés, where professional nurses employ the most advanced and coherent wound care methods
currently available in Albania. The research is based on patient records, including demographic data such
as age and gender, as well as clinical observations collected during the period 2023-2025.

The primary aim of this study is to assess the value attributed to wound care and to examine the
importance placed on each stage of treatment by both microsurgery professionals and patients.

The findings indicate that consistent and systematic wound management leads to positive outcomes,
promoting effective recovery and complete healing. Furthermore, this study provides a foundation for
future research and highlights the potential for improvements and innovations in wound treatment
methodologies.

Keywords — Microsurgery, Patients, Durres, Professional Nurses, Health Care.

I. INTRODUCTION

A wound is defined as a disruption or injury to biological tissues, including the skin, mucous membranes,
and internal organs (1). Advances in medical science have enabled significant progress in the
classification, differentiation, and management of various health conditions, leading to more precise and
effective treatments (2).

In ancient times, medical care was rudimentary and frequently associated with severe pain, high
morbidity, and mortality. Treatments were largely constrained by the lack of adequate tools, limited
scientific understanding, and the absence of effective therapeutic agents (3). Patients often endured severe
complications as a result of insufficient and unsafe medical interventions.

In contrast, contemporary medicine benefits from a wide range of advanced instruments and scientifically
validated treatment protocols. These developments have significantly improved patient comfort and
clinical outcomes. Nevertheless, modern lifestyles have introduced new challenges, particularly those
related to poor dietary habits and physical inactivity. These factors contribute to an increasing incidence
of chronic conditions such as diabetes mellitus and ulcerative wounds (4).

The impact of such lifestyle-related health issues is profound, affecting both public health and national
economies. This situation is particularly evident in Albania, where economic constraints limit investment
in healthcare infrastructure and wound management programs. Consequently, the quality and accessibility
of wound care services remain suboptimal (European Wound Management Association (4.1).
Additionally, reliable information on wound treatment within the country is scarce, with healthcare
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professionals and patients often relying on foreign online resources rather than evidence-based local
guidelines.

Wounds can be classified and sub-classified using multiple criteria, highlighting the necessity for a
comprehensive and individualized diagnostic approach. Typically, wounds are categorized based on
etiology (e.g., traumatic, surgical, diabetic), level of contamination (e.g., clean, contaminated, infected),
and depth of tissue involvement (e.g., superficial, partial-thickness, full-thickness) (5). Accurate
classification is essential for the selection of appropriate treatment strategies and for improving clinical
outcomes.

By etiology (cause), wounds can be classified as traumatic, surgical, or chronic. Traumatic wounds
include abrasions, lacerations, and puncture injuries, while surgical wounds result from operative
procedures performed under sterile conditions. Chronic wounds, such as diabetic foot ulcers and pressure
ulcers, typically arise from underlying pathophysiological conditions that impair healing (6).

By level of contamination, wounds are categorized as clean, contaminated, or dirty/infected. According to
the Centers for Disease Control and Prevention (CDC), clean wounds are uninfected operative wounds in
which no inflammation is encountered, and the respiratory, alimentary, genital, or uninfected urinary
tracts are not entered. Contaminated wounds include open, fresh, accidental wounds and operations with
major breaks in sterile technique or gross spillage from the gastrointestinal tract. Dirty or infected wounds
involve existing clinical infection or perforated viscera and carry the highest risk of postoperative
infection (7).

Classification Phase
Standardized methods are employed to classify wounds and guide appropriate management strategies:

a. Wagner scale — primarily used for the assessment of diabetic foot ulcers, this scale categorizes
wounds based on depth, the presence of infection, and the extent of tissue involvement (8).

b. NPUAP/EPUAP scale — this classification system, developed by the National Pressure Ulcer
Advisory Panel and the European Pressure Ulcer Advisory Panel, is widely used to stage pressure ulcers
according to the depth of tissue damage, ranging from non-blanchable erythema (Stage 1) to full-thickness
tissue loss involving muscle or bone (Stage IV) (9).

c. Red-Yellow-Black system — a simplified wound assessment approach that classifies tissue based on
color, corresponding to different stages of healing: red (granulating tissue), yellow (fibrinous or slough),
and black (necrotic tissue) (10).

d. Rehospitalization planning phase — guided by the T.I.LM.E. framework, which provides a structured
approach for assessing and preparing chronic wounds for healing.

The T.I.M.E. model includes:

e T (Tissue): removal of non-viable tissue through debridement (surgical, enzymatic, or autolytic
methods).

e I (Infection/Inflammation): reduction of microbial load using antimicrobials, antibiotics, or
antiseptics.

e M (Moisture balance): maintenance of an optimal moist wound environment with moisture-
retentive dressings (e.g., hydrogels, foams).

o E (Edge of wound): assessment and management to promote epithelial advancement and closure
(11).

e. Intervention and Monitoring Phase — this stage involves the application of targeted treatments and
medications according to the specific wound type and its stage of healing. Regular monitoring and

98



adjustment of therapy are crucial to ensure optimal healing outcomes and to prevent complications or
rehospitalization.

The aim of this study is to examine the role of microsurgery and to evaluate the performance of
medical professionals in the treatment and follow-up of patients presenting to the Microsurgery
Unit of Durrés Regional Hospital. Specifically, the study seeks to analyze the benefits and challenges
encountered during the wound treatment process, including factors related to surgical tools, patient-
related variables, sterility, the precision of medical professionals, and the materials used for wound care.
Additionally, the study assesses treatment outcomes in a cohort of patients managed between 2023 and
2025. The results obtained will help address existing gaps in knowledge and provide insights into the
effectiveness of current microsurgical wound management practices.

II. MATERIALS AND METHOD

The study was conducted in the Microsurgery Department of Durrés, Regional Hospital between 2023
and 2025. This department provides comprehensive care for a wide range of wounds, including surgical,
traumatic, diabetic, acute, and chronic ulcerative wounds.

Study population and sample selection

The study included a total of 100 patients, equally distributed by gender (50 females and 50 males).
Patients were selected using purposive (non-probabilistic) sampling based on the following inclusion
criteria:

o Presence of a wound requiring active medical intervention.
e Availability of complete clinical documentation in the medication register.

e Minimum treatment duration of seven days within the study period

Preliminary Data and Results

Among the 100 patients enrolled in the study, 37 female patients (74%) achieved complete wound
healing, while 13 females remain under active treatment. In the male cohort, 42 patients (84%) were fully
cured, with 8 still receiving treatment. The overall cure rate across both genders was 79%.

Data Collection

Data were collected retrospectively and systematically from the microsurgery medication register,
ensuring the confidentiality of patient identities by excluding personal and sensitive information. Relevant
clinical information was obtained to classify wound type, document treatment modalities, and determine
outcomes (complete healing or ongoing treatment). The following variables were recorded:

e Wound typology
e Duration of treatment
e Therapeutic methods employed (disinfection, dressing changes, topical or systemic agents)

o Utilization of modern wound management materials
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Data Analysis

Data were analyzed using descriptive statistics, including percentages and frequency distributions, to
evaluate treatment progress by gender and overall outcomes. Graphical representations were employed to
facilitate visualization of recovery rates and trends.

Study Limitations
This study has several limitations that should be acknowledged:
e A relatively small sample size (N = 100) may limit the generalizability of findings.

e Absence of long-term follow-up precludes assessment of complications or wound recurrence post-
healing.

e Key variables such as age, comorbidities, and lifestyle factors were not included, potentially
affecting treatment outcomes.

III. RESULTS

The study was conducted at Durrés, Regional Hospital over a two-year period and involved 100 patients,
equally divided by gender (50 females and 50 males). Among them, 37 females (74%) and 42 males
(84%) achieved full recovery. At the conclusion of the study, 13 female and 8 male patients remained
under active treatment.

Table 1 shows the quantitative analyses.

Sex Total number Healed Under treatment | Recovery rate (%)
Female 50 37 13 74%

Male 50 42 8 84%

Total 100 79 21 79%
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Table 2.

Observed patients (O)

Healed Under treatment Total
Male 42 8 50
Female 37 13 50
79 21 100
Expected results (E)
Healed Under treatment
Male 39.5 10.5
Female 39.5 10.5
Table 3.
(O-E)YE
Healed Under treatment
Male 0.158227848 0.595238095
Female 0.158227848 0.595238095
x2 1.506931887
Df (independence test) 1
p-value 0.219607851

Table 2 presents the statistical results of the Chi-square test used to verify the stated hypotheses. The final
analysis yielded a p-value greater than 0.05, indicating that the alternative hypothesis is not supported.
Consequently, the null hypothesis is retained. This finding provides important insights into the
effectiveness of wound treatments performed in the Microsurgery Department of Durrés Regional
Hospital, while also highlighting ongoing challenges related to patient adherence and potential negligence

in wound care practices.

Interpretation of Results

The observed higher recovery rate among male patients (84%) compared to females (74%) may be
attributed to several factors, including a greater prevalence of comorbidities in female patients,
differences in timing of hospital presentation, variations in follow-up care settings (private or home-

based), and differences in wound type and depth.
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The involvement of microsurgical specialists in wound management demonstrated a significant and
precise positive impact on patient outcomes, underscoring the efficacy of standardized, professional
treatment protocols in facilitating wound healing.

An overall recovery rate of 79% represents a favorable outcome, particularly within the context of a
regional hospital microsurgery unit where resources are comparatively limited relative to tertiary centers
such as the Tirana University Hospital Center (QSUT).

IV.  DISCUSSION

Microsurgery represents a critical field within medicine, playing a pivotal role in the management of
complex wounds and complementing traditional surgical approaches (12; 13). In this study, cases were
exclusively examined within the Microsurgery Department of Durrés Regional Hospital. All patient cases
were personally monitored, and the collected data were rigorously evaluated, with an emphasis on
achieving the most efficient and rapid wound recovery.

Several key findings emerged from this investigation:
1. Essential role of microsurgical wound care:

Wound management in the context of microsurgery is fundamental for achieving prompt and effective
patient recovery. The use of advanced techniques, precise wound treatment, and continuous dynamic
assessment are critical components for successful outcomes (6; 14).

2. Impact of standardized nurse-led care:

Regular, nurse-supervised administration of medications significantly improved recovery rates,
highlighting the importance of ongoing training and specialization in wound care among microsurgical
staff (15).

3. Influence of patient-related factors:

Intrinsic and extrinsic factors—such as age, diabetes status, nutritional habits, smoking, and adherence to
treatment protocols—substantially affect wound healing timelines and outcomes (16; 17).

4. Importance of follow-up and outpatient care:

Inadequate follow-up or lack of outpatient support often leads to wound deterioration, infections, and
complications. Thus, patient education regarding home-based and outpatient care is as vital as clinical
interventions performed within the hospital setting (18; 19).

5. Gender differences in healing rates:

A higher healing rate was observed among male patients in this cohort; however, further analysis is
necessary to elucidate whether this difference is attributable to wound typology, lifestyle factors, or other
specific characteristics (20).
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6. Directions for future research:
The study underscores the need for further investigations, including:
o Integration of modern technologies in wound management (Wilkinson & Hardman, 2020).
o Evaluation of the economic and social impacts of chronic wounds (21).
o Comparative studies across hospitals of different levels and capacities.

o In-depth analysis of workplace-related negligence contributing to wound complications.

V. CONCLUSION

These findings collectively emphasize the multifactorial nature of wound healing and the central role of
microsurgery in improving patient outcomes. They also highlight critical areas for future research and
health system improvements.

Recommendations for Further Professional Development

To achieve even better outcomes in wound care, it is recommended that nursing professionals be offered
opportunities to pursue further specialization in microsurgery through structured certification programs
and advanced training initiatives. Such professional development would enhance the quality of care,
reduce the overall burden on the healthcare system, and improve patient outcomes and satisfaction (15).

In conclusion, this study underscores that professional wound care within the microsurgical context is not
merely a routine clinical task but a critical component of modern healthcare that directly impacts patient
longevity, quality of life, and overall well-being. Modern nursing practice should embrace and strengthen
its expanded role in this field, actively contributing to the advancement of wound care science and clinical
practice (6; 18).
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Abstract — Fruit and vegetable snacks produced by various drying techniques have gained significant
commercial importance in the global food processing industry. However, the drying method has a
considerable impact on the physicochemical properties of food, leading to changes in key quality
parameters. Color serves as a critical quality indicator, influencing consumer perception and strongly
affecting purchasing behavior. This study comparatively evaluated the effects of microwave-assisted hot
air drying (100 W combined with hot air at 65 °C) and microwave (100 W) on final color quality (L*, a*,
b*, C, h, AE) and visual quality of dried-celeriac samples. Additionally, Principal Component Analysis
(PCA) analyses were conducted using color models, and the resulting score plots were thoroughly
examined. Degradation in color values remained more limited under microwave-assisted hot-air drying.
This result indicated that h and C were preserved more stably. The findings revealed that microwave-
assisted hot-air drying preserved color stability more effectively than microwave drying. The total color
difference (AE) was measured as 1.50 in microwave-assisted drying, remaining below the perceptibility
threshold. In contrast, microwave drying resulted in a AE of 3.02, exceeding the visible difference limit.
Principal Component Analysis (PCA) based on color parameters separated the samples by drying method
with 98% of the total variance explained. Color parameters are considered key indicators that reflect critical
physicochemical processes such as pigment stability, oxidative changes, and structural degradation
affecting overall product quality. Therefore, microwave-assisted hot-air drying emerges as a preferable
technique for producing dried celeriac snacks with enhanced color stability, higher consumer appeal, and
improved compliance with industrial quality standards.

Keywords — Celery chips, celery root snacks, color models, functional foods, hybrid drying
I. INTRODUCTION

Celery (Apium graveolens L.), a member of the Apiaceae family, is a widely consumed vegetable with
recognized medicinal and nutritional value. Its edible tissues contain a diverse range of bioactive
compounds, including phenolics, flavonoids, essential minerals, and volatile components [1-2]. These
compounds exhibit antioxidant, anti-inflammatory, and cardioprotective effects and contribute to the
reduction of oxidative stress. Owing to these biochemical properties, celery is considered not only a
nutritious food source but also a promising candidate for functional food applications.

The growing interest in functional foods increased the demand for plant-based snack formulations. Due
to its low energy density and high content of health-promoting compounds, celery serves as a suitable raw
material for functional snack production. The current emphasis on healthy dietary practices led to the
development of minimally processed, antioxidant-rich, shelf-stable snack products. Celery-based snacks
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align with these trends and offer added value in terms of both public health and industrial innovation.
Celery-based snacks, due to their richness in dietary fiber, minerals, and antioxidant capacity, possess
functional value and offer viable alternatives for specialized dietary regimens such as low-sodium or low-
glycemic index diets [3].

Drying is a common preservation method for vegetables, enabling year-round availability while reducing
microbial spoilage, storage requirements, and transportation costs. However, the drying process imposes
thermal and mass transfer stresses that can cause irreversible changes in plant tissue structure and affect
nutritional and sensory properties [4]. Drying fresh vegetables offers advantages such as enabling year-
round consumption, extending shelf life, and reducing transportation costs. However, the technical
parameters applied during this process play a decisive role in determining food quality. Various factors,
including the type of drying system employed [5-6], applied temperature or power levels, drying time [4],
cultivars or genotypes [7-9], growing conditions [10-13], maturity stages [14], and freshness can influence
the final quality.

Color in food is not merely a sensory attribute; it functions as a physical quality indicator that directly
reflects product freshness, processing intensity, pigment stability, and the preservation status of nutritional
components [12]. Color is a key indicator of both consumer perception and food quality, serving as a critical
physical attribute that directly reflects freshness, degree of processing, and the preservation of nutritional
components [15]. The visual characteristics of plant-based foods, particularly color, play a central role in
determining consumer perception and product acceptance. Thermal exposure during drying alters color
through pigment degradation and browning reactions, both enzymatic and non-enzymatic [16-17].
Objective color parameters such as L* (lightness), a* (red-green), b* (yellow-blue), and total color
difference (AE) are used to quantify visual changes. Color serves as a reliable indicator in the assessment
of thermal degradation and overall product quality [15, 16].

Microwave drying operates through volumetric heating, which accelerates internal moisture removal and
shortens the overall drying time. However, uneven energy distribution may lead to localized overheating
and structural damage. Hybrid drying systems, which combine microwave energy with convective hot air,
address this limitation by enhancing both internal heating and surface moisture diffusion. This approach
improves drying efficiency and supports the retention of thermally sensitive quality attributes, particularly
color [18, 19]. Hybrid systems provide a technologically feasible solution for producing dried vegetable
snacks with improved quality characteristics.

This study focused on the comparative evaluation of microwave drying and microwave-assisted hot air
(hybrid) drying methods in relation to the color parameters of celeriac slices. The analysis of post-drying
color changes was carried out using standard metrics, including L*, a*, b*, and total color difference (AE).
Principal Component Analysis (PCA) was employed to interpret and classify the effects of the applied
drying methods on color characteristics.

II. MATERIALS AND METHOD
Celeriacs Samples

Celeriacs (Apium graveolens L. var. secalinum Alef), selected from healthy and homogeneous plants,
were obtained from commercial markets in Kayseri in 2023 for the drying experiments. The samples were
stored at 4 + 0.5°C until the drying process. Five different samples, each weighing 50 grams, were dried in
an oven at 105°C for 24 hours, after which the initial moisture content of the celeriac was measured as
88.22 + 0.65% (wet basis). Celeriac were precisely sliced into chip-like thin sections using a specialized
slicing blade, achieving a uniform thickness of approximately 1 + 0.08 mm.
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Drying Methods

The hybrid drying process (100 W assisted by hot-air at 65 °C) was carried out using a microwave dryer
(Argelik KMF 833 I, Turkey) (n = 15). The system used for sample placement was equipped with perforated
polyamide trays and platforms to ensure uniform airflow during drying.

Microwave drying at 100 W was performed using a microwave oven (Argelik KMF 833 I, Turkey) with
15 replicates (n = 15).

The drying process was carried out at an air velocity of 1.0 m s™! and a constant microwave power of 100
W. The process was continued until the celeriac slices reached a final moisture content of approximately
0.10 kg [H2O] kg™! [DM].

Color Analysis

Color analysis was conducted on both fresh and dried celeriac samples using a colorimeter (CR-400
Konica Minolta, Tokyo, Japan). The CIELab color system was employed to determine L*, a*, and b*
values. The color difference (AE) chroma (C) and h values were calculated based on the equations provided
[16].

Color attributes were analyzed using statistical software (SPSS, v.17, IBM, NY, USA). The significant
differences among treatments, one-way analysis of variance (ANOVA) was conducted, and multiple
comparisons of means were performed using Duncan’s test at a 95% confidence level (p < 0.05). Each
experimental set included ten replicate measurements, and arithmetic means were computed to represent
the colorimetric response for each parameter. or each drying method, 15 drying experiments were
conducted.

Principal Component Analysis (PCA)

Principal Component Analysis (PCA) enables pattern identification through dimensionality reduction in
multivariate datasets without requiring predefined classifications. Observations sharing common statistical
properties appear in close proximity within the principal component space [12]. This method assists in
revealing distributional tendencies among samples, and the resulting score plots offer a spatial overview of
variation and grouping across the dataset.

The analysis was performed using Unscrambler X version 10.4 (Camo Software, Oslo, Norway). Color
parameters were selected as input variables to investigate the influence of drying method and temperature.
For microwave drying at 100 W, color measurements were performed in triplicate on fifteen samples (n =
15). For hybrid drying (65°C hot-air combined with 100 W), the same protocol was applied (n = 15). Fresh
samples were measured in triplicate on three independent replicates (n = 15). The datasets were subjected
to PCA to visualize the separation among treatments and to evaluate groupings based on color parameters.

1. RESULTS

Color Parameters Analysis Results

The measured L*, a*, b* C, and h values for both fresh and dried samples reported in Figure 1.
Statistically significant differences in color metrics were observed depending on the drying technique
applied (p <0.05).
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Figure 1. Average color parameters of celeriac obtained using microwave and hybrid drying methods

The observed color differences between the two drying methods are attributed to variations in energy
transfer mechanisms and the physical conditions of the drying environment. Microwave drying promotes
rapid moisture removal through volumetric heating but may lead to uneven temperature distribution and
localized overheating. These effects can negatively impact pigment stability. In contrast, the hybrid method,
combines microwave energy with convective hot air, provides a more controlled thermal environment by
balancing internal heating with surface moisture diffusion. The measured L*, a*, b*, C, h and AE values

for fresh and dried samples are given in Table 1.
Table 1. Color Parameters of Fresh and dried celeriac snacks under different drying conditions

Drying Method Color Parameters
L* a* b* C h AE
Fresh 97.33+2.25% | -6.12+0.43% | 6.25+0.34* | 8.74+0.24* | 45.60=0.56*
100 W 95.34+1.84° | -4.91+0.50° | 4.32+0.15¢ | 6.50+0.33° | 38.86+0.11¢ | 3.02+0.62
100 W + 65°C hot air 96.8441.83% | -5.96+0.12° | 4.80+0.11° | 7.65+0.36" | 41.40+0.83° | 1.50+0.12

The L* values remained above 95 following both drying methods. The fresh celeriac sample exhibited an
L* of 97.33. This value decreased slightly to 95.34 under microwave drying and to 96.84 under hybrid
drying conditions. These observations imply that structural and non-enzymatic browning remained limited
under the applied thermal settings.

The a* values, representing the red-green color axis, showed a clear impact from the drying method. Fresh
samples exhibited the most negative a value (—6.12), indicating a stronger green hue. Microwave-dried
samples showed a less negative a* value (—4.91), suggesting a reduction in green intensity, possibly due to
pigment degradation under localized heat. In contrast, samples subjected to hybrid drying (microwave +
65°C hot air) retained a more negative a* value (—5.96), closer to that of the fresh samples. This suggests
that the hybrid method was more effective in preserving the green tonal characteristics of the product.

b* values declined in both dried samples. The fresh sample exhibited a b* of 6.25. The values decreased
to 4.32 under microwave treatment and to 4.80 under hybrid drying. The reduction in yellowness may be
attributed to the thermal degradation of carotenoids and flavonoids. Higher thermal input in the hybrid
method may have intensified pigment loss.

Chroma (C) values showed a decreasing trend. Chroma (C) values, reflecting the saturation or vividness
of color, were clearly influenced by the drying methods. Fresh samples exhibited the highest C value (8.74),

indicating a vivid and intense natural coloration. A substantial decline in chroma was observed in
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microwave-dried samples (6.50), which may reflect pigment degradation and reduced visual appeal. In
contrast, the hybrid drying method (100 W + 65°C hot air) preserved chroma more effectively, with a C
value of 7.65, closer to that of the fresh product. These results suggest that the hybrid approach helps retain
more of the original color saturation, contributing to better visual quality in dried root vegetables.

After drying, a decrease in hue angle was observed in both drying methods. The lowest h value was found
in samples treated with 100 W microwave drying (38.86), indicating a shift toward a redder hue, which
may be attributed to pigment degradation or localized overheating. The hybrid method (100 W microwave
followed by 65°C hot air) resulted in a moderately reduced h° value (41.40), suggesting a relatively milder
thermal effect. Although these reductions were not statistically significant, results indicated a trend toward
hue modification. Nevertheless, the h values of all dried samples remained within a visually acceptable
range for dehydrated root vegetables.

Total color difference (AE) was calculated as 3.02 for microwave-dried samples and 1.50 for hybrid-dried
samples, relative to the fresh material. The color difference (AE) values indicated notable variation
depending on the drying method. Samples dried using 100 W microwave treatment exhibited a AE of 3.02,
slightly exceeding the commonly accepted perceptibility threshold of AE > 3. This suggests that the color
change in these samples would likely be noticeable to the human eye. In contrast, the hybrid drying method
(100 W + 65°C hot air) resulted in a AE of 1.50, indicating a minimal and likely imperceptible color
difference compared to the fresh samples. These findings imply that hybrid drying is more effective in
preserving the original color characteristics, making it more favorable in terms of visual quality for dried
root vegetable applications. Despite measurable differences, the extent of color change remained within
acceptable limits for dehydrated root vegetable matrices in terms of consumer perception and industrial
applicability.

Principal Component Analysis Results

Colorimetric methods based on chromameter measurements offer a practical alternative to conventional
laboratory-based analytical protocols by enabling rapid data acquisition, minimal sample preparation, and
cost-effective operation [20, 23]. In the interpretation of such data, multivariate statistical techniques
contribute to the identification of structural relationships and variation patterns among sample groups. One
of the most widely used methods for this purpose is Principal Component Analysis (PCA). PCA performs
unsupervised dimensionality reduction by projecting data onto orthogonal components, thereby allowing
visual discrimination of sample clusters based on spectral similarity. However, it does not possess direct
predictive classification capability [12].

In this study, PCA was conducted using color parameters derived from the CIE Lab* color space. The
resulting model exhibited a strong ability to distinguish samples based on color variation. The first principal
component (PC1) accounted for 91% of the total variance, while the second component (PC2) explained
7%, yielding a cumulative variance of 98% (Figure 2). This high cumulative value indicates that the selected
color parameters effectively represent the variability within the dataset. The PCA score plot revealed clear
separation of the samples according to drying treatments. Fresh and hybrid-dried samples were positioned
on the right side of the PC1 axis, while microwave-dried samples (MD 100 W) clustered on the left,
indicating substantial differences in color attributes. Along the PC2 axis, fresh samples appeared in the
lower region, whereas hybrid-dried samples were located in the upper region, suggesting distinct
differences in specific color coordinates. These results highlight the significant role of L* (lightness) and
a* (red-green) parameters in the discrimination of drying-induced color changes.
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Figure 2. Score plot of Principal Component Analysis (PCA) based on color parameters of fresh, hybrid-dried (microwave at 100 W
assisted by hot-air at 65 °C), and microwave-dried (100 W) celeriac slices.

IV. DISCUSSION

Literature studies reported that a considerable reduction in L* values following thermal drying of celeriac
and similar root vegetables. Rudy et al. [24] observed a marked decrease in lightness during hot-air drying,
associated with increased surface darkening under elevated thermal exposure. Karabacak et al. [25] reported
that similar reductions in celery, noting that prolonged drying under atmospheric conditions promoted
pigment degradation. These findings indicated the predominance of non-enzymatic browning reactions,
including Maillard-type mechanisms and oxidative changes in color compounds. Drying systems
minimizing residence time and thermal gradients often preserve surface brightness. Na Nakornpanom et al.
[26] demonstrated improved lightness retention in celery using hybrid and foam mat drying, primarily due
to enhanced moisture transfer and reduced surface thermal stress. This condition limits exposure to
oxidation-sensitive intermediates and supports chromatic stability. Compared to conventional methods,
hybrid drying allows effective lightness preservation through simultaneous volumetric heating and
convective flow. This integrated approach reduces pigment degradation and offers a technically viable
solution for light-sensitive root vegetables.

Literature studies have highlighted significant changes in the a* coordinate of plant tissues during drying,
often reflecting shifts along the red-green axis due to thermal degradation or pigment oxidation Rudy et al.
[24] reported increasing a* values in celery slices after hot-air drying, suggesting a loss of green chroma
under elevated temperature and oxygen exposure. Similar findings were presented by Karabacak et al. [25],
a* values shifted toward the red axis as drying progressed. These color transitions were primarily linked to
the degradation of chlorophyll derivatives and oxidative transformation of phenolic compounds. Although
chlorophyll content is lower in celeriac compared to leafy vegetables, phenolic profiles and flavonoid
composition also influence green intensity. Na Nakornpanom et al. [26] demonstrated greater a* stability
in celery subjected to hybrid drying, attributing this effect to reduced oxidative load and milder heat
gradients. Preservation of negative a* values in root vegetables has been associated with limited structural
disruption and minimized browning reactions. Compared with single-mode drying, hybrid techniques
provide a more thermally uniform environment. The decreased shift in a* values under such conditions
suggests better conservation of color directionality along the green axis, thereby enhancing visual quality
in thermally processed root matrices.

Literature studies consistently report reductions in b* values after thermal drying of vegetables, indicating

loss of yellow pigments such as carotenoids and flavonoids. Rudy et al. [24] documented a significant
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decrease in b* values in dried celery roots subjected to convective drying. The authors linked this decline
to the degradation of thermolabile pigments under sustained heat exposure. Similarly, Karabacak et al. [25]
observed reduced b* values in celery slices processed by vacuum and hot-air drying, emphasizing the role
of prolonged thermal residence in pigment loss. Additional research by Islam et al. [27] on carrot slices
confirmed that both drying temperature and time significantly affected b* values, with higher temperatures
accelerating the breakdown of yellow chromophores. Youssef and Mokhtar [28] also demonstrated marked
b* reductions in dried pumpkin and attributed the change to oxidation and structural collapse of pigment-
holding cellular compartments. Studies focusing on celery and related Apiaceae species have emphasized
that drying strategies minimizing oxidative stress can preserve b* values more effectively. Na
Nakornpanom et al. [26] found that hybrid drying improved pigment retention due to lower surface
overheating and faster internal moisture diffusion.

Chroma, or color saturation, represents the vividness or purity of a hue and is directly influenced by the
stability of color-contributing compounds during thermal processing. Literature studies demonstarted that
thermal drying typically leads to a decline in chroma values due to pigment degradation and oxidative
reactions. Rudy et al. [24] observed significant reductions in chroma values of celery roots after convective
drying, linking the loss to the breakdown of flavonoid and carotenoid compounds. Karabacak et al. [25]
also reported lower chroma levels in celery subjected to prolonged hot-air exposure. The decline in chroma
has been associated with structural deformation in plant tissues and the oxidation of polyphenols. Islam et
al. [27] confirmed that increasing temperature and drying time caused progressive fading of chroma in
carrots, correlating with chloroplast disruption and loss of vacuolar pigments. Similarly, Youssef and
Mokhtar [28] recorded chroma reductions in pumpkin due to thermal instability of pigment molecules.
Hybrid drying approaches have demonstrated superior outcomes in preserving chroma compared to single-
mode drying. Na Nakornpanom et al. [26] reported that combining microwave and convective systems
improved chromatic integrity in celery, likely by reducing exposure to thermal peaks and oxygen
penetration. The selection of a drying method that maintains thermal uniformity and minimizes pigment
degradation plays a critical role in preserving chroma, especially in color-sensitive root vegetables.

The hue angle (h°) represents the dominant color orientation and depends on the ratio between a* and b*
coordinates. In root vegetables, this parameter often indicates the chromatic balance between yellow and
green hues. Thermal drying may influence h° values through pigment oxidation or thermal breakdown.
Rudy et al. [24] recorded a slight decrease in hue angle during hot-air drying of celeriac, which pointed to
a shift from the original yellow-green axis. Karabacak et al. [25] noted moderate changes in h° values in
celery slices under extended thermal exposure. Islam et al. [27] reported temperature-dependent h° variation
in carrot samples; however, mild processing conditions led to stable chromatic direction. Youssef and
Mokhtar [28] showed that hue angle stability in dried pumpkin increased when drying occurred under
optimized airflow and temperature control. Hybrid systems based on combined microwave and convective
mechanisms reduced thermal stress and preserved hue characteristics more effectively. Na Nakornpanom
e al. [26] demonstrated that hybrid techniques produced negligible h° shifts in celery by minimizing
pigment destabilization. Maintaining a consistent hue angle remains essential for visual quality and
consumer acceptability in dried plant materials. Limited deviation in hue values reflects reduced browning
and pigment degradation. Drying methods that stabilize internal temperature gradients and prevent
oxidative damage often support color direction integrity.

The total color difference (AE) quantifies the cumulative deviation of L*, a*, and b* values from a
reference sample and reflects the perceptibility of color changes after processing. In root vegetables, AE
serves as a reliable indicator of visual quality degradation due to pigment loss, non-enzymatic browning,
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or oxidative reactions. Literature studies have documented significant increases in AE values following
thermal drying. Rudy et al. [24] reported elevated AE in hot-air dried celery roots, attributing the change to
prolonged thermal exposure and oxidative pigment degradation. Karabacak et al. [25] observed similar
outcomes and emphasized the role of convective air and exposure time in accelerating color drift. Islam et
al. [27]) noted that AE increased with higher temperatures and extended drying times in carrots, resulting
in visible chromatic shifts. Youssef and Mokhtar [28] found that drying conditions with uncontrolled
thermal load led to AE values surpassing the perceptibility threshold, impacting consumer acceptance.
Hybrid drying systems, which balance internal and surface heating dynamics, demonstrated improved
control over AE values. Na Nakornpanom et al. [26] reported lower AE values in celery subjected to
microwave-assisted drying, indicating minimized chromatic deterioration. Selecting drying methods that
reduce thermal stress and pigment breakdown remains critical for chromatic acceptability in root vegetable
matrices.

PCA results demonstrated that the visual clustering patterns support the role of L* and a* values as key
variables influencing sample discrimination, as also reported in previous studies on microwave and hybrid
drying of pigment-rich vegetables [29]. These findings confirm that multivariate color analysis not only
enables rapid discrimination of drying methods but also reflects the underlying chemical and structural
changes in the product matrix. The clear separation of groups underlines the potential of PCA as a
supportive analytical tool for visual quality assessment in thermal processing studies. Similarly, Similarly,
Aygun et al. [7] indicated that the oil content in basil leaves could be distinguished in the PCA score plot
based on its variation. Arslan et al. [21] reported that different linseed varieties exhibited distinct patterns
in the PCA score plot due to their fatty acid, protein, and fiber compositions, enabling varietal
differentiation. In dried food products, color parameters have been shown to provide insights into final
product quality. Arslan et al. [22] stated that black carrot samples dried using different methods displayed
varying arrangements in the PCA score plot, which could be attributed to differences in their nutritional
content. Keskin et al. [30] demonstrated that the color values of organic Capia peppers dried under varying
intermittent microwave power levels could be successfully separated from those of conventional
counterparts using PCA. Guilherme et al. [31] used Principal Component Analysis (PCA) to distinguish
between organic and conventional sweet peppers and emphasized that compositional variables such as
phenolic compounds and antioxidant activity could be effectively separated through multivariate clustering
analysis. Turkmen et al. [32] investigated the fixed oil composition, seed yield, and quality of eight basil
genotypes with different leaf colors (purple and green). According to the results of Principal Component
Analysis (PCA), purple- and green-leafed basil genotypes exhibited distinct chemical profiles in terms of
fixed oil composition. This divergence suggests that leaf color may have a determining influence on fixed
oil profiles and potential functional properties. Notably, green-leafed genotypes were found to be superior
in terms of fixed oil constituents. In the study conducted by Arslan & Alibag [23], PCA was applied to L*,
a*, and b* color data obtained from fresh and dried chili pepper samples to analyze the differences caused
by drying. The first principal component (PC1) accounted for 91% of the total variance, while the second
component (PC2) explained 7%, resulting in a cumulative variance explanation of 98%.

v. CONCLUSION

In this study, the effects of microwave drying and microwave-assisted hot air (hybrid: 100 W +65°C)
drying on the color characteristics of celeriac (Apium graveolens L.) were comparatively evaluated. The
outcomes demonstrated that drying method significantly influenced all colorimetric parameters (L*, a*, b*,
C, h°, AE). While both techniques reduced overall color intensity compared to fresh samples, the hybrid
method provided superior retention of original color attributes. The L* values remained above 95 across all
treatments, indicating limited darkening and minimal non-enzymatic browning. The most negative a* value
was preserved in hybrid drying, suggesting enhanced retention of green tonal characteristics. In addition,
b* values declined less in the hybrid group, supporting better preservation of yellow chromophores such as
carotenoids and flavonoids. A more favorable C value was obtained in hybrid-dried slices, indicating
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improved retention of color vividness. Likewise, h variations were minimal, particularly under hybrid
conditions, which indicated reduced pigment destabilization. The AE value in hybrid drying remained
below the commonly accepted perceptibility threshold (AE = 1.50), while microwave drying produced more
distinguishable color changes (AE = 3.02). These findings support the conclusion that hybrid drying, by
integrating volumetric microwave energy with convective airflow, provides a more thermally balanced
environment. This combination minimizes pigment degradation and enhances chromatic stability, offering
a technically and visually superior alternative for the dehydration of color-sensitive root vegetable matrices
such as celeriac. Principal Component Analysis (PCA) applied to color parameters effectively distinguished
the celeriac samples based on drying methods. The first two components explained 98% of the total
variance, confirming that colorimetric data captured the drying-induced variability and allowed for clear
separation of sample groups. The results of this study demonstrate that hybrid drying was more effective
than microwave drying in preserving the natural color characteristics of celeriac slices. Higher L* values
and clearer groupings in the PCA score plot indicated that hybrid drying reduced discoloration and pigment
loss. Given the significance of visual quality in consumer preferences, maintaining the lightness and
chromatic stability of dried celeriac is essential for marketability. Therefore, hybrid-dried celeriac chips
can be considered a visually appealing and nutritionally promising alternative for the development of
healthy vegetable-based snacks.
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Abstract — Logistics Service Quality (LSQ) has long been recognized in the literature as a key indicator of
both operational performance and customer satisfaction within the logistics sector. Traditionally defined
through dimensions such as on-time delivery, information quality, empathy, and service reliability, LSQ
has undergone a significant conceptual transformation in recent years due to disruptions in global
dynamics. In particular, the post-COVID-19 era has brought forth new focal points such as digitalization,
sustainability, and crisis resilience, highlighting the need for a multidimensional and context-sensitive
approach in the evaluation of LSQ. This study aims to map the conceptual evolution of LSQ through a
systematic literature review and thematic content analysis of 112 articles published between 2015 and
2025. A total of 47 peer-reviewed studies retrieved from databases including Scopus, Web of Science,
ScienceDirect, and Google Scholar were analyzed. The coding process revealed four dominant thematic
categories in the LSQ literature: (1) Traditional LSQ Dimensions, (2) Digitally-Oriented LSQ (e-LSQ),
(3) Sustainability-Focused LSQ, and (4) Crisis-Resilient LSQ Approaches. Findings indicate that
traditional LSQ dimensions remain prevalent in 76% of the studies, while digital technologies are
emphasized in 58%, sustainability practices in 42%, and crisis management elements in 35% of the
publications. Furthermore, 62% of the studies incorporate multiple themes, suggesting that the
conceptualization of LSQ has evolved into a multidimensional, interdisciplinary, and contextually
adaptive construct. Theoretically, this research contributes by systematically illustrating the structural
expansion of LSQ, addressing conceptual ambiguities in the literature, and laying the groundwork for the
development of next-generation LSQ models. On a practical level, it emphasizes the strategic need for
logistics service providers to realign their quality strategies through digital transformation, environmental
sustainability, and operational flexibility, all of which are critical to enhancing service quality. Future
research directions include conducting sector-specific comparative studies, empirically testing customer-
based perceptions of LSQ, and developing Al-supported dynamic measurement models. Ultimately, the
study concludes that LSQ should no longer be viewed merely as an operational outcome, but rather as a
strategic, digital, and ethical performance indicator in contemporary logistics management.

Keywords — Logistics Service Quality, LSQ; Digitalization, Sustainability, Crisis Resilience, Conceptual Framework.

I. INTRODUCTION

In today's logistics sector, where global competition is increasingly intense and customer expectations
are becoming more dynamic, the concept of service quality (LSQ) stands out as a critical success factor at
both strategic and operational levels. The fact that logistics services are not limited to physical product
movement alone; they also create added value in areas such as information technologies, process
integration, and customer relations necessitates a multidimensional approach to LSQ. In this context, LSQ
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is not limited to metrics such as delivery speed or service accuracy; it also encompasses new criteria such
as the service provider's digital competence, environmental responsibility, and operational resilience in
the face of crises [1,2].

For many years, LSQ studies in the literature have been shaped around traditional dimensions such as
on-time delivery, service reliability, information quality, empathy, and physical delivery processes. These
dimensions are structured based on the SERVQUAL model and used to understand the relationship
between service provider performance and customer satisfaction. However, the pandemic, global supply
chain crises, climate-related disasters, and technological transformations that occurred in the post-2020
period have led to significant shifts in the definition and measurement paradigm of LSQ. Particularly with
the emergence of concepts such as digitalization, sustainability, and system resilience, service quality has
become evaluated not only in terms of "how" it is delivered but also "under what conditions, with what
tools, and with what value propositions" [3,4].

This study reassesses classical approaches to LSQ and systematically analyzes conceptual expansions,
proposed new dimensions, and methodological approaches that have emerged in the literature over the
last five years. The aim is to shed light on the evolving nature of LSQ and provide a theoretical basis for
digital, sustainable, and resilient logistics service models.

II. THEORETICAL FRAMEWORK

Logistics service quality is a multidimensional concept based on customer perceptions of a service
provider's performance. In the literature, LSQ is largely derived from the SERVQUAL model and defined
by the following core dimensions: on-time delivery, order accuracy, information quality, customer
relations, and physical service elements. These dimensions are considered core elements in understanding
the performance of logistics systems.

Logistics service quality (LSQ) is a multidimensional concept that describes the perceived performance
level of logistics activities offered to customers. Derived from traditional service quality literature, LSQ
was developed largely based on the SERVQUAL model by Parasuraman, Zeithaml, and Berry (1988) [5].
Based on this model, LSQ was shaped by reinterpreting service elements such as reliability,
responsiveness, assurance, empathy, and tangibles in a logistics context. Scales developed in the early
stages of LSQ research were structured specifically around the following core dimensions [6-8].

* On-Time Delivery: The timely delivery of complete and intact orders to customers has been
considered a key indicator of logistics performance.

* Order Accuracy and Completeness: Delivering complete, undamaged, and correct products is a key
factor influencing customer satisfaction.

* Information Quality and Communication: The service provider's ability to provide accurate, up-to-
date, and accessible information to the customer defines the information flow dimension of LSQ.

* Customer Relations: Problem-solving skills, ease of access, employee competence, and
communication language are prominent elements in LSQ's customer-based evaluations.

This classic framework has guided service quality research for many years, adapting and using it across
different geographies, sectors, and customer segments. However, the transformations experienced after
2020 have necessitated a theoretical and practical reevaluation of this framework.

A. Digitalization and the e-LSQ Approach

In recent years, the integration of digital technologies into logistics systems has led to the emergence of
new dimensions in LSQ assessments. Conceptualized as e-LSQ (electronic logistics service quality), this
new approach encompasses elements such as online order tracking, mobile application interaction,
automated notification systems, and Al-enabled customer service [9]. In this context, the quality of digital
interaction has become a critical element in measuring LSQ.

B. Sustainability-Focused LSQ Dimensions

Environmental parameters such as environmental responsibility, sustainable supply chain practices, and
carbon emission reduction are now being integrated with the social dimensions of service quality. Studies
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examining the contribution of green logistics activities to service quality have revealed that environmental
performance impacts both corporate image and customer satisfaction [10].

C. Crisis Management and Operational Resilience

The COVID-19 pandemic and subsequent geopolitical crises have necessitated another conceptual
expansion of LSQ. Resilience refers to system flexibility and adaptability that ensures service continuity
not only during disruptions but also under conditions of uncertainty. Logistics service providers' ability to
make rapid decisions, implement alternative supply routes, and respond flexibly to customer demands are
now considered critical indicators of LSQ [11].

D. Multidimensional and Dynamic LSQ Scales

This evolutionary shift in the literature demonstrates the inadequacy of uniform and static models for
measuring LSQ. Therefore, contemporary LSQ research tends to develop dynamic LSQ scales tailored to
variables such as industry, region, customer segment, and distribution channel. The proliferation of
technological infrastructures, particularly artificial intelligence, the Internet of Things (IoT), and big data,
enables this customization to be data-driven [12].

III. MATERIALS AND METHOD

This study utilizes a combination of qualitative content analysis and systematic literature review
methods to provide a holistic analysis of the Logistics Service Quality (LSQ) literature, encompassing
both its historical development and current trends. The research design aims to reveal the transition
between the traditional dimensions of the LSQ concept and the post-2020 approaches focused on
digitalization, sustainability, and resilience.

E. Research Method

The study adopted a qualitative approach, specifically using thematic content analysis to classify
recurring conceptual constructs, measurement dimensions, and theoretical approaches in the literature.
The methodological process employed was conducted in accordance with current systematic review
protocols.

e The dataset was created by searching the following academic databases: Scopus, Web of
Science, ScienceDirect, Emerald Insight, and Google Scholar.

e The keywords used in the search were: "logistics service quality”, "LSQ measurement", "digital
logistics", "resilient supply chains", "green logistics", "e-LSQ".

e Publications between 2015 and 2025 were included in the search. Priority was given to English-
language articles published in peer-reviewed journals. A total of 112 original publications were
reviewed; 47 studies were included in the systematic analysis following content analysis.

e Relevant literature was analyzed. The coding process categorized both pre-defined themes (e.g.,
on-time delivery, information quality, customer relations) and data-derived themes (e.g., digital
interaction quality, carbon footprint management, crisis response capacity). The codes were
grouped into four main categories:

1. Classic LSQ Dimensions

2. Digitization-Based Dimensions (e-LSQ)

3. Sustainability-Focused LSQ Indicators

4. Crisis and Resilience-Focused LSQ Applications

e Validity and Reliability: A double-coding process was used to ensure the reliability of the
findings, and 91% coding agreement was achieved. To increase the study's internal validity,
thematic integrity of articles obtained from different databases was cross-checked.
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IV.  RESULTS

This study, conducted through a systematic literature review and thematic content analysis, presents a
holistic framework that outlines the fundamental themes and new dimensions from which the concept of
Logistics Service Quality (LSQ) has evolved. The findings demonstrate that traditional LSQ dimensions
remain relevant, but new sub-dimensions are rapidly emerging in the context of digitalization,
sustainability, and operational resilience.

A. The Continuity of Classic LSQ Dimensions

In 76% of the studies reviewed, the classic service quality dimensions still form the basis of LSQ
measurement. The following elements were particularly frequently observed:

* On-time delivery

* Order accuracy and completeness

* Information quality and customer information

* Problem-solving speed and employee communication

These findings confirm that classic SERVQUAL-based constructs remain a fundamental reference in
logistics performance evaluations.

B. New LSQ Dimensions Based on Digitalization (eLSQ)

In 58% of publications published after 2020, new themes related to the digital components of LSQ
emerged. The most frequently recurring elements are:

* Quality of real-time tracking systems

* Al-enabled customer support processes

» Mobile app accessibility and user experience

* Data security and digital transparency

These themes demonstrate the development of new-generation scales integrating electronic service
quality (e-service quality) measures in addition to the classic LSQ scales.

C. Sustainability-Based LSQ Approaches

Sustainability and environmental awareness are integrated into the LSQ assessment in 42% of the
literature. Prominent sub-dimensions:

* Measuring and reporting carbon emissions

* Environmentally friendly transportation methods (e.g., electric fleet, intermodal transport)

* Transparency of reverse logistics and waste management processes

These findings reveal that environmental performance is evaluated not only within the context of
corporate social responsibility but also directly integrated into service quality.

D. LSQ in Times of Crisis: Resilience and Adaptability

Especially in post-pandemic publications (35%), LSQ was discussed from a crisis management and
operational resilience perspective. In this context, the following themes were identified as prominent:

* Capacity to ensure service continuity during times of crisis

» Ability to respond quickly to supply disruptions

» Management of alternative transportation and distribution channels

* Transparency of customer information processes under uncertainty

These themes indicate that LSQ is evaluated not only on its service performance under normal
conditions but also on its adaptability in an environment of uncertainty.

E. Thematic Transition and Integrated LSQ Approach

According to the coding results, 62% of the publications contained elements from more than one theme
cluster, indicating that the LSQ concept is no longer a single-dimensional construct but rather a multi-
layered system. The distribution of themes by publication is summarized below:
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Theme Cluster Occurrence in Publications

Classic LSQ Dimensions 76%
Digitalization (e-LSQ) 58%
Sustainability 42%
Resilience and Crisis Management 35%
Multi-Layered LSQ Approaches 62%

The findings indicate that LSQ is undergoing an evolutionary transformation, with themes such as
digitalization, sustainability, and resilience gaining central importance alongside traditional structures.
New models developed within this framework should consider not only performance but also social
responsibility and strategic adaptation.

V. DISCUSSION

This study systematically analyzes the literature on logistics service quality (LSQ) from classical
approaches to today's digital and sustainability paradigm, revealing the structural transformation of the
concept. The findings demonstrate that LSQ continues to be shaped around traditional dimensions such as
operational reliability, on-time delivery, and information quality, but these fundamental constructs are
now being reinterpreted in conjunction with contemporary elements such as digitalization, environmental
responsibility, and system flexibility.

In particular, digital components—such as real-time tracking, Al-enhanced customer service, and
mobile interaction design—are becoming a new standard in LSQ assessments. This necessitates the
updating of classical measurement tools and the integration of the e-LSQ concept into the theoretical
framework. Similarly, it has been demonstrated that sustainability and environmental impact management
should be considered not only within the context of corporate social responsibility but also as service
quality indicators that directly impact customer perception. Another striking finding is the inclusion of
crisis management and operational resilience within the LSQ's measurement framework. The supply
chain disruptions experienced with the COVID-19 pandemic have made service quality a part of customer
perceptions not only of product delivery but also of a company's communication transparency, ability to
generate alternative solutions, and process management style. This finding demonstrates that LSQ should
no longer be static but rather situationally and contextually responsive [13,14].

This study demonstrates that the LSQ concept has undergone a multidimensional evolution and bridges
the gap between classical literature and contemporary approaches. By systematically mapping this
thematic expansion in the literature, it provides a reference framework that will guide future theoretical
modeling studies.

For logistics service providers, these findings provide important clues for restructuring service quality
strategies, investing in digital infrastructure, integrating sustainability practices into the operational level,
and developing flexible service designs to prepare for crisis situations.

The primary limitation of this study is that it is solely literature-based. Because the findings are not
supported by industry-specific practices or customer-based empirical data, field-based equivalents of the
proposed dimensions should be tested in separate studies. Future research could include:

* Industry-based comparative LSQ models,

* e-LSQ scales differentiated by customer segments,

 Service quality matrices based on crisis resilience. Furthermore, structural equation modeling is
recommended to examine how digitalization and sustainability dimensions complement each other.
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Abstract — Bones provide structural support and enable movement in the human body. Yet fractures are
frequent injuries arising from high energy trauma or age-related fragility conditions such as osteoporosis.
When left untreated, they may trigger chronic sequelae, including bone degeneration, residual
deformities, restricted mobility, and loss of strength. Conventional radiography remains the first line
diagnostic tool; however, in fast paced emergency departments these images are often interpreted by non-
orthopedic physicians or junior radiologists, heightening the risk of misdiagnosis. To address these time
and accuracy constraints, we present an automated fracture segmentation system built on the Mask R-
CNN deep learning architecture. Extensive data augmentation techniques were applied during training to
bolster robustness and curb overfitting on a modest dataset. Performance, evaluated via 7-fold cross-
validation across varied data splits, yielded an Intersection over Union (IoU) of 0.887 and a mean
accuracy of 0.911. Cross-validation boosted generalisation by more than by about 58 percentage points,
underscoring its value in medical Al pipelines. The results demonstrate that the proposed approach offers
a practical, scalable, and accurate solution suitable for deployment wherever rapid, dependable diagnosis
is essential. With additional external validation on heterogeneous, multi centre datasets, the model could
evolve into a powerful decision support tool that streamlines radiology workflows and reduces diagnostic
errors. Ultimately, it may enhance patient outcomes by facilitating faster triage and targeted treatment.

Keywords — Mask R-CNN, Bone Fracture, Deep Learning, Fracture Detection, Fracture Segmentation.

I. INTRODUCTION

Bones provide essential structural support and enable movement. The human skeleton comprises many
bones with distinct morphologies and functions, which makes fractures among the most common
traumatic injuries. They usually result from high energy events—such as traffic accidents or falls—but
age-related loss of bone mineral density also predisposes older adults to fragility fractures [1],[2].
Untreated fractures can progress to chronic complications, including joint degeneration [3],[4],[5]. Since
residual deformities can lead to functional losses such as limited range of motion and decreased strength,
the early and accurate diagnosis of fractures is of great clinical importance. In this regard, the
development of highly reliable automatic fracture diagnosis algorithms can accelerate the diagnosis-
treatment process and increase the efficiency of clinical workflows. The clinical process requires the
detection of the fracture and the radiographic assessment of fracture displacement. Conventional
radiography remains the primary imaging method for fracture detection. However, due to the need for
rapid clinical decision making in emergency department settings, the initial interpretation of radiographs
is often performed by non-orthopedic physicians or less experienced radiologists [6],[7],[8],[9],[10],[11].
Automated decision support tools could accelerate the diagnostic workflow and improve consistency.

Advances in information technology have markedly improved diagnostic accuracy in medicine. In
particular, deep learning approaches based on convolutional neural networks (CNN) have shown
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remarkable performance improvements in medical image analysis applications [11],[12],[13]. These
methods have demonstrated diagnostic success rates close to that of human experts in disciplines such as
dermatology, radiology, and pathology, and in some cases even surpassing them [14]. Orthopedic
literature has also demonstrated the effectiveness of Al supported systems in detecting bone fractures
radiographically, showing that models developed for fracture diagnosis achieve accuracy rates
comparable to those of expert clinicians [7], [15],[16],[17]. In general, it is observed that deep learning
algorithms create a paradigm shift in medical image analysis by offering integrated, reliable, and
explainable solutions with clinical decision support systems.

It is observed that the majority of studies in the literature focus solely on classifying the presence of
fractures and mostly use closed source methods. This approach significantly limits the integration of the
developed models into large-scale clinical systems and inter-institutional external validation processes
[18]. However, the fundamental requirement in clinical practice goes beyond merely detecting the
presence of a fracture; it involves localizing the fracture region with high precision to guide treatment
planning. Segmentation-based methods that provide location information have the potential to address
this critical need by providing clinicians with more interpretable and clinically actionable data [3].

We propose an open-source, Mask R-CNN-based pipeline for simultaneous detection and segmentation
of fracture regions on radiographs, and we benchmark its performance under three experimental settings
(baseline, cross-validation, and data augmented training). Our goal is to demonstrate a clinically viable
segmentation accuracy while highlighting the impact of cross-validation and augmentation on
generalisation.

II. MATERIALS AND METHOD

Mask R-CNN architecture was used for fracture detection and segmentation; the performance of the
model was comparatively analysed under three experimental settings with varying k-fold and epoch
values.

A. Dataset

FracAtlas [19] dataset was used in our study. FracAtlas is a new, fully labelled X-ray dataset that
supports classification, localisation and segmentation tasks simultaneously for computer-aided fracture
diagnosis research. It contains 4083 X-ray images of the hand, leg, hip and shoulder collected from three
hospitals in Bangladesh between 2021 and 2022. A total of 717 images contain 922 fracture samples and
each fracture has a COCO-shaped polygonal mask and box annotation.

B. Data Augmentation and Pre-processing

Contrast Limited Adaptive Histogram Equalisation (CLAHE) method was used in the preprocessing
stage to reduce the low contrast problem in radiographic images and to make the fracture lines more
prominent [20], [21]. The limited number of samples in deep learning models increases the risk of
overfitting by reducing the generalisation ability of the model. For this reason, data augmentation
techniques were applied in our study to increase the diversity of training samples. In the data
augmentation process, Random Horizontal Flip (probability = 0.5) was applied to each radiograph to
generate symmetric variations of the image set. Thus, the model was trained with both original and
augmented and contrast-enhanced images to achieve a higher generalisability capacity.

C. Mask R-CNN - Mask Region-Based Convolutional Neural Network

Mask R-CNN is a powerful instance segmentation model that combines object detection with pixel-
level segmentation. Built on the Faster R-CNN architecture, this model performs a binary mask
estimation for each detected object through classification and location information as well as an
additional segmentation branch [22],[23],[24]. The feature extractor module ResNeXt-101 32x8d
architecture is used for the mask R-CNN backbone [25]. Figure 1 shows the adapted Mask R-CNN
architecture [26].
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Figure 1. Mask R-CNN

In this study, the Mask R-CNN architecture was trained with a consistent set of hyperparameters in all
experiments. Only the k-fold and number of epochs were varied according to the scenarios. Table 1
shows the hyperparameters and Table 2 shows the scenarios.

III. RESULTS

Table 1. Hyperparameters

Hyperparameter Value
learning_rate 1x10°7°
batch_size 6
optimizer AdamW
weight decay 0.005
Ir_scheduler StepLR

Table 2. Scenarios

Scenario | k-fold | epoch
Exp-A 0 100
Exp-B 7 100
Exp-C 7 50

Mean IoU and Mean Accuracy measures are presented for three experimental scenarios (Exp-A, Exp-B,
Exp-C) performed with the Mask R-CNN model. In Exp-A, the dataset was fitted with 15% of the total
number of images as validation data and 15% of the total number of images as test data. In Exp-B and
Exp-C applications, 15% was used as test data in the same way. Test data was randomly selected from the
dataset. Table 3 shows Mean IoU and Mean Accuracy results.
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A. Exp-A - Single Split Training Test (100 Epoch)
The first experiment with fixed training-test separation identified baseline performance with Mean IoU
=0.560 and Mean Accuracy = 0.605.

B. Exp-B — 7-Fold Cross-Validation (50 Epoch)

The 7-fold cross-validation, which increases data diversity, provided the highest accuracy with Mean
IoU = 0.887 and Mean Accuracy = 0.911. Compared to Exp A, an increase of 32.7 percentage points
(about 58%) in Mean IoU and 30.6 percentage points (about 51%) in Mean Accuracy was observed.

C. Exp-C — 7-Fold Cross-Validation (100 Epoch)

In this scenario where the training time was halved, Mean IoU = 0.834 and Mean Accuracy = 0.867
were obtained. Compared to Exp B, it provided a time-saving balance with a loss of -0.052 points in IoU
and -0.045 points in accuracy.

Table 3. Mean IoU and Mean Accuracy Results

Application | Mean IoU | Mean Accuracy | k-fold / Epoch
Exp-A 0.560 0.605 0/100
Exp-B 0.887 0.911 7/100
Exp-C 0.834 0.867 7/50

Cross-validation improved accuracy: 7-fold cross-validation (Exp B) resulted in about 58% increase in
Mean IoU and about 51% increase in Mean Accuracy compared to the baseline scenario (Exp A).

Shorter training time stabilised output: Exp C with 50 epochs produced accuracy close to Exp B while
reducing training time by about half.

Model stability: The small differences between Exp B and Exp C show that cross-validation maintains
learning stability even when reducing the number of epochs.

IV.  DISCUSSION

Mask R-CNN trained with 7-fold cross-validation segmented bone fractures with an IoU of 0.887 and a
mean accuracy of 0.911, demonstrating that cross-validation is crucial for generalisability. The
improvement from the 0.560 IoU obtained with a fixed train—test split (Exp-A) to 0.887 (Exp-B) shows
that exposing the network to multiple data partitions prevents memorisation of the limited samples and
yields more stable, reliable predictions. Unlike many earlier studies that offer only binary fracture
classification, our segmentation-based approach supplies anatomically precise masks, giving clinicians
richer visual information about fracture morphology and location and thus more actionable guidance for
treatment planning. The study has several limitations. Although the FracAtlas dataset is carefully
annotated, it represents images from only three hospitals; therefore, additional validation on larger, multi-
centre cohorts drawn from diverse populations and imaging devices is required. Because the analysis
relies on two-dimensional radiographs, subtle nondisplaced or hairline fractures can remain undetected,
suggesting that future work should incorporate three-dimensional modalities such as computed
tomography. We also observed that shortening training from one hundred to fifty epochs reduced
performance by roughly five percent; this modest loss indicates that the time-accuracy balance can be
tuned for practical deployment, but the optimal trade-off must be determined for each clinical scenario.
Given these results, the model holds strong potential for routine use, especially in high-volume
environments like emergency departments, where it could serve as a second set of eyes and support less-
experienced physicians. Future research should enrich the model with three-dimensional data, perform
external validation on multinational datasets, and embed the system in real-time clinical workflows so
that its impact on patient outcomes can be measured prospectively.
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V. CONCLUSION

This study successfully demonstrated that the Mask R-CNN deep learning architecture can detect and
segment bone fractures with high accuracy from radiographic images. The 7-fold cross-validation
technique was proven to dramatically improve the generalisation ability and reliability of the model
compared to a single training-test split, achieving an accuracy rate exceeding 91%. Furthermore, halving
the training time leads to only a limited degradation in performance, demonstrating that the proposed
method offers a practical and scalable solution even for resource-constrained clinical settings.

The findings provide concrete evidence that deep learning-based automated segmentation systems can
be a powerful decision support tool with the potential to reduce human errors in radiological diagnosis
and accelerate clinical workflows. Integrating this technology into clinical practice by validating it with
larger data sets in the future will be an important step towards improving the quality of patient care.

REFERENCES

[1] Myint, S., A.S. Khaing, and H.M. Tun, Detecting leg bone fracture in x-ray images. International Journal of Scientific &
Research, 2016. 5: p. 140-144.

[2] Yadav, D.P. and S. Rathor. Bone Fracture Detection and Classification using Deep Learning Approach. in 2020
International Conference on Power Electronics & IoT Applications in Renewable Energy and its Control (PARC). 2020.

[3] Anttila, T.T., et al., Detecting distal radius fractures using a segmentation-based deep learning model. Journal of digital
imaging, 2023. 36(2): p. 679-687.

[4] Del Pidal, F., et al., Distal radius fractures. Journal of Hand Surgery (European Volume), 2022. 47(1): p. 12-23.

[5] Court-Brown, C.M. and B. Caesar, Epidemiology of adult fractures: a review. Injury, 2006. 37(8): p. 691-697.

[6] Gan, K., et al., Artificial intelligence detection of distal radius fractures: a comparison between the convolutional neural
network and professional assessments. Acta orthopaedica, 2019. 90(4): p. 394-400.

[7] Blithgen, C., et al., Detection and localization of distal radius fractures: Deep learning system versus radiologists.
European journal of radiology, 2020. 126: p. 108925.

[8] Guly, H., Injuries initially misdiagnosed as sprained wrist (beware the sprained wrist). Emergency medicine journal,
2002. 19(1): p. 41-42.

[9] Arora, R, et al., A prospective randomized trial comparing nonoperative treatment with volar locking plate fixation for
displaced and unstable distal radial fractures in patients sixty-five years of age and older. Jbjs, 2011. 93(23): p. 2146-
2153.

[10] Wei, C.-J., et al., Systematic analysis of missed extremity fractures in emergency radiology. Acta radiologica, 2006.
47(7): p. 710-717.

[11] Suen, K., R. Zhang, and N. Kutaiba, Accuracy of wrist fracture detection on radiographs by artificial intelligence
compared to human clinicians. A systematic review and <em>meta</em>-analysis. European Journal of Radiology,
2024. 178.

[12] Ramadanov, N., et al., Artificial intelligence-guided distal radius fracture detection on plain radiographs in comparison
with human raters. Journal of Orthopaedic Surgery and Research, 2025. 20(1): p. 468.

[13] Esteva, A., et al., A guide to deep learning in healthcare. Nature medicine, 2019. 25(1): p. 24-29.

[14] Lakhani, P. and B. Sundaram, Deep learning at chest radiography: automated classification of pulmonary tuberculosis by
using convolutional neural networks. Radiology, 2017. 284(2): p. 574-582.

[15] Olczak, J., et al., Artificial intelligence for analyzing orthopedic trauma radiographs: deep learning algorithms—are they
on par with humans for diagnosing fractures? Acta orthopaedica, 2017. 88(6): p. 581-586.

[16] Kim, D. and T. MacKinnon, Artificial intelligence in fracture detection: transfer learning from deep convolutional neural
networks. Clinical radiology, 2018. 73(5): p. 439-445.

[17] Lindsey, R., et al., Deep neural network improves fracture detection by clinicians. Proceedings of the National Academy
of Sciences, 2018. 115(45): p. 11591-11596.

[18] Oude Nijhuis, K.D., et al., An open source convolutional neural network to detect and localize distal radius fractures on
plain radiographs. European Journal of Trauma and Emergency Surgery, 2025. 51(1): p. 26.

[19] Abedeen, 1., et al., FracAtlas: A Dataset for Fracture Classification, Localization and Segmentation of Musculoskeletal
Radiographs. Scientific Data, 2023. 10(1): p. 521.

[20] Pizer, S.M., et al., Adaptive histogram equalization and its variations. Computer vision, graphics, and image processing,
1987.39(3): p. 355-368.

[21] Stimper, V., et al., Multidimensional contrast limited adaptive histogram equalization. IEEE Access, 2019. 7: p. 165437-
165447.

[22] Zhang, H., et al., A scale-adaptive Mask R-CNN strategy for foreground particle segmentation and geometrical analysis
of granular aggregates. Applied Soft Computing, 2024. 164: p. 111931.

[23] He, K., et al. Mask r-cnn. in Proceedings of the IEEE international conference on computer vision. 2017.

125



[24] Hong, S., et al., Improved Mask R-CNN Combined with Otsu Preprocessing for Rice Panicle Detection and
Segmentation. Applied Sciences, 2022. 12(22): p. 11701.

[25] Xie, S., et al. Aggregated Residual Transformations for Deep Neural Networks. in 2017 IEEE Conference on Computer
Vision and Pattern Recognition (CVPR). 2017.

[26] Huang, H., et al., Deep learning-based instance segmentation of cracks from shield tunnel lining images. Structure and
Infrastructure Engineering, 2022. 18(2): p. 183-196.

126



5™ International Conference on Scientific and Innovative

. xe
Studies N
July 15-16, 2025: Konya, Turkey | C SHIES

© 2025 Published by All Sciences Academy https.://as-proceeding.com/index.php/icsis/home

Hidrolik Kontrollii Robotik El Tasarimi ve Simiilasyonu

Mahmut Can Senel'”

'Makine Miihendisligi Boliimii / Miihendislik Fakiiltesi, Ondokuz Mayis Universitesi, Tiirkiye

“mahmutcan.senel@omu.edu.tr

Ozet — Giiniimiizde bilim ve teknoloji her gegen giin hizla gelismektedir. Teknolojinin gelismesiyle
birlikte insan giiciine olan talep de giin gectikce azalmaktadir. Insan kaynakli hatalarin ve is kazasi
riskinin minimize edilmesi ve liretim proseslerinin hizla gerceklestirilmesi amaciyla robotik teknolojiler
kullanilmaya baglanmistir. Robot teknolojileri; {iretim ve montaj hatlarinda, lojistik ve depolamada, saglik
sektoriinde ve tarim sektoriinde yaygin bir sekilde kullanilmaktadir. Bu calismada bircok sanayi
kurulusunda kullanilabilecek hidrolik kontrollii robotik el tasarimi gergeklestirilerek simiile edilmistir.

Anahtar Kelimeler — Hidrolik, Robotik EIl, Simiilasyon.

I. GIRIS

Hidrolik sistemler, sikistirilamaz akiskanlarin basing altindaki hareketlerini kullanarak enerji iletimi ve
hassas kontrol saglayan mekanizmalardir [1, 2]. Yiiksek giic yogunlugu, diisiikk enerji kaybi ve genis
hareket kontrol kapasitesi sayesinde bu sistemler, endiistriyel otomasyon, robotik uygulamalar, agir yiik
tasima ve i makineleri gibi birgok alanda yaygin olarak kullanilmaktadir [3, 4]. Hidrolik sistemlerin
avantajlari; hiz ayarinin kademesiz ve hareket yoniiniin degistirilebilir olmasi, az yer kaplamasi ve eleman
hacimlerinin kii¢iik olmasi, bakim ve onarmminin kolay olmasi, ince ve hassas ayar yapilabilmesi,
sistemlerin giirtiltiistiz ve emniyetli c¢alisabilmesidir. Hidrolik sistemlerin dezavantajlar1 ise devre
elemanlarinin pahali olmasi, devre elemanlarmin diisiik hizlarda caligsmalar1 sebebiyle yiiksek hizlarin
elde edilememesi, hidrolik akigkanlarin yiiksek 1siya karst duyarli olmalari, yliksek basing altinda
calisabildiklerinden bu basinca dayanabilecek yiiksek malzeme kalitesine sahip devre elemanlarina
ithtiya¢ duyulmasidir [5, 6].

Bu calisma kapsaminda, hassas islerdeki yiiksek giic ve kontrol ihtiyaglarini karsilamak iizere bir
hidrolik kontrollii robotik el tasarimi gergeklestirilmistir. Sistem, sikistirilamaz hidrolik sivilarin basingl
akisint kullanarak robotik elin tutucularini, bilegini ve kolunu hareket ettirebilmektedir. Hidrolik
silindirler, s1v1 basincin1 mekanik hareketlere doniistiirerek robotik elin kavrama, kaldirma ve dondiirme
gibi gorevleri etkin bir sekilde yerine getirmesini saglamaktadir. Tasarim siirecinde hidrolik silindirler,
yon kontrol wvalfleri, akis kontrol valfleri ve bir hidrolik pompa gibi temel hidrolik elemanlar
kullanilmistir. Bu bilesenler, robotik elin ¢ok eksenli hareket kabiliyetine olanak tanimis ve sistemin
hassasiyetini artirmigtir. Fluid-Sim yazilimi kullanilarak olusturulan hidrolik devre tasarimi, sistemin
islevselligini dogrulamak amaciyla simiile edilmistir.

II. MATERYAL VE YONTEM

Tasarim, robotik elin farkli islevlerini yerine getirebilmesi i¢in dort ana boliimde ele alinmistir. Bu
boliimler, hidrolik sistemin sagladigi hareketlerin her birini temsil etmektedir ve numaralandirilarak
tanimlanmistir. Hidrolik kontrollii robotik elin kat1 modeli Sekil 1°de gosterilmektedir. 1 numarali boliim,
robotik kolun ileri-geri hareketini saglayan kisimdir. 2 numarali boliim, elin agma-kapama hareketini
gergeklestiren kismi temsil ederken, 3 numarali boliim, bilekteki donme hareketini saglayan doner
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mekanizmay1 icermektedir. 4 numarali boliim ise kavrama ve birakma hareketlerinin yapildig: tutucular
temsil eder. Bu bdliimler, hidrolik sistemin farkli elemanlartyla kontrol edilerek robotik elin endiistriyel
ve hassas islevleri yerine getirmesini saglamaktadir.

Sekil 1. Hidrolik kontrollii robotik el tasarimina ait kati model

Hidrolik kontrollii bir robotik el, karmagik hareketleri gerceklestirebilen bir mekanik sistemdir. Bu
sistemin temel calisma prensibi, hidrolik akiskan basinciyla sistemin hareket ettirilmesi iizerine
kuruludur. Sistemde, bir pompa tarafindan belirli bir basingta devreye iletilen akigkan, valfler araciligryla
yonlendirilir ve silindirlere ulastirilir. Silindirler, bu basing altinda hareket ederek robotik elin
hareketlerini gergeklestirir.

Tasarim, bes ana boliimden olusan bir hidrolik devreye sahiptir. Devre, kol ve elin ileri-geri hareketi,
bilekteki donme hareketi, elin kavrama ve birakma hareketini saglamaktadir. Pompa {initesi, devreye
hidrolik akigkani ileten ve sistemin ihtiya¢ duydugu basinci saglayan temel enerji kaynagini olusturur.
Kolun agma ve kapama hareketlerini saglayan cift etkili silindir, yon kontrol valfi ile kontrol edilmekte
olup, s1v1 basincin1 mekanik hareketlere doniistiirerek kolun ileri-geri hareket etmesini saglar. Yar1 doner
aktliatorde ise hidrolik akiskanin yonii belirlenerek bilek {izerinde smirli bir agiyla donme hareketi
gergeklestirilir. Robotik elin agma ve kapama hareketi, bir baska ¢ift etkili silindir araciligiyla saglanir.
Robotik elin kavrama ve birakma islemleri ise, iki adet cift etkili silindir ile gerceklestirilir. Basing
kontrol valfleri ise, silindirlerin asir1 basinca maruz kalmasini engelleyerek sistemin giivenli ¢alismasini
saglar. Hidrolik kontrollii robotik el devresinde bulunan elemanlar ve islevleri Tablo 1°de
gosterilmektedir.
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Tablo 1. Hidrolik kontrollii robotik el tasarimina ait hidrolik devre elemanlar1

Hidrolik devre islevi Adet

elemani

Pompa iinitesi Akigkani depodan alarak sisteme gerekli basing ve debide iletilmesini saglar. 1

Filtre Akiskanin igerisindeki yabanci maddeleri, kir ve partikiilleri armndirir. 1

Sogutucu Akigkanin sistem igerisindeki siirtiinmeden kaynakli 1sinmasini 6nler. 1

4/3 yén kontrol valfi illglilianm iki farkli yon arasinda kontrol edilmesini ve gerektiginde akisi durdurmay1 4

Iki yollu akis kontrol Akis hizimi diizenlemek i¢in kullanilan bu valf, sistemdeki akisin belirli bir kismini 2

valfi sinirlandirarak aktiiatdrlerin hareket hizin1 kontrol eder. Iki girig ve ¢ikig hatt1 vardir.

Tek yollu akis kontrol Tek yonde akisa izin veren bu valf, geri doniis akisin1 engelleyerek sistemdeki tek 1

valfi yonlii hareketlerin kontroliinii saglar.

Basimg kontrol valfi S}.stem .1Q.11.1.dek1 basincr belirli bir seviyede tutarak, bilesenlerin asir1 basingtan zarar )
gbrmesini onler.

Cift etkili silindir Ikl. .yon.h.l hareket saglayan bu silindir, her iki yonde de sivi basinciyla hareket 4
ettirilebilir.

Yart déner aktiiator Sll’llrll. bir aciyla donme hareketi yapabilen aktiiatorler, genellikle doéner tahrik 1
gerektiren uygulamalarda kullanilir.

III. BULGULAR VE TARTISMA

Robotik el tasarimi, kol ve elin ileri-geri hareketini, bilekteki donme hareketini, elin kavrama ve
birakma hareketini saglayan bir hidrolik devreye sahiptir. Bu devre Sekil 2°de gosterilmektedir. Pompa
tinitesi (1) devreye hidrolik akiskani iletir ve sistemin ihtiya¢ duydugu basinct saglar. Tek yollu akis
kontrol valfi (2) tek yonde akisa izin vererek sistemdeki tek yonlii hareketleri saglar. Kol agma ve kapama
hareketlerini saglayan cift etkili silindir (6), yon kontrol valfi (4) ile kontrol edilmektedir. Bu silindir, s1v1
basincini mekanik hareketlere doniistiirerek kolun ileri-geri hareket etmesini miimkiin kilar. Iki yollu akis
kontrol valfi (3), akis hizin1 diizenlemek icin kullanilir ve iki tane giris ve ¢ikis hatt1 vardir. Yar1 doner
aktiiator (7) ise bilekteki donme hareketini saglamak i¢in kullanilmistir. Aktiiator, yon kontrol valfi (4) ile
kontrol edilerek, hidrolik akiskanin yonii belirlenir ve bilek iizerinde sinirlt bir agiyla donme hareketi
gergeklestirilir. Robotik elin agma ve kapama hareketi, bir baska cift etkili silindir (6) araciligiyla
gerceklestirilir. Robotik elin kavrama ve birakma islevini, iki adet cift etkili silindir ile gerceklestirilir.
Basing kontrol valfleri (5) ise silindirlerin asir1 basinca maruz kalmasini engelleyerek sistemin giivenli
calismasini saglar. Sogutucu (8) akiskanin sistem igerisindeki siirtinmeden kaynakli 1sinmasin1 6nleyerek
viskozitesinin korunmasini saglar. Ayni zamanda, sistemin verimli calismasimi saglayarak asiri
sicakliktan kaynaklanan bilesen hasarini engeller. Filtre (9) akiskanin igerisindeki yabanci maddeleri, kir
ve partikiilleri temizleyerek sistemin uzun Omiirlii olmasini1 ve bilesenlerin hasar gérmemesini saglar.
Kirlenmis bir akiskan, sistem performansimi diisiiriir ve bilesenlerde asinmaya neden olabilir. Akiskan
filtreye gelmeden Once sogutucu tarafindan isleme alinmistir. Bunun sebebi filtrede olusacak zararin
onlenmesidir.
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Sekil 2. Robotik el tasarimina ait hidrolik devre

IV. SONUCLAR

Hidrolik kontrollii robotik el, endiistriyel uygulamalarda ytiksek agirliklarin kaldirilmas: ve taginmasi
gibi igslemler icin etkili bir ¢6ziim sunmaktadir. Sistem, hareket kabiliyeti sayesinde farkli gorevleri yerine
getirebilecek yapidadir. Bu hareket kombinasyonlari, robotik elin farkli formlara girmesine olanak tanur.
Bu tasarim, ozellikle agir sanayi, otomotiv iiretim hatlar1 ve hassas montaj siiregleri gibi alanlarda
kullanima uygundur.

Robotik elin islevselligini ve hassasiyetini artirmak i¢in, eklem sayisinin artirilmasi ve serbestlik
derecesinin yiikseltilmesi onemli bir gelisme saglayacaktir. Daha fazla serbestlik derecesi, robotik elin
daha karmasik ve detayli hareketler gerceklestirebilmesini miimkiin kilarak, tibbi protez
uygulamalarindan hassas monta;j siireclerine kadar ¢esitli alanlarda kullanimini1 yayginlastirabilir. Ancak,
bu tiir iyilestirmeler daha kompleks bir devre tasarim1 ve daha gelismis kontrol sistemlerini gerektirir. Bu
dogrultuda, devrede daha fazla yon kontrol valfi, hassas akis kontrol valfleri ve sensorlerin entegrasyonu
gibi gelistirmeler onerilmektedir. Sonug olarak, mevcut hidrolik kontrollii robotik el tasarimi, endiistriyel
kullanimlar i¢in giivenilir ve islevsel bir ¢oziim sunmaktadir. Onerilen gelistirmelerle birlikte, bu sistem
daha yiiksek hassasiyet ve genisletilmis fonksiyonlar ile gelecekteki endiistriyel ve teknolojik
gereksinimlere uyum saglayacak sekilde gelistirilebilir.
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Abstract — In this study, a deep learning-based object recognition system for real-time detection of smoke
and fire has been developed. The Smoke and Fire Detection YOLO Dataset was used in the study, and the
dataset consists of a total of 21,527 labeled images belonging to four different classes: smoke only, fire
only, both, and background. The labeling process was performed in advance in accordance with the YOLO
format. Model training was performed using the YOLOvS, YOLOvVI11, and Faster R-CNN architectures.
The model's performance was evaluated using various metrics, with the highest average F1 score obtained
being 0.61%. The overall mAP@0.5 value was calculated as 0.606, with smoke being the class with the
highest success rate (64.3%) and fire being the class with the lowest success rate (56.9%). The model's class
discrimination ability was analyzed in detail using a confusion matrix, precision-recall curves, and other
visualization tools. The results obtained demonstrate that deep learning methods can provide reliable, fast,
and scalable solutions for fire detection systems and have significant potential, particularly for real-time
security applications.

Keywords — Fire Detection, Smoke Classification, Deep Learning, YOLOvI 1, Computer Vision, Object Recognition.

I. INTRODUCTION

Fires pose a serious threat to life and property safety. Timely and effective control of fire spread is critical
to minimizing damage and preventing loss of life. Therefore, early detection of fire hazards is of great
importance. Traditional sensor-based systems, such as temperature-humidity sensors, smoke detectors, and
carbon monoxide sensors, may face various issues such as high costs, limited coverage areas, delayed
response times, susceptibility to environmental conditions, and false alarms. Additionally, most of these
systems do not function effectively until smoke or flame density exceeds a certain threshold, which can
lead to critical time losses [1]. Rapid developments in computer vision and deep learning technologies in
recent years have enabled the development of visual data-based fire and smoke detection solutions. These
approaches offer advantages such as real-time detection, low false alarm rates, and high resilience to
environmental variability, presenting an alternative solution to traditional methods [2]. This study aims to
develop a real-time and reliable fire detection system in response to this need.

In the literature, there are studies that use various deep learning-based methods for visual data-based fire
and smoke detection. Tao et al. [3] noted that existing object detection algorithms are slow and have low
accuracy, and proposed a new YOLOvS8-based model as a solution to these problems. In their proposed
model, the CBAM attention mechanism was integrated to enable more effective learning of multi-scale
features and weight stabilization, and the loss function was optimized to successfully process objects of
different sizes. The study reported that the proposed model achieved a 3% improvement over other methods
with a mAP value of 0.490. Goel et al. [4] developed a new CNN-based fire detection system, investigated
fire flame features, and aimed to detect fires from live camera data using edge detection and thresholding
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algorithms. The developed model was tested on a specially created fire dataset and achieved successful
results in terms of fire detection accuracy. Li et al. [5] highlighted the need for high accuracy and
lightweight models in edge devices with limited resources used for fire detection. In this context, they
proposed a new fire and smoke detection algorithm called “YOLOvVS5sFSDA” based on YOLOVSs. The
model integrates a Cross-Scale Feature Fusion (CFF) structure for effective recognition of features at
different scales, uses GhostConv technology to reduce model load, and applies the Content-Aware Feature
Re-aggregation (CARAFE) sampling method to increase content awareness. The results of the study
indicate that model complexity was reduced by 30% and computational costs by 18%, while overall
detection performance was improved.

In this study, YOLOvVS, YOLOv11, and Faster R-CNN models were evaluated, and performance analyses
were conducted in real-time monitoring scenarios with the aim of improving the approaches proposed in
the literature and maximizing the balance between accuracy and speed in fire detection processes. The
system used in this study differs from previous methods in that it leverages the advantages of the YOLOv11
architecture, aiming to deliver superior results in terms of both accuracy and speed through its anchor-free
structure, DFL loss, and advanced layers.

II. MATERIALS AND METHOD

In this study, fire detection operations were performed on a dataset containing fire images using the
YOLOvVS, YOLOv11, and Faster R-CNN methods.

A. Dataset

The dataset used in this study is the open-source dataset titled “Smoke and Fire Detection YOLO Dataset”
published by Sayed Gamal on the Kaggle platform [6]. The dataset consists of a total of 21,527 images
belonging to four different classes: Smoke Only, Fire Only, Smoke and Fire, and None (background). The
distribution of the dataset by class is shown in Table 1.

Table 1. Dataset class distribution

Class #Data
Only fire 1.164
Only smoke 5.867
Fire and smoke 4.658
None 9.838

All image data has been pre-labeled with class labels and bounding boxes in YOLO format.

B. Deep Learning Methods

Recent developments in deep learning and improvements in GPU hardware technology have enabled
significant advances in computer vision. Computer vision technologies are of practical importance in terms
of contributing to process automation by reducing the need for human labor [7]-[9]. Object detection is one
of the fundamental areas of digital image processing and computer vision, enabling the effective use of
intelligent tracking systems in various application areas [10],[11]. In this study, a fire detection study was
conducted by considering the high accuracy, speed, and real-time monitoring advantages of deep learning-
based object detection models such as YOLOvS, YOLOvI1, and Faster R-CNN in computer vision
applications.

-Faster R-CNN: The Faster R-CNN model, based on a region-based convolutional neural network
architecture, is an object detection model that stands out for its high accuracy rate. Faster R-CNN first
identifies potential object regions in the image using the Region Proposal Network (RPN). It then accurately
classifies these regions to determine their locations. This structure is particularly successful in detecting
small objects and complex images [16]. Compared to other real-time detection models, it may take longer
to process. However, due to its high accuracy rate, it is frequently preferred in areas where precision is
critical, such as industrial quality control, video analysis, security, and defense systems. Thanks to Faster
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R-CNN's modular structure, it can be integrated with different backbone models and offers a customizable
structure according to application needs [17].

-YOLOVS: It is based on the YOLO model introduced in the study “You Only Look Once: Unified, Real-
Time Object Detection” conducted by Redmon and colleagues [12]. YOLOVS, a frequently preferred deep
learning model in the field of object detection, can perform operations at high speed by predicting the
locations and classes of objects in images in a single step. It offers predefined models of different sizes (s,
m, 1, x), providing users with flexible usage options tailored to their hardware capabilities and needs. In
addition, transfer learning support and an open-source structure based on PyTorch enable the model to be
easily customized. Considering all these features, it can be used effectively in real-time monitoring systems
and mobile devices thanks to its low latency and fast inference capabilities [13].

-YOLOv11: YOLOvI1I1, one of the most recent versions of methods based on the YOLO model, was
developed by Ultralytics and features an advanced architecture that provides a high accuracy rate and speed
balance in object detection [10]. The YOLOv11 model improves the backbone and neck structures to offer
richer feature extraction. This enables higher performance when detecting smaller objects. Additionally,
thanks to advanced data augmentation techniques and adaptive learning capabilities, it demonstrates
resilience to various lighting, weather conditions, and background changes, delivering high performance in
application areas such as smart tracking, autonomous vehicles, and security systems [15]. A comparison
of the parameter values of the YOLOVS and YOLOvI11 models is shared in Table 2.

Table 2. YOLOVS vs YOLOvV11 comparison

Feature YOLOvVS YOLOv11
Number of Parameters ~T™M ~48. 1M
Anchor Structure Anchor-Based Anchor-Free
FPS (GPU) ~45 ~50
Loss Function CloU + BCE CloU + DFL

III. RESULTS

In this study, fire detection processes were performed using three different deep learning models:
YOLOVS, YOLOvVI11, and Faster R-CNN. The study was conducted in the Google Colab environment using
an NVIDIA Tesla T4 (16 GB) GPU. The parameter values used in the study are shared in Table 3.

Table 3. Parameter values used

Parameters Value
Batch Size 16
Epoch 100
Input Size 640x640
Optimization SGD (Adaptif Learning Rate)
Loss Function CloU + Class Loss + DFL

The results of the fire detection study conducted with the YOLOVS, YOLOv1 1, and Faster R-CNN models
were evaluated and analyzed in terms of themAP@0.5s, F1 Score, Precision, and FPS metrics. The results
obtained in the study are shared in Table 4.

Table 4. Results obtained in the study

Model mAP@0.5 F1 Score Precision FPS
YOLOvVS 0.578 0.59 0.62 45
YOLOv11 0.606 0.61 0.63 50
Faster R-CNN 0.521 0.53 0.59 7

Table 4 shows a comparison of the performance of deep learning-based object detection models for fire
detection in terms of various metrics. The YOLOvS5 model provides high accuracy and fast inference time
(45 FPS) with 0.578mAP@0.5, and 0.59 F1 score. The YOLOv11 model, on the other hand, demonstrates
the highest performance with 0.606mAP@0.5, and 0.61 F1 score, offering an advantage in real-time
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applications with 50 FPS. The Faster R-CNN model has a lower accuracy of 0.521mAP@0.5, and 0.53 F1
score, as well as a lower speed of 7 FPS, but it offers competitive performance in terms of reducing false
positives with a precision value of 0.59. Overall, the YOLOv11 model provides the best balance between
speed and accuracy in fire detection, while YOLOVS offers a speed advantage and stable performance.
Faster R-CNN can be considered an alternative for scenarios that require more accurate detection but do
not require real-time performance. These results demonstrate that YOLO-based models offer a suitable and
effective solution for real-time monitoring in fire detection applications. mAP@0.5s obtained from
experiments conducted with the YOLOvS5, YOLOvI11, and Faster R-CNN models for fire detection are
compared in Figure 1.

0.521

YOLOvV5 Faster R-CNN YOLOv11

Fig. 1 Comparison of the mAP values of the models

When examining Figure 1, it is seen that the YOLOv11 model demonstrates the highest performance
with a mAP@0.5 value of 0.606, providing superior accuracy in fire detection. The YOLOvVS model
maintains its high performance despite showing slightly lower accuracy than YOLOv11 with a mAP@0.5
value of 0.578. The Faster R-CNN model, on the other hand, shows a lower accuracy compared to other
models with a mAP@0.5 value of 0.521. These results show that YOLO-based models can provide high
accuracy rates in fire detection applications and reveal that the YOLOv11 model is a more advantageous
option in terms of accuracy in this field. The loss curve for the training process of the YOLOv11 model,
which provides the best results, is shared in Figure 2.
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Fig. 2 YOLOv11 loss-epoch graph

When examining Figure 2, it can be observed that there is a regular decrease in the loss value as the
number of epochs increases during the training process. This shows that the model continues to learn at the
end of each epoch and can make better predictions with the updating of its weights. The steady decrease in
the loss value shows that the model underwent a balanced learning process without overfitting and was
effectively optimized on the training data. Fire detection performed on an indoor image using the YOLOv11
model is shown in Figure 3.
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'Fig. 3 YOLOv!1 indoor fire detection

Upon examining Figure 3, it can be seen that the intense flame forming in the large area in the upper left
part of the image was detected with a 91% accuracy rate. Additionally, the fire areas at two different points
in the lower right region of the image were detected with accuracy rates of 51% and 47%. The high accuracy
value obtained in the high-intensity flame region demonstrates that the model performs well in large and
distinct fire scenes. The moderate accuracy values obtained in smaller flame areas indicate that the model
can distinguish between areas of fire with different intensities and sizes. The smoke and fire detection image
taken outdoors is shared in Figure 4.

Fig. 4 YOLOv11 outdoor smoke and fire detection

When Figure 4 is examined, it can be seen that a dense smoke area was correctly detected with an
accuracy rate of 91%. In addition, it can be seen that fire areas with low density in two different regions in
the image were also detected with accuracy rates of 37% and 28%. Considering the density and area
coverage of the smoke, it can be observed that the model achieved high success in smoke detection. The
detection of fire areas with low probability values may be due to the flames being small in size or partially
visible in the image during the early stages of the fire.

IV.  DISCUSSION

The results of this study demonstrate that deep learning-based models are effective in real-time fire and
smoke detection. The YOLOvI1 model demonstrated the best performance in terms of accuracy
(mAP@0.5: 0.606) and speed. While particularly successful on large and intense flames, its performance
deteriorates in low-visibility areas. The slower Faster R-CNN stands out with its high accuracy. The
findings demonstrate a trade-off between accuracy and speed; future approaches such as attention
mechanisms and video-based time coherence are recommended to improve this balance.

V. CONCLUSION

In this study, the performance of deep learning-based object recognition systems for real-time detection
of smoke and fire was evaluated, and the YOLOvS5, YOLOv11, and Faster R-CNN models were compared.
The results showed that the YOLOv11 model achieved the highest accuracy values with a 0.606mAP@0.5,

and 0.61 F1 score, and was the most suitable solution for real-time monitoring applications thanks to its
fast inference capability (50 FPS). Although YOLOVS5 performed slightly lower than YOLOvI11 in terms
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of accuracy, it stood out for its applicability in mobile and embedded systems thanks to its high speed
advantage. Faster R-CNN can be considered a competitive alternative in scenarios that require high
sensitivity but do not require real-time performance, especially in small object detection. However, among
the limitations of the study are the limited variety of examples of different camera angles, resolutions,
environmental conditions (wind, day-night, smoke carried by wind), and different stages of fire, despite the
data set used being open source. Furthermore, since training was conducted using only static images, it was
not possible to evaluate transitions between consecutive frames in the video stream or ensure temporal
consistency. Additionally, tests conducted in a GPU-supported environment did not provide information
about performance, energy consumption, and integration processes on edge devices, which constitutes a
significant limitation. Future studies should focus on creating large-scale, scenario-based datasets for
different stages of a fire and various weather and lighting conditions, improving model performance
through attention mechanisms, transformer-based detection architectures (DETR) and ensemble structures,
reducing false positive rates by using temporal information from consecutive frames in video streams, and
improving performance with low-resolution data for fire detection and early-stage smoke detection in drone
and UAV-based systems.
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Ozet — Bu calisma, istihdam edilebilirlik algisi ile ¢alisan performans: arasindaki iliskinin kuramsal bir
cergevede ele alinmasi amaciyla hazirlanmistir. Bu kapsamda, oncelikle performans kavraminin tanimi ve
onemi incelenmis, ardindan ¢alisan performansinin temel boyutlari, 6zellikleri ve etmenleri agiklanmistir.
Performans, bireyin bilgi, beceri ve yetkinliklerini amagli ve planli bir etkinlik sonucunda somutlagtirmasi
olarak tanimlanmaktadir. Calisan performansi ise gorev performansi ve baglamsal performans olmak
tizere iki temel boyutta siniflandirilmakta, her iki boyutun da orgiitsel etkinlige farkli sekillerde katki
sagladig1 ortaya konulmaktadir.

Calismada ayrica, istihdam edilebilirlik kavraminin tarihsel gelisimi ve Onemi ayrintili bigimde
incelenmis, kavramin toplumsal, kurumsal ve bireysel diizeylerde cesitli boyutlara sahip oldugu
belirtilmistir. Istihdam edilebilirlik, bireyin is giicii piyasasinda kalicihigim siirdiirebilmek igin gerekli
becerileri siirekli olarak gelistirebilmesi ve i doyumunun azalmasi durumunda yeni istihdam firsatlar
yaratabilme kapasitesine sahip olmasi olarak tanimlanmaktadir. Bu baglamda, istthdam edilebilirlik
becerilerinin giiniimiiz 1§ diinyasinda giderek artan bir 6neme sahip oldugu ve bireylerin kariyer
stirekliligi ile 15 glivencesi agisindan kritik bir rol iistlendigi belirtilmektedir.

Istihdam edilebilirligin 6znel ve nesnel boyutlar1 ortaya konulmus, 6zellikle bireylerin alg1 diizeylerinin is
giivencesi ve performans iizerindeki etkileri degerlendirilmistir. Elde edilen bulgular dogrultusunda,
istihdam edilebilirlik algisinin yiliksek olmasimin calisanlarin 6z giivenini, i doyumunu ve buna bagl
olarak performans diizeylerini olumlu yonde etkiledigi sonucuna ulasilmistir. Sonug¢ bdliimiinde, ¢alisan
performansini artirmayi hedefleyen isletmeler i¢in istihdam edilebilirlik algisinin gelistirilmesine yonelik
oneriler sunulmus, kavramsal modelin uygulanabilirligi degerlendirilmis ve gelecekte yapilacak
arastirmalar i¢in Onerilerde bulunulmustur.

Anahtar Kelimeler — Istihdam Edilebilirlik Algisi, Calisan Performansi, Gérev Performansi, Baglamsal Performans, Is
Giivencesi.

! Bu calisma Cigderp Erk’in “Igsel Motivasyon ve Calisan Performansmin Istihdam Edilebilirlik Algisina Etkisi: Muhasebe
Meslek Mensuplar1 Uzerine Bir Aragtirma” adli yayinlanmis yiiksek lisans tezinden tiiretilmistir.
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I. GIRIS

Istihdam edilebilirlik, bireylerin is giicii piyasasinda siirdiiriilebilir bigimde yer alabilme, degisen
kosullara uyum saglayarak yeni is olanaklari olusturabilme ve kariyer gelisimlerini siirdiirebilme
kapasiteleri olarak ifade edilmektedir. Bu kavram, yalnizca is bulma yeterliligini degil, ayn1 zamanda is
yasaminda siireklilik ve gelisim saglama yetkinligini de icermektedir. istihdam edilebilirlik, bireylerin is
glicii piyasasindaki kaliciligini saglayacak bilgi ve becerilere sahip olma durumu olarak tanimlanmaktadir
[1], [2]. Istihdam edilebilirlik olgusu, tarihsel siire¢ igerisinde toplumsal, kurumsal ve bireysel olmak
tizere ii¢ temel dlizeyde incelenmektedir. Toplumsal diizeyde istihdam edilebilirlik, hiikiimetler tarafindan
ekonomik refah1 artirmaya ve issizlik oranlarin1 diistirmeye yonelik politikalar kapsaminda
degerlendirilmektedir. Kurumsal diizeyde ise, calisanlarin istthdam siirekliligini destekleyici yapilarin
olusturulmasi ve insan kaynaginin etkili bir bi¢imde yoOnetilmesi olarak tanimlanmaktadir. Bireysel
diizeyde ise, bireylerin i¢ ve dis is giicli piyasasinda tatmin edici bir ise sahip olabilmesi ve bu konumu
stirdiirebilme yetkinligi 6n plana ¢ikarilmaktadir [3].

Son yillarda artan kiiresel rekabet, teknolojik gelismeler, is giivencesizliginin yayginlagmasi ve is
diinyasinda esneklik taleplerinin artmasi, istihdam edilebilirligi stratejik bir insan kaynaklar1 yonetimi
unsuru héline getirmistir. Esnek ¢alisma bigimleri, gegici ve yar1 zamanh is iliskileri ile proje bazli
istihdam uygulamalari, bireylerin yalnizca bir ise yerlesmekle sinirli kalmayip, yasam boyu is bulabilme
kapasitesine sahip olmalarin1 gerektirmistir [4], [5]. Bu c¢ercevede, bireylerin sahip olduklar1 beceriler,
yetkinlikler, deneyimler ve 6znel algilar, istihdam edilebilirlik diizeylerinin belirlenmesinde kritik bir rol
oynamaktadir. Ozellikle “istihdam edilebilirlik algisi” kavrami, bireylerin kendi bilgi ve yeteneklerine
dayanarak is piyasasinda ne dlgiide talep goreceklerine iliskin 6znel degerlendirmelerini ifade etmektedir
[6]. Bu algi, bireyin kariyerine iliskin kontrol hissi ve psikolojik durumu ile dogrudan iliskili olarak
degerlendirilmektedir [7]. Bazi bireyler yeterli becerilere sahip olmasalar dahi is bulabileceklerine
inanirken, bazilar1 giicli yonlerine ragmen kendilerini yetersiz gorebilmektedir. Bu farkliliklarin,
bireylerin is yasamina yonelik tutumlarini ve performans diizeylerini dogrudan etkiledigi goriillmektedir.
Literatlirde bu konuya iligkin yapilan arastirmalarda, istihdam edilebilirlik algisinin ¢alisan performansi
tizerinde 6nemli etkiler yarattig1 ortaya konulmustur [8], [9]. Yiiksek istihdam edilebilirlik algisina sahip
bireylerin i3 doyumlarinin, is baghliklarinin ve orgiitsel katkilarinin daha yiiksek oldugu, dolayisiyla
orgiitsel performansa da olumlu katki sagladiklar1 belirtilmektedir. Buna karsilik, diisiik istthdam
edilebilirlik algisinin  bireylerde giivensizlik duygusunu artirdigt ve motivasyon ile performans
diizeylerini diisiirdiigii ifade edilmektedir [10].

Bu caligmanin aragtirma sorusu, “istthdam edilebilirlik algist1 c¢alisan performansini nasil
etkilemektedir?” seklinde belirlenmistir. Arastirmanin amaci, s6z konusu iligskiyi kuramsal bir ¢ercevede
aciklamak ve uygulamaya yonelik oneriler gelistirmektir. Literatlirde konuya iligkin mevcut ¢alismalarin
cogunlukla bu iki kavrami bagimsiz bigimde ele aldig1 ve aralarindaki nedensel iligskinin sistematik olarak
incelenmedigi goriilmektedir. Bu dogrultuda, calismanin 6zgiin katkisi, istihdam edilebilirlik algisinin
calisan performans iizerindeki etkilerini ¢ok boyutlu bi¢imde ortaya koymak ve bu iliskinin hem bireysel
hem de orgiitsel diizeyde nasil yapilandigini incelemektir. Bu kapsamda, ¢aligmada ilk olarak performans
kavrami ve calisan performansinin boyutlar1 ele alinmakta, ardindan istihdam edilebilirlik kavrama,
bilesenleri, boyutlar1 ve istthdam edilebilirlik algis1 kuramsal diizeyde incelenmektedir. Son olarak, bu iki
kavram arasindaki iligki literatiir bulgular1 dogrultusunda degerlendirilmekte ve kuramsal bir cergeve
sunulmaktadir.

II. KAVRAMSAL CERCEVE

A. Performans Kavrami ve Calisan Performansi

Tirk Dil Kurumu’na gore “performans” kavrami, “basarim” ve “verim giicii” anlamlarinda
kullanilmaktadir [11]. Performans, bireyin bilgi, beceri ve yetkinliklerini planl bir is siirecinde kullanarak
sonuca ulasabilmesi olarak tanimlanmaktadir [12]. Ayrica, isin gereklerine uygun bicimde
sonuglandirilmasini saglayan beceri ve ¢aba diizeyi olarak da tanimlanmaktadir [13].
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Calisan performansi, calisana verilen gorevlerin ne 6l¢iide yerine getirildigini ifade etmektedir [14]. Bu
performansin, Orgiitsel hedeflerin gerceklestirilmesinde Snemli bir unsur olarak degerlendirildigi
belirtilmektedir [15]. Calisan performansinin, ¢alisanin Orgiite sagladigi katma deger ve ciktilarla da
iligkilendirildigi vurgulanmaktadir [16]. Bu performans genellikle gorev performansi ve baglamsal
performans olmak {izere iki boyutta ele alinmaktadir [17]. Gorev performansi, teknik bilgi ve becerilerle
dogrudan yerine getirilen gorevleri kapsamaktadir [18]. Baglamsal performans ise oOrgiitsel ve sosyal
baglami destekleyen davranislar1 igermektedir [19], [20].

Calisan performansini etkileyen etmenler, kisisel, orgiitsel, ¢evresel ve teknolojik olmak iizere dort
baslik altinda siniflandirilmaktadir [21], [22]. Kisisel etmenler arasinda yas, cinsiyet, motivasyon, yetenek
ve pozitif psikolojik sermaye yer almaktadir [23], [24]. Cinsiyetin, kiiltiirel yapiyla iligkili olarak
performansa etkisi 6zellikle vurgulanmaktadir [25], [26]. Pozitif psikolojik sermayenin, umut, iyimserlik,
oz yeterlilik ve esneklik gibi kisisel 6zellikleri kapsadig1 ifade edilmektedir [21]. Orgiitsel etmenler
arasinda ise Orglit yapisi, is tasarimi, ast-iist iliskileri ve ¢alisma kosullar1 bulunmaktadir [27]. Mekanik ve
organik sistemlerin ¢alisan performansina etkisi de g¢esitli arastirmalarla ortaya konulmustur [24], [28].
Cevresel etmenlerin, oOrgiitin i¢ ve dis cevre kosullariyla ilgili oldugu belirtilmektedir [29]. Bu
kosullardaki degiskenlerin performans tizerinde dogrudan ya da dolayli etkiler yarattig1 ifade edilmektedir
[30]. Teknoloji ve bilgi yonetiminin, orgiitsel verimliligi ve dolayistyla c¢alisan performansini etkileyen
Oonemli unsurlar arasinda yer aldigi belirtilmektedir. Bu konuda yapilan bazi1 ¢alismalarda, teknoloji ve
bilgi paylasiminin performans iizerindeki olumlu etkileri ortaya konmustur [29].

B. Istihdam Edilebilirlik Kavrami ve Algis

Istihdam edilebilirlik, bireyin is giicii piyasasinda siirdiiriilebilirligini ifade eden gok boyutlu bir kavram
olarak degerlendirilmektedir [3]. Bu kavram, ¢alisanin is yasaminda siirekliligini saglayan yetkinlikler
biitiinii seklinde tanimlanmaktadir [1], [2]. Istihdam edilebilirlik; ise giris becerisi, siirekli gelisim ihtiyaci
ve tatmin edici bir ise sahip olma yeterliligi gibi cesitli acilardan ele alinmaktadir [31], [32]. Ayrica,
degisime acik, kendini gelistirebilen ve yeniden is bulabilen bireylerin istihdam edilebilir olarak kabul
edildigi ifade edilmektedir [33].

Istihdam edilebilirlik becerileri, temel beceriler, iist diizey diisiinme becerileri ve duyussal beceriler
olmak {lizere {i¢ bashik altinda simiflandirilmaktadir [34]. Yirmi birinci yiizyil becerileri kapsaminda
iletisim, problem ¢6zme, medya okuryazarligi, liderlik ve iiretkenlik gibi yetkinliklerin 6n plana ¢iktigi
belirtilmektedir [35]. Bu becerilerin, 6zellikle bilgi okuryazarlig ile ortiistiigli vurgulanmaktadir [2].

Literatiirde istthdam edilebilirlik, nesnel ve 6znel olmak {iizere iki boyutta incelenmektedir [8], [9].
Nesnel boyut, bireyin egitim diizeyi, mesleki tecrilbe ve is deneyimleri gibi digsal gostergelere
dayanmaktadir. Oznel boyut ise bireyin kendisini istihdam edilebilir olarak degerlendirmesiyle
iliskilendirilmektedir. Bu degerlendirmelerin, bireyin sahip oldugu becerilere yonelik igsel algilarim
yansittig1 ifade edilmektedir [6]. Ayrica, sz konusu alginin bireyin kariyeri tizerindeki kontrol hissiyle
yakindan iliskili oldugu belirtilmektedir [7].

Istihdam edilebilirlik algisim etkileyen baslica etmenler arasinda bireysel nitelikler, is giicii piyasasina
iliskin bilgi diizeyi ve insan kaynaklar1 politikalar1 yer almaktadir [31]. Bu etmenler; uyum yetenegi
(belirsizlikle basa ¢ikma kapasitesi), kariyer kimligi (hedef belirleme ve yon tayini becerisi) ile sosyal ve
beserl sermaye (bilgi, beceri ve deneyim birikimi) basliklar1 altinda siniflandirilmaktadir [36]. Sosyal
aglarin, istihdamda stireklilik saglamada ve psikolojik destek sunmada Onemli bir rol distlendigi
vurgulanmaktadir [37]. Egitim diizeyi ile istihdam edilebilirlik algis1 arasindaki iliskinin ¢esitli ampirik
arastirmalarla ortaya kondugu ifade edilmektedir [38]. Ogrencilerin okul déneminde edindikleri is
deneyimlerinin bu algi lizerinde olumlu etkiler yarattigi da belirtilmektedir [39]. Ayrica, psikolojik
sermaye ile istihdam edilebilirlik algis1 arasinda pozitif yonlii bir iliskinin bulundugu cesitli ¢aligsmalarla
gosterilmistir [40].

Is giicii piyasasia iliskin bilgi diizeyinin, bireylerin kariyer planlamasinda rehberlik edici bir isleve
sahip oldugu ifade edilmektedir. Algilanan istihdam edilebilirlik ile is giivencesizligi arasinda ters yonlii
bir iliski bulundugu belirlenmistir [41]. Bununla birlikte, bireylerin yalmzca stirekli islere
odaklanmalarmin istihdam edilebilirlik algisini olumsuz etkileyebilecegi vurgulanmaktadir [42].
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III.  SONUCLAR

Istihdam edilebilirlik algisi, bireylerin is yasamina ve kariyer gelisimlerine iliskin &znel
degerlendirmelerini igeren, ¢ok boyutlu ve dinamik bir kavramsal yap1 olarak degerlendirilmektedir. Bu
algiin, yalnizca bireyin is bulma kapasitesini degil, ayn1 zamanda mevcut igini silirdiirebilme, yeni
firsatlara uyum saglayabilme ve belirsizlik kosullarina kars1 direng gosterebilme yetenegini de kapsadigi
belirtilmektedir [6], [7]. Literatiirde elde edilen bulgular, yiiksek diizeyde istihdam edilebilirlik algisina
sahip bireylerin iy doyumu, oOrgiitsel baglilik, motivasyon ve fiiretkenlik diizeylerinin daha yiiksek
oldugunu gostermektedir [8].

Bu baglamda, calisan performansinin iyilestirilmesi ve oOrgiitsel verimliligin artirilmas: amaciyla
bireylerin istthdam edilebilirlik algilarinin gelistirilmesinin 6nemli bir unsur olarak degerlendirildigi ifade
edilmektedir. S6z konusu algiya sahip bireylerin kriz donemlerinde, is degisikliklerinde ve Orgiitsel
doniistim stireglerinde daha esnek ve uyumlu davranislar sergiledikleri belirtilmektedir [10]. Bu durumun,
bireysel diizeyde verimlilik artis1 ve orgiitsel diizeyde basarrya katki sagladigi vurgulanmaktadir. insan
kaynaklar1 birimleri tarafindan sunulan egitim olanaklari, kariyer gelisim planlari, psikolojik sermayeyi
destekleyen uygulamalar ve oOrgiitsel esneklik stratejileri araciligiyla bu algmin giiclendirilmesinin
miimkiin oldugu bildirilmektedir.

Bu caligsmada, istihdam edilebilirlik algisi ile ¢alisan performansi arasindaki iliski kuramsal diizeyde ele
alinmakta ve s6z konusu iliskinin dogasina yonelik derinlemesine bir analiz sunulmas1 amac¢lanmaktadir.
Literatiirde her iki kavram ayrintili bigimde incelenmis olsa da, aralarindaki nedensel iligkinin sinirlt
sayida arastirma kapsaminda degerlendirildigi goriilmektedir. Bu nedenle, ¢alismanin 6zgiin katkisinin,
bireyin ig yasamina yonelik 6znel algilarinin yalnizca tutum ve davranislar {izerinde degil, ayn1 zamanda
performans ciktilar1 ve Orgiitsel basar1 ilizerinde de etkili oldugunu ortaya koymak oldugu ifade
edilmektedir.

Bununla birlikte, calismanin bazi simrhiliklariin bulundugu belirtilmektedir. Istihdam edilebilirlik
algis1 6znel bir yap1 arz ettiginden, bireyler arasinda 6nemli farkliliklar gbzlemlenebilmektedir. Ayrica,
kiiltiirel arka plan, sektorel yapi, egitim diizeyi ve yas gibi degiskenlerin istthdam edilebilirlik algist ile
performans arasindaki iliski {izerindeki etkilerinin bu c¢alismanin kapsami disinda tutuldugu
vurgulanmaktadir. Gelecek arastirmalarda, bu iligkinin farkli baglamlarda ve orneklemlerde
karsilastirmali bigimde ele alinmasimin, daha biitiinciil ve genellenebilir sonuglara ulagilmasina katki
saglayacagi degerlendirilmektedir.

Sonu¢ olarak, istihdam edilebilirlik algis1 yiliksek olan bireylerin yalmizca bireysel basarilarinin
artmadigi, ayn1 zamanda bagli bulunduklar: orgiitlere stratejik katkilar sagladiklart da gézlemlenmektedir.
Bu nedenle, igverenler tarafindan g¢alisanlara yalnizca istthdam olanagi sunulmasiyla yetinilmeyip, is
yasamlarinda siirdiiriilebilir bagarilar elde edebilmeleri i¢in gerekli destegin saglanmasi gerektigi
vurgulanmaktadir. Bireylerin kendi potansiyellerini fark etmeleri ve bu potansiyeli ise doniistiirebilmeleri,
istihdam edilebilirligin anlam kazanmasma katki saglayacaktir. Bu dogrultuda, bireylerin istihdam
edilebilirliklerine iliskin 6znel algilariin gii¢lendirilmesinin, bireysel, orgiitsel ve toplumsal diizeyde
olumlu ve siirdiiriilebilir etkiler yaratma potansiyeline sahip oldugu degerlendirilmektedir.
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Ozet — Bu calismada, bireylerin is yasamindaki siirdiiriilebilir basarilarin1 etkileyen iki temel psikolojik
unsur olan istthdam edilebilirlik algisi ile igsel motivasyon arasindaki iligki kuramsal diizeyde
incelenmistir. Kiiresellesme ve dijitallesmenin sekillendirdigi cagdas isgiicii piyasasinda yalnizca teknik
becerilerin degil, bireyin 6znel algilamalarinin ve igsel giidiilerinin de is basarisi iizerinde belirleyici
oldugu ortaya konulmustur. Calismada, istthdam edilebilirlik kavraminin tarihsel gelisimi, algisal boyutu
ve etkileyen faktorleri ile igsel motivasyonun tanimi, kaynaklari ve kuramsal temelleri ayrintili bigimde
incelenmistir. I¢csel motivasyonun Oz-Belirleme Kurami ve Akis Kurami gibi teoriler cercevesinde
degerlendirilmesiyle, bireyin yeterlilik, ozerklik ve iliskisellik ihtiyaclarinin istihdam edilebilirlik
tizerindeki etkisi vurgulanmistir. Arastirmada, istthdam edilebilirlik algisinin yalnizca piyasa temelli bir
degerlendirme olmadigi; bunun ayni zamanda bireyin psikolojik sermayesi, 6znel degerlendirmeleri ve
anlam iiretme kapasitesiyle sekillendigi ifade edilmistir. Ayrica, igsel motivasyonun orgiitsel baglilik,
yaraticilik ve is tatmini gibi ¢iktilar lizerindeki belirleyici rolii tartisilmistir. Calismada, bireylerin degisen
1 kosullarmma uyum saglamalar1 ve kariyer gelisimlerini siirdiirebilmeleri icin igsel motivasyonun
desteklenmesi gerektigi savunulmakta ve Orgiitler ile egitim sistemlerine yonelik uygulama Onerileri
sunulmaktadir. Sonug¢ olarak, istthdam edilebilirlik ile i¢sel motivasyonun biitiinciil bir yaklasimla
degerlendirilmesinin, bireysel ve Orgiitsel bagsar1 ac¢isindan stratejik Oneme sahip oldugu
degerlendirilmektedir.

Anahtar Kelimeler — Istihdam Edilebilirlik Algisi, Icsel Motivasyon, Oz-Belirleme Kurami, Is Yasam, Psikolojik Sermaye.

! Bu calisma Cigdem Erk’in “I¢sel Motivasyon ve Calisan Performansmin Istihdam Edilebilirlik Algisina Etkisi: Muhasebe
Meslek Mensuplar1 Uzerine Bir Arastirma” adli yaymlanmis yiiksek lisans tezinden tiiretilmistir.
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I. GIRIS

Kiiresellesme, gliniimiizde hem destekg¢ileri hem de elestirmenleri tarafindan yogun sekilde tartisiimakta
ve llkeler arasindaki sinirlarin  belirginli§inin  azalmasma yol agan Onemli bir olgu olarak
degerlendirilmektedir. Bu siire¢, diinya genelinde toplumsal ve ekonomik iligskilerde koklii doniisiimlere
yol agmis ve istihdam alaninda da temel degisikliklerin yasanmasina neden olmustur [1]. Is yapisinda,
ticret ve terfi sistemlerinde ile ¢alisma kosullarinda 6nemli farkliliklarin ortaya ¢iktigr goriilmektedir.
Bilgi ¢aginin getirdigi yeniliklerle, bireylerin isgiicii piyasasindaki istihdam edilebilirliginin ve bu
istthdamin siirekliliginin biiylik olgiide etkilendigi degerlendirilmektedir. Calisma hayatinda yasanan
degisimlerle birlikte, ge¢miste isveren tarafindan sunulan yasam boyu istihdam garantisinin yerini daha
bireysellesmis ve miizakere edilebilir sézlesmelerin aldig1 goriilmektedir. Bu yeni yapilar, bireyin orgiitte
degerli olarak kabul edilen niteliklere ve isgiicli piyasasinda aranan yeteneklere sahip olmasina bagh
olarak sekillenmektedir [2]. Bireylerin, kendi potansiyellerini degerlendirerek islerini siirdiirebilmek ya
da yeni bir is bulabilmek i¢in ¢dziim arayisina girdikleri goriilmektedir. Bu 6znel degerlendirmelerin,
bireyin istihdam edilebilirlik algisim1 sekillendirdigi ifade edilmektedir. istihdam edilebilirlik algisinin,
bireyin sahip oldugu becerilere gore bir ise sahip olabilme konusundaki 6znel degerlendirmelerinden
olustugu ve bu yoniiyle istihdam edilebilirlik kavramindan ayrildig: belirtilmektedir [3], [4].

Bu calismada, istihdam edilebilirlik algisi ile i¢sel motivasyon arasindaki iligkinin kavramsal ve
kuramsal ag¢idan incelenmesi ve bu iki kavramin is yasamindaki roliinlin ortaya konulmasi
amaclanmaktadir. Giiniimiiziin hizla degisen isgiicii piyasasinda, bireylerin siirdiiriilebilir kariyer
basarisinin yalnizca bilgi ve beceri diizeyine degil, ayn1 zamanda i¢sel motivasyonlarina ve kendi
istihdam edilebilirlik algilarina da bagli oldugu degerlendirilmektedir. Bu ¢alismanin hem bireysel hem
de orgiitsel diizeyde is basaris1 ve uyum acgisindan bu iki unsurun 6nemini ortaya koymasi bakimindan
katk1 saglayacagi diisiiniilmektedir. Bu kapsamda, ¢alismanim arastirma sorusu “Istihdam edilebilirlik
algist ile igsel motivasyon arasinda nasil bir iliski bulunmaktadir ve bu iligki bireylerin is yasamindaki
basarisini ve uyumunu nasil etkilemektedir?” olarak belirlenmistir.

II. KAVRAMSAL CERCEVE

A. Istihdam Edilebilirlik: Kavramsal ve Tarihsel Cerceve

Istihdam edilebilirligin yalmzca bireysel yeteneklerle degil, cevresel ve orgiitsel dinamiklerle de
sekillenen c¢ok boyutlu bir kavram oldugu ifade edilmektedir. Forrier ve Sels tarafindan istihdam
edilebilirligin, ¢alisanin belirli bir sektorde ¢esitli fonksiyonlar1 yerine getirme ve is elde etme yetenegi
olarak tanimlandig: belirtilmektedir [5]. Sander ve De Grip tarafindan ise bu kavramin, bireyin ¢alisma
cevresindeki degisimlere uyum saglayabilmesi ve proaktif bir yaklasim sergilemesi olarak aciklandigi
ifade edilmektedir [6]. Kuzgun tarafindan ise istthdam edilebilirligin, isgiicli piyasasinda tutunabilmek
i¢cin bilgi, beceri, tutum ve davraniglardaki gelisimle iligskilendirildigi belirtilmektedir [7]. 1970’lerden
itibaren ortaya ¢ikan ‘esneklik’ odakli yeni iiretim ve ig organizasyonlarinin, ilk olarak gelismis tilkelerde
ve ardindan gelismekte olan iilkelere yayildigi1 goriilmektedir. Bu organizasyonlarin, isverenler agisindan
teknolojik degisimlere uyum saglama, maliyetlerin diisliriilmesi ve isgiicli talebinin artig1 gibi avantajlar
sundugu ifade edilmektedir [8]. Ancak, bu gelismelerin ayn1 zamanda is giivencesizliginde artisa yol
act1g1, teknolojik ilerlemeyle birlikte isgiicii talebinin azaldig1 ve gegici ya da yar1 zamanl ¢alisma gibi
esnek istihdam big¢imlerinin yayginlastig1 belirtilmektedir [9], [10]. 21. ylizyilda, 6grenme, bilgi, teknoloji
ve medya okuryazarligi ile yasam ve mesleki becerilerin, isverenlerin oncelikli beklentileri arasinda yer
aldig1 goriilmektedir. Bilgi okuryazarliginin, yeni bilgiye erisim ve etkin kullanim agisindan istihdam
edilebilirligin temelini olusturdugu degerlendirilmektedir [11].

B. Istihdam Edilebilirlik Algist ve Etkileyen Faktorler

Istihdam edilebilirlik algisinin, bireyin mevcut becerileriyle bir ise sahip olma kapasitesine iliskin dznel
degerlendirmelerini ifade ettigi belirtilmektedir [4]. Bu alginin, bireyin is arama egilimi, ylikselme ¢abasi
ve kariyer gelisimi iizerinde dogrudan etkili oldugu ifade edilmektedir [12]. Egitim diizeyi, is tecriibesi,
psikolojik sermaye ve demografik Ozellikler gibi unsurlarin, isttihdam edilebilirlik algis1 iizerinde
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belirleyici rol oynadigi bildirilmektedir. Bu nedenle, bireylerin rekabetci isglicii piyasasinda siirdiiriilebilir
istihdam saglayabilmeleri i¢in kendilerini siirekli gelistirmelerinin gerekli oldugu vurgulanmaktadir [13].
Orgiitler tarafindan sunulan egitim, gelisim ve o&diillendirme politikalarin, ¢alisanlarin istihdam
edilebilirlik algis1 ile isletmeye baglilig1 lizerinde 6nemli etkiye sahip oldugu ifade edilmektedir. Ancak,
istihdam edilebilirlik algis1 yiliksek bireylerde isletmeye baglilikta azalma yasanabilecegi ve bu bireylerin
igsverenden daha yiiksek beklentiler i¢inde olabilecegi belirtilmektedir [14]. Calisan performansi, ruhsal
iyi olus ve istihdam edilebilirlik arasinda pozitif bir iliski bulundugu bildirilmektedir [15]—[17]. istihdam
edilebilirlik algis1 yiliksek bireylerin, islerine daha fazla odaklandigi ve yiiksek verimlilik gosterdigi
belirtilmektedir [15]. Ayrica, mesleki tiikenmiglik diizeyinin de istihdam edilebilirlik algisindan
etkilendigi, yiiksek algiya sahip calisanlarin ise tiikenmislik yasama riskinin daha diisiik oldugu
bildirilmektedir [18].

C. I¢sel Motivasyon: Tamm ve Onemi

I¢sel motivasyonun, bireyin kendi iyiligi, tatmini veya dgrenme istegi i¢in bir faaliyeti siirdiirme arzusu
oldugu belirtilmektedir [19], [20]. Robbins tarafindan motivasyonun, bireyin gereksinimlerini karsilamak
amaciyla oOrgiitsel hedeflere uygun sekilde ¢aba gostermesi olarak tanimlandig: ifade edilmektedir [21].
Motivasyonun, bireyin tutum ve davraniglarini sekillendiren temel bir gii¢ oldugu belirtilmektedir [22].
Orgiitler agisindan insan kaynagmmn verimli ve etkin ydnetimi i¢in motivasyonun kritik dneme sahip
oldugu vurgulanmaktadir. Bireyin i¢sel motivasyonunun yiiksek olmasinin, yalnizca is doyumu ve
verimlilik degil, ayn1 zamanda bireysel iyi olus ve psikolojik dayaniklilik acisindan da olumlu sonuglar
dogurdugu bildirilmektedir [23]-[25]. Igsel motivasyonu yiiksek ¢alisanlarin, dissal zorluklara kars1 daha
direngli oldugu ve degisim siireglerine daha uyumlu davranislar sergiledigi bildirilmektedir.

D. I¢sel Motivasyonun Kuramsal Temelleri ve Etmenler

I¢sel motivasyonun, basarma/elde etme, baglilik, anlama ve savunma olmak iizere dort temel giidiiye
dayandig1 belirtilmektedir [26], [27]. Basarma giidiisiiniin, rekabet ve basari istegiyle iliskili oldugu;
baglhlik giidiisiiniin ise bireyin sosyal gruplara ve orgiitiine aidiyet gelistirme ihtiyacini yansittigi ifade
edilmektedir. Anlama diirtiisiinlin, kisinin ¢evresini ve isini anlamlandirma istegiyle iligkili oldugu;
savunma giidiistiniin ise olumsuz kosullarda kendini koruma ve giivenlik arayisini ifade ettigi
belirtilmektedir.

Deci ve Ryan tarafindan gelistirilen Oz-Belirleme Kurami’nda, bireyin yeterlilik, iliski ve 6zerklik gibi
temel psikolojik ihtiyaglarinin tatminiyle ortaya ¢ikan i¢sel motivasyona odaklanildig: ifade edilmektedir
[28]. Bireyin, kendi kararlarin1 verebildigi ve sectigi eylemlere odaklandigi 6l¢iide igsel olarak motive
oldugu belirtilmektedir [29], [30]. Bu kuramda, igsel ve digsal motivasyonun performans, gorev davranisi
ve orglitsel baglilik iizerindeki farkli etkilerinin de agiklandig: ifade edilmektedir [31], [32].

Csikszentmihalyi tarafindan gelistirilen Akis Kurami’nda, bireyin tam odaklanma ve memnuniyet
duygusu yasadigi, bilissel ve duygusal acidan zirveye ulastigi bir igsel motivasyon durumunun
tanimlandig1 belirtilmektedir [33], [34]. Akisin, bireyin belirli bir goérevde ya da faaliyette tamamen
kendini buldugu ve zamanin farkinda olmadan yiiksek verimlilik sergiledigi bir deneyim olarak
tanimlandig1 ifade edilmektedir [35], [36].

E. Istihdam Edilebilirlik ile I¢sel Motivasyonun Etkilesimi

Yiiksek i¢sel motivasyona sahip calisanlarin, daha az elestiriye maruz kaldig1 ve daha yaratici, olumlu
tutumlar sergiledigi belirtilmektedir [37], [38]. Sadakat, 6grenme, bagsarma ve azim gibi etkenlerin, i¢sel
motivasyonun gelisimine katkida bulundugu bildirilmektedir [27]. I¢sel motivasyon ile bilissel, duygusal
ve davranissal sonuglar arasinda giiclii bir iligki bulundugu ve yaraticilik, orgiitsel baglilik, odaklanma ile
verimlilik lizerinde dogrudan etki gdsterdigi ifade edilmektedir [39]-[41].

Icsel motivasyon ile istihdam edilebilirlik arasindaki etkilesimin, bireyin siirdiiriilebilir is basarisinda
temel rol oynadig1 belirtilmektedir. Oz-Belirleme Kurami’na gore, yeterlilik, dzerklik ve iliskisellik
ihtiyaclarinin karsilanmasinin, istihdam edilebilirlik diizeyini artirdigi bildirilmektedir [23]. Igsel
motivasyonu yliksek bireylerin, degisen is kosullarina daha kolay uyum sagladigi ve mesleki gelisime
daha agik oldugu ifade edilmektedir [25]-[42]. Bu etkilesimin, psikolojik saglamlik, orgiitsel baglilik ve
kariyer gelisimi i¢in stratejik bir temel sundugu bildirilmektedir [13], [14].
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III.  SONUCLAR

Bu calismada, istihdam edilebilirlik ve i¢sel motivasyon kavramlarinin disiplinlerarasi bir yaklasimla
ele alindig1 ve cagdas isgiicii piyasasinin gerektirdigi yeni yeterliliklerin degerlendirildigi ifade
edilmektedir. Bireyin is yasaminda siirdiiriilebilir basarisinin yalnizca nesnel gostergelere degil, 6znel
degerlendirmelere ve igsel kaynaklara da dayandigi vurgulanmaktadir. Istihdam edilebilirligin, bireyin
bilgi, beceri ve yetkinlik diizeyine bagl olarak isgiicii piyasasinda yer alabilme kapasitesi olarak
tanimlandig1; i¢sel motivasyonun ise bireyin anlam iiretme ve kendini gergeklestirme kapasitesiyle iligkili
oldugu belirtilmektedir [44], [45], [23]. Bu iki kavram arasindaki karsilikli etkilesimin, bireyin degisen is
kosullarina uyumu, is tatmini ve kariyer basarisi iizerinde belirleyici oldugu ifade edilmektedir. Ozellikle
mesleki belirsizliklerin agilmasinda, i¢sel motivasyon diizeyinin belirleyici oldugu bildirilmektedir [25],
[26].

Calismanin temel katkisinin, istihdam edilebilirlik algisinin yalnizca piyasa odakli degerlendirmelerden
ibaret olmadigini; bunun ayni zamanda bireyin 6znel algilamalari, psikolojik sermayesi ve motivasyon
diizeyiyle sekillendigini ortaya koymak oldugu ifade edilmektedir [43], [42]. I¢sel motivasyonun ise
orgiitsel yapi, liderlik anlayisi ve isin anlamlandirilmas: yoluyla sekillendigi bildirilmektedir [41], [23].
Bireyin mesleki kimligi, kariyer adaptasyonu, yasam boyu 6grenme ve anlam {iretme kapasitesinin hem
istihdam edilebilirlik hem de igsel motivasyon agisindan kritik 6neme sahip oldugu belirtilmektedir.
Ozellikle kariyer kimligi ve sosyal sermaye gibi istihdam edilebilirlik bilesenlerinin, bireyin igsel
motivasyon kaynaklarini besledigi ve psikolojik dayaniklilik ile orgiitsel baglilik iizerinde etkili oldugu
ifade edilmektedir [42], [13].

Uygulamada, insan kaynaklar1 politikalarinin yalnizca teknik becerilere degil, bireyin &zerklik,
iligkisellik ve yeterlilik boyutlarin1 da destekleyen i¢sel motivasyon unsurlarina odaklanmasinin gerekli
oldugu vurgulanmaktadir [23], [14]. Anlamli is tasarimlari, etkili geri bildirim ve siirekli gelisim
firsatlarinin, ¢alisanlarin icsel giidiilerini harekete gegirerek orgilitsel verimlilik ve baglilik {izerinde
olumlu etki yarattig1 degerlendirilmektedir. Egitim sistemlerinin ise yasam boyu 6grenmeye, elestirel
diistinme ve sosyal becerilerin gelistirilmesine odaklanacak sekilde yeniden yapilandirilmasmin gerekli
oldugu ifade edilmektedir. 21. yiizy1l becerilerinin kazandirilmasinin, bireyin istihdam edilebilirlik ve
i¢csel motivasyon kapasitesini artiracagi belirtilmektedir [11].

Sonug olarak, istthdam edilebilirlik ve igsel motivasyonun, bireyin is yasaminda de§er yaratma
kapasitesini sekillendiren ve birbirini tamamlayan iki temel unsur oldugu vurgulanmaktadir. Bu biitiinciil
bakis agisinin, yalnizca bireysel kariyer gelisimini degil, orgiitsel basar1 ve toplumsal refah1 da olumlu
yonde etkileyecegi degerlendirilmektedir. Siirdiiriilebilir is yasami i¢in, bilgi ve beceri kadar, bireyin neyi
neden yaptig1 yani igsel motivasyonunun da stratejik Ooneme sahip oldugu degerlendirilmektedir.
Gelecekte, istihdam edilebilirlik ve i¢sel motivasyonun farkli sektorler, yas gruplar1 ve sosyoekonomik
diizeylerde ampirik olarak incelenmesinin ve boylamsal ile karma yoOntemli arastirmalarla
desteklenmesinin 6nerildigi belirtilmektedir.

KAYNAKLAR

[1] Sonmez, P. (2006). Kiiresellesme, Avrupa Birligi ve istihdam: Caligma iliskilerinde Yasanan Déniisiim. Ankara Avrupa
Caligmalar1 Dergisi, 3(5), 177-198.

[2] Ozgelik, G., Aybas, M., & Uyargil, C. (2019). Kisiye Ozgii Sozlesmelerin Kariyer Basarisina Etkisinde Algilanan
Istihdam Edilebilirligin Arac1 Rolii. Ankara Universitesi Sosyal Bilimler Dergisi, 74(2), 581 - 599.

[3] De Cuyper, N., Mauno, S., Kinnunen, U., & Makikangas, A. (2011). The role of job resources in the relation between
perceived employability and turnover intention: A prospective two-sample study. Journal Of Vocational Behaviour, 78,
253-263.

[4] Rothwell, A., Herbert, 1., & Rothwell, F. (2008). Self-perceived employability: Construction and initial validation of a
scale for university students. Journal of Vocational Behavior, 73(1), 1-12.

[5] Forrier, A., & Sels, L. (2003). The Concept Employability: A Complex Mosaic. International Journal of Human Resource
Development and Management, 3, 103-124.

[6] De Grip, A., Van Loo, J., & Sanders, J. (2004). The Industry Employability Index: Taking Account of Supply and
Demand Characteristics. International Labour Review, 143(3) 211-233.

147



[7] Kuzgun, 1. (2013). Tiirkiye'de Egitimli Geng Issizligin Coziimiinde Bir Alternatif Olarak Staj: Ozellikleri ve Sosyal
Boyutu, Aktif Istihdam Politikalar1. Toprak isveren, Ankara.

[8] Aytug, H. K. (2011). Kiiresel Rekabetin Isletmelerin Uretim ve Istihdam Yapisi Uzerindeki Etkileri. Akademik
Yaklagimlar Dergisi, 2(2), 45 - 77.

[9] Ozgiir Oktem, A. (2015). Kariyer Degerleri ve Algilanan istihdam Edilebilirlik. Izmir: Kitap Ana Basim Yayin Dagitim
Bilisim.

[10] Esen, K. (2018). Is Giivencesizligi ve Basa Cikma Stratejilerinin Calisanlarin Demografik Ozellikleri Agisindan
Incelenmesi. Akdeniz Universitesi Sosyal Bilimler Enstitiitsii Yiiksek Lisans Tezi, Antalya.

[11] Goldstein, S., & Whitworth, A. (2015). Determining the value of information literacy for employers. European
Conference on Information Literacy, ECIL 2015, S. Kurbanoglu (Ed.), 70-79.

[12] Berglund, T., & Wallinder, Y. (2015). Perceived employability in difficult economic times: The significance of education
systems and labour market policies. European Societies, 17(5), 674-679.

[13] Clarke, M. (2009). Plodders, pragmatists, visionaries and opportunists: Career patterns and employability. Career
Development International, 14(1), 8-28.

[14] De Vos, A., De Stobbeleir, K., & Meganck, A. (2009). The relationship between career-related antecedents and
graduates’ anticipatory psychological contracts. Journal of Business and Psychology, 24(3), 289-298.

[15] Kinnunen, U., Makikangas, A., Mauno, S., Siponen, K., & Natti, J. (2011). Perceived employability investigating
outcomes among involuntary and voluntary temporary employees compared to permanent employees. Career
Development International, 16(2), 140-160.

[16] Praskova, A., Creed, P. A., & Hood, M. (2015). Self-regulatory processes mediating between career calling and perceived
employability and life satisfaction in emerging adults. Journal of Career Development, 42(2), 86-101.

[17] Van der Heijde, C. M., & Van der Heijden, B. (2006). Competence-based and multi-dimensional operationalization and
measurement of employability. Human Resource Management, 45, 449—476.

[18] Geurts, S. A., Schaufeli, W. B., & Rutte, C. G. (1999). Absenteeism, turnover intention and inequity in the employment
relationship. Work and Stress, 13(3), 253-267.

[19] Kuvaas, B., Buch, R., Weibel, A., Dysvik, A., & Nerstad, C. G. (2017). Do intrinsic and extrinsic motivation relate
differently to employee outcomes? Journal of Economic Psychology, 61, 244-258.

[20] Schumacher, A. (2012). The characteristics influencing the experience of intrinsic motivation in Chinese expatriate
managers. PhD Thesis, Capella University, Social and Behavioral Sciences, Michigan.

[21] Robbins, S. P. (1993). Organizational Behavior (6. Bask1). Englewood Cliffs: Prentice-Hall.

[22] Lundy, O., & Cowling, A. (1996). Strategic human resource strategy. London: Routledge Publishing.

[23] Deci, E., & Ryan, R. M. (2000). The "what" and "why" of goal pursuits: Human needs and the self-determination of
behavior. Psychological Inquiry, 11(4), 227-268.

[24] Yilmaz, H., & Huyugiizel Cavas, P. (2007). Fen 6grenimine yonelik motivasyon O6lgeginin gegerlik ve giivenirlik
calismasi. [lkdgretim Online, 6(3), 430-440.

[25] Giirdogan, A. (2013). Meslek yiiksekokulu 6grencilerinin egitimde motivasyon diizeylerinin Sl¢lilmesi: Ortaca Meslek
Yiiksekokulu drnegi. Sosyal ve Beseri Bilimler Arastirmalari Dergisi, 28, 149-166.

[26] Tiinay, S. (2019). Orgiitsel sinizmin yonetici kogluk davranist ile icsel motivasyon iliskisine etkisi. Yiiksek Lisans Tezi,
Bahgesehir Universitesi, Istanbul.

[27] Nohria, N. G. (2008). Employee motivation: A powerful new model. Harvard Business Review, 78-84.

[28] Deci, E. L., & Ryan, R. M. (1985). Intrinsic motivation and self-determination in human behavior. New York: Plenum.

[29] Yilmaz, S. (2018). Universite dgrencilerinde motivasyon dlgeginin gegerlik ve giivenirlik calismasi. Adana Bilim ve
Teknoloji Universitesi Sosyal Bilimler Dergisi, 1(1), 1-18.

[30] Park, S. M., & Word, J. (2012). Driven to service: Intrinsic and extrinsic motivation for public and nonprofit managers.
Public Personnel Management, 41(4), 705—-734.

[31] Kocaybériik, E. (2012). Oz-belirleme kurami agisindan ergenlerin anne baba algisi ile duyussal iyi oluslari arasindaki
iligki. Tiirk Psikolojik Danisma ve Rehberlik Dergisi, 4(37), 24-37.

[32] Zohar, D. (2015). Testing extrinsic and intrinsic motivation as explanatory variables for the safety climate—safety
performance relationship among long-haul truck drivers. Transportation Research Part F, 30, 84-96.

[33] Turan, N. (2019). Akis deneyimi {izerine genel bir literatiir taramasi. Pamukkale Universitesi Sosyal Bilimler Enstitiisii
Dergisi, 37, 181-199.

[34] Kefor, T. (2015). Arts students in flow: An interpretative phenomenological analysis. Doctoral Thesis, College of
Professional Studies Northeastern University, Boston.

[35] Quinn, R. W. (2005). Flow in knowledge work: High performance experience in the design of national security
technology. Administrative Science Quarterly, 50(4), 610-641.

[36] Bernard, R. (2009). Music making, transcendence, flow, and music education. International Journal of Education & the
Arts, 10(14), 1-22.

[37] Pullins, E. B. (2001). An exploratory investigation of the relationship of sales force compensation and intrinsic
motivation. Industrial Marketing Management, 30(5), 403-413.

[38] Diener, E. (2009). The science of well-being. Social Indicators Research Series, 37, 75-102.

[39] Kara, A. (2008). iIkdgretim birinci kademede egitimde motivasyon dlgeginin Tiirkgeye uyarlanmasi. Ege Egitim Dergisi,
9(2), 59-78.

148



[40] Ehtiyar, V. R., & Ersoy, A. (2017). Is gorenlerin isten ayrilma niyetlerini etkileyen icsel ve digsal motivasyon faktorleri:
Antalya ili 6rnegi. Akademik Bakis Dergisi Uluslararas1t Hakemli Sosyal Bilimler E-Dergisi, 61, 441-455.

[41] Yiicel Batmaz, N., & Giirer, A. (2016). Doniistiiriicii liderligin ¢aligsanlarin igsel motivasyonu iizerindeki etkisi: Yerel
yonetimlerde karsilastirmali bir arastirma. Siileyman Demirel Universitesi Iktisadi ve idari Bilimler Fakiiltesi Dergisi,
21(2), 477-492.

[42] Fugate, M., Kinicki, A. J., & Ashforth, B. E. (2004). Employability: A psycho-social construct, its dimensions, and
applications. Journal of Vocational Behavior, 65(1), 14-38.

[43] Vanhercke, D., Cuyper, N., Peeter, E., & Witte, H. D. (2014). Defining perceived employability: A psychological
approach. Personnel Review, 43(4), 2014.

[44] Thijssen, O. G. L., & Johannes, B. 1. (2008). Toward the employability-link model: Current employment transition to
future employment perspectives. Human Resource Development Review, 7(2), 165-183.

[45] Gergek, M., & Elmas Atay, S. (2017). Rothwell ve Arnold’m Algilanan Istihdam Edilebilirlik Olgegimin Tiirkge’ye
uyarlama, gegerlilik ve giivenilirlik galismasi. Dumlupiar Universitesi Sosyal Bilimler Dergisi, 54, 91-103.

149



5™ International Conference on Scientific and Innovative

. xe
Studies N
July 15-16, 2025: Konya, Turkey | C SHIES

© 2025 Published by All Sciences Academy https.://as-proceeding.com/index.php/icsis/home

The objectives and goals of the Holy Quran in permitting and prohibiting
foods and drinks: an analytical study

Essam Fuoad Rasheed', Mraiam Ibrahim AL-Karaawi "> and Kamal Nadhim Magrood *

3 The General Directorate of Education in Najaf Governorate. Najaf, Iraq.
2 School of Administration and Economics, University of kufa, Najaf, Iraq.

*( mariama.hamood@uokufa.edu.iq) Email of the corresponding author

Abstract —The research aims to highlight the legislative and moral goals and objectives of permitting and
prohibiting foods and drinks in the Holy Quran, which were absent from the verses of foods and drinks,
as scholars focused their attention on researching the rulings and etiquettes related to foods and drinks,
and neglected to state the legislative and moral goals and objectives included in these verses, which led to
a significant negative impact on Muslims' interaction with the verses of foods and drinks in the religious
and economic aspects of their lives. This is what made the researcher seek to deduce the legislative and
moral goals and objectives of permitting and prohibiting foods and drinks; to contribute to helping
Muslims and Westerners gain a deeper understanding of the goals and objectives behind these
legislations, and to highlight the balance between legislative and moral goals and objectives according to
the controls and rules of Islamic law. The researcher followed the analytical approach to deduce the
objectives and goals from a fundamentalist perspective. The researcher reached several results, the most
important of which is deducing the legislative and moral objectives and goals from the prohibition and
permissibility of foods and drinks. He demonstrated the beauty of legislative taste in preserving human
life, unlike positive laws. Clarifying the general aspect and the necessity of abandonment, necessity,
commitment and detail in the verses related to foods is considered one of the most important basic pillars
for deducing the objectives and goals.

Keywords —Holy Quran; Permitting; Prohibiting; Foods; Drinks.
I. INTRODUCTION

This The Qur’an has focused on goals and objectives. Some of the objectives of the Qur’anic verses are
clear, such as the Almighty’s saying: in Surat (Al-Isra:23)

The purpose of the verse is clear, which is: the obligation of good speech. Some of the objectives and
goals came by way of indication and emphasis, such as the Almighty’s saying: in Surst (Al-Isra:23)

The word (that) is only two letters, so the purpose of prohibiting this word is to indicate and emphasize
the prohibition of what is greater than it, such as hitting or slapping. The general goal is not to harm the
parents. Some objectives came ambiguous, requiring following linguistic, rhetorical, grammatical and
fundamentalist evidence, so that the goal and wisdom become clear to the servant. The verses of the
Qur’an are full of objectives and goals. It works to preserve the general principles of Sharia, and plays an
important role in guiding the behavior of the servant in his food and drink, and contributes to the
development of the universe and its preservation from the plagues and contemporary man-made laws that
bring corruption [1]. Knowing the goals and objectives plays a fundamental role in the life of a Muslim
and controlling his behavior, and it is an important source for raising the human being to the level of
perfection and preparing a general approach for him for religious life, especially in the verses of foods.
God made the need for food one of the instincts deposited in the human soul that a person needs to
satisfy; to meet his basic needs in life, and a person expends his thought and effort in order to achieve

150



https://as-proceeding.com/index.php/icsis/home

this, and he may take a path that causes him religious and worldly harm, without taking into account the
effect of food on human nature, and changing the standard of good and evil for him, as a result of
following instinct and not taking into account the legislative purposes and objectives directed at him. In
any case, research on this topic is very important, especially in light of the scarcity of previous studies on
it.

A. Previous studies

The Among the studies that the researcher addressed in his topic:

1) The impact of foods in achieving the necessary objectives of Sharia by researchers: Muhammad
Nabil Al-Nageeb and Muhammad Awad Al-Sukkar. Journal of Sharia and Legal Studies, Volume (46),
Issue (2), Year: 2016, University of Jordan.

2) Prohibitions of food and drink in the Qur’an and their health impact on Islamic societies. By Dr.
Muhammad Shara’i Abu Zaid, a research submitted to the Journal of Sharia Sciences and Islamic Studies
(Umm Al-Qura University), Issue (79), Volume One, December 2019.

3) Halal and Haram foods and their jurisprudential developments - a comparative applied study in
light of Surat Al-Ma’idah: by researcher/ Adnan Mahmoud Al-Assaf, a research published in the
Jordanian Journal of Islamic Studies, Volume (5), Issue 2009 (2).

4)  According to the researcher’s follow-up, previous studies did not address the deduction and
inference of the purposes and objectives of permitting and prohibiting foods and beverages. One of the
most important additional aspects included in the current study is that it worked to link the moral
purposes with the legislative objectives of permitting and prohibiting foods and beverages. From this
standpoint, the researcher sought to work hard to track the legislative and moral purposes and objectives
of permitting and prohibiting foods and beverages

B. Research Plan

Results The study was divided into three axes:

The first step is to define the concept of objectives and goals, as well as what is acceptable and
forbidden.

Second, derive legislative aims and goals for permitting and prohibiting meals and beverages from the
Holy Quran.

Third, identifying the moral purposes and goals for allowing and prohibiting foods and beverages in the
Holy Quran.

C. Research Problem

The Holy Quran contains many rules and etiquette regarding food and drink, but scholars have not
explained the legislative and moral objectives and goals that these verses carry. This has had a negative
impact on Muslims' interactions with these verses in both religious and economic aspects of their lives,
which is why researchers have worked to extract the legislative and moral objectives and goals from these
verses in order to help Muslims and Westerners better understand these legislations' motivations and
goals and to emphasize the balance between them in accordance with Islamic law's controls and
guidelines.

D. Research Objectives

The purpose of the research is to identify the legislative and moral goals and objectives that are missing
from the Holy Quranic verses about foods and drinks, to establish a connection between the legislative
and moral goals and objectives found in these verses within a single study, and to extract various
legislative and moral aspects from the viewpoint of these verses.

E. Methods of Research

The investigator employed the analytical approach to ascertain the legal and ethical purposes and
intentions behind the Holy Quran's permissive and prohibitive dietary and beverage regulations.
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II.

III.

THE FIRST AXIS

The idea of goal in terms of vocabulary and language

In language: It was stated in Al-Ain: “The goal: everything that is wide and high” [2] and it was
stated in Al-Miqyas: “The goal: everything that is great and high” [3].

In terminology: He said in Al-Nihaya: “The goal: every high, prominent building” [4] , and he said:
“It is the interest that results from the thing in terms of seeking it by starting it” [5]. So the goal is the
interest that its seeker seeks to reach his desire, and it is not achieved except by starting it, and it may
be one or more, total or partial.

The concept of purpose in language and terminology

In the language: The purpose: the end of something and its end. It is said: Your goal is to do such-
and-such, meaning: the end of your action [6]. The purpose also means the intended and the intended.
You say: He achieved his goal, meaning: his desire. Among its meanings: benefit, and the plural of
goal: goals [7].

In terminology: it means: the intended meanings and wisdoms, and it is used in the sense of
purpose, which is what something exists for [8] (Al-Ba’li: 2003 AD, 259).

The concept of halal in language and terminology
In language: permissible, permitted [9] .

In terminology: everything that religious law commands and does not prohibit [10] (Al-Manawi:
1990 AD, 354), or it is what is permissible and acceptable from a legal and rational perspective [11]
(Raghib Isfahani: 1993 AD, 432).

The concept of haram in language and terminology

In language: haram is prevention, severity, prohibited, and forbidden [12].

In terminology: what the Lawgiver has forbidden to do in a way that is certain and obligatory, such
that the one who abandons it is rewarded for complying, and the one who does it deserves punishment
[13].

THE SECOND AXIS: LEGISLATIVE GOALS AND OBJECTIVES OF THE PERMISSIBILITY
AND PROHIBITION OF FOODS AND DRINKS IN THE HOLY QURAN.

Legislative goals and objectives are considered a basic tool in understanding and interpreting the
rulings, and aim to achieve the goals and objectives set by the Sharia. When looking at the verses on
foods, the reader finds that many general and specific Quranic verses have been mentioned that
indicate the permissibility of some foods and the prohibition of others. Among the verses that indicate
generality is the Almighty’s saying: In Surah Al- Baqarah: 29.

The general goal is to direct attention to the unlimited power of God in creation and the complete
management of the universe. Looking at the wording and concept of what is permissible and what is
forbidden in the verses on foods, it appears that the goals and objectives lack clarity. After reviewing
and investigating, the researcher finds that the intent of the concept of what is permissible and what is
forbidden emerges from several aspects:

First: From a general aspect, God Almighty said: In Surah Al- Araf: 157)

The good is the permissible and the bad is the forbidden food that is mentioned in the legal text [14].
It appears from the above that the good and bad are considered a general aspect that is considered in
the permissibility and prohibition of foods.
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The permissibility of good things and the prohibition of bad things were not completely restricted
and clear, but there are foods that the Qur’an has specified as permissible and forbidden, and this is not
a complete and absolute restriction, but there are many foods that were not mentioned in the Qur’an
and were mentioned in the Sunnah of the Prophet, and from this standpoint the general aspect appears.
In any case, the purpose of the general statement is as follows:

1 - Facilitating and making things easy for the servants so that it is easy for them to protect
themselves from destruction when necessary. And to stay away from moral and physical corruption.
When a person eats bad things, he finds himself exposed to destruction, whether in his body, his
religion, or his morals; When a person eats forbidden filth, it affects his body and mind [15].

2 - Staying away from spiritual pain. Eating filth and meat brings harm to the body and the patient
feels spiritual pain because of the sin and violation of religion, so distress, anxiety, obsessive thoughts,
and the like appear. The best witness is the Corona virus, which was caused by eating bats, as was said
and talked about a lot, as it caused the death of hundreds of thousands of people [16].

Second: From the aspect of the obligation to stop, God Almighty said: In Surah Al- Ma'idah :3)

The prohibition of these types was not in vain, but rather the indication of the necessity of
abandoning came for a purpose and wisdom, which is to preserve the soul and body of the human
being religiously in terms of the necessity of working to abandon the forbidden and physically in terms
of preserving the soul from what harms it; because the livestock that are not slaughtered, such as dead,
strangled, fallen, gored, and others, have blood in them, and blood is full of microbes and germs that
harm the body. This is what modern science has proven with many evidences and cases. If we look at
Western systems, we will find that the Jews in the East and West follow the slaughtering that Muslims
apply in order to preserve the soul. When they differed with the Muslims in their slaughtering, they
found that the meat rotted quickly and was not desirable, so the Jews issued a law specific to them
using the method that Muslims follow [17].

Third: The aspect of necessity. God Almighty said: in Surat Al-An'am : 145.

It is known from the above that the reason for stating the prohibition is that the food is impure and
sinful. However, the Qur’an has indicated to the one in need and permitted him to eat dead meat or
other things in a state of necessity, provided that the person does not intend or desire to transgress from
lawful food to unlawful food, and exceed his need that fulfills his necessity. However, if the researcher
were to follow the purpose of the aspect of necessity from the above, he would find that the purpose of
that is as follows: [18] .

l)Preserving the soul from destruction, and Allah has made it obligatory upon us to preserve
ourselves.

2)Facilitating and making things easy for the servants, for religion is ease and not hardship.

3)Teaching the servant that his intention and purpose are considered in permitting or prohibiting
food in a state of necessity.

Fourth: From the aspect of adherence and detail, God Almighty said:in Surat Al-An'am: 118-119.

Allah the Almighty restricted the good things to those over which Allah's name is mentioned, then
He separated the forbidden foods and made them specific with rules and conditions for Muslims, and
whatever is other than that is permissible for them, even if the Lawgiver did not specify it [19], and the
purpose of this restriction and detail is:

1)Connecting man to his Creator by applying the legal rulings and the Prophetic Sunnah.

2)Emphasizing the implementation of the major rule in foods that the original is permissibility.

3)Removing doubt and suspicion about what is permissible and what is forbidden in foods. So that
they do not get confused and confused about them.
The Qur'an was not satisfied with this restriction, but rather it noted and indicated that foods must be
based on the texts of the Shari'ah and the general rules, not contemporary foods based on whims,
desires and incorrect analogies, as they are not considered; because they do not fall under the wording
and concept of Islamic Shari'ah. An example of this is what the European Union said in the
contemporary era by giving the green light to allow the eating of insects and allowing their use as food
ingredients. This light that was issued is undoubtedly a path to misguidance and bringing diseases and
epidemics [20].
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IV.  THE THIRD AXIS: THE MORAL GOALS AND OBJECTIVES OF THE PERMISSIBILITY
AND PROHIBITION OF FOODS AND DRINKS IN THE HOLY QURAN.

The follower of divine legislation finds that there is a close relationship between morals and legislative
rulings. The more researchers try to delve into the provisions of legislation, the more they find themselves
faced with a huge amount of issues related to moral behavior.

Ethics means that the servant is characterized by honesty, modesty, righteousness, dignity and patience,
and not all of this is morals. Morals are broader and more comprehensive than this, as they represent a
pillar of religion, and are included in all legal obligations, from beliefs, worship, customs, contracts,
transactions, crimes, punishments and policies.

The follower and observer of the verses on foods finds that they contain moral objectives controlled by
the controls of Islamic legislation, which appear from several aspects, the most important of which are as
follows:

First: The aspect of facilitation Facilitation is considered one of the methods considered in the Sharia
by which rulings are facilitated and hardship and difficulty are removed from servants. There are many
verses that indicate facilitation, including the Almighty’s saying: In Surah Al-Ma'idah: 5.

The meaning of the verse is that the food of the People of the Book is permissible for Muslims and the
food of Muslims is permissible for the People of the Book, even though they are outside of Islam. This
facilitation and ease from the Lord of the servants was only for moral purposes, the most prominent of
which are the following: [21].

1) Mixing with the People of the Book and coexisting with them. There is no Quranic prohibition or
prohibition from the Sunnah of the Prophet against coexisting with the People of the Book. Rather,
coexistence and mixing were made restricted by the controls and rules of Islamic law. Everyone needs the
food of the other, so God permitted Muslims and the People of the Book to eat each other’s food; to
remove hardship and difficulty from Muslims.

2) Teaching the People of the Book the tolerance of the Islamic religion. This purpose is considered
part of the legitimate moderation in which God Almighty said:in surat Al-Baqarah: 143.

There are many Quranic verses, prophetic hadiths, and Arab customs and traditions that demonstrate
the tolerance and morals of Muslims in their dealings with those who differ from them in belief and
religion. 3 - Notifying that the slaughtering of the People of the Book and their wealth is considered good.
This notification is intended to please Muslims, so that they will not be afraid or embarrassed by being
held accountable. God Almighty said: In Surah Al-Ma'idah: 4.

The verse shows the permissibility of what is hunted by animals trained for hunting, whether it has a
fang or a claw. The permissibility was not limited to what is hunted with known hunting tools such as
arrows and the like, but it permitted hunting with trained birds of prey, to make things easier for the
servants.

Upon examination and follow-up, the researcher finds that this facilitation and ease were legislated for
moral goals and purposes, which are: [22].

1) Expanding the circle of what is permissible and not narrowing it, and with this expansion Muslims
can perform their duties of worship and deeds, and Muslims will feel the care and divine kindness in the
affairs of their lives, and their faith will increase with their faith.

2) Leaving the emphasis on the name, as it was made easier for the Muslim in the aspect of the name,
as the name was made when sending the bird of prey to hunt, so it is permissible to eat the game caught
by the trained bird of prey, whether the bird of prey was killed or not, but if the game had a stable life,
then it is obligatory to slaughter it.

3) Man sees with his eyes and heart the facilitation and kindness of Allah to man in enabling him to
teach animals to hunt, and making those creatures capable of learning, and their learning is to let go when
they are sent, and to be deterred when they are deterred, and all of that is to facilitate and make it easy to
obtain sustenance without causing them any cost or difficulty.

4)  Adhering to piety in what the Shariah has made easy. The facilitation and tolerance in the aspect
of foods referred to in the verse does not mean leniency and negligence on the part of the Muslim in the
commands and prohibitions of the Shariah, as permission and permissibility were legislated to make
things easier for the Muslim, and therefore he must observe the conditions that the Lawgiver has set, such
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as requiring the training of the birds of prey, and the mention of the name of Allah when sending them,
and the like, in order to achieve the purpose of these devotional conditions.

The moral goal of this is to please the Muslim’s soul by eating so that he does not harm himself with
regret and remorse for doing that, and this is considered one of the most eloquent positions of facilitation,
to combine permission and forgiveness from punishment.

The second aspect: benevolence

It is represented in doing good, giving, and sympathizing with others in a kind and fair manner.
Whether it is in small acts such as providing assistance to a person in need, or in larger acts such as:
contributing to charitable or community projects; the goal of which is to create a more humane and happy
society. After following the concept of benevolence, the researcher finds that the moral goals and
objectives of benevolence appear in the following verses: God Almighty said: In Surah Al- Haj;: 28.

And God Almighty said: In Surah Al- Hajj: 36.

The observer of the verse finds that Allah did not directly command to give the contented and needy
from the sacrifices and gifts, but rather He commanded the servant to start with himself by eating from
the sacrifices and gifts, and this is a kindness from Allah Almighty to His servants, so He does not feed
others and leave himself, but rather He starts with himself first and then does good to others, and this is
by way of recommendation. The moral purpose of this kindness is for the servant to satisfy his instinctive
need and not to make himself feel tight by withholding or leaving, and from that he can give to the
contented and needy generously without stinginess or miserliness, in order to remove harm and poverty
from them [23] .

The third aspect: Gratitude

It is the recognition of the blessing of the benefactor in a submissive manner or it is praising the
benefactor by mentioning his kindness, and gratitude is with the heart, the tongue, and the limbs. As for
the limbs, it is the use of Allah's blessings in obedience to Him, and avoiding using them to disobey Him
[24].

From this perspective, it is understood that gratitude is an act of worship for which the servant is
rewarded; for showing gratitude and appreciation to Allah - the Most High - for the blessings that Allah
bestows upon His servants, and it is not a person saying the words thank you to Allah or thank you, but it
must be accompanied by an internal feeling of gratitude and deep appreciation to Allah and working by
His grace. It is also represented by physical actions such as: prayer, zakat, and good deeds.

The observer of the Qur’an finds that there are many verses that link food to gratitude, such as the
Almighty’s saying: In Surah Al- (Baqarah: 172)
And God Almighty said:In Surah Al- Nahl: 114).

Allah - the Almighty - has tied eating good things to gratitude, as if eating good things is not good
unless the servant links them to gratitude to Allah, and all of that was made for divine goals and purposes,
including [25]:

1) Making the servant feel grateful inwardly and outwardly for the favor and kindness he receives
from the Benefactor.

2) Convincing that the reason for these foods and blessings that Allah has provided and prepared is to
straighten out life and continue living in this worldly life so that a person does not attribute his favor to
himself or his fatigue or to anyone other than Allah.

3) Guiding the servant to adhere to submission, humility and humility when thanking Allah.

4) Making the servants feel obligated to remember Allah, thank Him and praise Him when starting
the meal and when finishing it.

5) Showing practical gratitude represented by the work of the limbs for the servants, especially in the
area of food, and it is by maintaining good deeds and avoiding sins.
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V. CONCLUSIONS

After God's blessing for this research process, which was represented in raising and deducing the
legislative and moral goals and objectives of the permissibility and prohibition of foods and drinks in the
Holy Quran, this research resulted in many results, the most important of which are as follows:

1) The verses on foods contained legislative and moral goals and objectives, both of which are
controlled by the controls of divine legislation. These goals and objectives highlighted the beauty of
legislative taste to preserve human life in general, unlike Western positive laws, which are a path and
means to bring corruption on a global level.

2) The moral goals are presented over the legislative goals in the verses on foods; as they are related
to manners and morals, explicitly in the Quranic verses, and are considered the most significant and
important in Sharia; as morals represent a general goal in Islamic Sharia. Emptying the rulings of morals
is considered emptying the rulings of Islamic Sharia.

3) Generality and restriction in deriving goals and objectives took the lead in highlighting the goals
and objectives of prohibition and permissibility in the verses of foods.

4) The permissibility and prohibition referred to in the verses of foods varied from several
fundamental aspects; represented in the aspect of generality and the obligation to leave and compulsion
and restriction and detail.

5) The moral objectives of permissibility and prohibition in the verses of foods emerged from several
aspects: the aspect of facilitation, benevolence, and gratitude.

VI.  RECOMMENDATIONS

Highlighting the legislative and moral objectives and goals of the permissibility and prohibition of
foods and drinks in the Holy Quran in order to have a great positive impact on the interaction of Muslims
with the verses of foods in the aspects of their religious and economic lives,

and to contribute to helping Muslims and Westerners with a deeper understanding of the goals and
objectives behind these legislations, and highlighting the balance between legislative and moral objectives
and goals in accordance with the controls and rules of Islamic law.
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Abstract — This study, which is part of a master’s thesis, deals with the resource estimation of an iron ore
field using inverse distance weighting (IDW) and kriging methods. 1321 iron ore samples from 42 drillholes
were organized and analyzed for this study.

Prior to assigning grades to blocks, semivariogram analyzes were performed to determine the spatial
correlation of ore grades and cross-validation was performed to assess the accuracy of the variogram model.
Using the IDW and kriging methods, grades were assigned separately to the three high-grade, medium-
grade and low-grade ore bodies. The results showed slight differences in estimated tonnage and average
iron grade between the two methods, with the kriging method yielding slightly lower grades for high-grade
ores and higher grades for low-grade ore categories. Finally, the individual orebodies were combined into
a single model that yielded a total resource of approximately 99.99 million tonnes with an average iron
grade of 26.14%. This study highlights the importance of method selection in resource estimation and
provides valuable insights for long-term mine planning and economic feasibility assessment.

Keywords — Inverse Distance Weighting, Kriging, Search Ellipsoid, Compositing, Variogram Analysis.

I. INTRODUCTION

A successful production system brings significant benefits for the company and society. One of the most
important factors for the successful transformation of raw materials into products is the appropriate
planning and management of production. Mining is one of the sectors that require long-term production
planning, as it involves many uncertainties and is a capital-intensive business.

Surface mine production planning is usually carried out as short-term and long-term production planning.
Short-term production planning is usually carried out at the operational level on a weekly and daily basis,
while long-term planning sets production limits on an annual basis, which can be divided into half-yearly
or quarterly periods. Long-term plans therefore set a limit for short-term plans and require the inclusion of
several parameters that should be carefully evaluated. The main objective of production planning in open
pit mining is to determine ore and waste mining sequences that satisfy geotechnical, process and other
operational constraints so that the overall benefit of block selection should be maximized in the different
periods. On this basis, production plans typically aim to maximize the total amount of end product or
maximize net present value (NPV). Maximization of the end product is generally sought when market
pressures or other commitments are present. The majority of long-term production planning is done to
maximize NPV [1].

Long-term production planning (LTPP) is a large-scale optimization problem that aims to find the block
mining sequence that generates the highest possible NPV while satisfying a variety of physical and
economic constraints [2].

Successful production management, which is one of the main functions of the company, can create
benefits at the level of the company, the market and the country's economy. An important part of production
management is production planning and scheduling. Planning and scheduling provide the company with
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the ability to easily see the future and be prepared for uncertainties. As in many other sectors, the
management of production is of great importance in the mining sector. For this reason, the quantitative
decision-making techniques developed for production planning and scheduling have also been applied to
mining [3].

II. MATERIALS AND METHODS

A. Materials

The primary dataset used in this study consists of exploration drilling data from 42 drill holes totaling
1321 samples of drilled material. This data was organized and converted into Excel spreadsheets and
categorized into four main components: Collar, Geology, Survey and Assay.

The collar data contains information such as the hole ID, the coordinates of the longitude (east) and
latitude (north), the reduced level (RL) and the maximum depth of the individual boreholes.

The geology file contains the hole ID, the depth from, the depth to, the interval and the lithologic code
representing the geologic features encountered during drilling.

The survey data comprises the hole ID, azimuth, dip, and depth, which are essential for understanding
the orientation and trajectory of each borehole.

The assay file contains details of the chemical analysis, including the depth from, depth to, interval and
iron content (Fe%) of each sample.

In addition to the drilling data, the second key material utilized in this study is the topography of the
explored area, which serves as a spatial reference for geological modeling, block modeling, and open-pit
design.

B. Methods

This part of the study describes the methodology applied to the project, which combines both economic
principles and mathematical algorithms to support long-term mine planning. In open pit mining, the
definition of pit boundaries is of crucial importance as it has a direct impact on the efficiency and
profitability of resource extraction. The aim is to minimize waste extraction and maximize ore recovery, as
excessive waste extraction leads to increased operating costs and a loss of time and value. To solve this
problem, the Lerchs-Grossmann algorithm, which was first introduced by Lerchs and Grossmann in the
1960s [4], was used to determine the optimum boundaries of the excavation pit.

In addition, the study discusses various pit development strategies that determine the development of the
pit over time. These include the worst-pit method, the best-pit method, and multiple benching (or staggered
pushbacks). Each method represents a different sequencing approach and has implications for cash flow,
operational feasibility and project risk. By comparing these strategies, the study aims to find a balanced and
economically viable approach to pit development.

III.  VARIOGRAM ANALYSES

Before assigning grades to the ore blocks, the dimensions of the search ellipsoid must be determined. If
a large ellipsoid is used, resulting from an inappropriate design, the majority of the orebody falls into the
"measured" resource category and is designated as "reserve" that can guarantee the exploitability of the
orebody. Consequently, the financial return of the mine in feasibility analyzes can be significantly higher
than what it should be in the real situation. In contrast, if a small search ellipsoid is used, the majority of
the ore body is classified as an "indicated" or "probable" resource. This can lead to the NPV of the mine
being understated due to over-planning, which in turn can lead to sub-optimal utilization of the underground
resources, a national treasure. As is well known, the National Resources and Reserves Reporting Committee
(UMREK) code, the system adopted by Tiirkiye for classifying resources and reserves, does not recommend
the use of "probable" resources in feasibility analyses. Therefore, semi-variogram maps were created to
determine the distance of influence of the samples intersected in drillholes.

The strike, pitch, and dip angles of the orebody were plotted on the variogram maps of the high grade
orebody and 36 10° slices were used for each of the three axes. In addition, a 50 m step interval was defined
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for strike and pitch, and a 2 m step interval for dip. In this way, the relationship between the sample pairs
was examined over distances of 725 m for the strike and dip and 121 m for the dip. These distances were
also measured on the map and confirmed to accurately reflect the extent of the orebody.

An exponential semi variogram model was fitted to the sample pair data with the value of nugget and sill
being 2.2 and 27, respectively (Figure 1). The dip direction of the search ellipsoid is N200° with a dip of
90°. The pitch is 180°. The radii of the axes of the search ellipsoid, therefore, generated by the above
approach is as follows: Axis 1: 106 m, Axis 2: 26 m, and Axis 3: 90 m. The search ellipsoid has quadrants,
each of which must catch at least one sample with the maximum number of samples in each sector
unlimited.

The medium grade orebody was divided into 72 5° slices, which allowed examining sample pairs along
the strike of N295°. The step distance was selected as 70 m along 735 m of extent of the medium grade
orebody. There were 36 10° slices along the dip and pitch directions. Likewise, a 2 m step interval was
assigned along the dip and 50 m along the pitch direction. By this way, the relationship between the sample
pairs was examined over distances of 90.5 m along the dip and 775 m along the pitch.

A spherical semi variogram model was fitted to the sample pair data with the value of nugget and sill
being 0.0 and 31, respectively (Figure 2). The dip direction of the search ellipsoid is N25° with a dip of
20°. The pitch is 170°. The radii of the axes of the search ellipsoid are 200 m for Axis 1, 50 m for Axis 2
and 100 m for Axis 3.

The low grade orebody was divided into 72 5° slices, which allowed examining sample pairs along the

strike of N290°, the dip direction of 20° and the pitch direction of 5°. The step distance was selected as 70
m along 735 m of extent of the low grade orebody. Similarly, a 3 m step interval was assigned along the
dip and 70 m along the pitch direction. By this way, the relationship between the sample pairs was examined
over distances of 181 m along the dip and 735 m along the pitch.
A spherical semi variogram model was fitted to the sample pair data with the value of nugget and sill being
2.7 and 49.6, respectively (Figure 3). The dip direction of the search ellipsoid is N195° with a dip of 90°.
The pitch is 175°. The radii of the axes of the search ellipsoid are 209 m for Axis 1, 90 m for Axis 2 and
85 m for Axis 3.
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IV.  CROSS VALIDATION OF THE MODELS

Cross-validation makes it possible to assess the influence of the choice of variogram model, kriging type
and search strategies. Therefore, cross validation is a way of testing the validity of the model prior to using
it for kriging or IDW estimation (www.micromine.com; accessed 11.07.2025). For the estimation, the
estimated values are plotted against the true values and the scenario with the highest correlation coefficient
is sought.

In cross-validation, sample points are successively omitted from the data set and estimated using the
remaining data and suitable scenario parameters. During estimation, the error is calculated as the residual
of the estimated value minus the true value. These error values can be analyzed in different ways. The most
common methods for interpreting the error values are as follows:

A scatterplot of the true values versus the estimated values. There should be few outliers and the
correlation coefficient should be high. The histogram of the errors should be symmetrical, with a mean of
zero in the middle, and the standard deviation should be as low as possible. The plot of the error versus the
estimated value should be centered on the zero-error line. This is referred to as “conditional unbiasedness”
[5].

The cross validation diagrams of the high-grade ore are shown in Figure 4. There is a high correlation (R
~79%) between the true values and the estimated values with only a few outliers. The histogram of the
standard errors is symmetrical and centered at zero. Finally, the plot of the error versus the estimated value
is centered around the zero-error line, indicating a well-designed model.

Figure 5 illustrates the cross-validation plots of the medium ore. There is also a high correlation (R ~84%)
between the true values and the estimated values with some outliers. The histogram of standard errors is
symmetrical and centered at zero. Finally, the plot of the error versus the estimated value is centered around
the zero-error line, indicating a well-developed model.

Figure 6 shows the cross-validation plots for the low-grade ore. The highest correlation (R ~87%)
between the true values and the estimated values is achieved with this model. The histogram of standard
errors is symmetrical and centered at zero. Finally, the plot of the error versus the estimated value is
centered around the zero-error line, indicating a well-established model.
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V. GRADE ASSIGNMENT FOR THE HIGH GRADE OREBODY

In this work, the assignment of grades to the blocks in the ore bodies was carried out using two commonly
used tools: the deterministic interpolation method of the IDW algorithm and the geostatistical tool of
kriging, which are based on statistical models that include autocorrelation, i.e. the statistical relationships
between the measured points.

IDW is one of the most commonly used methods in geostatistical analysis and modelling. It is a
deterministic spatial interpolation method that estimates values at unsampled locations and is based on the
principle that closer points have a greater influence than points further away (https://support.esri.com/en-
us/gis-dictionary/inverse-distance-weighted-interpolation; accessed 13.07.2025).

Kriging assumes that the distance or direction between sample points reflects a spatial correlation that
can be used to explain variation in the surface. The Kriging tool fits a mathematical function to a specified
number of points or to all points within a specified radius to determine the output value for each location.
It is a multi-step process that includes exploratory statistical analysis of the data, variogram modelling,
surface creation, and (optionally) exploration of a variance surface. Kriging is most appropriate when the
data is known to have a spatially correlated distance or directional variance (https://pro.arcgis.com/en/pro-
app/latest/tool-reference/3d-analyst/how-kriging-
works.htm%23ESRI SECTION1_E112B7FAED26453D8DA4B9AEC3E4E9BF; accessed 13.07.2025).

Firstly, the anisotropic IDW method of power 2 was used to assign grades to the ore blocks using the
composited analysis data. The parameter values of the search ellipsoid used by both algorithms are listed
in Table 1. For a block to be registered as measured, samples must be taken from at least two drillholes
while sample values from a single drill hole are sufficient for the indicated resources. The search ellipsoids
generated by the semivariogram analysis have four sectors (quadrants). To assign a grade value to any
block, each sector must use at least one analysis value, whereby a maximum of 150 analyses are permitted.

Modelling was followed with the ordinary kriging method where grade values were assigned to individual
blocks within the orebody. The same search ellipsoid was used in the estimation process.

It should be noted that boundaries of blank block models are created based on the furthest samples along
the principal directions, which may ultimately result in a massive block. A conservative approach was taken
to avoid assigning unrealistic grade values to large orebodies for which assay data was not available and to
avoid inappropriately large tonnages for the resource. Accordingly, the orebody was constrained by the
drillholes that defined it and the ore block model was constructed accordingly.

Table 1. Parameter values of the search ellipsoid used by the estimation algorithms for the high grade orebody

Category Axis-1 Axis-2 Axis-3 Azimuth Plunge Rotation
(m) (m) (m) © © ©

Measured 156.54 114.81 88.90

Indicated 313.08 229.62 177.80 251.52 9.85 17.50

Inferred ~ 469.62 344.43  266.70

The tonnage calculated based on grade ranges of the high grade iron ore using the IDW and kriging
estimation algorithms are presented in Tables 2 and 3, respectively.

The deposit contains 8,153,165 tonnes of iron ore with an average Fe grade of 58.02%, yielding
approximately 4,730,335 tonnes of extractable iron, according to the IDW method. Of the total resource,
99.83% falls into the measured category, while only 0.17% is classified as Indicated, which typically has a
lower geological confidence than Measured. This high proportion of measured resources indicates that the
search ellipsoid used in the resource estimation was relatively tight, and that many samples met the criteria
for classification with high confidence.

Although the total volume and tonnage figures for the high-grade orebody were consistent with the IDW
method (8,153,165 tonnes of ore and 4,656,037 tonnes of extractable iron content), the average Fe grade
estimated by kriging was slightly lower at 57.11%. The kriging method assigned slightly lower grades to
the "measured" blocks and higher grades to the "indicated" blocks.
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Table 2. Estimated tonnage of resources by the IDW algorithm for the high grade orebody

Cumulative
From To  Volume Density Tonnage Fe % Iron  Volume Tonnage Density Fe% Iron content Resource
Fe% (%) Fe% (%) (m?) (t/m) () (%) content (t) (m?) () (tm*) (%) (t) type
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
50 60 4984 2.65 13208 53.79 7105 4984 13,208 2.65 53.79 7105 Indicated
40 50 195 2.65 517 49.19 254 5179 13,724 2.65 53.62 7359 Indicated
30 40 0 0.00 0 0.00 0 5179 13,724 2.65 53.62 7359 Indicated
20 30 0 0.00 0 0.00 0 5179 13,724 2.65 53.62 7359 Indicated
10 20 0 0.00 0 0.00 0 5179 13,724 2.65 53.62 7359 Indicated
0 10 0 0.00 0 0.00 0 5179 13,724 2.65 53.62 7359 Indicated
60 70 184,337 2.65 488,493 60.71 296,564 184,337 488,493 2.65 60.71 296,564 Measured
50 60 2,879,216 2.65 7,629,922 5790 4,417,895 3,063,553 8,118,415 2.65 58.07 4,714,459 Measured
40 50 6261 2.65 16592 47.95 7956 3,069,814 8,135,007 2.65 58.05 4,722,415 Measured
30 40 0 0.00 0 0.00 0 3,069,814 8,135,007 2.65 58.05 4,722,415 Measured
20 30 117 2.65 310 22.17 69 3,069,931 8,135,317 2.65 58.05 4,722,484 Measured
10 20 1155 2.65 3061 12.68 388 3,071,086 8,138,378 2.65 58.03 4,722,872 Measured
0 10 401 2.65 1063 9.75 104 3,071,487 8,139,441 2.65 58.03 4,722,976 Measured
60 70 184,337 2.65 488,493 60.71 296,564 184,337 488,493 2.65 60.71 296,564 TOTAL
50 60 2,884,200 2.65 7,643,130 57.90 4,425,000 3,068,537 8,131,623 2.65 58.06 4,721,564 TOTAL
40 50 6456 2.65 17108 47.99 8211 3,074,993 8,148,731 2.65 58.04 4,729,774 TOTAL
30 40 0 0.00 0 0.00 0 3,074,993 8,148,731 2.65 58.04 4,729,774 TOTAL
20 30 117 2.65 310 22.17 69 3,075,110 8,149,042 2.65 58.04 4,729,843 TOTAL
10 20 1155 2.65 3061 12.68 388 3,076,265 8,152,102 2.65 58.02 4,730,231 TOTAL
0 10 401 2.65 1063 9.75 104 3,076,666 8,153,165 2.65 58.02 4,730,335 TOTAL
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Table 3. Estimated tonnage of resources by the kriging algorithm for the high grade orebody

Cumulative
From To  Volume Density Tonnage Fe % Iron  Volume Tonnage Density Fe% Iron content Resource
Fe% (%) Fe% (%) (m?) (t/m) () (%) content (t) (m?) () (tm*) (%) (t) type
60 70 0 0.00 0 0.00 0 0 0 0.0000 0.00 0 Indicated
50 60 5179 2.65 13,724 53.98 7408 5179 13,724  2.6500 53.98 7408 Indicated
40 50 0 0.00 0 0.00 0 5179 13,724 2.6500 53.98 7408 Indicated
30 40 0 0.00 0 0.00 0 5179 13,724 2.6500 53.98 7408 Indicated
20 30 0 0.00 0 0.00 0 5179 13,724 2.6500 53.98 7408 Indicated
10 20 0 0.00 0 0.00 0 5179 13,724 2.6500 53.98 7408 Indicated
0 10 0 0.00 0 0.00 0 5179 13,724  2.6500 53.98 7408 Indicated
60 70 321,344 2.65 851,562  60.82 517,919 321,344 851,562  2.6500 60.82 517,919 Measured
50 60 2,711,143 2.65 7,184,529 56.83 4,082,734 3,032,487 8,036,091  2.6500 57.25 4,600,653 Measured
40 50 37,131 2.65 98,397 47.93 47,161 3,069,618 8,134,488  2.6500 57.14 4,647,815 Measured
30 40 196 2.65 519 39.38 205 3,069,814 8,135,007 2.6500 57.14 4,648,019 Measured
20 30 0 0.00 0 0.00 0 3,069,814 8,135,007 2.6500 57.14 4,648,019 Measured
10 20 1673 2.65 4433 13.77 610 3,071,487 8,139,441  2.6500 57.11 4,648,630 Measured
0 10 0 0.00 0 0.00 0 3,071,487 8,139,441  2.6500 57.11 4,648,630 Measured
60 70 321,344 2.65 851,562  60.82 517,919 321,344 851,562  2.6500 60.82 517,919 TOTAL
50 60 2,716,322 2.65 7,198,253 56.82 4,090,142 3,037,666 8,049,815  2.6500 57.24 4,608,001 TOTAL
40 50 37,131 2.65 98,397 47.93 47,161 3,074,797 8,148,212  2.6500 57.13 4,655,223 TOTAL
30 40 196 2.65 519 39.38 205 3,074,993 8,148,731  2.6500 57.13 4,655,427 TOTAL
20 30 0 0.00 0 0.00 0 3,074,993 8,148,731  2.6500 57.13 4,655,427 TOTAL
10 20 1673 2.65 4433 13.77 610 3,076,666 8,153,165 2.6500 57.11 4,656,037 TOTAL
0 10 0 0.00 0 0.00 0 3,076,666 8,153,165 2.6500 57.11 4,656,037 TOTAL
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VI.  GRADE ASSIGNMENT FOR THE MEDIUM GRADE OREBODY

The parameter values of the search ellipsoid generated by the semivariogram analysis are listed in Table
4. As we had similar concerns about uncontrolled dispersion of the orebody, a boundary string was applied
to solve this problem. In this way, the medium grade orebody was significantly reduced in size. Modeling
was continued in the same way as for the high-grade orebody.

The tonnage calculated based on grade ranges of the medium grade iron ore using the IDW and kriging
estimation algorithms are presented in Tables 5 and 6, respectively.

The deposit contains 34,405,668 tonnes of iron ore with an average Fe grade of 29.22%, yielding
approximately 10,051,658 tonnes of extractable iron, according to the IDW method. Of the total resource,
93.68% falls into the measured category, while only 6.32% is classified as Indicated, which typically has a
lower geological confidence than Measured.

Although the total volume and tonnage figures for the high-grade orebody were quite similar to the IDW
method (34,405,668 tonnes of ore and 10,080,834 tonnes of extractable iron content), the average Fe grade
estimated by kriging was slightly higher at 29.30%.

Table 4. Parameter values of the search ellipsoid used by the estimation algorithms for the medium grade orebody

Category Axis-1 Axis-2 Axis-3 Azimuth Plunge Rotation

(m) (m) (m) © © ©
Measured 200.00 50.00 100.00
Indicated 400.00 100.00 200.00 105.59 341 19.72

Inferred 600.00 150.00 300.00

VII.  GRADE ASSIGNMENT FOR THE LOW GRADE OREBODY

The parameter values of the search ellipsoid generated by the semivariogram analysis are listed in Table
7. Due to the same concerns about uncontrolled spatial extent of the orebody, a boundary string was applied
to solve this problem. In this way, the low grade orebody was significantly reduced in size. Modeling was
continued in the same way as in previous approaches.

The tonnage calculated based on grade ranges of the low grade iron ore using the IDW and kriging
estimation algorithms are presented in Tables 8 and 9, respectively.

The deposit contains 38,666,815 tonnes of iron ore with an average Fe grade of 10.80%, yielding
approximately 4,175,225 tonnes of extractable iron, according to the IDW method. Of the total resource,
83.35% falls into the measured category, while only 16.65% is classified as Indicated, which typically has
a lower geological confidence than Measured.

Although the total volume and tonnage figures for the high-grade orebody were quite similar to the IDW
method (38,666,815 tonnes of ore and 4,698,803 tonnes of extractable iron content), the average Fe grade
estimated by kriging was slightly higher at 12.15%.

Table 7. Parameter values of the search ellipsoid used by the estimation algorithms for the low grade orebody

Category Axis-1 Axis-2 Axis-3 Azimuth Plunge Rotation

(m) (m) (m) © © ©
Measured 250.00 120.00 140.00
Indicated  500.00 240.00 280.00 294.70 1.71 -19.93

Inferred  750.00 360.00 420.00
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Table 5. Estimated tonnage of resources by the IDW algorithm for the medium grade orebody

Cumulative
From To  Volume Density Tonnage Fe % Iron Volume Tonnage Density Fe% Iron content Resource
Fe% (%) Fe% (%) (m?) (t/m) () (%) content (t) (m*) () (tm*) (%) (t) type
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
40 50 776 2.65 2056 40.98 843 776 2056 2.65 40.98 843 Indicated
30 40 119,019 2.65 315,400 32.14 101,364 119,795 317,457 2.65 32.20 102,207 Indicated
20 30 700,492 2.65 1856,304 27.17 504,357 820,287 2,173,761 2.65 27.90 606,564 Indicated
10 20 0 0.00 0 0.00 0 820,287 2,173,761 2.65 2790 606,564 Indicated
0 10 0 0.00 0 0.00 0 820,287 2,173,761 2.65 27.90 606,564 Indicated
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Measured
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Measured
40 50 18,748 2.65 49,682 41.40 20,566 18,748 49,682 2.65 41.40 20,566 Measured
30 40 4,030,783 2.65 10,681,575 33.00 3,524,524 4,049,531 10,731,257 2.65 33.04 3,545,091 Measured
20 30 8,113,353 2.65 21,500,385 27.44 5,899,951 12,162,884 32,231,643 2.65 29.30 9,445,042 Measured
10 20 100 2.65 265 19.70 52 12,162,984 32,231,908 2.65 29.30 9,445,094 Measured
0 10 0 0.00 0 0.00 0 12,162,984 32,231,908 2.65 29.30 9,445,094 Measured
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
40 50 19,524 2.65 51,739  41.38 21,409 19,524 51,739 2.65 41.38 21,409 TOTAL
30 40 4,149,802 2.65 10,996,975 3297 3,625,888 4169,326 11,048,714 2.65 33.01 3,647,297 TOTAL
20 30 8,813,845 2.65 23,356,689 27.42 6,404,308 12,983,171 34,405,403 2.65 29.22 10,051,606 TOTAL
10 20 100 2.65 265 19.70 52 12,983,271 34,405,668 2.65 29.22 10,051,658 TOTAL
0 10 0 0.00 0 0.00 0 12,983,271 34,405,668 2.65 29.22 10,051,658 TOTAL
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Table 6. Estimated tonnage of resources by the kriging algorithm for the medium grade orebody

Cumulative
From To  Volume Density Tonnage Fe % Iron Volume Tonnage Density Fe% Iron content Resource
Fe% (%) Fe% (%) (m?) (t/m) () (%) content (t) (m*) () (tm*) (%) (t) type
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
40 50 3711 2.65 9834 41.47 4078 3711 9834 2.65 4147 4078 Indicated
30 40 101,794 2.65 269,754 31.61 85,267 105,505 279,588 2.65 31.96 89,346 Indicated
20 30 714,782 2.65 1,894,172 28.23 534,687 820,287 2,173,761 2.65 28.71 624,033 Indicated
10 20 0 0.00 0 0.00 0 820,287 2,173,761 2.65 28.71 624,033 Indicated
0 10 0 0.00 0 0.00 0 820,287 2,173,761 2.65 28.71 624,033 Indicated
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Measured
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Measured
40 50 34,851 2.65 92,355 41.08 37,940 34,851 92,355 2.65 41.08 37,940 Measured
30 40 4,818,023 2.65 12,767,761 33.08 4,224,146 4,852,874 12,860,116 2.65 33.14 4,262,086 Measured
20 30 7,309,225 2.65 19,369,446 26.82 5,194,272 12,162,099 32,229,562 2.65 29.34 9,456,357 Measured
10 20 885 2.65 2345 18.92 444 12,162,984 32,231,908 2.65 29.34 9,456,801 Measured
0 10 0 0.00 0 0.00 0 12,162,984 32,231,908 2.65 29.34 9,456,801 Measured
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
40 50 38,562 2.65 102,189 41.12 42,018 38,562 102,189 2.65 41.12 42,018 TOTAL
30 40 4,919,817 2.65 13,037,515 33.05 4,309,413 4,958,379 13,139,704 2.65 33.12 4,351,431 TOTAL
20 30 8,024,007 2.65 21,263,619 2694 5,728,959 12,982,386 34,403,323 2.65 29.30 10,080,390 TOTAL
10 20 885 2.65 2345 18.92 444 12,983,271 34,405,668 2.65 29.30 10,080,834 TOTAL
0 10 0 0.00 0 0.00 0 12,983,271 34,405,668 2.65 29.30 10,080,834 TOTAL
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Table 8. Estimated tonnage of resources by the IDW algorithm for the low grade orebody

Cumulative
From To  Volume Density Tonnage Fe % Iron Volume Tonnage Density Fe% Iron Resource
Fe% (%) Fe% (%) (m*) (t/m>) () (%) content (t) (m?) () (t/m® (%) content (t) type
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
40 50 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
30 40 0 0.00 0 0.00 0 0 0 0.00 0.00 0 Indicated
20 30 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
10 20 769,854 2.65 2,040,113 10.34 210,873 769,854 2,040,113 2.65 10.34 210,873 Indicated
0 10 1,659,736 2.65 4,398,300  9.30 408,917 2,429,590 6,438,414 2.65 9.63 619,791 Indicated
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Measured
50 60 0 0.00 0 0.00 0 0 0 0.00 0.00 0 Measured
40 50 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Measured
30 40 6467 2.65 17,138 31.54 5406 6467 17,138 2.65 3154 5406 Measured
20 30 76,171 2.65 201,853 24.11 48,672 82,638 218,991 2.65 24.69 54,078 Measured
10 20 7,825,218 2.65 20,736,828 13.97 2,896,717 7,907,856 20,955,818 2.65 14.08 2,950,795 Measured
0 10 4,253,805 2.65 11,272,583  5.36 604,639 12,161,661 32,228,402 2.65 11.03 3,555,434 Measured
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
40 50 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
30 40 6467 2.65 17,138 31.54 5406 6467 17,138 2.65 31.54 5406 TOTAL
20 30 76,171 2.65 201,853 24.11 48,672 82,638 218,991 2.65 24.69 54,078 TOTAL
10 20 8,595,072 2.65 22,776,941 13.64 3,107,590 8,677,710 22,995,932 2.65 13.75 3,161,668 TOTAL
0 10 5,913,541 2.65 15,670,884 6.47 1,013,557 14,591,251 38,666,815 2.65 10.80 4,175,225 TOTAL
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Table 9. Estimated tonnage of resources by the kriging algorithm for the low grade orebody

Cumulative
From To Volume Density Tonnage Fe % Iron Volume Tonnage Density Fe% Iron Resource
Fe% (%) Fe% (%) (m?) (t/m) () (%) content (t) (m*) () (t/m*) (%) content (t) type
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
40 50 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
30 40 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
20 30 0 0.00 0 0.00 0 0 0 0.00  0.00 0 Indicated
10 20 2,350,449 2.65 6,228,690 11.94 743,396 2,350,449 6,228,690 2.65 11.94 743,396 Indicated
0 10 79,141 2.65 209,724 944 19,795 2,429,590 6,438,414 2.65 11.85 763,191 Indicated
60 70 0 0.00 0 0.00 0 0 0 0.00 0.00 0 Measured
50 60 0 0.00 0 0.00 0 0 0 0.00 0.00 0 Measured
40 50 0 0.00 0 0.00 0 0 0 0.00 0.00 0 Measured
30 40 7407 2.65 19,629 31.84 6251 7407 19,629 2.65 31.84 6251 Measured
20 30 177,367 2.65 470,023 21.89 102,877 184,774 489,651 2.65 2229 109,128 Measured
10 20 8,258,290 2.65 21,884,469 15.17 3,320,285 8,443,064 22,374,120 2.65 1533 3,429,413 Measured
0 10 3,718,597 2.65 9,854,282 5.14 506,198 12,161,661 32,228,402 2.65 1221 3,935,611 Measured
60 70 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
50 60 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
40 50 0 0.00 0 0.00 0 0 0 0.00  0.00 0 TOTAL
30 40 7407 2.65 19,629 31.84 6251 7407 19,629 2.65 31.84 6251 TOTAL
20 30 177,367 2.65 470,023 21.89 102,877 184,774 489,651 2.65 22.29 109,128 TOTAL
10 20 10,608,739 2.65 28,113,158 14.45 4,063,681 10,793,513 28,602,809 2.65 14.59 4,172,809 TOTAL
0 10 3,797,738 2.65 10,064,006  5.23 525,993 14,591,251 38,666,815 2.65 12.15 4,698,803 TOTAL
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VIII. COMBINING THE OREBODIES

In the approaches presented above, grades were assigned to blocks in three separate ore bodies — high,
medium and low grade — using IDW and kriging methods. However, as not all ore bodies could be included
in the design during the planning phase of the open pit, the ore bodies were combined into one.

The data on volume, tonnage, density and iron content of the combined orebody can be found in Table
10. The block model of the combined orebody is shown in Figure 7. The total volume of the combined
orebody is 30,374,815 m®. With a grade-weighted density of 3.29 t/m?, the mass of the orebody reaches
99,988,131 tonnes. The average grade is 26.14% Fe and the mineable iron content is 26,132,549 tonnes.

It should be remembered that the mass of the individual orebodies amounts to a total of 81,225,648
tonnes. The difference is due to the fact that when calculating the tonnage of the individual orebodies, the
ore density was assumed to be 2.65 t/m?, regardless of the grade, which could mislead the planner. In
contrast, when calculating the tonnage of the combined ore body, the density of each block was assigned a
unique value based on the Equation 1. Nevertheless, the volume of the combined orebody and the sum of
the volumes of the individual orebodies are very close to each other with a difference of 276,373 m?, which
corresponds to a value of only 0.91%.

Density = 0.036 - Grade + 2.4327 (1)

The majority of the ore (~90%) belongs to the measured category. The average grade of this category is

also higher than that of the indicated category, with the ore concentrated in the 10% to 40% iron range.
Similarly, the ore in the indicated category contains between 10% and 30% iron.
When evaluating the resource as a whole, the largest portion falls within the 10%-40% Fe grade range. This
trend is also observed within the measured category. However, the measured resources are most
concentrated in the broader 20%—-60% Fe range, indicating that a significant portion of high-confidence
resources are of medium grade. Overall, the deposit can be classified as hosting a medium-grade iron ore
resource. Additionally, there is a clear decrease in resource tonnage as the Fe grade increases from lower
to higher ranges.

IX.  CONCLUSIONS

Estimation is at the heart of a mining plan and engineers must be careful because we collect drill hole
data to estimate the qualities of deposits and we estimate drillhole samples to design and plan mineable
deposits. This means that selecting an appropriate method for just that type of deposit will lead us to a true
estimate.

We can see the effectiveness of the two techniques. Kriging estimates the average grade of the high-grade
orebody slightly lower (57.11%) compared to IDW (58.02%). Thus, Kriging shows a tendency to smooth
the grade distributions compared to IDW. While the IDW estimate of the average iron grade in medium
and low grade ore bodies was 29.22% and 10.80% respectively, Kriging estimated a slightly higher iron
grade of 29.30% and 12.15% in medium and low grade orebodies.

Kriging provides more realistic estimates than IDW because Kriging takes into account not only the
distance between sample points but also the change in values with distance, whereas IDW estimates values
based only on nearby sample points, which can lead to over- or underestimates. To be selective, we opted
to proceed with kriging and combined all three ore bodies, resulting in a total resource of 99.99 million
tonnes and an average Fe grade of 26.14%, highlighting the dominance of medium-grade ore in the deposit.
The study also highlights the need for density adjustments based on grade to avoid tonnage discrepancies.
These results provide a solid foundation for future mining planning, optimizing resource extraction and
maximizing economic returns.
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Table 10. Estimated tonnage of resources for the combined orebody

Cumulative
From To Volume Density Tonnage Fe % Iron Volume Tonnage Density Fe% Iron Resource
Fe% (%) Fe% (%) (m?) (t/m%) () (%) content (t) (m?) () (t/m*) (%) content (t) type
60 70 0 0.00 0 0.00 0 0 0 0.000  0.00 0 Indicated
50 60 5135 4.38 22,474 54.01 12,138 5135 22,474 438 54.01 12,138 Indicated
40 50 3711 3.93 14,568 41.48 6042 8846 37,042 4.19 49.08 18,180 Indicated
30 40 101,648 3.57 362,954 31.65 114,870 110,494 399,996 3.62 33.26 133,050 Indicated
20 30 666,557 3.45 2,299,018 28.25 649,399 777,051 2,699,014 3.47 28.99 782,449 Indicated
10 20 2,350,449 2.86 6,727,834 1194 803,391 3,127,500 9,426,848 3.01 16.82 1,585,840 Indicated
0 10 79,141 2.77 219418  9.44 20,716 3,206,641 9,646,266 3.01 16.65 1,606,556 Indicated
60 70 321,152 4.62 1,484,437 60.82 902,891 321,152 1,484,437 4.62 60.82 902,891 Measured
50 60 2,680,920 448 12,006,282 56.86 6,826,731 3,002,072 13,490,718 449 5730 7,729,622 Measured
40 50 71,524 4.04 ,288,814 4472 129,146 3,073,596 13,779,533 448 57.03 7,858,768 Measured
30 40 4,778,294 3.62 17,317,114 33.15 5,740,160 7,851,890 31,096,647 3.96 43.73 13,598,928 Measured
20 30 7,336,868 3.39 24,903,239 26.76 6,664,327 15,188,758 55,999,887 3.69 36.18 20,263,255 Measured
10 20 8,260,819 298 24,608,083 1525 3,751,926 23,449,577 80,607,969 3.44 29.79 24,015,181 Measured
0 10 3,718,597 2.62 9,733,896  5.25 510,812 27,168,174 90,341,865 333 27.15 24,525,993 Measured
60 70 321,152 4.62 1,484,437 60.82 902,891 321,152 1,484,437 4.62 60.82 902,891 TOTAL
50 60 2,686,055 448 12,028,755 56.85 6,838,869 3,007,207 13,513,192 449 5729 7,741,760 TOTAL
40 50 75,235 4.03 303,382  44.56 135,188 3,082,442 13,816,574 448 57.01 7,876,948 TOTAL
30 40 4,879,942 3.62 17,680,069 33.12 5,855,030 7,962,384 31,496,643 396 43.60 13,731,978 TOTAL
20 30 8,003,425 340 27,202,258 26.89 7,313,727 15,965,809 58,698,901 3.68 35.85 21,045,705 TOTAL
10 20 10,611,268 295 31,335917 14.54 4,555,317 26,577,077 90,034,817 339 28.43 25,601,021 TOTAL
0 10 3,797,738 2.62 9953314 5.34 531,528 30,374,815 99,988,131 329 26.14 26,132,549 TOTAL
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Ozet — Giiniimiiziin yogun rekabet ortaminda, dogru personelin dogru pozisyona yerlestirilmesi hem
isletmenin verimliligi hem de uzun vadeli basarist acisindan biiyiik 6nem tasimaktadir. Bu baglamda,
yalnizca 6zgegmis ve miilakat gibi geleneksel yontemlere dayanan ise alim siiregleri, karar vericilerin
degerlendirmelerinde 6znel hatalara yol acabilmektedir. Bu tiir subjektif yargilar1 en aza indirgemek ve
secim siirecine sistematik bir yap1 kazandirmak amaciyla, ¢ok kriterli karar verme (CKKV) yontemleri
etkin birer ara¢ olarak 6ne ¢ikmaktadir. Bu ¢alismada, bir toptanci firmasinda personel se¢imi siireci ¢ok
kriterli karar verme (CKKYV) yontemlerinden Analitik Hiyerarsi Siireci (AHP) ve Ideal Coziime
Benzerlige Gore Siralama (TOPSIS) yontemleriyle degerlendirilmistir. Calismanin amaci, isletmeye en
uygun personelin sistematik ve objektif bicimde belirlenmesini saglamaktir. Bu kapsamda; is tecriibesi,
pazarlama ve satig becerileri, network ve bireysel 6zellikler olmak {izere dort temel kriter ve alt kriterler
uzman goriisleriyle belirlenerek AHP yontemiyle agirliklandirilmistir. Sonuglara gére en yiiksek agirlik
%357 ile pazarlama ve satis becerilerine verilmistir. AHP ile elde edilen kriter agirliklari, bes adayin
degerlendirilmesinde TOPSIS yontemine entegre edilmistir. Analiz sonucunda A.D, 0,9780'lik P skoru ile
ideal ¢ozlime en yakin aday olarak belirlenmistir. Sonuglar incelendigi zaman 6zellikle satis ve miisteri
iliskileri gibi becerilerin personel se¢imi siirecinde oncelikli oldugunu gostermektedir. Sonug olarak, AHP
ve TOPSIS gibi yontemlerin ise alim siireclerinde karar vericilere bilimsel ve giivenilir destek sagladigi
goriilmektedir.

Anahtar Kelimeler — Cok Kriterli Karar Verme, Personel Se¢imi, AHP, TOPSIS.

I. GIRIS

Insan kaynaklar1 ydnetimi, isletmelerin stratejik hedeflerine ulagmasinda kritik bir rol oynamaktadur.
Rekabetin giderek yogunlastig1 gliniimiiz is diinyasinda, dogru ise dogru personelin yerlestirilmesi hem
operasyonel verimliligi hem de kurumsal siirdiiriilebilirligi dogrudan etkilemektedir [1].

Ozellikle personel segimi siireci, yalnizca is giicii ihtiyacini karsilamaktan 6te, kuruma uzun vadeli
deger katacak bireylerin belirlenmesini amaglayan stratejik bir adimdir. Bu siiregte kullanilan se¢im
araclarinin bilimsel gecerlilie ve giivenilirlige sahip olmasi, insan kaynaginin niteligini dogrudan
etkilemektedir. Literatiirde, ¢cok kriterli karar verme yontemleri ve psikometrik degerlendirmeler gibi
bilimsel tekniklerin etkin bicimde kullanildig1 personel se¢im siireglerinin, karar alma kalitesini artirdig:
ve ige alim sonrasi performansi olumlu yonde etkiledigi ifade edilmektedir ([2], [3]).

Literatiirdeki calismalara gz atildigi zaman ¢ok kriterli karar verme yontemlerinin uygulama alaninin
genis oldugunu ve bir¢ok yontemin bir arada kullanildigin1 gérmekteyiz. Caligma kapsaminda hazirlanan
Ozet literatiir Tablo 1°de gosterilmistir.
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Tablo 1. Ozet Literatiir Tablosu

Yazarlar Kullanilan Yontemler Uygulama Alani

Icigen ve Cetin [15] AHP ve TOPSIS Konaklama Sektorii (Personel Segimi)

Eair]akul ve  Akpmar AHP ve TOPSIS Personel Se¢imi (COVID-19 Dénemi)

Ada ve Cakir [17] AHP ve TOPSIS Personel Se¢imi

Ersoy [20] AHP ve TOPSIS Tekstil Sektorii (Personel Segimi)

Aykan ve Cataltepe AHP ve TOPSIS Kamu Sektorii (Insan Kaypal.(larl Uzman Yardimcist

[14] Secimi)

Oztiirk ve Keles [13] AHP ve TOPSIS flag Sektorii (Motorlu Kurye Segimi)

Ozcan vd. [16] AHP, GRA ve TOPSIS Ulasim Sektorii (Metro Siiriiciisii Segimi)

Akin [18] Bulanik TOPSIS Personel Sec¢imi (Belirsizlik Ortami)

Cetiner Karakas [19] Notrosofik AHP ve Personel Sec¢imi (Belirsizlik Ortami)
TOPSIS

Tag ve Karatas [12] Notrosofik AHP ve Yazilim Sektorii (Nitelikli Personel Sec¢imi)
TOPSIS

Tas vd. [6] AHP ve TOPSIS Saglik Sektorii (Poliklinik Degerlendirmesi)

l[gejgermenm ve Ayvaz Bulanik TOPSIS Bankacilik Sektorii (Personel Segimi)

Tabloya g6z attigimiz zaman birden fazla sektorde ¢ok kriterli karar verme yonteminin personel se¢imi
acisindan kullanildigini goérmekteyiz. Bir yontemden ziyade birden fazla yontemin kullanilarak sonuglarin
daha tutarli bulunmasi ve yorumlanmasi agisindan katki sagladi§i bu tablo vasitasiyla
yorumlanabilmektedir. Yine ilgili tabloyu inceledigimiz zaman, literatiirde en ¢ok AHP ve TOPSIS
yontemlerinin bir arada kullanildigin1 sdyleyebiliriz. Bu calisma kapsaminda da AHP ve TOPSIS
yontemleri bir arada kullanilarak personel se¢im problemi iizerinde durulacaktir. Uygulama alani olarak
bir toptanci firmasinda ilgili ¢alisma gergeklestirilecegi icin uygulama alani bakimindan literatiire katki
saglanmas1 hedeflenmektedir.

II. MATERYAL VE YONTEM

Bir problemin ¢6ziim hedefini etkileyen ¢ok sayida ol¢iitiin ve her birinin kendine 6zgii avantaj ve
dezavantajlara sahip oldugu seceneklerin varligi, karar verme siireclerini karmasik bir yapiya
biiriindiirmekte ve almman kararlarin isabetliliginin Olc¢lilmesini giiclestirmektedir. Karar siireclerinde
karsilasilan bu tiir zorluklarin iistesinden gelmek amaciyla ¢ok kriterli karar verme (CKKV) yontemleri
gelistirilmistir. Bu yontemler, birden fazla ve birbiriyle ¢elisebilen kriteri es zamanl olarak dikkate alarak
en rasyonel tercihin yapilmasini saglamakta ve giinliik hayatin pek ¢ok alaninda uygulama bulmaktadir.

Ornegin, bir adayin ise girme siirecinde adayin egitim seviyesi, alanindaki teknik bilgisi, onceki staj
veya is tecriibeleri ve iletisim becerileri gibi faktorler ayn1 zamanda degerlendirilir. Benzer sekilde, bir
firma i¢in tedarik¢i se¢iminde firmanin ge¢mis calisma portfoyii, referanslari, iirliniiniin kalitesi ve
teslimat performansi gibi tedarik¢iyle alakali kriterler analiz edilerek secim yapilir.

Kisisel diizeyde alinan kararlarda secimin dogrulugu gorece daha az kritik olabilirken, yukaridaki
orneklerde oldugu gibi kurumsal veya stratejik diizeydeki tercihler daha verimli sonuglarin bulunmasina
ylksek oranda katki saglar. CKKV yontemlerinde karar siirecine birden fazla uzman veya paydasin
katilimina olanak tanimasi hem nicel (6lgiilebilir) hem de nitel (6l¢iilemeyen) verileri, ayn1 zamanda
siibjektif ve objektif goriisleri bir arada analiz edebilmesi gibi {istlinliikler sunar. Bu nedenlerle CKKV
metotlarinin kullanimi, alinan kararlarin sistematik bir ¢ergevede degerlendirilmesine imkéan tanimasi
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acisindan biiyiik dnem tasimaktadir. Bu calismada kullanilan Analitik Hiyerarsi Siireci (AHP) ve ideal
Cozlime Benzerlige Gore Siralama (TOPSIS) yontemleri ise takip eden alt bagliklarda agiklanmaktadir.

A. AHP Yontemi

Thomas L. Saaty tarafindan 20. yiizyilda gelistirilen bu yontem, karar vericilerin birden fazla ve
birbiriyle c¢elisen kritere sahip karmasik problemleri daha yonetilebilir ve anlasilir bir yapiya
doniistiirmesine olanak taniyan bir ¢ok kriterli karar verme yontemidir. Bu yontem, temel olarak biiyiik ve
karmasik bir sorunu ana hedef, kriterler, alt kriterler ve alternatifler seklinde hiyerarsik bir diizene ayirma
prensibine dayanir ([4], [5], [6]).

B. TOPSIS Yontemi

Hwang ve Yoon tarafindan 20. yiizyilda gelistirilen bu yontem, alternatiflerin ideal ¢dziime yakinligin
degerlendirir. Bu yontemde ideal ¢oziime yakinligin belirlenebilmesi igin pozitif ideal ve negatif ideal
¢Oziim adinda iki referans noktasi tanimlanarak hesaplamalar yapilir. Boylelikle alternatifler arasindan en
uygun se¢enegi belirleme konusunda karar vericilere siralamay1 gdsteren tek ve anlasilir bir skor sundugu
i¢in oldukga pratiktir ([7], [8]).

III. BULGULAR

A. Kriterlerin Belirlenmesi

Bu ¢alismada personel se¢im siirecinde kullanilmak iizere kriterlerin belirlenmesi icin iki akademisyen
ve bir insan kaynaklari uzmanindan olusan bir uzman grubu olusturulmustur. Olusturulan uzman grubuyla
yliz yiize grup goriisme tekniginin gerceklestirilmesiyle dort temel kriter belirlenmistir: Pazarlama ve
Satis Becerileri, Is Tecriibesi, Network ve Bireysel Ozellikler. Belitlenen her bir temel kriter, kendi
icerisinde alt kriterlere ayrilarak detaylandirilmustir. Is Tecriibesi kriteri altinda; yillik deneyim siiresi,
gida toptanciligina dair bilgi diizeyi ve iriin iade konusundaki deneyim gibi alt unsurlar dikkate
alinmistir. Pazarlama ve Satig Becerileri kriteri dijital pazarlama yetkinligi, pazar arastirmasi yapabilme
becerisi ve miisteri iligkileri yonetimi gibi alt basliklardan olusmaktadir. Network kriteri kapsaminda;
adayin calistig1 isletme sayisi, sahip oldugu satis alanlari bilgisi, Uriin bilgisi ve tiiketici taleplerine
yonelik farkindalig1 degerlendirilmistir. Son olarak Bireysel Ozellikler kriteri altinda insan iliskileri, ekip
caligmasina yatkinlik ve sabirlilik gibi nitelikler analiz edilmistir. Bu kapsamda yapilan detayl alt
kriterlendirme, adaylarin degerlendirme siirecine daha fazla nesnellik ve derinlik kazandirmigstir.

B. Kriterlerin Agirliklandiriimasi

Kriterlerin agirliklandirilmasinda AHP yontemi kullanilmistir. AHP yontemindeki adimlarin isletilip
sayisal degerlerin ve matrislerin eldesi i¢in Microsoft Excel programi kullanilmistir. Ana kriterlere ikili
karsilastirma matrisi olusturulmus ve onem agirliklart hesaplanmistir. Olusturulan ikili karsilastirma
matrisi Tablo 2’de verilmistir:

Tablo 2. Ana Kriterlerin Ikili Karsilastirma Matrisi

Kriterler Tec:isibesi Pazarlama | Network (?zl :ﬁgﬁgr
Is Tecriibesi 1 0.333 2 8
Pazarlama 3 1 5 9
Network 0.5 0.2 1 2
Bireysel Ozellikler 0.125 0.111 0.5 1

Daha sonra ikili karsilastirma matrisi normalize edilmistir. Sonraki islemde satirlarin aritmetik
ortalamasi alinmis ve kriterlerin 6nem agirliklar1 hesaplanmistir. Hesaplama sonucunda bulunan 6nem
agirliklar1 Tablo 3’te verilmistir:
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Tablo 3. Ana Kriterlerin Onem Agirliklari

Kriterler Onem Agirhiklan
Is Tecriibesi 0.264
Pazarlama 0.574
Network 0.112
Bireysel Ozellikler 0.050

Ana kriter agirliklarinin bulunmasiyla beraber ana kriterler i¢in gerceklestirilen islem adimlari ana
kriterlere ait alt kriterler i¢in de gerceklestirilmistir. Oncelikle her bir ana kritere ait alt kriterler i¢in ikili
karsilastirma matrisleri olugturulmus olup tablolar halinde Tablo 4-7 olarak asagida verilmistir:

Tablo 4. Is Tecriibesi Alt Kriterlerinin ikili Karsilastirmalar1

Kriterler |YilkD.| Gida | Uriin iade
Yillik D. 1 2 3
Gida 0.5 1 2
Uriin Iade | 0.333 0.5 1

Tablo 5. Pazarlama ve Satis Becerisi Alt Kriterlerinin Ikili Karsilastirmalart

Kriterler | Dijital | Pazar | Miisteri
Dijital 1 0.5 0.333
Pazar 2 | 0.5

Miisteri 3 2 1

Tablo 6. Network Alt Kriterlerinin ikili Karsilastirmalar

Kriterler | Isletme S. | Satis A. | Uriin B. | Tiiketici T.
isletme S. 1 5 7 4
Satis A. 0.2 1 2 3
Uriin B. 0.142 0.2 1 2
Tiiketici T. 0.25 0.333 0.5 1

Tablo 7. Bireysel Ozellikler Alt Kriterlerinin ikili Karsilastirmalar

Kriterler | Insan Ekip |Sabirhlik
insan 1 2 6
Ekip 0.5 1 4

Sabirhlik | 0.166 0.25 1
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Daha sonra her bir ana kriterin alt kriterleri i¢in ikili karsilastirma matrisleri normalize edilmistir.
Sonraki islemde satir aritmetik ortalamalart alinmis ve kriterlerin 6nem agirliklar1 hesaplanmistir.
Hesaplanan 6nem agirliklar1 ana kriter agirliklari ile carpilmistir. Hesaplama sonucunda bulunan 6nem
agirliklar1 Tablo 8’de birlesik sekilde verilmistir:



Tablo 8. Alt Kriterlere Ait Onem Agirliklart

Ana Kriterler Alt Kriterler A!t Kriter Global Onem Agirhiklar
Agirhiklar:
Yillik Deneyim Stiresi 0.539 0.143
Is Tecriibesi Gida Toptancilig 0.297 0.079
Uriin {ade 0.164 0.044
Dijital Pazarlama Yetkinligi 0.164 0.094
Pazarlama Pazar Arastirmasi 0.297 0.171
Miisteri iliskileri Yonetimi 0.539 0.310
Isletme Sayisi 0.615 0.069
Satis Alanlar1 Bilgisi 0.192 0.022
Network Uriin Bilgisi 0.104 0.012
Tiiketici Talep Farkindaligi 0.089 0.010
Insan Iliskileri 0.587 0.030
Bireysel Ozellikler Ekip Caligmasina Yatkinlik 0.324 0.017
Sabirlilik 0.089 0.005

Bulunan alt kriterlerin agirliklar1 olusturulan her bir ikili karsilastirma matrisi i¢in ilgili degerlerle
carpilarak toplami alinmist1 ve kriter toplamlar1 ve agirliklarinin orani alinarak A degerinin ortalamasi
alinmistir. Daha sonra tutarlilik oranlar1 hesaplanip Tablo 9’da verilmistir:

Tablo 9. Alt Kriterlerin Tutarlilik Oranlar1

Ana Kriterler Alt Kriterler Tutarhhik Oram (CR)
Yillik Deneyim Siiresi

Is Tecriibesi Gida Toptanciligt 0.001
Uriin lade
Dijital Pazarlama Yetkinligi

Pazarlama Pazar Arastirmasi 0.001

Miisteri Iliskileri Y&netimi
Isletme Sayis1

Network Satis Alanlan Bilgisi 0.030
Uriin Bilgisi
Tiiketici Talep Farkindaligi
Insan Iliskileri

Bireysel Ozellikler Ekip Calismasina Yatkinlik 0.001

Sabirlilik

Tablo 11°deki tutarlilik oranlarma goz atildigi zaman hepsinin 0 ile 0.1 arasinda deger aldigini
gormekteyiz. Bu da bize alt kriterler i¢in yapilan ikili karsilastirmalarin tutarl oldugunu gostermektedir.

C. Alternatiflerin Belirlenmesi

Alternatiflerin belirlenmesi i¢in bu calisma kapsaminda olusturulan uzman grubuyla yiiz yilize grup
gorlismeleri gergeklestirilmistir. Gergeklestirilen goriismeler sonucunda isletmeden aliman CV’ler
dogrultusunda bes adayin degerlendirilmesi kanisina varilmistir. Uygulama siirecinde, her bir adayin
sahip oldugu deneyim, beceri, yatkinlik, network ve bireysel 6zellikler, onceden tanimlanmis kriter ve alt
kriterler dogrultusunda degerlendirilecektir.

D. Alternatiflerin Degerlendirilmesi

Alternatiflerin degerlendirilmesinde TOPSIS yontemi kullanilmistir. TOPSIS yontemindeki adimlarin
isletilip sayisal degerlerin ve matrislerin eldesi i¢cin Microsoft Excel programi kullanilmastir.
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Karar matrisinin olusturulmasinda 1-5 puanlandirma skalasi kullanilarak calismada dikkate alinan
adaylar puanlandirilmigtir. Puanlandirmalar yapilirken 6rnegin 1. sirada degerlendirilen alternatifin is
tecriibesi agisindan CV’si goz Onilinde bulundurularak diger alternatiflerden ne kadar one ¢iktig1
degerlendirilerek puanlandirilmistir. Olusturulan karar matrisi Tablo 10°da verilmistir:

Tablo 10. Alternatif Karar Matrisi

Aday Ylllll.( Gida Toptz?nc.lllgl. Uriin i.ad.e Dijital Pazar }V.Iiis.teri' Isletme
Deneyim | Hakkindaki Bilgisi | Deneyimi | pazarlama | arastirmasi | iliskileri | Sayisi

A.D 5 5 5 5 5 5 4

M.C.Y 1 1 1 3 3 3 2

S.K 4 4 4 4 4 4 5

EY 2 2 2 5 5 5 4

B.Y 4 4 4 4 4 4 4

Sati oL Tiiketici Insan Eki

Aday alanl:rl Uriin bilgisi talepleri iliskileri g:ahsn?am Sabirhiik

AD 4 4 4 5 5 5

M.C.Y 2 2 2 4 4 4

S.K 5 5 5 5 5 5

EY 4 4 4 4 4 4

B.YY 4 4 4 4 4 4

Olusturulan karar matrisi normalize edilerek agirlikli normalize karar matrisinin olusturulmasi igin
hazirlanmistir. Bu asamada alt kriterlere ait 6nem agirliklar1 kullanilarak Tablo 11°deki matris elde
edilmistir:

Tablo 11. Alternatif Agirliklit Normalize Karar Matrisi

Gida Uriin
Yilhk | Toptancihig: : Dijital Pazar Miisteri | Isletme
Aday . . Iade re per e
Deneyim | Hakkindaki . .| pazarlama | arastirmasi | iliskileri| saysi
e Deneyimi
Bilgisi
AD 0,635 0,635 0,635 0,524 0,524 0,524 0,456
M.C.Y 0,127 0,127 0,127 0,314 0,314 0,314 0,228
S.K 0,508 0,508 0,508 0,419 0,419 0,419 0,570
E.Y 0,254 0,254 0,254 0,524 0,524 0,524 0,456
B.Y 0,508 0,508 0,508 0,419 0,419 0,419 0,456
Aday | Sats | Urin jTiketici) Insan - Ekip g,
alanlari| bilgisi |talepleri| iliskileri | calismasi
A.D 0,456 0,456 0,456 0,505 0,505 0,505
M.C.Y 0,228 0,228 0,228 0,404 0,404 0,404
S.K 0,570 0,570 0,570 0,505 0,505 0,505
E.Y 0,456 0,456 0,456 0,404 0,404 0,404
B.Y 0,456 0,456 0,456 0,404 0,404 0,404

Agirliklt normalize karar matrisinin bulunmasiyla beraber pozitif ve negatif ideal degerler
hesaplanmistir. Elde edilen degerler kullanilarak ayirim olgiileri hesaplanmistir.  Ayirim 6lgiilerinin
hesaplanmasiyla beraber performans skorlarinin elde edilmis ve en iyiden en kdétiiye dogru siralanmustir.
Bulunan pozitif ve negatif ayirim olciileri, ideale yakinlik degerleri ve alternatif siralamalar1 Tablo 12°de
verilmistir.
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Tablo 12. Alternatif Siralama Sonug¢ Tablosu

Alternatifler Si* Si- Ci* Siralama
A.D 0,00053 0,0236 0,97806 1
M.C.Y 0,02364 0 0 5
S.K 0,01083 0,0133 0,55157 3
E.Y 0,00807 0,0212 0,72413 2
B.A 0,01085 0,0133 0,55028 4

IV.  TARTISMA

Her bir aday, dort alt kriter (Yillik Deneyim Siiresi, Gida Toptanciligi Hakkinda Bilgisi, Uriin Iade,
Dijital Pazarlama Yetkinligi, Pazar Arastirmasi, Miisteri Iliskileri Y&netimi, Isletme Sayisi, Satis Alanlart
Bilgisi, Uriin Bilgisi, Tiiketici Talep Farkindalig, Insan Iliskileri, Ekip Calismasina Yatkinlik, Sabirlilik)
kapsaminda puanlanmis, bu puanlar 6ncelikle normalize edilmistir. Normalize edilen degerler, daha sonra
AHP yontemiyle elde edilen kriter agirliklar1 ile carpilarak agirliklandirilmis karar matrisi
olusturulmustur. Bu matris {izerinden, her adayin pozitif ideal ¢dztiime (en iyi degerlere) ve negatif ideal
¢coziime (en diislik degerlere) olan uzakliklar1 sirasiyla Si* ve Si~ olarak hesaplanmistir. Son olarak, her
aday icin goreli yakinlik degeri (Ci*) formiilii olan Ci = Si~ / (Si* + Si7)* ile hesaplanarak, adaylarin ideal
cozlime yakinlik diizeyleri belirlenmistir. Elde edilen Ci* skorlarina gore adaylar en uygundan en
uygunsuza dogru siralanmis ve en yiiksek degere sahip aday, personel se¢iminde tercih edilmesi gereken
aday olarak belirlenmistir.

AHP yontemi sonucunda en 6nemli ana kriter 0.574 6nem agirlig1 ile Pazarlama ve Satis Becerileri
olarak bulunurken en az 6nemli ana kriter 0.05 &nem agirh@iyla Bireysel Ozellikler kriteri olarak
bulunmustur. Alt kriterler bazinda incelendiginde en nemli alt kriter 0.309 ile Miisteri iliskileri Y&netimi
olup, en az onemli alt kriter 0.005 O6nem agirlig1 ile Sabirlilik olarak bulunmustur. Alternatiflerin
degerlendirilmesindeki en 6nemli ana kriterin Pazarlama ve Satig Becerileri oldugu anlagilmaktadir.

TOPSIS yontemi ile gergeklestirilen analizde, bes adayin her bir kriter dogrultusunda degerlendirilmesi
sonucunda, ideal ¢oziime en yakin aday belirlenmistir. Bu kapsamda, A.D’in elde ettigi 0.978 degeri onu
pozitif ideal ¢ézlime en yakin ve negatif ideal ¢dziimden en uzak aday konumuna getirmistir. Bu sonug,
adayin hem pazarlama ve satis yetkinlikleri hem de bireysel 6zellikler agisindan iistiin bir performans
sergiledigini gdstermektedir. Ikinci sirada yer alan E.Y 0.724 ve iiglincii siradaki S.K 0.551 ile yiiksek
skorlar elde etmis olmakla birlikte Ayse Demir’e kiyasla daha az uygun bulunmustur. En diisiik skora
sahip olan M.C.Y’1n 0.00 performans puani almasiyla ideal ¢oziimden tamamen uzak bir profil ¢izdigi
goriilmektedir.

V. SONUCLAR

Bu ¢aligmada, personel sec¢im siirecine daha sistematik ve bilimsel bir yaklasim getirmek amaciyla ¢ok
kriterli karar verme yontemlerinden Analitik Hiyerarsi Siireci (AHP) ve TOPSIS yontemleri entegre bir
sekilde kullanilmugtir. {lk olarak AHP y&ntemiyle, personel se¢iminde dikkate almacak temel kriterler ve
bu kriterlere ait alt kriterlerin agirliklar1 uzman goériisleri dogrultusunda belirlenmistir. Daha sonra
TOPSIS yontemiyle secilen alternatifler degerlendirilerek en iyi alternatif bulunmustur. Elde edilen
sonuglar, firmalarin Ozellikle satis ve miisteri iliskileri alanindaki yetkinlikleri 6n planda tuttugunu
gostermektedir. Ayrica hesaplanan tutarlilik oranlarimin kabul edilebilir diizeyde olmasi, yapilan
degerlendirmenin mantiksal tutarliligin1 ve giivenilirligini teyit etmektedir.

Elde edilen bulgular dogrultusunda, personel se¢ciminde yalnizca 6zge¢mis ve miilakat gibi geleneksel
yontemlere degil, cok kriterli karar verme tekniklerine dayali karar destek sistemlerine de yer verilmesi
gerektigi dnerilmektedir. Isletmelerin bu tiir yontemleri insan kaynaklari siireclerine entegre etmesi, hem
ise alim siirecinin etkinligini artiracak hem de stratejik insan kaynagi planlamasinda daha saglikli kararlar
alinmasina katki saglayacaktir. Ayrica, gelecekteki ¢alismalar kapsaminda belirsizliklerin daha etkili
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yonetilebilmesi adina bulanik AHP ve bulanik TOPSIS gibi yontemlerin de uygulanmasi, modelin
esnekligini ve gercekeiligini artiracaktir.
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Abstract — This study investigates the effects of different cutting speeds and feed parameters on the surface
roughness and drilling temperature of an Al-7Si-Mg alloy during drilling. The alloy was manufactured
using the gravity casting method and machined using a total of nine different parameter combinations on a
CNC vertical machining center. Temperatures generated during machining were monitored in real time
with a thermal camera, post-processing surface roughness was measured, and microstructure-mechanical
tests were conducted. Microstructural analyses revealed the presence of eutectic Si phases within the a-Al
matrix, as well as intermetallic structures such as B-AlsFeSi and n-AlSiMgFe. Mechanical tests indicate
that the alloy, which was not heat-treated after casting, has acceptable strength and ductility levels. The
machinability findings indicate that high cutting speeds reduce surface roughness but increase maximum
temperatures in the cutting zone. Increasing feed rates negatively affect surface quality but lower the
temperature. The results show that the machinability performance of Al-7Si-Mg alloy is highly sensitive to
cutting parameters and these parameters should be carefully selected for optimum surface quality and
thermal stability.

Keywords — Al-7Si-Mg, Drilling, Microstructure, Mechanical Properties, Thermal Imaging.
I. INTRODUCTION

Aluminum-based alloys have a wide range of applications in the aerospace, automotive, defense, and
electronics sectors thanks to their superior physical and mechanical properties, such as low density, high
specific strength, corrosion resistance, and machinability [1, 2]. However, the limited mechanical
performance of pure aluminum in structural applications has necessitated the modification of Al-based
alloys with various alloying elements. In this context, Al-Si-Mg systems, in particular, are preferred
materials in engineering applications due to both their casting behavior and heat treatment applicability [3-
5]. The addition of Mg to Al-Si alloys significantly increases mechanical properties such as hardness and
tensile strength and allows for a more homogeneous and stronger microstructure to be achieved through
heat treatment [6, 7]. The Al-7Si-Mg alloy, by combining these components in optimal proportions, is a
material system that stands out in terms of both casting performance and strength. Therefore, this alloy is
widely used in automotive applications requiring high strength and thermal conductivity, such as engine
blocks, cylinder heads, and suspension components [8, 9].

Cast Al alloys are often subjected to machining operations to ensure final geometric precision and surface
quality. In this context, drilling is one of the most widely used machining methods for pre-assembly and
structural integration [10-12]. However, the machinability of Al-Si-Mg alloys is directly related to the
alloy's microstructure, cutting parameters, and thermal effects occurring during machining. The brittle
nature of Si phases complicates chip formation and can negatively affect surface quality [13, 14]. The
thermal energy generated during machining is a critical parameter not only in terms of tool wear and surface
damage, but also in terms of transformations that may occur in the workpiece microstructure. Therefore, in
recent years, thermal imaging techniques, which enable non-contact and real-time monitoring of
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temperatures during machining, have begun to be integrated into machinability analyses [15-17]. These
technologies enable more accurate assessment of the effects on surface integrity, dimensional stability and
material properties by analyzing the temperature distribution in the process zone.

There are many recent studies in the literature on microstructural control, mechanical properties, and
machinability improvements in Al-Si-Mg alloys. Zheng et al. developed a new inoculant (Al-5Ce-1B)
containing Ce and B elements, simultaneously improving the o-Al grain size and eutectic Si phase
morphology in Al-7Si alloys, thereby increasing the tensile strength to 175 MPa and the elongation to
14.5% [18]. Dong et al. optimized variants of Al-(7-10)Si-(0.3—-0.6)Mg alloys obtained by high-pressure
casting using machine learning, demonstrating that the natural aging time (14—30 days) has a decisive effect
on yield and tensile strength [19]. Peng et al. reported that after short-term solution treatment and artificial
aging of an Al-Si-Mg alloy containing La and Ce, the eutectic Si phase became spherical, and the ultimate
tensile strength reached 346.5 MPa with Mg-containing precipitates [20]. Ma et al. reported that they
achieved a balanced combination of strength and ductility in the Al-10Si—1Cu—0.6Mg alloy, where they
optimized the Cu/Mg ratio to 1.7, thanks to the fine precipitates [21]. Cao et al. emphasized that micropores
and Fe-based intermetallic phases were influential in crack propagation in the Al-8.55i—-0.6Mn—0.25Mg
alloy, and that mixed-mode fracture behavior was observed in these regions [22]. Shimizu and Nomura
demonstrated that the ADC12 alloy maintains its morphological stability throughout 100 phase change
cycles, providing a latent heat storage capacity of 411.1 J/g, and its high thermal conductivity makes it
suitable for energy applications [23]. Finally, Jang et al. reported that the hardness values of the A356 alloy
increase with the increase in Mg.Si precipitates during the heat treatment process; however, these
precipitates also reduce corrosion resistance [24]. These studies demonstrate that microstructural
engineering, heat treatment regime, and alloying element selection in Al-Si-Mg and derivative alloys
directly affect not only mechanical performance but also multidimensional engineering parameters such as
machinability, thermal behavior, and surface integrity.

In this study, the effects of different cutting speeds (88, 123, and 158 m/min) and feed rates (0.04; 0.12
and 0.20 mm/rev) on the thermal behavior and surface roughness of Al-7Si-Mg alloy produced by gravity
casting during a drilling operation on a CNC vertical machining center were experimentally investigated.
Temperature data were obtained using a real-time thermal imager and correlated with the cutting
parameters. Microscopic structural analyses and surface roughness measurements were performed on the
post-treatment samples. The findings contribute to a more in-depth understanding of the thermomechanical
responses of Al-7Si-Mg alloys during drilling and provide an important basis for determining optimal
cutting conditions.

II. MATERIALS AND METHOD

The Al-7Si-Mg alloy was melted in a medium-frequency induction furnace by heating to approximately
770+10°C and solidified by pouring it into a metal mold at room temperature. The resulting plates,
measuring approximately 140x100x18mm (Fig. 1a), were machined to make them suitable for various
types of testing. Accordingly, 70x50x17mm (Fig. 1b) were prepared for machinability tests, tensile
specimens (Fig. 1c¢) conforming to standards for mechanical testing, and cross-sectional specimens (Fig.
1d) were prepared for microstructural examination.
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The prepared samples were first mounted in Bakelite for metallographic examination, and then their
surfaces were subjected to grinding and polishing processes. Following these processes, the microstructure
of the samples was examined in detail using an optical microscope (Carl Zeiss Axiolab 5). To evaluate the
mechanical properties, tensile specimens were prepared in accordance with the dimensions specified in the
ASTM ES standard. During the tensile tests, yield and tensile strength, elongation to fracture were obtained
using a constant jaw speed of 0.25 mm/s and a deformation rate of approximately 5.9x1073s™'. Hardness
measurements were performed using the Brinell method; a 2.5 mm diameter steel ball was used in each test
under a load of 62.5 kgf. Three independent samples were tested for each alloy group, and the arithmetic
average of the results was used to determine the results.

Machinability tests were conducted on a CNC vertical machining center under dry cutting conditions,
using different cutting speeds (88, 123, and 158 m/min), feed rates (0.04; 0.12 and 0.20 mm/rev), and
constant depth of cut (17 mm) [9, 25, 26]. Drilling tests were performed using an uncoated @5 mm HSS
uncoated drill bit, and a new cutting tool was selected for each test. The tests were conducted on a 22.4 kW
HAAS VF-2SS model vertical machining center and applied to a total of nine different processes,
depending on the selected cutting parameters and Al-7Si-Mg alloy combinations. Thrust forces were
measured in Z axis with a Kistler 5070A dynamometer system; the obtained data were analyzed using an
amplifier and Dynoware software (Fig. 2). A thermal camera was positioned opposite the machine-tool area
to monitor temperatures generated during machining in real time. The thermal data was processed using
FLIR ResearchlR software, and key metrics such as maximum temperature (Tmax), and temperature
distribution profiles were calculated. To evaluate the surface quality after drilling, surface roughness
measurements were performed on each sample. For this purpose, a Mahr Perthometer surface roughness
measuring device with a tracking tip was used, and measurements were conducted in accordance with ISO
4287. The obtained roughness values were expressed as the arithmetic mean surface roughness (Ra). These

values are calculated according to the equation R, = % ) OLIy(x) |dx where L represents the measuring length
and y represents the measured value [9, 11].
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Figure 2. The schematic representation of the drilling testing apparatus

III. RESULTS

A. Microstructural and Mechanical Observations

In the post-cast microstructure of the alloy, in addition to the aluminium-rich a-Al matrix phase, a eutectic
Al-Si phase with a coral-like morphology, primary Si crystals, and high-iron intermetallic compounds
located along dendritic boundaries were observed. These intermetallic phases consist of B-AlsFeSi with a
layered and needle-like structure, and n-AlSiMgFe phases with a script-like appearance. The presence of
these phases was confirmed by both optical microscopy images (Fig. 3a) and detailed structural analyses
obtained by scanning electron microscopy (SEM) (Fig. 3b).
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Figure 3. Microstructure irﬁages of Al-7Si-Mg alloy in the as-cast state, a) Optic microscope, and b) SEM images

Data obtained from the mechanical characterization of the Al-7Si-0.6Mg alloy, based on tensile tests,
revealed an average tensile strength of 110 MPa, a yield strength of 65 MPa, and elongation to fracture of
2.2%. These values indicate that the material offers limited strength in direct use after casting but is capable
of deformation. Furthermore, microhardness tests revealed an average Brinell hardness of 55 HB.
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B. Machinability Properties

When machining alloys under constant feed rate conditions, it was observed that Ra decreased with
increasing cutting speed, while Tmax increased (Fig. 4). With an increase in cutting speed from 88 m/min to
158 m/min at feed of 0.04 mm/rev, Ra decreased by 6.9%, while Tmax increased by 43.65% (Fig. 4a). With
an increase in cutting speed from 88 m/min to 158 m/min at feed of 0.12 mm/rev, Ra decreased by 7.76%,
while Tmax increased by 40.23% (Fig. 4b). With an increase in cutting speed from 88 m/min to 158 m/min
at feed of 0.20 mm/rev, Ra decreased by 6.81%, and Tmax increased by 45.01% (Fig. 4c¢).
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Figure 4. Ra and Tnmax relationship at constant feed rate, a) 0.04 mm/rev, b) 0.12 mm/rev, and ¢)0.20 mm/rev.

When machining alloys under constant cutting speed conditions, it was observed that Ra increased with
increasing feed rate, while Tmax decreased (Fig. 5). Under a cutting speed of 88 m/min, as feed increased
from 0.04 mm/rev to 0.20 mm/rev, Ra increased by 53.62%, while Tmax decreased by 17.16% (Fig. 5a). At
a cutting speed of 123 m/min, Ra increased by 54%, while Tmax decreased by 19.06% (Fig. 5b). At a cutting
speed of 158 m/min, Ra increased by 53.81%, and Tmax decreased by 16.37% (Fig. 5c¢).

188



=
-

V:88 m/min

=
-

V: 123 m/min

20 = 20
- wmm fysRa 7 80 - = fvs Ra ]
- w— s Tmax 3 I fvs Tmax 7 80
15 — ] 15 - ]
— 760 ¢ C J60 &
E [ 4 ¥E F 1 %
= .. C - £ . =
= 10 - 2 =10} . E
& C Q40 = E » — 40 =
5 r E 20 T a0
oL ~o ol Jo
0.12 0.20 0.04 0.12 0.20
f [mm/rev] f[mm/rev]
2 ©) V : 158 m/min
T | s Ra 3
- s s Tmax 7 80
15 .
_f 10 g
N R
=10 2 E
2 J40°¢
C 220
oL Jo
0.04 0.12 0.20
f [mm/rev]

Figure 5. Ra and Twmax relationship at constant cutting speed, a) 95 m/min, b) 125m/min, and ¢)155 m/min

IV.  DISCUSSION

A. Microstructural Evaluations

Microstructural analyses revealed that the Al-7S1-Mg alloy obtained by casting exhibited an Al-Si eutectic
structure surrounding the a-Al dendritic phase, as well as the formation of intermetallic compounds such
as B-AlsFeSi and n-AlSiMgFe due to the Fe. It is believed that the ternary eutectic reaction during cooling
resulted in the separation of Al, Si, and Fe-rich phases, with the B phase partially transforming into the ©
phase through a semi-peritectic reaction during the subsequent cooling process. SEM analyses confirmed
that the n-Fe phases, which have a needle-like morphology, evolved into rounded and script-like structures
over time, depending on the cooling rate and Mg content. As noted by Wu et al. the morphology and
distribution of the phases interacting with Fe change significantly as the Mg content increases [27, 28].
Furthermore, as the Mg content increases, the volumetric ratio and location of Fe-rich intermetallic phases
change, and the more complex B-AlsFe.Si> phases begin to dominate instead of the B phase [13, 29]. This
is of critical importance in terms of the microstructure-mechanical property relationship.

B. Evaluation of Mechanical Properties

Mechanical tests on the Al-7Si-Mg alloy yielded an average tensile strength of 110 MPa, a yield strength
of 65 MPa, and a hardness of 55 HB. These results indicate acceptable values for an alloy that has not been
heat-treated after casting. Furthermore, the elongation to fracture of 2.2% indicates that the alloy possesses
a certain degree of ductility. The finely dispersed Mg.Si precipitates in the microstructure, as well as
intermetallic phases, play a significant role in this level of mechanical behaviour. Wu et al. stated that
increasing the Mg content positively affects strength, particularly by increasing the density of Mg.Si
precipitates. However, the literature also emphasizes that these same precipitates can slightly reduce
ductility [30-32].
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C. Evaluation of Machinability Properties

Data obtained from drilling tests revealed that cutting speed and feed parameters have significant effects
on the machinability performance of the Al-7Si-Mg alloy. Increasing cutting speed under constant feed rate
conditions resulted in a significant decrease in surface roughness (Ra) values and an increase in the Tmax at
the tool/material interface. This trend can be explained by the reduced contact time of the cutting tool with
the material at high cutting speeds and the more continuous and smooth chip removal [33, 34]. In this
context, it can be said that high cutting speeds increase machining stability by reducing mechanical friction
on the tool, thereby improving surface quality [35]. However, due to the acceleration of plastic deformation
in the deformation zone and the increase in the friction coefficient, heat accumulation occurs, resulting in
increased thermal loads during drilling [36, 37]. As a matter of fact, as a result of the experiments, the
lowest surface roughness (Ra = 5.80 um) and the highest temperature value (Tmax = 67°C) were measured
at cutting speed of 158 m/min and feed of 0.04 mm/rev parameters.

On the other hand, increasing the feed rate under constant cutting speed conditions resulted in deeper and
more irregular sections on the surface of the workpiece, leading to increased surface roughness values. This
result is related to increased microdeformations and surface distortions on the material surface due to the
increased material removal rate by the cutting insert [38, 39]. A decrease in the Tmax value was observed
under the same parameters. This can be explained by the fact that increasing the feed rate reduces the
contact time of the cutting tool with the material, limiting heat accumulation in the machining zone.
Furthermore, the faster chip separation from the cutting insert at higher feed rates, and the heat dissipation
by the chip, may also have contributed to this temperature decrease [13, 40, 41].

V. CONCLUSION

In this study, a comprehensive analysis of the microstructure, mechanical properties, machinability,
surface roughness and drilling temperature of an Al-7Si-Mg alloy was performed on a CNC vertical
machining center under various cutting speed and feed parameters. Microstructural analyses revealed the
dispersion of eutectic Si phases within the dendritic a-Al matrix, along with iron-rich intermetallic
components such as B-AlsFeSi and n-AlSiMgFe. These phases have a decisive influence on both the
mechanical and machining behaviour of the alloy. Mechanical tests revealed a yield strength of 65 MPa, a
tensile strength of 110 MPa, Brinell hardness of 55 HB, and elongation to fracture of 2.2%. In drilling
experiments, it was determined that increasing cutting speed under constant feed rate reduces surface
roughness but increases maximum temperature values in the cutting zone. The lowest surface roughness
(Ra=5.80 um) and highest temperature (Tmax = 67 °C) were achieved at a cutting speed of 158 m/min and
a feed rate of 0.04 mm/rev. On the other hand, increasing the feed rate under constant cutting speed
deteriorated surface quality and reduced temperature values in the cutting zone.
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Ozet — Manyetik alanlar, dogal jeomanyetik alanlardan (25-65 uT) yapay kaynaklara (MRI: 1.5-7 T, TMS:
1-3 T, cep telefonlari: 0.1-10 pT) kadar genis bir yelpazede insan beyniyle etkilesime girer [1].
Transkraniyal manyetik stimiilasyon (TMS), major depresif bozukluk (etki biytikligi: 0.55-0.89),
anksiyete, obsesif-kompulsif bozukluk (OKB) ve noropatik agri tedavisinde giiclii terapotik etkinlik
gosterirken [2], ¢evresel elektromanyetik alanlarin (EMA) etkileri daha zayif (etki biiytikligii: 0.1-0.3) ve
uzun vadeli sonuglar1 belirsizdir [3]. Biyofiziksel modeller, elektromanyetik indiiksiyon ve iyon siklotron
rezonansi gibi mekanizmalarin ndronal membran potansiyellerini ve sinaptik plastisiteyi nasil etkiledigini
aciklamaktadir [4]. Bu ¢alismada, 2000-2024 yillar1 arasinda yayimlanan 192 hakemli ¢alisma incelenerek
manyetik alanlarin biyofiziksel, nérofizyolojik, biligsel, klinik ve toplumsal etkilerini degerlendirilmistir.
Ayrica, TMS ve EMA’nin norobiyolojik etkilerini biyofiziksel bir perspektiften ele alarak literatiirdeki
bosluklar analiz edilmis, yenilik¢i arastirma Onerileri sunulmus olup, 5G ve yapay zeka destekli
ndromodiilasyon gibi giincel teknolojilerle baglanti kurarak etik boyutlar1 ortaya konulmaktadir. Calisma
sonucunda TMS’nin depresyondan anksiyeteye, OKB’dan noropatik agr1 tedavisine kadar giiclii etkileri
olmasma karsin EMA’nin ndrobiyolojik etkileri zayif ve gegici oldugu mekanizmalar mevcut olup
EMA’nin hiicresel etkileri, TMS ve EMA’nin kronik etkileri {izerine c¢alismalarin eksik oldugu
belirlenmistir. Taginabilir tSMS cihazlarinin gelistirilip makine 6grenmesi modellerinin entegre edilmesi
ve genetik etkiler i¢in biyosensorler gelistirilmesi gerektigi sonucuna ulagilmistir.

Anahtar Kelimeler — Manyetik Alanlar, Noromodiilasyon, Transkraniyal Manyetik Stimiilasyon, Elektromanyetik Alanlar,
Noroplastisite, Klinik Norobilim.

I. GIRIS

Manyetik alanlar, dogal jeomanyetik alanlar (25-65 uT) ile MRI (1.5-7 T), transkraniyal manyetik
stimiilasyon (TMS; 1-3 T) ve cep telefonlar1 (0.1-10 uT) gibi yapay kaynaklardan yayilarak insan beyninin
elektriksel ve kimyasal sinyallesme mekanizmalarini etkiler [1]. Insan beyni, yaklasik 86 milyar ndron ve
glial hiicrelerden olusan karmasik bir sistem olup, iyon kanallar1 ve membran potansiyelleri izerinden islev
goriir [5], [6]. Teknolojik ilerlemeler, 6zellikle kablosuz iletisim cihazlar1 (6r. 5G aglar1) ve tibbi
ndromodiilasyon araglari, manyetik alanlara maruziyeti artirmis; bu da biyofiziksel, nérofizyolojik ve klinik
etkilerin anlagilmasini acil bir ihtiyag¢ haline getirmistir [7]. TMS, depresyon, anksiyete, obsesif-kompulsif
bozukluk (OKB) ve noropatik agri gibi durumlarin tedavisinde ¢igir agarken [2], [8], [9], cevresel
elektromanyetik alanlarin (EMA) uzun vadeli etkileri tartismali olup halk sagligi agisindan Onem
tagimaktadir [10], [11].

Bu ¢aligmanin amaci, manyetik alanlarin insan beyin fonksiyonlari iizerindeki etkilerini biyofiziksel bir
perspektiften ele alarak, (1) elektromanyetik indiiksiyon ve iyon siklotron rezonansi gibi etkilesim
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mekanizmalart [12], [13], (2) norofizyolojik ve elektrofizyolojik degisiklikleri [14], (3) bilissel ve
noroplastik etkileri [15], (4) klinik terapotik uygulamalari [9], [16], ve (5) toplumsal ve etik sonuglari [17]
biitiinciil bir sekilde incelemektir. Caligmadaki ana hedefimiz, TMS ve EMA’nin nérobiyolojik etkilerini
biyofiziksel modeller, norogdriintilleme ve klinik verilerle sentezleyerek literatiirdeki bilgi bosluklarini
tanimlamak ve yenilik¢i aragtirma yonelimleri 6nermektir.

Yapilan bu calismanin 6zginliigli, 6nceki caligmalarin genellikle yalnizca TMS veya EMA {izerine
odaklanmasina karsin [18], [19], bu ¢alismanin disiplinler aras1 bir yaklasimla biyofizik, nérobilim, klinik
uygulamalar ve etik boyutlari birlestirmesindedir. Ayrica, 5G aglarinin yayginlasmasi, yapay zeka
destekli néromodiilasyon ve pandemi sonrasi artan ruh sagligi sorunlari gibi giincel baglamlarla baglanti
kurarak, manyetik alan arastirmalarmin norobilim ve halk saglig1 politikalarina katkis1 degerlendirilir.
Teknolojik gelismelerin ve ¢evresel maruziyetlerin insan beyni tizerindeki etkilerine dair artan kamuoyu ve
bilimsel ilgiye yanit vermek, bu etkilerin biyofiziksel temellerini aydinlatarak daha giivenli ve etkili
néromodiilasyon uygulamalar1 i¢in bir yol haritas: sunma hedeflenmektedir.

Bu c¢alisma yapilirken, 2000-2024 yillar1 arasinda yayimlanan 192 hakemli c¢alismay1 (148 orijinal
aragtirma, 30 meta-analiz/sistematik derleme, 14 teorik ¢alisma) analiz ederek, se¢im kriterlerine uygun
bulunan c¢aligmalarin Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) ve
A MeaSurement Tool to Assess Systematic Reviews (AMSTAR-2) yonergelerine uygun olarak
Degerlendirilmesi yapilmistir. Metodolojik detaylar Yontem boliimiinde sunulmaktadir.

II. MATERYAL VE YONTEM

PRISMA ve AMSTAR-2 yoénergelerine uygun olarak yiiriitiilen ¢aligmamizda, PubMed, Web of
Science, Scopus, .PsycINFO ve IEEE Xplore gibi veri tabanlarinda, Ocak 2000-Nisan 2024 ddnemini
kapsayan sadece Ingilizce ve Tiirk¢ce hakemli yayinlar taranmistir. Anahtar kelimeler (“manyetik alan”,

“beyin fonksiyonu”, “ndéromodiilasyon”, “transkraniyal manyetik stimiilasyon”, “elektromanyetik alan
maruziyeti”’) Boolean operatorlerle birlestirilerek kapsamli bir tarama yapilmistir.

Dahil Etme Kriterleri:

e Insan beyni iizerindeki etkileri dogrudan veya dolayli olarak inceleyen calismalar.
e Bilimsel verilere dayali deneysel, gdzlemsel veya teorik tasarimlar.
e Hakemli yayinlar.

Dislama Kriterleri:

e Tam metne erisilemeyen caligsmalar.
e Vaka raporlar1 veya goriis yazilari.
e Yetersiz kontrol gruplar1 gibi metodolojik acidan zay1f ¢aligmalar.

Biyofiziksel modeller, ndérogoriintiilleme verileri ve klinik sonuglar agisindan toplam 192 calisma
incelenerek bunlardan kriterlere uygun 33 tanesi calismaya dahil edilmistir.

1. BULGULAR
Biyofiziksel Etkilesim Mekanizmalari

Manyetik alanlar, elektromanyetik indiiksiyon, iyon siklotron rezonansi ve radikal ¢ift mekanizmalari
yoluyla néronal membran potansiyellerini ve iyon kanali dinamiklerini etkilemektedir [4], [13]. TMS,
ylksek yogunluklu (1-3 T) alanlarla kortikal ndronlar1 dogrudan uyarirken [20], EMA, 0.1-10 uT
araliginda baglama duyarli ve diisiik siddette etkiler gostermektedir [21]. Biyofiziksel modeller (6r. sonlu
elemanlar yontemi, FEM), manyetik alanlarin doku iizerindeki elektrik akim yogunluklarini ve néroplastik
etkilerini agiklamaktadir [22].
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Norofizyolojik ve Elektrofizyolojik Degisiklikler

TMS, kortikal uyarilabilirlik ve sinaptik plastisiteyi artirarak EEG’de alfa ve beta bantlarinda
degisiklikler olusturdugu belirlenmistir [14], [23]. EMA ise (cep telefonlari: 900-2100 MHz, Wi-Fi: 2.4-5
GHz), EEG’de gecici degisiklikler iiretmekle birlikte (etki biiytikliigii: 0.1-0.3) bu etkiler arasinda bazi
tutarsizliklar gozlenmektedir [3], [24].

Bilissel ve Noroplastik Etkiler

TMS, calisma bellegi ve dikkat gibi bilissel islevleri iyilestirerek noroplastisiteyi desteklemektedir [15],
[25]. EMA’nin ise bilissel etkileri (dikkat, hafiza) minimal ve gegici olup [24] uzun vadeli noroplastik
etkileri tizerine bir takim belirsizlikler bulunmaktadir.

Klinik Terapotik Uygulamalar

TMS, major depresif bozukluk (etki biyiikligi: 0.55-0.89), anksiyete, OKB ve noropatik agri
tedavisinde etkili olup %30—40 remisyon orani sunmaktadir [2], [8], [9], [26]. Hizlandirilmis rTMS ve
baglantisal hedefleme gibi yenilik¢i protokollerin etkinligi artirdig1 belirlenmistir [16], [27]. Tasinabilir
tSMS cihazlari i¢in klinik erisim alan1 genisletebilir [28].

Toplumsal ve Etik Sonuglar

EMA maruziyetine iliskin kamuoyu endiseleri, 5G’nin yayginlagmasiyla artmis, ancak termal olmayan
etkiler i¢in heniiz yeterli diizeyde kanitlar yoktur [19], [29]. TMS’nin maliyet ve erigim sorunlari, etik ve
diizenleyici tartismalar1 beraberinde getirmektedir [17]. Cocuklar gibi hassas gruplar EMA’ya daha duyarh
olabilir, ancak bununla ilgili veriler de yetersizdir [11].

IV. TARTISMA
Literatlirdeki Egilimler

Manyetik alan aragtirmalari, TMS’nin hedefe yonelik néromodiilasyonu ve EMA’nin yaygin etkileri
olmak tizere iki eksende ilerler. TMS, kortikal uyarilabilirlik ve sinaptik plastisite yoluyla depresyon,
anksiyete, OKB ve noropatik agri tedavisinde gii¢lii etkiler sunmaktadir [2], [30]. EMA’nin etkileri ise
diisiik yogunluklu ve baglama bagimhidir, EEG’de gecici degisikliklerle sinirhidir [3], [24].

Tartismali Konular

TMS’de Yanit Degiskenligi: Genetik ve noroanatomik faktorler hasta yanitlarimi etkiledigi bilinmekte,
ancak Ongoriicii biyobelirtecler eksiktir [27].

EMA’nin Saglik Riskleri: Beyin tlimorleri veya noropsikolojik bozukluklarla zayif baglantilar metodolojik
sorunlar nedeniyle celiskili bulgular elde edilmektedir [29], [31].

Mekanistik Belirsizlikler: TMS’nin mekanizmalari iyi anlasilmisken, EMA nin oksidatif stres gibi hiicresel
etkileri hala spekiilatiftir [21].

Dozimetri Sorunlari: Manyetik alan maruziyetinin dogru sekilde 6l¢timii zordur [4], [32].
Bilgi Bosluklar1

Molekiiler Mekanizmalar: EMA’nin ndéroplastisite lizerindeki hiicresel etkileri {izerindeki caligmalar
yetersizdir [21].

Uzun Vadeli Etkiler: TMS ve EMA’nin kronik etkileri, 6zellikle bebek ve ¢ocuklar gibi hassas gruplarda,
belirsizligini korumaktadir [11].

Bireysel Degiskenlik: Genetik ve noral farkliliklarin yanitlar1 etkilemesi nedeniyle veriler arasinda
tutarsizliklar olusmaktadir [33].
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Standartlagsma Eksikligi: TMS parametreleri ve EMA 6l¢iim yontemleri yeterince standardize degildir [34].
Metodolojik Elestiriler

TMS caligmalarinda sahte kontroller duyusal ipuclart nedeniyle giivenilir degildir [34]. EMA
arastirmalarinda ise maruziyet siniflandirma hatalar1 ve kiigiik 6rneklem biiyiikliikleri ile sinirlhidir [29].

Disiplinler Arasi Sentez

TMS, elektromanyetik indiiksiyon yoluyla noroplastisiteyi hedefe yonelik olarak modiile eder [18], [20].
EMA, radikal ¢ift mekanizmalar1 gibi daha ince etkiler tiretmektedir [13]. TMS ve EMA’nin bilissel
etkileri, noroplastik yollar tizerinden farkli mekanizmalar yoluyla gerceklesir [15], [35].

Giincel Baglam

Pandemi sonrasi ruh sagligi sorunlar1 TMS talebini artirmzs, tele-tip ve yapay zeka destekli TMS erisimi
daha kolay hale getirilebilir [17]. 5G ve ELF maruziyeti kamuoyu endiselerini giderek artirmaktadir [19].

V. SONUC VE GELECEK PERSPEKTIFLERI
Ana Bulgularm Ozeti

TMS, depresyon, anksiyete, OKB ve noropatik agri tedavisinde giiclii etkiler sunarken [2], [9], EMA ’nin
norobiyolojik etkileri zayif ve gecicidir [3]. Biyofiziksel modeller ve ndrogoriintiileme, bu etkilerin
mekanizmalarini aydinlatmistir [22], [36].

Gelecek Yonelimler
Molekiiler Arastirmalar: EMA’nin hiicresel etkilerini anlamak i¢in ¢oklu-omik yaklasimlar gereklidir [21].
Uzun Vadeli Calismalar: TMS ve EMA’nin kronik etkileri i¢in kohort ¢caligmalari1 yapilmalidir [11].
Kisisellestirilmis Yaklagimlar: Genetik ve baglantisal biyobelirtegler gelistirilmelidir [27].

Teknolojik Yenilikler: Kapali dongii TMS, tasinabilir tSMS cihazlar1 ve makine 6grenimi entegre modeller
gelistirilmelidir [22], [28], [37].

Etik ve Politika Onerileri: Bilgilendirilmis onam, kamuoyu egitimi ve diizenleyici gergeveler
giiclendirilmelidir [17].

KAYNAKLAR

[1] Bandara, P., & Carpenter, D. O. (2018). Planetary electromagnetic pollution: It is time to assess its impact. The Lancet
Planetary Health, 2(12), e512—e514. https://doi.org/10.1016/S2542-5196(18)30221-3

[2] Lefaucheur, J. P., Aleman, A., Baeken, C., Benninger, D. H., Brunelin, J., Di Lazzaro, V., ... & Ziemann, U. (2020).
Evidence-based guidelines on the therapeutic use of repetitive transcranial magnetic stimulation (rTMS): An update (2014—
2018). Clinical Neurophysiology, 131(2), 474-528. https://doi.org/10.1016/.clinph.2019.11.002

[3] Croft, R. J., Hamblin, D. L., Spong, J., Wood, A. W., McKenzie, R. J., & Stough, C. (2010). Effects of mobile phone
electromagnetic fields on the human EEG alpha rhythm. Bioelectromagnetics, 29(1), 1-10. https://doi.org/10.1002/bem.20352

[4] Peterchev, A. V., Wagner, T. A., Miranda, P. C., Nitsche, M. A., Paulus, W., Lisanby, S. H., ... & Bikson, M. (2012).
Fundamentals of transcranial electric and magnetic stimulation dose: Definition, selection, and reporting practices. Brain
Stimulation, 5(4), 435-453. https://doi.org/10.1016/1.brs.2011.10.001

196


https://doi.org/10.1016/S2542-5196(18)30221-3
https://doi.org/10.1016/j.clinph.2019.11.002
https://doi.org/10.1002/bem.20352
https://doi.org/10.1016/j.brs.2011.10.001

[5] Azevedo, F. A., Carvalho, L. R., Grinberg, L. T., Farfel, J. M., Ferretti, R. E., Leite, R. E., ... & Herculano-Houzel, S.
(2009). Equal numbers of neuronal and nonneuronal cells make the human brain an isometrically scaled-up primate brain. Journal
of Comparative Neurology, 513(5), 532-541. https://doi.org/10.1002/cne.21974

[6] Hodgkin, A. L., & Huxley, A. F. (1952). A quantitative description of membrane current and its application to
conduction and excitation in nerve. The Journal of Physiology, 117(4), 500—544. https://doi.org/10.1113/jphysiol.1952.sp004764

[7] Barnes, F. S., & Greenebaum, B. (Eds.). (2018). Handbook of biological effects of electromagnetic fields (4th ed.). CRC
Press.

[8] O’Reardon, J. P., Solvason, H. B., Janicak, P. G., Sampson, S., Isenberg, K. E., Nahas, Z., ... & Sackeim, H. A. (2007).
Efficacy and safety of transcranial magnetic stimulation in the acute treatment of major depression: A multisite randomized
controlled trial. Biological Psychiatry, 62(11), 1208—1216. https://doi.org/10.1016/j.biopsych.2007.01.018

[9] Roth, Y., Barnea-Ygael, N., Carmi, L., Storch, E., Trendler, A. & Zangen, A. (2020). Deep transcranial magnetic
stimulation for obsessive-compulsive disorder is efficacious even in patients who failed multiple medications and CBT.
Psychiatry Research, 290, 113179. https://doi.org/10.1016/j.psychres.2020.113179

[10] Belyaev, 1., Dean, A., Eger, H., Hubmann, G., Jandrisovits, R., Kern, M., ... & Thill, R. (2016). EUROPAEM EMF
Guideline 2016 for the prevention, diagnosis and treatment of EMF-related health problems and illnesses. Reviews on
Environmental Health, 31(3), 363—-397. https://doi.org/10.1515/reveh-2016-0011

[11] Aydin, D., Feychting, M., Schiiz, J., Tynes, T., Andersen, T. V., Schmidt, L. S., ... & R66sli, M. (2011). Mobile phone
use and risk of brain tumors in children and adolescents: A multicenter case-control study. Journal of the National Cancer
Institute, 103(16), 1264—1276. https://doi.org/10.1093/jnci/djr244

[12] Jackson, J. D. (1999). Classical electrodynamics (3rd ed.). John Wiley & Sons.

[13] Hore, P. J., & Mouritsen, H. (2016). The radical-pair mechanism of magnetoreception. Annual Review of Biophysics, 45,
299-344. https://doi.org/10.1146/annurev-biophys-032116-094545

[14] Buzsaki, G., & Draguhn, A. (2004). Neuronal oscillations in cortical networks. Science, 304(5679), 1926—1929.
https://doi.org/10.1126/science.1099745

[15] Brunoni, A. R., & Vanderhasselt, M. A. (2014). Working memory improvement with non-invasive brain stimulation of
the dorsolateral prefrontal cortex: A systematic review and meta-analysis. Brain and Cognition, 86, 1-9.
https://doi.org/10.1016/j.bandc.2014.01.008

[16] Hsu, W. Y., Cheng, C. H, Liao, K. K., Lee, I. H., & Lin, Y. Y. (2012). Effects of repetitive transcranial magnetic
stimulation on motor functions in patients with stroke: A meta-analysis. Stroke, 43(7), 1849-1857.
https://doi.org/10.1161/STROKEAHA.111.649756

[17] Ienca, M., & Andorno, R. (2017). Towards new human rights in the age of neuroscience and neurotechnology. Life
Sciences, Society and Policy, 13(1), 1-27. https://doi.org/10.1186/s40504-017-0050-1

[18] Hallett, M. (2007). Transcranial magnetic stimulation: A  primer. Neuron, 55(2), 187-199.
https://doi.org/10.1016/j.neuron.2007.06.026

[19] Simkd, M., & Mattsson, M. O. (2019). 5G wireless communication and health effects—A pragmatic review based on
available studies regarding 6 to 100 GHz. International Journal of Environmental Research and Public Health, 16(18), 3406.
https://doi.org/10.3390/ijerph16183406

[20] Barker, A. T., Jalinous, R., & Freeston, I. L. (1985). Non-invasive magnetic stimulation of human motor cortex. The
Lancet, 325(8437), 1106—1107. https://doi.org/10.1016/S0140-6736(85)92413-4

[21] Pall, M. L. (2013). Electromagnetic fields act via activation of voltage-gated calcium channels to produce beneficial or
adverse effects. Journal of Cellular and Molecular Medicine, 17(8), 958—965. https://doi.org/10.1111/jcmm.12088

[22] Thielscher, A., Opitz, A., & Windhoff, M. (2015). Impact of the gyral geometry on the electric field induced by
transcranial magnetic stimulation. Neurolmage, 54(1), 234-243. https://doi.org/10.1016/j.neuroimage.2010.07.061

[23] Rogasch, N. C., Thomson, R. H., Farzan, F., Fitzgibbon, B. M., Bailey, N. W., Hernandez-Pavon, J. C., ... & Fitzgerald,
P. B. (2014). Assessing cortical network properties using TMS-EEG. The Journal of Physiology, 592(16), 3727-3743.
https://doi.org/10.1002/hbm.22016

[24] Carrubba, S., Frilot, C., Chesson, A. L., & Marino, A. A. (2010). Mobile-phone pulse triggers evoked potentials.
Neuroscience Letters, 469(1), 164—168. https://doi.org/10.1016/j.neulet.2009.11.068

197


https://doi.org/10.1002/cne.21974
https://doi.org/10.1113/jphysiol.1952.sp004764
https://doi.org/10.1016/j.biopsych.2007.01.018
https://doi.org/10.1016/j.psychres.2020.113179
https://doi.org/10.1515/reveh-2016-0011
https://doi.org/10.1093/jnci/djr244
https://doi.org/10.1146/annurev-biophys-032116-094545
https://doi.org/10.1126/science.1099745
https://doi.org/10.1016/j.bandc.2014.01.008
https://doi.org/10.1161/STROKEAHA.111.649756
https://doi.org/10.1186/s40504-017-0050-1
https://doi.org/10.1016/j.neuron.2007.06.026
https://doi.org/10.3390/ijerph16183406
https://doi.org/10.1016/S0140-6736(85)92413-4
https://doi.org/10.1111/jcmm.12088
https://doi.org/10.1016/j.neuroimage.2010.07.061
https://doi.org/10.1002/hbm.22016
https://doi.org/10.1016/j.neulet.2009.11.068

[25] Wang, J. X., Rogers, L. M., Gross, E. Z., Ryals, A. J., Dokucu, M. E., Brandstatt, K. L., ... & Voss, J. L. (2014). Targeted
enhancement of cortical-hippocampal brain networks and associative memory. Science, 345(6200), 1054—-1057.
https://doi.org/10.1126/science.1252900

[26] Diefenbach, G. J., Assaf, M., Goethe, J. W., Gueorguieva, R., & Tolin, D. F. (2016). Repetitive transcranial magnetic
stimulation for generalized anxiety disorder: A pilot randomized, double-blind, sham-controlled trial. The British Journal of
Psychiatry, 209(3), 222-228. https://doi.org/10.1192/bjp.bp.115.168203

[27] Fox, M. D., Halko, M. A., Eldaief, M. C., & Pascual-Leone, A. (2013). Identification of reproducible individualized
targets for treatment of depression with TMS based on intrinsic connectivity. Neurolmage, 66, 151-160.
https://doi.org/10.1016/j.neuroimage.2012.10.082

[28] Oliviero, A., Mordillo-Mateos, L., Arias, P., Panyavin, 1., Foffani, G., & Aguilar, J. (2011). Transcranial static magnetic
field stimulation of the human motor cortex. The Journal of Physiology, 589(20), 4949-4958.
https://doi.org/10.1113/jphysiol.2011.211953

[29] INTERPHONE Study Group. (2010). Brain tumour risk in relation to mobile telephone use: Results of the
INTERPHONE international case-control study. International Journal of Epidemiology, 39(3), 675-694.
https://doi.org/10.1093/ije/dyq079

[30] Baeken, C., & De Raedt, R. (2011). Neurobiological mechanisms of repetitive transcranial magnetic stimulation on the
underlying neurocircuitry in unipolar depression. Neuroscience & Biobehavioral Reviews, 35(3), 522-531.
https://doi.org/10.31887/dens.2011.13.1/cbaeken

[31] Hardell, L., Carlberg, M., & Hansson Mild, K. (2013). Case-control study of mobile phone use and the risk of glioma.
International Journal of Oncology, 43(6), 1833—1845. https://doi.org/10.3892/ijo.2013.2111

[32] Kirschvink, J. L., Kobayashi-Kirschvink, A., & Woodford, B. J. (1992). Magnetite biomineralization in the human
brain. Proceedings of the National Academy of Sciences, 89(16), 7683—7687. https://doi.org/10.1073/pnas.89.16.7683

[33] Kandel, E. R., Schwartz, J. H., Jessell, T. M., Siegelbaum, S. A., & Hudspeth, A. J. (2013). Principles of neural science
(5th ed.). McGraw-Hill.

[34] Duecker, F., & Sack, A. T. (2015). Rethinking the role of sham TMS. Frontiers in Psychology, 6, 210.
https://doi.org/10.3389/fpsyg.2015.00210

[35] Raichle, M. E. (2015). The brain’s default mode network. Annual Review of Neuroscience, 38, 433-447.
https://doi.org/10.1146/annurev-neuro-071013-014030

[36] Bergmann, T. O., Karabanov, A., Hartwigsen, G., Thielscher, A., & Siebner, H. R. (2021). Concurrent TMS-fMRI for
causal network  perturbation and evidence of targeted engagement. Neurolmage, 237, 118093.
https://doi.org/10.1016/j.neuroimage.2021.118093

[37] Zangen, A., Roth, Y., Voller, B., & Hallett, M. (2005). Transcranial magnetic stimulation of deep brain regions:
Evidence for efficacy of the H-coil. Clinical Neurophysiology, 116(4), 775—779. https://doi.org/10.1016/j.clinph.2004.11.008

198


https://doi.org/10.1126/science.1252900
https://doi.org/10.1192/bjp.bp.115.168203
https://doi.org/10.1016/j.neuroimage.2012.10.082
https://doi.org/10.1113/jphysiol.2011.211953
https://doi.org/10.1093/ije/dyq079
https://doi.org/10.31887/dcns.2011.13.1/cbaeken
https://doi.org/10.3892/ijo.2013.2111
https://doi.org/10.1073/pnas.89.16.7683
https://doi.org/10.3389/fpsyg.2015.00210
https://doi.org/10.1146/annurev-neuro-071013-014030
https://doi.org/10.1016/j.neuroimage.2021.118093
https://doi.org/10.1016/j.clinph.2004.11.008

5™ International Conference on Scientific and Innovative

. 5
Studies N
July 15-16, 2025: Konya, Turkey €S 1S

© 2025 Published by All Sciences Academy https://as-proceeding.com/index.php/icsis/home

Chemical Structure of Apilarnil

Nesibe Ozge Toy", Nuray Sahinler?
! Usak University Graduate Education Institute/ Animal Science/Turkey
2 Usak UniversityFaculty of Agriculture/Animal Science Department/ Turkey

“(nesibe-ozaydin@hotmail.com) Email of the corresponding author

Abstract — Apilarnil, derived from male bee larvae (Apis mellifera L.), is a nutrient-rich bee product with
a long history of use in traditional and modern medicine. Its chemical composition includes proteins (9—
12%), carbohydrates (6—10%), lipids (5—8%), essential amino acids (e.g., lysine, glutamic acid), vitamins
(A, B1, B6), minerals (calcium, zinc, iron), and bioactive compounds like flavonoids and hormones. Studies
highlight its adaptogenic, antioxidant, anti-inflammatory, and immunomodulatory properties, with potential
benefits for male reproductive health due to its androgenic effects.

The chemical profile of apilarnil varies based on geographical origin, extraction methods, and processing.
For instance, fresh samples contain 69-76% water, while freeze-dried forms exhibit higher protein
concentrations. HPLC and GC-MS analyses reveal diverse amino acids, fatty acids, and volatile compounds
(e.g., esters, ketones). Despite its therapeutic potential, standardization challenges necessitate further
research to validate its efficacy in complementary medicine.

Keywords- Apilarnil, Drone Larvae, Bioactive Compounds, Amino Acids, Apitherapy, Antioxidant.

I. INTRODUCTION

Bee products have been used in the field of medicine for centuries due to their rich biochemical content.
Since the late 20th century, the beneficial properties of these products have been recognized in modern
medicine and accepted by many civilizations. Apilarnil, a natural product, is one of the bee products and
refers to the male bee larvae [1]. Although considered a waste product in beekeeping, its high protein
content makes it a recommended dietary supplement in traditional and complementary medicine practices
[2-3]. This product, which is essentially male bee larvae, is collected from hives during the spring season
and undergoes certain processes to become ready for consumption. With a color ranging from white to
yellow, it is consumed as a popular natural remedy in many parts of the world [4-5].

When examining the chemical content of apilarnil, which is used as a natural chemical remedy in many
regions, it contains numerous bioactive components such as proteins, enzymes, carbohydrates, hormones,
flavonoids, vitamins, minerals, and essential amino acids [6-7].

his substance, derived from male bee larvae (drone larvae) of the Apis mellifera L. species, has long been
used in traditional medicine. It is particularly valued as an adaptogen and energy-boosting tonic in countries
like China, Romania, and Russia [8-9].

Modern pharmacology is investigating the potential effects of bioactive molecules in apilarnil on human
health. Like other bee-derived products (honey, propolis, royal jelly), apilarnil has a complex chemical
structure. However, its unique components distinguish it from other bee products [10-11].
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The biological activity of apilarnil stems from its proteins, peptides, lipids, vitamins, and minerals. Its high
content of essential amino acids makes it stand out as a dietary supplement [12]. Additionally, the presence
of steroid-like compounds suggests it may influence hormonal balance [13].

Studies on the pharmacological effects of apilarnil have revealed its antioxidant, anti-inflammatory,
immunomodulatory, and androgenic properties [14]. Its testosterone-boosting effect, in particular, is an
important area of research for male reproductive health [15].

The chemical composition of apilarnil can vary depending on extraction methods and the geographical
region of the bee colony [16]. Therefore, developing standardized production methods is crucial for clinical
studies.

A.Chemical Structure Of Apilarnil

The chemical profile of apilarnil focuses on four main macronutrient groups: proteins, carbohydrates, lipids,
and mineral-vitamin complexes. Its protein content ranges between 9—12%, with a comprehensive amino
acid distribution that includes all essential amino acids [17]. HPLC-UV analyses have identified 1631
different amino acids, nine of which are essential for the human body. Lysine is the most abundant (7,198
mg/100 g), while methionine is the least abundant essential amino acid. Significant levels of glutamic acid,
leucine, valine, serine, proline, and tyrosine have also been detected [18]. This profile classifies apilarnil as
a "complete food," as it contains both structural and functional protein sources. Non-essential amino acids
further enhance metabolic functions, supporting cell renewal, immune response, neurotransmitter synthesis,
and body repair mechanisms. Proline and glutamic acid, for example, are reported to have positive effects
on the immune and nervous systems [19].

Studies on the chemical content of apilarnil indicate that it contains 25-35% dry matter, 9—-12% protein, 6—
10% carbohydrates, 5-8% lipids, 2% ash, and 3% unidentified substances. Additionally, apilarnil is rich in
male hormones, suggesting it acts as a natural anabolic stimulant and increases muscle mass in men [20-
21]. It also contains vitamins (A, beta-carotene, B1, B6, PP, and choline) and minerals (calcium,
phosphorus, sodium, zinc, manganese, iron, copper, and potassium) [22].

Research on fresh apilarnil samples highlights that water constitutes the majority of its content (69.70—
76.44%). Lipid content varies between 1.29% and 4.51%, while total protein content ranges from 4.55% to
9.95% [23]. Margaoan et al. (2017) analyzed male and queen bee larvae using HPLC-IR and reported that
carbohydrates (glucose, sucrose, fructose) dominate their composition. Proteins were identified using the
Soxhlet method, total protein content was determined via the Kjeldahl method, and free amino acids were
analyzed using LC-MS. The study found 31 different amino acids in the larvae, nine of which are essential
for humans. The moisture content was 73.25 + 0.02%, and protein content was 9.47 £ 0.13% [24].

A study in Russia examined the chemical components of male and queen bee larvae from four regions.
Male larvae had amino acid levels of 15.45-16.28%, while queen larvae had 18.91-19.01%. Total amino
acid content was 39.73-42.77%, 51.25-54.79%, and 44.74-47.70%, respectively [25].

Silici et al. (2019) investigated the chemical and antioxidant effects of apilarnil using HPLC-UV. Lysine
was the most abundant amino acid (7,198 mg/100 g), while methionine was the least (500 mg/100 g). The
study reported moisture, ash, protein, carbohydrate, and lipid contents as 4.43%, 4.07%, 48.75%, 21.62%,
and 21.13 g/100 g, respectively [18]. A Romanian study compared the chemical content and antioxidant
properties of propolis, royal jelly, and apilarnil. Fresh apilarnil had a water content of 68.54%, ash content
below 1% (0.88%), and commercial samples had higher ash levels (1.45-1.89 mg/g). Macro-elements
included phosphorus (1,233.00 mg), potassium (787.65 mg), magnesium (369.93 mg), calcium (284.23
mg), and sodium (144.02 mg). Freeze-dried apilarnil had a protein content of 117.25 mg/g and ash content
of 1.89% [26].

Mararu et al. (2025) analyzed commercial and hive-collected apilarnil samples from Romania’s Banat
region. Commercial samples had higher amino acid content (127.51 mg/g) compared to hive-collected
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samples (40.82 mg/g), possibly due to environmental or processing factors. The study emphasized
significant compositional differences based on form and origin [27].

Research on frozen apilarnil and royal jelly reported an average total protein content of 7.23 £ 1.92% in
seven apilarnil samples [28]. E1-Wahed et al. (2024) analyzed male bee larvae, finding pH, moisture, total
lipids, protein, flavonoids, and carbohydrates at 6.3 £+ 0.00, 74.67 = 0.10%, 3.65 + 0.32%, 8.80 £+ 1.01%,
13.16 + 0.94%, and 8.79 + 0.49%, respectively. GC-MS identified volatile compounds: esters (24%),
ketones (23.84%), ethers (15.05%), alcohols (11.41%), fatty acids (10.06%), aldehydes (6.73%), amines
(5.46%), and alkenes (5.53%) [29].

II. CONCLUSION

Apilarnil is a significant natural bee product due to its rich protein content and essential amino acids, which
cannot be synthesized by humans. Research indicates that its composition varies based on geographical
location, climatic conditions, collection methods, and processing forms. Therefore, further studies on
apilarnil and its use in alternative medicine are needed.
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Prompt Yazmada Onemli Noktalar
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Ozet — Uretken yapay zeka sistemleri giinliik hayat, profesyonel is hayati, egitim ve endiistriyel alanlara
giderek daha fazla niifuz etmektedir. Bu etkilesim, liretken yapay zeka araglarina dair prompt yaziminin
Onemini Oonemli Ol¢lide arttirmaktadir. Yapay zekanin cevap verme davranisini yonlendiren metinsel
ifadeler biitiinliigii olan prompt, iiretilen ¢iktilarin kalitesini ve istenilen ¢ikti ile ilgi diizeyini gérmede
belirleyici unsur olarak goriilmektedir. Bu calisma, iiretken yapay zeka uygulamalarinda dogru ¢iktiya
ulagsmanin temel ilkelerini incelemekte ve mevcut akademik literatiiriin gozden gegirilmesine dayali olarak
temel prompt prensiplerini belirlemektedir. Calismanin temel hedef], liretken yapay zeka modellerinin daha
dogru, ilgili ve kullanicinin istegiyle baglamsal olarak uygun sonuglar liretmesine rehberlik etmek icin
gerekli olan temel prensipleri belirlemektir. Calismada prompt olusturma siireci ile temel prensipler ve
asamalar belirtilmis, prompt miihendisliginin bilesenleri tizerinden etkili prompt yazma prensipleri ortaya
konulmustur. Literatiir incelemesinden elde edilen bulgular, etkili prompt yazma isleminin birbiriyle
baglantil1 bir¢ok bilesene dikkat edilmesini gerektirdigini gostermektedir. Bu bilesenler dort ana kategori
altinda toplanmustir.

Anahtar Kelimeler — Uretken Yapay Zekd, Prompt Miihendisligi, Prompt, Etkili Komut Verme, Prompt Optimizasyonu.

I. GIRIS

Uretken yapay zekanin, 6zellikle son dénemde ortaya ¢ikan biiyiik dil modellerinin (LLM) ortaya ¢ikist,
giinliik yasantiya da direkt etki eden bir bireylerin ve kuruluslarin bilgi sistemleriyle etkilesim ve entegre
hale ge¢mesini saglayan bir yapiya doniistiirmiistiir. Bu etkilesimin merkezinde, sistemin harekete
gecmesini saglamak i¢in yapilmasi gereken metinsel bir talimat olan prompt (komut) kavrami yer
almaktadir.

Prompt, kullanicinin yapay zeka sistemine belirli bir goérevi yerine getirmesi i¢in veya hedeflenen icerigi
liretmesi ya da diizeltmesi amaciyla verilen bir emir gorevi goren girdidir. Kullanicinin girmis oldugu
promptlar, yapay zeka modelinin ¢aligmasi ve davranigin1 yonlendirmede kritik bir rol oynamaktadir. Bir
promptun Kkalitesi, prompt iceriginin netligi, yazim bigimi ve ayrmt:1 diizeyiyle dogrudan iliskilidir. Iyi
dizayn edilmis promptlar, yapay zeka sisteminin kullanici istegine ve beklentilerine uygun sonuglar
tiretmesi olasiligini 6nemli Olciide arttirmaktadir[1].

Bakildiginda basit olarak goriinen prompt islemi, yapay zeka tarafindan iiretilen yanitlarin dogasini,
tonunu, yapisini ve gercekligini sekillendirmede ¢ok énemli bir rol oynamaktadir. Bu agidan bakildiginda,
hem bireysel ihtiyaclar hem de profesyonel destek i¢in olusturulan promptlarin temel prensipleri yerine
getirmesi gerekmektedir.
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Giirevin Girdilerin Ayrmmth Komutlarin Komutlarn
Tammlanmasi Belirlenmesi Olusturulmas: iyilestirilmesi

Sekil 1. Temel prompt olusturma siireci

I

Prompt tasarimi, iiretken yapay zeka sistemlerinin etkili bir sekilde kullanilmasinda kritik bir siire¢ olarak
goriilmektedir. Temel bir prompt olusturma siireci, Sekil 1’de goriildiigii izere dort temel asama iizerinden
kavramsallastirilabilir.

Ik olarak, yapay zekaya prompt isleminden 6nce ulasiimas: gereken hedefi anlamak ve belirlemek icin
gdrevin tanimlanmasi gerekmektedir. Iyi tamimlanmus bir gorev, yapay zekd modelinin davranisini
kullanicinin beklentisine gore diizenlemeye olanak saglamaktadir. Ikinci asamada girdileri belirlenmesi
gerekmektedir. Bu baglamda modelin dikkate almasi1 gereken ilgili verileri ve kullanicinin istemedigi
kisitlamalarin belirlenmesi gerekmektedir. Ugiincii asama ise, ayrintili promptlarin olusturulmasi, yani
kullanicilarin hedeflerini, modelin iiretim siirecine dogrudan etki eden tim parametrelerin talimatlara
dontistiiriilmesidir. Son olarak, yapay zeka tarafindan iiretilen ¢iktilarin kalitesine ve istenilen ¢ikt1 ile
uyumuna dayali olarak ilk promptun yinelenmesini ve diizenlenmesini igeren promptlarin iyilestirilmesi
adimi1 yer almaktadir [2,3,4].

Bu prensiplerin 6nemi agisindan ortaya ¢ikan prompt miihendisligi, 6zellikle dogal dil isleme
gorevlerinde biiyiik dil modellerini etkin bir sekilde kullanmak i¢in promptlar gelistirmeye ve optimize
etmeye odaklanan nispeten yeni bir disiplindir [5]. Promptlar, yapay zeka modellerinin ¢ikt1 kalitesini
onemli Olgiide etkileyebilir ve metinden goriintiiye olugturma gibi gorsel gorevlerde de kullanilmaktadir

[6].

Bu baglamda, prompt yaziminin temel ilkeleri dikkate alindiinda, siirecin prompt miihendisligi
perspektifiyle degerlendirilmesi daha uygun olacaktir. Bu caligsma, iiretken yapay zeka uygulamalarinda
dogru ciktiya ulasmanin temel ilkelerini incelemekte ve mevcut akademik literatiiriin gézden gegirilmesine
dayal1 olarak temel prompt prensiplerini belirlemektedir.

II. MATERYAL VE YONTEM

Bu ¢alismada, iiretken yapay zeka sistemlerinde etkili promptlarin olusturulmasini saglayan temel ilkeleri
arastirmak i¢in bir literatiir taramasi1 yapilmistir. Caligmanin amaci, liretken yapay zeka modellerinin daha
dogru, ilgili ve kullanicinin istegiyle baglamsal olarak uygun sonugclar tiretmesine rehberlik etmek ve bunun
icin gerekli olan temel prensipleri belirlemektir. Literatiir destegi olarak Bilimsel kaynaklar, kiiresel ilgi
diizeyini saglamak i¢cin Web of Science (WoS) ve Scopus veri tabanlar1 kullanilmigtir. Calismalardan elde
edilen veriler ve bulgular degerlendirilerek temel prompt prensipleri i¢in biitiinciil bir sonuca ulagilmistir.

III. BULGULAR

Literatiirden elde edilen calismalar ve mevcut yaklasimlar incelendiginde etkili prompt yazma islemi i¢in
birbiriyle baglantili birgok bilesene dikkat edilmesi gerektigi ortaya ¢ikmaktadir. Tablo 1’e bakildiginda
etkili ve dogru prompt yazma icin gereken bilesenler listelenmistir.
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Tablo 1. Etkili Prompt Yazmak I¢in Dikkat Edilmesi Gereken Bilesenler

Numara Bilesen Ad1
1 Prompt Formiilasyonu
2 Cevap Miihendisligi
3 Coklu Prompt Stratejileri
4 Geligmis Prompt Teknikleri

Prompt miihendisliginde ilk temel unsur prompt formiilasyonu olarak goriilmektedir. Prompt
miithendisliginde "prompt formiilasyonu", 6zellikle biiyiik dil modelleri basta olmak iizere yapay zeka
modellerine ne yapmalar1 gerektigini sdylemek i¢in kullanilan metinsel talimatlar1 yani promptlar
olusturma siirecidir . Dolayisiyla bu adim, prompt miihendisliginin ilk ve en temel adimidir . Olusturulan
talimatlar, modelin davranigin1 yonlendirerek, kullanicinin istedigi c¢iktiy1 liretmesini saglamaktadir.
Burada temel amag, model ile yapay zeka arasinda bir iletisim aginin olusturulup modelin dogru ve kaliteli
cevaplar vermesini saglamaktir [7].

Bir diger 6nemli unsur olan cevap miihendisligi, yapay zeka sisteminden alinacak ¢iktinin yapisal olarak
nasil sekillendirilecegini belirler. Yapay zekanin lirettigi cevaplar, tek tek kelimeler, kelime gruplari veya
daha uzun metinsel olarak bi¢cimlendirilmis yanitlar olabilmektedir. Cevap miihendisliginin temel amaci,
istenilen prompta uygun olarak model ¢iktisinin daha dogru ve konuya daha uygun cevap yapilarinin ortaya
¢ikmasini saglamaktir [7,8].

Diger 6nemli husus ise, , 6zellikle karmasik gorevlerde ¢iktilarin ¢esitliligini ve giivenilirligini artirmak
icin tercih edilen ¢coklu prompt stratejileridir. Modelin islem kapasitesini daha etkin kilmak ve elde edilen
sonuclarin kullanicilar tarafindan daha iyi anlasilip yorumlanabilmesi i¢in bir gorevin alt gorevlere
boliinmesi gerekmektedir[9]. Prompt birlestirme (ensembling), prompt genisletme (augmentation) ve
prompt ayristirma (decomposition) gibi yontemler, bir gérevin daha yonetilebilir alt gorevlere boliinmesine
olanak tanir. Boylece daha anlasilir bir yap1 ortaya ¢ikmaktadir [7,10].

Son olarak, gelismis prompt teknikleri olarak adlandirilan yontemler, yapay zekanin kendi algoritmasi
icerisinde gerceklesen sorgu siireglerini harekete gecirmeyi amaglar. Az sayida 6rnekle 6grenme (few-shot
ogrenme), diistince zinciri (chain-of-thought) kullanim, rol atama temelli yonlendirme ve diislince agaci
(tree-of-thought) gibi baz1 stratejiler, hem modelin ¢ikti dogrulugunu arttirmaya yonelik hem de ¢ok
asamal1 ve gerekcgeli yanitlar iiretebilme kapasitesini de gii¢lendirmektedir. Bu durum sayesinde yapay
zekanin kullanic1 istegine uygun sonuglar liretmesi ve daha tutarli igerikler olusturmasi miimkiin
olmaktadir[10].

Sonug olarak, elde edilen bulgular, basit bir siiregten ibaret degil, cok boyutlu bir siire¢ oldugunu
gostermektedir. Prompt formiilasyonundan cevap miihendisligine, coklu stratejilerden gelismis
yonlendirme tekniklerine kadar uzanan bu siire¢, kullanicinin istedikleri ¢iktiya dogru bir sekilde
ulasabilmesi i¢in yapay zekayla arasinda koprii gorevi gormektedir. Bu ¢ercevede, dogru prompt kullanimi
ve prompt mithendisligi kullanici ile yapay zeka arasindaki etkilesimi saglayan bir iletisim araci olarak yer
almaktadir. Literatiirde yer alan yaklasimlar, bu bilesenlerin biitiinciil sekilde degerlendirilmesinin, kalite
ve performans diizeyinin maksimize edilmesinde énemli bir unsur oldugunu ortaya koymaktadir.

IV. SONUCLAR

Sonug olarak, bu ¢aligma iiretken yapay zekd uygulamalarinda prompt yazmanin temel ilkelerini
belirlemis ve literatiir destegiyle entegre bir sekilde sentezlemistir. Calismada prompt netligi, prompt
formiilasyonu, cevap miihendisligi ve gelismis prompt teknikleri gibi temel boyutlar derinlemesine
arastirilmistir. Ortaya c¢ikan bulgular, etkili prompt miihendisliginin, yapay zeka c¢iktilarinin kullanici
beklentileriyle uyumlu hale getirilmesinde merkezi bir rol oynadigini agik¢a gostermektedir. Uretken yapay
zeka araglarinin siirekli gelisimi géz oniine alindiginda, prompt okuryazarliginin 6nemi giderek artacak ve
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prompt miihendisliginin egitim ve mesleki gelisim cercevelerine entegre edilmesi, kullanicilarin bu
sistemlerle daha etkili bir sekilde etkilesim kurmasi i¢in vazgecilmez olacaktir.

Uretken yapay zeka araclarinin gelisimi devam ettikge, prompt okuryazarliginin énemi giderek daha da
onemli hale gelecektir. Egitim ve mesleki gelisim gergevelerine prompt miithendisliginin entegre edilmesi,
kullanicilarin tiretken yapay zeka sistemleriyle daha etkili bir sekilde etkilesim kurmasini saglamak igin
gerekli olacaktir.
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Ozet — Tedarikei segimi, ozellikle saglik sektdriinde kritik bir éneme sahip olup, iiriin kalitesi, hasta
giivenligi ve yasal uygunluk agisindan dogrudan etkiler barindirmaktadir. Bu ¢alismada, biyomedikal
malzeme iiretiminde uygun tedarik¢i se¢imi problemi ele alinmis ve Cok Olgiitlii Karar Verme (COKV)
tekniklerinden Analitik Hiyerarsi Prosesi (AHP) ile Ideal Coziime Benzerlige Gore Siralama Teknigi
(TOPSIS) yontemi birlikte kullanilmigtir. Ankara’da faaliyet gosteren bir biyomedikal iiretim tesisinde
gercgeklestirilen uygulamada, sekiz ana ve yirmi {i¢ alt kriter dogrultusunda bes tedarik¢i degerlendirilmistir.
AHP yontemiyle kriter agirliklart belirlenmis, TOPSIS yontemiyle ise alternatif tedarikgiler siralanmistir.
Sonuglara gore en uygun tedarik¢i A2 olarak belirlenmis; biyouyumluluk, kalite ve belgelendirme gibi
kriterlerin se¢im siirecinde dncelikli oldugu goriilmiistiir. Calisma, biyomedikal sektoriinde tedarik¢i se¢imi
kararlarmin yalnizca fiyat odakli degil, ayni zamanda saglik ve yasal uygunluk temelli stratejik
degerlendirmelerle yapilmasi gerektigini ortaya koymaktadir.

Anahtar Kelimeler — Biyomedikal Malzeme, Tedarik¢i Segcimi, Cok Olciitlii Karar Verme, AHP, TOPSIS.

I. GIRIS

Kiiresellesen diinyada isletmelerde varligini siirdiirebilmesi icin yalnizca igsel siirecler degil digsal siirecler
de onemli rol oynamaktadir. Bu baglamda tedarik, isletmelerin ihtiya¢ duydugu malzeme, hizmet ve
bilginin dis kaynaklardan elde edilme siirecidir [1].

Tedarik zinciri, Uiriinlin {iretim siirecinden miisteriye ulasmasina kadar gegen tiim faaliyetleri siirece
kapsayan biitiinlesmis bir siiregtir. Tedarik zinciri yalnizca malzeme akigini degil ayn1 zamanda bilgi ve
finansal akislar1 da saglayan bir sistemdir [2].

Tedarik zincirinin en 6nemli yapilarindan birisi de tedarik¢i se¢cimidir. Dogru tedarikei ile caligmak, iiriin
stirekliligi, triin kalitesi, stok yonetimi ve finansal siirdiiriilebilirlik agisindan ¢ok kritik bir 6nem
gostermektedir [3].

Bu cercevede biyomedikal iiriin tedarik zinciri agisindan hassas sektdrlerden biri olarak 6n plana
cikmaktadir. Ozellikle kamuya bagli saglik kuruluslarinda yapilan alimlarda, mevzuat ve ihale kurallar da
dikkate alinarak, tedarik zinciri siireglerinin etkin bir sekilde planlanmasi gerekmektedir. Nitekim Saglik
Bakanlig1 tarafindan tanimlanan diizenlemeler, tibbi {iriinlerin sadece belirli kalite ve uygunluk belgelerine
sahip firmalardan temin edilmesini zorunlu kilmaktadir [4].

Bu ¢alisma, biyomedikal malzeme tedariginde dogru tedarikgiyi belirlemek amactyla Cok Olgiitlii Karar
Verme (COKYV) yéntemlerinin stratejik bir planlama siirecinde nasil kullanilabilecegini ortaya koymay1
amaclamaktadir. Bu kapsamda, Ankara’da faaliyet gosteren bir biyomedikal {iretim tesisinde bes tedarikei,
sekiz ana ve yirmi ti¢ alt kriter dogrultusunda degerlendirilmistir. Kriter agirliklar1 Analitik Hiyerarsi
Prosesi (AHP) ile belirlenmis; bu agirliklar kullanilarak ideal Coziime Benzerlige Gore Siralama Teknigi
(TOPSIS) yontemiyle tedarikgiler siralanmistir.
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II. MATERYAL VE YONTEM

Cok sayida kriterin ve alternatifin degerlendirilmesini gerektiren durumlarda se¢im problemi, COKV
yontemleri kullanilarak ¢oziilebilmektedir. Projede, kriterlerin agirliklandirilmasi icin AHP yontemi tercih
edilmis; alternatif tedarikcilerin degerlendirilmesi ve siralanmasi ise TOPSIS ile ger¢eklestirilmistirCok
sayida kriterin ve alternatifin degerlendirilmesini gerektiren durumlarda se¢im problemi, COKV yéntemleri
kullanilarak ¢6ziilebilmektedir. Projede, kriterlerin agirliklandirilmasi icin AHP yontemi tercih edilmis;
alternatif tedarik¢ilerin degerlendirilmesi ve siralanmasi ise TOPSIS ile gerceklestirilmistir

A. Analitik Hiyerarsi Prosesi

Analitik hiyerarsi siireci, 1970°1i yillarin ortasin Pensilvanya Universitesinden Thomas L. Saaty tarafindan
gelistirilen karar verme i¢in kullanilan matematiksel temelli bir teoridir [5]. Her kriter, digerlerine gére ne
kadar 6nemli oldugu 1-9 arasi puanlama sistemi ile degerlendirilir ve bu hesaplama sonucunda kriter
agiliklari elde edilir. Ayn1 yontem, alt kriterler ve alternatifler icin de uygulanabilir. Bu yontemin en énemli
avantaji, karar vericinin hem nesnel hem de 6znel degerlendirmelerini karar alma siirecine yansitabilmesine
olanak saglamasidir [6]. AHP yonteminin ikili karsilastirma 6l¢egi Tablo 1°de verilmistir.

Tablo 1. ikili karsilastirma dlgedi (Saaty, 1980)

Degerler Onem Diizeyleri
1 Iki faktoriin esit derecede énemli olmasi
3 I1k faktdriin ikinci faktdrden orta derecede nemli olmasi

5 [1k faktoriin ikinci faktorden kuvvetli derecede 6nemli olmasi

7 Ilk faktoriin ikinci faktdrden ¢ok kuvvetli derecede dnemli olmasi

9 [1k faktoriin ikinci faktdrden mutlak derecede énemli olmasi
2,4,6,8 Ara degerler

AHP yonteminin agamalar1 Sekil 1°de verilmistir.

Adimm 1: 1kili Karsilastirma Matrisinin Olusturulmasi

]

Adim 2: Normalize Matrisinin Hesaplanmasi

|

Adim 3: Oncelik Vektoriiniin (W) Hesaplanmasi

]

Adim 4: Tutarlilik Oranmin (CR) Bulunmasi

Sekil 1. AHP adimlar

Tutarlilik oran1 0.1'den kiiciik ve esit olmast durumunda, ikili karsilagtirma matrisinin tutarl oldugu ve
belirlenen kriter agirliklarinin gegerli oldugu sonucuna ulasilir [7].

B. TOPSIS Yontemi

TOPSIS, Hwang ve Yoon [8] tarafindan COKV teknigi olarak gelistirilmistir. Her bir alternatifin ideal
¢Oziime olan yakinlig1 ve negatif ideal ¢oziime olan uzaklig1 esas alinarak karar verilmesini saglar. Bu
yOniiyle, karar vericiye alternatifler arasinda sistematik bir siralama yapma imkani1 sunar.

TOPSIS yonteminin agamalar1 Sekil 2°de verilmistir.
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Adim 1: Karar Matrisi (X) ‘in Olusturulmasi

]

Adim 2: Standart Karar Matrisi (R)’nin Olusturulmasi

|

Adim 3: Agirlikli Standart Karar Matrisi (V) nin Olusturulmasi

|

Adim 4: Pozitif ideal 4 + ve Negatif Ideal (A —) Coziim Degerlerinin

L

Adim 5: Ayirim Olciilerinin Hesaplanmast

L

Adim 6: ideal Coziime Goreli Yakinligin Hesaplanmasi

Sekil 2. TOPSIS adimlari

I1I. BULGULAR
Uygulama boliimii igerigini belirten akis semasi Sekil 3’te verilmistir.

Problemin Kriterlerin Kriterlerin
Belirlenmesi Belirlenmesi Agirliklandirilmasi
v
Sonug ve Yorumlama | Alternatiflerin
Degerlendirilmesi

Sekil 3. Akis semasi

A. Problem Tanimi

Biyomedikal malzeme tiretimi, dogrudan insan sagligiyla ilgili oldugu i¢in olduk¢a dikkatli yiiriitiilmesi
gereken bir siiregtir. Bu tirlinlerde kullanilacak hammaddelerin giivenilir ve kaliteli olmasi, hem iirliniin
basaris1 hem de insan saglig1 agisindan biiyiik 6nem tagir. Bu yiizden, dogru tedarik¢iyi segmek iiretim
stirecinin en kritik adimlarindan biridir. Tedarikgilerin kalite belgeleri, teslimat siiresi, teknik destek gibi
birgok farkli 6zelligi degerlendirilmelidir. Bu durum, karar siirecini karmasiklastirmaktadir. Bu sebeple
calismada uygun tedarikciyi daha sistematik ve mantikli bir sekilde belirleyebilmek icin COKV
yontemlerinden yararlanilmistir. Bu yontemler sayesinde, farkli kriterler ayni1 anda degerlendirilebilmis ve
optimal tedarik¢i belirlenmistir.

B. Kriterlerin Belirlenmesi

Biyomedikal malzemesi tedarik¢i se¢imi igin literatiir taramasi ve uzman goriisleri sonucunda kriterler
belirlenmigtir. Belirlenen sekiz kriter ve yirmi {i¢ alt kriter agiklamalar1 ile Tablo 3’te verilmistir.
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Tablo 3. Kriterler ve agiklamalari

Kriterler Aciklama Alt Kriterler Aciklama
Medikal Uriin Kalitesi [10] Kaliteli lirlin sunan tedar1}<(;11e.r,. n.nwl.sterj
malzemelerde memnuniyeti ve marka giivenilirligi saglayarak
kalite, insan uzun vadeli is birligine katki sunar
Kalite-K1 [9] sagligiyla dogrudan Hatasiz iiretim yetenegi yiiksek tedarikgiler,

iligkisi nedeniyle

Hatasiz Uriin Miktari

kaliteyi artirarak maliyetleri diisiiriir ve giivenilir

Fiyat-K2 (Uzman
goriisti)

tedarikei se¢iminde [11] is birligi saglar.

oncelikli kriterdir.

Fiyat, kaliteyi T < Tedarikei seciminde fiyat onemlidir, ancak
koruyarak Urtin Fly?[tlg]y gunlugu stirdiiriilebilirlik i¢in toplam deger de dikkate
maliyetleri alinmalidir.

dengelemek adina
tedarik¢i segiminde
onemli bir kriterdir.

Satin Alma Iskontosu

Satin alma iskontosu, maliyet avantaji saglayarak
uzun vadeli is birligini tegvik eder.

[13]
Tedarikei Odeme Vadesi Esnek 6deme vadeleri, nakit akisi ve finansal
¢ [14] esneklik icin tedarik¢i seciminde avantaj saglar.

Teslimat-K3 [9]

Teslimat takvimine
uyum, medikal
iiretimde giivenilir
tedarik zinciri igin
hayati 6nemdedir.

Zamaninda Teslim [15]

Zamaninda teslimat, liretim ve tedarik zincirinin
kesintisiz islemesi ve igletmenin rekabet giiclinii
korumasi i¢in kritik dneme sahiptir.

Paketleme Kabiliyeti
(Uzman goriisii)

Paketleme kabiliyeti, {iriin glivenligi ve ¢evre
dostu sunumla miisteri memnuniyeti ile isletme
imajini artirir.

Malin Sevkiyat Sekli [2]

Sevkiyat sekli, zamaninda ve hasarsiz teslimi
etkiler; izlenebilir ve esnek altyap: giivenilirligi
artirir.

Biyouyumluk ve
Malzeme
Uygunlugu-K4 [16]

Biyouyumluluk,
medikal
malzemelerin
viicutla uyumunu ve
olumsuz
reaksiyonlari
onlemesini saglar;
tedarikg¢i se¢iminde

Biyouyumluluk
Testlerine Uygunluk [17]

Biyomedikal ve dental iiriinlerde biyouyumluluk,
dokulara zarar vermeyen ve saglik standartlarina
uygun malzemenin testlerle onaylanmasidir

Zararli Madde Icermeme
[18]

Biyomedikal iiriinlerde zararli madde
bulunmamasi hasta giivenligi igin kritik olup, bazi
bilesenler alerji ve doku irritasyonuna neden
olabilir.

Kullanilan Malzemenin

Biyomedikal malzemelerin uluslararasi

Hizmet-K5 [9]

hasta saglig1 igin Uluslararasi standartlara uygunlugu, kalite, hasta giivenligi ve
onemlidir. Standartlarina rekabet avantaji saglar.

Uygunlugu [19]
Tedarikg¢inin kaliteli Tedarikgi ile kolay iletigsim, hizli ¢dziim ve

hizmeti, satig
sonrasi destek ve
hizli ¢6ziim, tiretim
stirekliligi ve is
birligi i¢in kritik
onemdedir.

[letisim Kolaylig1 [20]

giivenle ig birligini gii¢lendirir.

Sorunlara Yaklasim [21]

Tedarikg¢inin hizli ve ¢6ziim odakli yaklagimi,
stirdiiriilebilir ig birligi ve giiven saglar.

Sikayet Politikalari
(Uzman goriisii)

Tedarikginin etkin sikayet yonetimi, miisteri
memnuniyeti ve giivenilir ig iligkisi saglar.

Belgelendirme ve
Sertifikasyon-K6

Saglik sektoriinde
kalite
belgelendirme
sistemi zorunlu
olup, hastane

Uriin Bazl Sertifikasyon
[23]

Biyomedikal iiriin sertifikalar1 kaliteyi gosterir,
ancak diizenli denetim ve seffaflik giiven i¢in
sarttir.

Sertifikasyon Giincelligi
(Uzman goriisii)

Sertifikalarin giincelligi, tedarik¢inin standartlara
uygun ve diizenli denetlendigini gosterir.

[22] performansini ve
ma}l kaynaklgn Yasal Zorunluluklara B.%yomfifl.lkalu sektorde yasal belge}er trin
dogrudan etkiler. . giivenligi saglar; 2017/745/AB Y 6netmeligi ile
Uygunluk Belgeleri [24] . >, L
denetimler giiclendirilmistir.
Medikal malzeme Gecgmis Siparis Zamaninda teslimat, biyomedikal iiretimde
iretiminde Zamaninda Teslimat stireklilik ve acil ihtiyaglar i¢in kritik bir
Tedarikgi ve zamaninda teslimat, Orani [26] gostergedir.
Performans izleme-  kalite ve iletisim Lo . Tedarikgi performans degerlendirmesi, verimli
- . lyilestirme Ve Aksiyon .o .
K7 [25] kritik olup, i¢ ... kaynak kullanim1 ve siirekli iyilesme ile
. . Planlarina Uyum Diizeyi . o oy s

kontrol siiregleri [27] biyomedikal iiriin giivenliginde kritik 6neme

performansi artirir.

sahiptir.
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Kalite Hatalarinin Kiiresel rekabette biyomedikal tedarikgiler, diisiik
Frekansi ve Giderilme  hata ve hizli miidahale ile giivenilirlik ve hasta

Siiresi [28] giivenligini saglar.
[zlenebilirlik, Tedarik Zinciri Boyunca  Dijital izlenebilirlik, biyomedikal iiretimde
medikal tiretimde Dijital izlenebilirlik seffaflik ve yasal uyumluluk i¢in kritik rol oynar.
seffaflik ve kalite Altyapisi [30]

Izlenebilirlik ve kontrolii saglayan Hammadde ve Uretim Hammadde ve lot takibi, biyomedikal iiriinlerde
Geriye Doniik kritik bir sistemdir. Lot Numarasi Takibi hizli miidahale ve hasta giivenligi icin kritik
Takip-K8 [29] Yapilabilirligi (Uzman  6nemdedir.

goriisi)
Uriin Sevkiyat Sevkiyat gecmisi, teslimat seffafligi ve risk
Gegmisine Erigim yonetimini artirir.

Imkan1 (Uzman gbriisii)

C. Alternatiflerin Belirlenmesi

Biyomedikal malzeme tedarikinde en uygun tedarik¢iyi se¢cmek, oldukg¢a kapsamli bir karar verme siireci
gerektirir. Bu siirecin ilk ve en kritik adimi, degerlendirmeye alinacak potansiyel tedarikgileri dikkatlice
belirlemektir. Biyomedikal malzeme alimi i¢in bes farkl: tedarikgi alternatifi belirlenmistir.

D. AHP ile Kriterlerin Agwrliklandirilmasi
Ana kriterlerin ikili karsilastirmasi1 Tablo 4’te verilmistir.

Tablo 4. AHP ikili karsilagtirma matrisi

Kl K2 K3 K4 K5 K6 K7 K8
K1 1,00 4,00 5,00 4,00 0,50 1,00 2,00 2,00
K2 0,30 1,00 2,00 2,00 0,20 0,30 0,50 0,30
K3 0,20 0,50 1,00 2,00 0,20 0,50 1,00 0,50
K4 0,30 0,50 0,50 1,00 0,30 0,50 1,00 1,00
K5 2,00 6,00 5,00 4,00 1,00 2,00 3,00 3,00
K6 1,00 3,00 2,00 2,00 0,50 1,00 2,00 2,00
K7 0,50 2,00 1,00 1,00 0,30 0,50 1,00 2,00
K8 0,50 3,00 2,00 1,00 0,30 0,50 0,50 1,00

Tutarlilik oran1 0,0504

Uygulama sonucunda en 6nemli kriter 0,2879 ile biyouyumluluk kriteri (K5) olarak bulunurken en 6nemsiz
kriter ise 0,0607 ile hizmet kriteri (K4) olarak bulunmustur. Tutarlik oran1 0,0504 oldugu goriilmektedir.
AHP ile elde etmis oldugumuz kriter agirliklar: ise EK1 Tablo 15'te verilmistir.

Kalite kriterine bagl alt kriterlerinin ikili karsilastirilmasi1 Tablo 5°te verilmistir.

Tablo 2. Kalite ana kriterine bagl alt kriterlerin ikili karsilagtirma matrisi

AK1 AK2
AK1 1,00 1,00
AK2 1,00 1,00

Uygulama sonucunda 0,5 ile iiriin kalitesi ve hatasiz {iriin miktar1 kriterlerin esit derece dnemli oldugu
belirlenmistir. Elde edilen agirliklar EK1 Tablo 15'te verilmistir.

Fiyat kriterine bagl alt kriterlerinin ikili karsilagtirilmasi Tablo 6’da gosterilmistir.
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Tablo 6. Fiyat ana kriterine bagl alt kriterlerin ikili karsilagtirma matrisi

AK3 AK4 AKS
AK3 1,00 3,00 5,00
AK4 0,33 1,00 3,00
AKS5 0,20 0,33 1,00

Kriterlerin karsilastirilmasi sonucunda 0,6333 ile {iriin fiyat uygunlugu en onemli alt kriter olarak tespit
edilmistir. Bu kriteri 0,2605 ile satin alma fiyat iskontosu ve 0,1062 ile tedarik¢i 6deme vadesi kriterlerinin
takip ettigi EK1 Tablo 15'te goriilmiistiir.

Teslimat kriterine bagl alt kriterlerinin ikili karsilastiriimas1 Tablo 7°da gosterilmistir.

Tablo 7. Teslimat ana kriterine bagl alt kriterler i¢in ikili karsilastirma matrisi

AK6 AK7 AKS8
AK6 1,00 4,00 6,00
AK7 0,25 1,00 3,00
AK8 0,16 0,33 1,00

Teslimat ana kriterine bagl alt kriterlerin karsilastirilmas: sonucunda 0,685 ile zamaninda teslim en 6nemli
alt kriter olarak tespit edilmistir. Bunu sirasiyla 0,221 ile paketleme kabiliyeti ve 0,093 ile malin sevkiyat
sekli kriterlerinin takip ettigi EK1 Tablo 15'te goriilmiistiir

Hizmet kriterine bagli alt kriterlerinin ikili karsilastirilmasi Tablo 8’de gosterilmistir.

Tablo 8. Hizmet ana kriterine bagl alt kriterler i¢in ikili karsilagtirma matrisi

AK9 AK10 AKI11
AK9 1,00 0,50 0,33
AK10 2,00 1,00 0,50
AKI11 3,00 2,00 1,00

Hizmet ana kriterine bagl alt kriterlerin karsilastirilmasi sonucunda 0,539 ile iletisim kolaylig1 en 6nemli
alt kriter olarak tespit edilmistir. Bunu sirastyla 0,297 ile sorunlara yaklagim ve 0,164 ile iletisim kolaylig1
kriterlerinin takip ettigi EK1 Tablo 15'te gortilmiistiir.

Biyouyumluluk kriterine bagl alt kriterlerinin ikili karsilagtirilmasi Tablo 9°da gosterilmistir.

Tablo 9. Biyouyumluluk ana kriterine bagli alt kriterler i¢in ikili karsilagtirma matrisi

AKI12 AKI13 AK14
AK12 1,00 2,00 3,00
AKI13 0,50 1,00 2,00
AK14 0,33 0,50 1,00

Biyouyumluluk ana kriterine bagl alt kriterlerin karsilastirilmasi sonucunda 0,539 ile biyouyumluluk
testlerine uygunluk en 6nemli alt kriter olarak tespit edilmistir. Bunu sirastyla 0,297 ile zararli madde
icermeme ve 0,163 ile kullanilan malzemelerin uluslararas: standartlara uygunlugu kriterlerinin takip ettigi
EK1 Tablo 15'te goriilmiistiir.

Belgelendirme kriterine bagli alt kriterlerinin ikili karsilagtirilmasi Tablo 10°da gosterilmistir.
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Tablo 10. Belgelendirme ana kriterine bagli alt kriterler igin ikili kargilagtirma matrisi

AKI5 AK16 AK17
AKI5 1,00 2,00 4,00
AK16 0,50 1,00 2,00
AK17 0,25 0,50 1,00

Belgelendirme ana kriterine bagli alt kriterlerin karsilastirilmasi sonucunda 0,571 ile iirlin bazl sertifikalar
en 6nemli alt kriter olarak tespit edilmistir. Bunu sirastyla 0,285 ile sertifikalarin giincelligi ve 0,142 ile
yasal zorunluluklara uygunluk belgeleri kriterlerinin takip ettigi EK1 Tablo 15'te goriilmistiir.

Tedarikgi ve performans kriterine bagh alt kriterlerinin ikili karsilastirilmasi Tablo 11°de gosterilmistir.

Tablo 11. Tedarikgi ve performans ana kriterine bagli alt kriterler icin ikili karsilagtirma matrisi

AKI8 AK19 AK20
AKI8 1,00 3,00 5,00
AK19 0,33 1,00 3,00
AK20 0,20 0,33 1,00

Tedarik¢i ve performans ana kriterine bagh alt kriterlerin karsilastirilmasi sonucunda 0,633 ile ge¢mis
sipariglerin zamaninda teslim orani en 6nemli alt kriter olarak tespit edilmistir. Bunu sirasiyla 0,260 ile
iyilestirme ve aksiyon planlarina uyum diizeyi ve 0,106 ile kalite hatalarinin frekansi ve giderilme siiresi
kriterlerinin takip ettigi EK1 Tablo 15'te goriilmiistiir.

[zlenebilirlik ve geriye doniik takip kriterine bagl alt kriterlerinin ikili karsilagtirilmasi Tablo 12’de
gosterilmistir.

Tablo 12. izlenebilirlik ve geriye doniik takip ana kriterine bagh alt kriterler igin ikili karsilastirma matrisi

AK21 AK22 AK23
AK21 1,00 3,00 4,00
AK22 0,33 1,00 2,00
AK23 0,25 0,50 1,00

[zlenebilirlik ve geriye déniik takip ana kriterine bagl alt kriterlerin karsilastirilmast sonucunda 0,623 ile
tedarik zinciri boyunca dijital izlenebilirlik altyapisi en onemli alt kriter olarak tespit edilmistir. Bunu
sirastyla 0,239 ile hammadde ve iiretim lot numarasi takibi yapilabilirligi ve 0,137 ile iirlin sevkiyat
gecmisine erisim imkani kriterlerinin takip ettigi EK1 Tablo 15'te goriilmiistiir.

E. TOPSIS ile Alternatiflerin Stralanmast

AHP yontemi ile belirlenen kriter agirliklart kullanilarak elde edilen ikili karsilastirma matrisi Tablo 13’te
verilmistir.
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Tablo 13. TOPSIS ikili karsilagtirma matrisi

Alt Kriterler AKl1 AK2 AK3 AK4 AKS AK6 AK7 AKS8 AK9 AKI10 AKII
Al 9 8 7 5 6 9 5 8 7 8 9
A2 8 8 6 4 5 8 8 8 6 8 8
A3 7 7 8 7 8 7 6 7 6 6 7
A4 8 8 8 6 6 7 6 6 7 7 7
A5 7 7 7 5 6 6 7 6 5 6 6

Alt Kriterler AK12 AKI13 AKI14 AKI15 AKl6 AK17 AKI8 AKI9 AK20 AK21 AK22 AK?23

Al 7 9 9 8 10 7 8 9 9 6 8 6
A2 8 8 7 9 8 9 8 8 7 7 7 7
A3 6 6 6 6 6 6 7 6 6 5 5 6
A4 7 7 6 6 6 6 7 6 7 6 6 6
A5 7 7 6 6 6 6 6 6 6 5 5 5

TOPSIS sonucunda ilk siradaki alternatif A1, ikinci sirada AS ve tiglincii sirada A3 yer almaktadir. TOPSIS
ile elde edilen siralama ise Tablo 14’te verilmistir.

Tablo 14. Alternatiflerin siralanmasi

Alternatifler Ideale Yakinhk
Al 0,195
AS 0,524
A3 0,540
A4 0,559
A2 0,593

IV. SONUCLAR

Tedarik¢i se¢ciminde ideal bir tedarikgiyi belirlemek oldukc¢a 6nemlidir. Uygulama Ankara’da saglik
sektoriinde faaliyet gosteren bir biyomedikal malzeme iiretim fabrikasinda gergeklestirilmistir. Fabrikanin
satin alma sorumlusu ile goriisiilerek literatiirde tedarik¢i se¢imi i¢in kullanilan kriterler gzden gegirilmis
ve hammadde tedarikinde onemli goriilen kriterler belirlenmistir. Fabrikanin 5 tedarikgisi 8 ana kriter ve
23 alt kriter olmak {izere toplam kritere gore degerlendirilmistir. AHP yontemi ile kriterlerin 6nem
diizeylerini belirledikten sonra TOPSIS yontemi ile bes tedarik¢i firma arasinda en ideal olani
belirlenmistir.

Ikili karsilastirmalarda biitiin matrislerin tutarlilik oranlarinm 0,10’un altinda oldugu gériilmiistiir ve
degerlendirmenin giivenilir oldugu kanisina varilmistir. Bu ¢alismada, bes farkli tedarikei belirlenen ¢ok
kriterli degerlendirme sistemiyle analiz edilmistir. TOPSIS yontemi kullanilarak yapilan degerlendirmede,
her tedarikgi belirlenen kriterler dogrultusunda puanlandirilmis ve ideal ¢oziime gore yakinlik degerleri
hesaplanmistir. Analiz sonucunda, A2 tedarikg¢isi en uygun tedarik¢i olarak belirlenmistir. Onu sirasiyla
A4, A3, AS ve Al olarak sonu¢lanmistir. Bu noktada, bu isletmenin tedarik siireclerinde A2 tedarikgisi ile
is birligini oncelikli hale getirilmesi onerilmektedir. Ayrica, diger tedarikgilerin belirlenen kriterlerdeki
eksikliklerini gozden gegirerek performanslarini artirmalari, ilerideki tedarik¢i secimlerinde rekabeti
artiracaktir.
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EKLER

EK1.
Tablo 15. Kriterlerin yerel ve global agirliklar
Ana Kriterler Agirliklar Alt Kriterler Yerel Agirliklar Ag:g?l?llar
. Uriin Kalitesi 0,500 0,096
Kalite 0,1928 . .

Hatasiz Uriin Miktar1 0,500 0,096
Uriin Fiyat Uygunlugu 0,633 0,039
Maliyet 0,0621 Satin Alma Fiyat Iskontosu 0,260 0,016
Tedarik¢i Odeme Vadesi 0,106 0,007
Zamaninda Teslim 0,685 0,043
Teslimat 0,0631 Paketleme Kabiliyeti 0,221 0,043
Malin Sevkiyat Sekli 0,093 0,043
Sikayet Politikalari 0,164 0,010
Hizmet 0,0607 Sorunlara Yaklasim 0,297 0,018
[letisim Kolaylig 0,539 0,033
Biyouyumluluk Testlerine Uygunluk 0,539 0,155
Biyouyumluluk 0.2879 Zararli Madde Icermeme 0,297 0,086
Kotk Matemeni Ui
Uriin Bazli Sertifikalar 0,571 0,087
Belgelendirme 0,1515 Sertifikalarin Giincelligi 0,286 0,043
Yasal Zorunluluklara Uygunluk Belgeleri 0,143 0,022
Gecgmis Siparislerin Zamaninda Teslim Orant 0,633 0,059
Tedarikgi 0.0926 ]igliiilzees}t]iirme ve Aksiyon Planlarina Uyum 0.260 0.024
Kalite Hatalarinin Frekansi ve Giderilme Siiresi 0,106 0,010
iiglz;rlialfSlZinciri Boyunca Dijital izlenebilirlik 0.623 0.056
izlenebilirlik 0,0894 Hammafi(.ie.\f: Uretim Lot Numarasi Takibi 0.239 0.021

Yapilabilirligi
Uriin Sevkiyat Gegmisine Erisim Imkani 0,137 0,012
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dagitim sistemlerinin daha iyi anlasilabilmesi amaci ile enerji sisteminin bir prototipi gerceklestirilmistir.
Elektrigin iiretilmesi ile baslayan siirecte gerilim seviyesi ilk asamada 11 kilovolttan 154 kV seviyesine
¢ikarilmis daha sonraki asamada 380 kV seviyesine ¢ikarilarak iletim hatti boyunca bu seviye korunmustur.
Son alictya ise 380/220 Volt olacak sekilde gerilim seviyesi transformatdr yardimu ile diistirtilmustiir. Her
bir kademe boyunca gerilim seviyelerinin goriilebilmesi i¢in LCD ekran kullanilmis ve gerilim degerleri
gosterilmistir. Ayrica prototipte kullanilan malzemelerin 6zellikleri i¢in bir karekod olusturulmustur. Salt
sahasinin 6nemli bir pargasi olan ayiricilarin modellenmesi i¢in ise bir servo motor kullanilmis ve ayiricinin
acip kapatmasi motor yardimi ile gergeklestirilmistir. Ayricinin agmasi esnasinda olusan arki meydana
getirmek i¢in ise 2.5 A lik ark jeneratorii atesleme bobini kullanilmistir. Ayiricinin agilmasi ile birlikte
ayiricidan sonraki kisimdaki enerji kesilmis ve gerilim seviyeleri sifira diisiiriilmiistiir. Sistemin korumasi
icin 16A lik sigorta ve paket salter ile acil butonu ilave edilmistir. Iletim hatlarinda yer alan ikaz kiireleri
ise bir role lizerinden tetiklenerek modellenmistir. Calismada kullanilan biitiin malzemeler 3 boyutlu
yazicidan ¢ikti alinarak yapilmistir.

Anahtar Kelimeler — Salt Sahasi, Transformator, Ayiwric, Iletim Hatt, Dagitim Hatti, Prototip.

I. GIRIS

Elektrik enerjisi, kullanim alanlariyla hem bireysel hem de kurumsal hayatin en 6nemli ihtiyaglar
arasindadir. Elektrik enerjisi tiiketiciler de dahil olmak iizere gii¢ sistemini olusturan iiretim, iletim ve
dagitim birimleriyle beraber tasarlanmasi gereken bir siirectir [1].

Havai elektrik iletim hatlarinin tasarimi hem miihendislik hem de digerleri olmak {izere bir¢ok disiplinin
katkilarini iceren bir faaliyettir. Elektrik giiciiniin hareketi, destekleyici yapilar, akimi tagiyan iletkenler,
yiiklii iletkenlerin destekleyici yapilardan giivenli bir sekilde uzakligini saglayan yalitkanlar ve giivenlik ve
giivenilirlik standartlarini karsilayan uygun baglanti donanimlar1 gerektirir [2].

Iletim hatlar1, elektrik enerjisinin iletiminde biiyiik 6nem tasir ve hattin gerilim se¢imi, tasarim ve
uygulama siirecinde onemli bir gorevdir. Elektrik enerjisinin bir taraftan diger tarafa, ardindan uzun
mesafelere aktarilmasi siirecidir [3].

Enerji iletim hatlari, uzun mesafeler boyunca biiyiik miktarda enerji ileten enerji sistemlerinin kritik
Ooneme sahip bilesenleridir. Modern enerji sistemleri genellikle hem AC hem de DC iletim hatlarin1 igerir.
Yenilenebilir enerji kaynaklarinin gelecekteki enerji sebekelerine daha fazla niifuz etmesiyle birlikte,
yenilenebilir kaynaklardan miisterilere glivenli ve emniyetli enerji iletimi saglamak i¢in iletim hatlarinin
giivenilir bir sekilde isletilmesi hayati 6nem tasimaktadir [4].

Bu calismada elektrik enerjisinin {iretiminden son kullaniciya kadar olan bir salt sahasi ve
tretim/iletim/dagitim hatt1 prototipi geceklestirilmistir. Sistem tasarimi i¢in kullanilan malzemeler 3
boyutlu yazic1 kullanilarak yapilmistir.
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II. MATERYAL VE YONTEM

Genel olarak kesiciler, ayiricilar, baralar, giic ve 6l¢ii transformatdrleri, parafudrlar, hat tikaci (line trap)
ve yardimet1 techizatlarin bir arada bulundugu, elektrik enerjisinin, koruma, kumanda ve 6lgme islemlerinin
yapilarak toplandigi ve dagitildigi agik havada bulunan tesislere Salt Sahasi (agik salt) denir. Aym
techizatlar kapali ortamda bulunuyorsa buralara Salt Salonu (kapali salt) denir [5].

Iletim salt tesisleri; gerilim seviyelerini degistiren gii¢ transformatérleri, gii¢ akis1 ile akim seviyelerini
kontrol etmeye yarayan kesici-ayirici gibi agma-kapama elemanlari, farkli gerilim seviyelerindeki fiderlerin
birlestirildigi baralar ve akim trafosu, gerilim trafosu gibi bir kisim yardimei1 techizatin bir arada bulundugu,
enerjinin toplandigi ve dagitildigi noktalardir. Salt tesislerinin temel gorevleri, gerekli izolasyonu
saglayarak gii¢ sistemi boliimlerinin baglantisin1 yapmak, koruma ve kumanda sistemleri ile elektriksel
giicli istenilen branslara kontrollii bir sekilde iletmektir. Salt tesisleri yliksek akimi anahtarlayabilmeli
(acma-kapama yapabilmeli), sebekede meydana gelen arizalar1 kontrol altinda tutarak sinirlayabilmelidir.
fletim salt tesislerinin tasarim gelecekteki gereksinimleri de ucuz ve kolay bir sekilde karsilayabilecek
esneklikte olmalidir [6].

Bir salt sahasi bilesenleri 4 ana grupta toplanabilir. Bunlar temel elemanlar, 6l¢gme ve koruma elemanlari,
kontrol ve kumanda elemanlari ile gerilim ayar elemanlarindan olusmaktadir. Salt sahasi elamanlar1 Sekil
1’ de verilmistir [5].

Olgme ve Kontrol ve
Koruma Kumanda
Elemanlari Elemanlari
Akim ve
Gerilim
. Réleler
Transformato
rleri
Parafudr, Ark Kesici Kiontrol
Boynuzu, ve Kumanda
Réleler Devreleri
Koruma
iletkenleri,
Koruma
Halkalari
Gerilim

Béluciler

Sekil 1. Salt sahas1 elemanlari

Projede kullanilan h direkler, izolatorler, ayirici ve kesiciler, transformatorler vb. diger biitiin malzemeler
3 boyutlu yazic1 kullanilarak basilmistir. Basimlar sirasinda malzemeler iizerinde sagaklar meydana gelmis
bunlar temizlenmis ve biitiin malzemeler boyanmistir. Prototipi yapilan salt sahasi uygulamasinin
goriintiisii Sekil 2° de verilmistir.

Projede koruma amacgl olarak 10 Amperlik sigorta ve bir adet acil butonu ile bir adet paket salter
kullanilmaktadir.
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Sekil 2. Salt Sahas1 Prototipi

Projede kullanilan malzemelerin 6zellikleri i¢in bir karekod sistemi yapilmis ve hangi malzeme hakkinda
bilgi isteniyorsa bu karekodlar okutularak gerekli bilgilere ulasilabilinmektedir. Ayrica her bir kademe
sonrasindaki gerilim seviyeleri LCD ekrana yansitilmaktadir.

Projede ayirici modellemesi i¢in servo motor ve olusan arklar1 modelleyebilmek i¢in ise ark jeneratorii
atesleme bobini kullanilmistir. Servo motorlar ayirict devreden ¢iktiginda ayirict kolunu ¢ekmekte ve bu
olay gerceklesirken meydana gelen arklart modellemek i¢in ise 2.5 A seviyesinde ark jeneratorii atesleme
bobini ile gorsel olarak bir ark meydana getirilmektedir. Ayrica ayiricinin devreden ¢ikmasi ile birlikte bu
kisimdan sonraki hatlarda enerji sifirlanmakta ve gorsel olarak lambalar sonmektedir. Ayrica gerilim
seviyeleri de LCD ekranlarinda sifir olarak goriilmektedir.

Ayiricinin tekrar devreye alinmasi ile birlikte sistem g¢alismaya devam etmektedir. Projede koruma
iletkenleri iizerinde devamli olarak yanip sonen led lambalar yerlestirilmis ve ikaz kiirelerinin modellemesi
gerceklestirilmistir. Bu durumlar Sekil 3” de verilmistir.
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Sekil 3. LCD Ekranlar, ikaz kiireleri ve Ayirict

1.  BULGULAR

Yapilan prototipin ¢alisir durumdaki goriintiisii Sekil 4> de verilmistir. Enerjinin biitiin kademelerde
yanmast enerjinin iiretim kismindan son aliciya kadar aktif bir sekilde iletildigini ve dagitildigini
gostermektedir.

Sekil 4. Projenin ¢aligir durumdaki goriintiisii
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Sekil 5’ de ayiricinin devreden ¢ikmadan ve devreden ¢iktiktan sonraki goriintiileri ve gerilim seviyeleri
verilmigtir.

Sekil 5. Ayiricinin pozisyonlari

Sekil 6’ da ise ayiricinin devreden ¢ikarken meydana gelen arkin olusumu verilmistir. Ayirici devreden
ciktiktan sonra enerji de kesilmektedir.

Sekil 6. Ayiricinin devreden ¢iktigi anda olusan arklar

Elektrigin iiretilmesinden sonraki asamada gerilim seviyesi transformatdr vasitasi ile 154/380 kV
seviyesine ¢ikarilir. Daha sonraki asamada iletim hatt1 boyunca gerilim seviyesi korunur ve son aliciya
ulamadan 6nce yine transformator yardimi ile 380/220 Volt seviyesine indirilir.

3 Boyutlu yazici kullanilarak malzemelerin yapilma asamalarina ait gorseller Sekil 7’ de verilmistir.
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Sekil 7. Malzemelerin 3B yazici ile basiimasi

IV. SONUCLAR

Bu c¢alismada Elektrik Elektronik Miihendisligi 6grencilerinin elektrik tiretim, iletim ve dagitim
asamalarinin nasil gerceklestigini takip etme ve uygulamali olarak gérme imkani sunan bir prototip
gerceklestirilmistir. Her bir asamadaki gerilim degerleri LCD ekran {izerine yazdirilmistir. Bdylece
kullanict hangi asamada hangi gerilim seviyesinin oldugunu anlayabilmektedir. Ayrica salt sahalarindaki
ayiricilarinda modellemesi bir servo motor yardi ile gergeklestirilmis ve ayricinin acgilmasi ile birlikte arkin
olusumunun takip edilmesi saglanmaktadir. Ayiricinin agilmasi ile birlikte bu noktadan sonraki
kisimlardaki enerji kesilmekte ve led lambalar sonmektedir. Gerilim seviyesi 11 kV dan 154/380 kV
seviyesine ¢ikarilmakta daha sonraki asamada ise kademeli olarak 380/220 V’ a kadar diisiiriilmekte ve son
aliciya ulastirilmaktadir.

Calisma 6grencilerin elektrik iiretim, iletim ve dagitim derslerinde gosterilen sistemlerin bir prototipini
gerceklestirerek bu konularin daha iyi anlasilmasina katkida bulunmaktadir.
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Ozet — Giines enerjisi sistemlerinin verimliligi ve giivenligi, panel yiizeylerinde zamanla olusan
anomalilerin erken tespitiyle dogrudan iligkilidir. Bu ¢alismada, termal goriintiiler kullanilarak giines
panellerindeki anomalilerin otomatik olarak tespit edilmesi amaciyla Subat 2025°te gelistirilen YOLOv12
nesne tespiti algoritmasi degerlendirilmistir. Kaggle platformunda yayimlanan bir veri seti temel alinarak
yiiriitiilen caligmada, sekiz farkli ariza tiirii ve saglikli panellere ait toplam 2723 goriintii kullanilmis; veri
artirma teknikleriyle bu say1 yaklasik 7500°e ¢ikarilmistir. YOLOvV12 algoritmasinin farkli varyantlari (n,
s, m, L, x), bes temel degerlendirme metrigi (kesinlik, duyarlilik, F1 skoru, mAP50, mAP50-95) agisindan
karsilastirmali olarak analiz edilmistir. Elde edilen bulgulara gére YOLOv12 1 modeli, %71,96 mAP50 ve
%54,78 mAP50-95 degerleriyle en yliksek performans: gostermistir. Bu sonuglar, YOLOv12 mimarisinin
fotovoltaik sistemlerdeki anomali tespitinde etkili ve giivenilir bir ¢6ziim sundugunu ortaya koymaktadir.

Anahtar Kelimeler — Anomali Tespiti, Giines Paneli, Termal Goriintiileme, YOLOvI2 .

I. GIRIS

Kiiresel 1sinma ve iklim degisikligi, giiniimiizde insanligin karsi karsiya oldugu en kritik cevresel
sorunlarin basinda gelmektedir. 2023 yil1 itibartyla kiiresel sicaklik artisi, sanayi 6ncesi doneme kiyasla
yaklasik 1,2 °C’ye ulasmis durumdadir. Bu artis, asir1 hava olaylarmin sikligin1 ve siddetini 6nemli 6l¢iide
artirmakta; ¢evresel felaket riskini de beraberinde getirmektedir [1, 2]. S6z konusu sicaklik artisi, biiytik
o6l¢iide atmosferdeki karbondioksit (COz) emisyonlarinin hizli artisiyla iliskilendirilmektedir. Uluslararasi
Enerji Ajanst’nin (International Energy Agency-IEA) 2023 yil1 raporuna gore, kiiresel CO» salinimindaki
yiikselis devam etmektedir [3]. Bununla birlikte, yenilenebilir enerji kaynaklarinin yayginlagmasi, bu artis
hizin1 kayda deger 6l¢iide yavaslatma potansiyeli tasimaktadir.

Yenilenebilir enerji, kiiresel elektrik iiretiminin doniisiimiinde merkezi bir rol iistlenmektedir. 2030 yilina
kadar elektrik {iretiminde yenilenebilir kaynaklarin paymnin %45’e ulagsmasi ongoriilmekte olup, bu
biiylimede giines enerjisi belirleyici bir etken olarak 6ne ¢ikmaktadir [4-6]. Giines enerjisi sistemlerinin
karbon emisyonlarinin azaltilmasina katkisi, hem iiretim siirecinde olusan sera gazi miktarinin gorece diisiik
olmast hem de isletme siiresi boyunca neredeyse sifira yakin karbon salimi gerceklestirmesinden
kaynaklanmaktadir [7]. Tirkiye de bu alandaki kiiresel egilimlere paralel olarak 6nemli yatirimlar
gerceklestirmis ve 2017-2027 donemi i¢in 10 GW ek giines enerjisi kapasitesi kurmay1 hedeflemistir [8].

Giines enerji santrallerinin stirdiiriilebilir ve yiiksek verimle ¢alisabilmesi, sahadaki panellerin bakim ve
izleme siireglerinin etkin bi¢imde yonetilmesini gerekli kilmaktadir [9, 10]. Her ne kadar iiretici firmalar,
uzun Omiirlii tasarimlar sayesinde panellere 20-25 yila kadar yiiksek performans garantisi verseler de zaman
icerisinde ¢esitli arizalar ve performans diisiisleri kaginilmazdir [11]. Bu arizalar arasinda hiicre ¢atlaklari,
delaminasyon, baglant1 kutusu sorunlari, diyot arizalari, dizi problemleri ve sicak nokta (hotspot) olarak
bilinen sicaklik anomalileri 6ne ¢ikmaktadir [12-14]. S6z konusu arizalar, panel yiizeyinde lokal agiri
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1sinmalara neden olarak hem enerji liretiminde ciddi kayiplara hem de yangin riski gibi giivenlik sorunlarina
yol agabilmektedir [15, 16].

Bu tiir arizalarin erken asamada tespiti ve Onlenmesi, glines enerjisi sistemlerinin performansini artirmak
acisindan kritik bir 6neme sahiptir [17]. Geleneksel ariza tespit yontemleri arasinda kizilétesi goriintiileme,
elektroliiminans ve ultrasonik inceleme gibi gesitli teknikler yer almaktadir [18]. Ancak son yillarda
goriintii isleme teknolojilerindeki gelismelere paralel olarak, nesne tespitinde yaygin sekilde kullanilan
YOLO (You Only Look Once) algoritmalari, fotovoltaik sistemlerdeki arizalarin tani1 ve teshisinde dikkat
cekici avantajlar sunmaktadir. YOLO algoritmalari; diisiik gecikme siiresi, yiiksek dogruluk orani ve gercek
zamanl izleme imkan1 sayesinde ariza tespit uygulamalarinda tercih edilen yontemler arasina girmistir
[19]. Bu c¢alisma kapsaminda, Subat 2025°te piyasaya siiriilen YOLOvI2 algoritmasinin, fotovoltaik
sistemlerdeki anomalileri tespit etme konusundaki performansi ve etkinligi degerlendirilecektir.

II. MATERYAL VE YONTEM

Bu bdliimde, kullanilan veri setinin 6zellikleri, uygulanan veri 6n isleme ve artirma teknikleri, YOLOv12
algoritmasinin mimari yapist ve egitim siireci ile modellerin performansini 6lgmek i¢in kullanilan
degerlendirme metrikleri agiklanmaktadir.

A. Veri Seti ve On Isleme

Bu calismada kullanilan veri kiimesi, Kaggle platformunda yayimlanan “Thermal Solar PV Anomaly
Detection Dataset” bagliklt veri setinden elde edilmistir [20]. Veri seti, toplam 2723 adet goriintii
icermektedir. Modelin genelleme performansini artirmak, veri setinin ¢esitliligini zenginlestirmek ve asir1
O0grenmeyi engellemek amaciyla kapsamli bir veri artirma stratejisi uygulanmistir. Bu dogrultuda, modelin
farkli oryantasyonlara ve ¢evresel kosullara kars1 dayanikliligini artirmak i¢in her bir goriintiiye rastgele
olarak; yatay ¢evirme, dondiirme ve kaydirma gibi geometrik doniisiimler ile parlaklik, renk tonu ve
pozlama gibi fotometrik ayarlamalar tatbik edilmistir. Bu islemler sonucunda, orijinal veri seti
zenginlestirilerek egitim i¢in kullanilacak 6rnek sayisi yaklasik 7500°e ¢ikarilmistir [20]. Veri seti, hem
saglikli (anomaliden arindirilmig) 6rnekleri hem de sekiz farkl ariza tiirtinii icermektedir: Tekli sicak nokta
(Single Hotspot), ¢oklu sicak noktalar (Multi Hotspots), tekli diyot arizas1 (Single Diode), coklu diyot
arizas1 (Multi Diode), tekli baypas edilmis alt dizi (Single Bypassed Substring), coklu baypas edilmis alt
dizi (Multi Bypassed Substring), acik devre (String-Open Circuit) ve ters polarite (String-Reversed
Polarity).

Veri setinin %80°1 egitim, %10’u dogrulama ve kalan %10’u test i¢in ayrilmistir. Egitim siirecini
hizlandirmak ve modelin daha etkin bir sekilde yakinsamasini saglamak amaciyla, COCO (Common
Objects in Context) veri seti lizerinde onceden egitilmis agirliklar kullanilarak transfer 6grenme yaklagimi
benimsenmistir. Tiim egitim ve test siiregleri, 40 GB bellege sahip bir NVIDIA A100 GPU iizerinde
yiritiilmustir. Model versiyonlarinin performansini adil bir zeminde karsilastirmak amaciyla, Tablo 1°de
Ozetlenen standart hiperparametreler tiim egitimlerde ortak olarak kullanilmistir.

Tablo 1. Model egitimi i¢in kullanilan hiperparametreler

Parametre Deger
Epoch Sayisi 100
Optimizasyon Algoritmasi | AdamW
Baslangig Ogrenme Oran1 | 0.001
Momentum 0.9
IoU Esigi (Threshold) 0.7

B. YOLOvI2 Algoritmasi

YOLOV12 algoritmasi, Subat 2025’te yayimlanan ve nesne tespiti alaninda en giincel yaklasimlari i¢eren
yeni nesil bir model olarak 6ne ¢ikmaktadir. Onceki YOLO siiriimlerinin ¢ogu evrisimli sinir ag1 (CNN)
tabanli mimarilere dayanirken, YOLOvVI12 bu geleneksel yaklasimdan ayrilarak dikkat (attention) temelli
bir yap1 6nermektedir. Bu yeni yapi, CNN tabanli yontemlere alternatif bir ¢6ziim sunmay1 ve bu modellere
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olan bagimlilig1 azaltmay1 amaglamaktadir. YOLO mimarisine 6zgli temel tasarimi biiyiik 6l¢iide koruyan
bu siirtim, dikkat odakli mekanizmalar, omurga aginda yapilan mimari degisiklikler ve ¢esitli optimizasyon
tyilestirmeleri ile hem yiiksek dogrulukta hem de diisiik gecikme siireli tespitler gergeklestirebilmektedir.

Modelin dikkat mekanizmasi, geleneksel eksenel dikkat veya kaydirilmis pencere tabanli ¢oziimler
yerine, alan dikkat modiilii (Area Attention - A2) adi1 verilen 6zgiin bir yapiy1 temel alir. Bu modiil, giris
ozellik haritasini yatay ve dikey diizlemlerde esit parcalara bolerek hesaplama maliyetini dnemli dl¢iide
diistirmeyi hedeflemektedir. A2 modiiliiniin basitligi sayesinde islem siiresi kisalirken, bu sadelik zaman
zaman dogruluk tizerinde sinirlayici etkiler yaratabilmekte ve ek hesaplama yiikii ortaya ¢ikarabilmektedir.

Dikkat tabanli yapinin beraberinde getirdigi hesaplama zorluklarini dengelemek amaciyla, YOLOv12’de
Artik Verimli Katman Toplama Agi (R-ELAN) adi verilen yeni bir ozellik toplama mimarisi
kullanilmaktadir. Bu yapi, dnceki YOLO siiriimlerinde kullanilan ELAN mimarisine kiyasla daha kararli
bir egitim siireci sunar. R-ELAN, blok diizeyinde artik baglantilar ve dlgcekleme stratejileri araciliiyla
ozellikle YOLOv12’nin “I” ve “x” versiyonlarinda istikrarli model egitimi saglamaktadir.

Bununla birlikte, dikkat temelli hesaplamalarin GPU ile bellek (SRAM) arasindaki veri erisimi agisindan
olusturdugu darbogazlar, modelin verimliligini olumsuz etkileyebilmektedir. Bu soruna ¢éziim olarak
gelistirilen FlashAttention mekanizmasi, dikkat hesaplamalarinda bellek erisimini en aza indirerek genel
islem verimini artirmaktadir. FlashAttention sayesinde dikkat temelli modeller, CNN tabanli yontemlerle
karsilastirildiginda rekabetci bir hiz ve performans diizeyine ulagabilmektedir [21].

YOLOvV12 algoritmasini diger modellerden ayiran bir diger 6nemli unsur ise donanim bagimliligidir.
Dikkat merkezli yapinin ve FlashAttention teknolojisinin etkin bir bi¢imde calisabilmesi i¢in, belirli
NVIDIA GPU mimarilerinin kullanimi gereklidir. Ampere, Ada Lovelace, Hopper ve Turing gibi
mimarilere sahip GPU’lar (6rnegin NVIDIA T4, A100, RTX serileri), YOLOv12’nin yiiksek performansla
calismasi i¢in 6nerilen donanimlar arasinda yer almaktadir.

C. Degerlendirme Metrikleri

Bu calismada gelistirilen modelin basarimini degerlendirmek amaciyla, nesne tespiti ve siniflandirma
problemlerinde yaygin olarak kullanilan bes farkli performans metrigi kullanilmistir: Kesinlik (Precision),
Duyarlilik (Recall), F1 Skoru, mAP50 ve mAP50-95. Bu metrikler, modelin tahmin dogrulugunu hem
pozitif siniflar 6zelinde hem de genel performans agisindan nicel olarak ifade etmektedir.

Kesinlik (Precision): Modelin pozitif olarak tahmin ettigi ornekler igerisinden gercekte dogru olanlarin
oranini ifade eder. Yiiksek kesinlik, modelin yanlis pozitif liretme olasiliginin diisiik oldugunu gosterir.
Matematiksel olarak su sekilde ifade edilir:

Kesinlik = —— 1
S = TP+ FP M

Burada TP dogru pozitif, FP ise yanlis pozitif 6rnek sayisini ifade eder.
Duyarhlik (Recall): Modelin gercekte pozitif olan drnekleri dogru sekilde tahmin etme oranini ifade eder.
Bu metrik, 6zellikle hata tespiti gibi kagirilan pozitif 6rneklerin 6nemli oldugu durumlarda kritiktir. Su
sekilde tanimlanir:

TP

Duyarllllk = TP-I-—FIV

(2)

Burada FN, yanlis negatif 6rnek sayisini temsil eder.
F1 Skoru: Kesinlik ve duyarliligin harmonik ortalamasidir. Bu metrik, 6zellikle veri dengesizliginin s6z
konusu oldugu durumlarda daha dengeli bir degerlendirme sunar:

Kesinlik X Duyarlilik

X 3
Kesinlik + Duyarlilik ®

Ortalama Hassasiyet (mean Average Precision, mAP): Nesne tespiti gorevlerinde en Onemli

degerlendirme metrigi olan mAP, modelin hem siniflandirma hem de lokalizasyon performansini bir arada

F1=2
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dlger. Hesaplanmasi, Kesisim Uzeri Birlesim (Intersection over Union, IoU) kavramina dayanir. IoU,
modelin tahmin ettigi sinirlayici kutu ile gergek (ground-truth) sinirlayici kutu arasindaki ortiisme oranini
belirtir. Bir tespitin TP olarak kabul edilmesi, IoU degerinin belirli bir esigi ge¢mesine baghdir. Bu
calismada iki farkli mAP metrigi kullanilmistir:

— mAP50: Bu metrik, IoU esiginin 0,50 olarak sabitlendigi durumda hesaplanan ortalama hassasiyet
(AP) degerini ifade eder. Modelin bir kusuru genel olarak dogru yerde bulup bulmadigin1 daha
esnek bir sekilde degerlendirir.

—  mAP50-95: Bu metrik, COCO veri seti ile standartlasmis daha kat1 ve kapsamli bir degerlendirme
Olctitiidir. IoU esiginin 0,50’den 0,95’e kadar 0.05°lik adimlarla artirildig1 10 farkl esik degeri igin
hesaplanan mAP skorlarinin ortalamasini alir. Bu metrik, sadece nesneleri tespit etmede degil, ayni
zamanda onlarin konumlarmi yiiksek hassasiyetle belirlemede de basarili olan modelleri
odiillendirir ve bu nedenle modelin lokalizasyon kabiliyetinin daha giivenilir bir gostergesidir.

III. BULGULAR

Bu bolimde, YOLOvI12 algoritmasinin bes farkli varyanti (n, s, m, I, x) termal giines paneli
goriintiilerindeki anomali tespitinde karsilastirmali olarak degerlendirilmistir. Model performansi kesinlik,
duyarlilik, F1 skoru, mAP50 ve mAP50-95 metrikleri kullanilarak dl¢iilmiistiir. Elde edilen sonuglar Tablo
2’de sunulmustur.

Tablo 2. YOLOv12 varyantlarinin performans 6l¢iimleri

Versiyon Kesinlik | Duyarhlik | F1 Skoru | mAPS50 | mAP50-95

YOLOVI2Zn | (6853 0,6439 0,6639 | 0,6675 0,5107
YOLOvI2Zs | (6701 0,6471 0,6584 | 06784 | 0,5061
YOLOvI2Zm | 6593 0,6999 0,6790 | 06852 0,5068
YOLOVI21 | 06882 0,7036 0,6958 | 0,7196 | 0,5478
YOLOVI2ZX | 0,6953 0,6802 0,6876 | 0,6929 | 05197

En yiiksek kesinlik degeri %69,53 ile YOLOv12 x varyantinda elde edilmistir. Duyarlilik bakimindan
ise %70,36 ile YOLOV12 I modeli 6ne ¢ikmistir. F1 skoru agisindan en dengeli ve basarili performansi
yine %69,58 ile YOLOv12 | modeli gostermistir. Bu durum, s6z konusu varyantin dogru pozitif orani ile
kagirilmayan Ornek sayisinit birlikte optimize edebildigini gostermektedir. mAPS50 sonuglarina
bakildiginda, en yiiksek deger %71,96 ile YOLOv12 | modeline aittir. Bu metrik, modelin tespit ettigi
nesnelerin genel olarak dogru konumlandirildigin1 gostermektedir. mAP50-95 degeri agisindan ise en iyi
sonu¢ %54,78 ile yine YOLOv12 1 modeli tarafindan elde edilmistir. Bu durum, 1 varyantinin farkli esik
seviyelerinde de tutarli ve hassas sonuglar tiretebildigini ortaya koymaktadir.

Sekil 1-5, tiim model varyantlarinin 100 epoch boyunca siiren egitim ve dogrulama siireclerine ait kayip
ve metrik grafiklerini gostermektedir.

226



train/box_loss

train/cls_loss

train/dfl_loss

metrics/precision(B)

metrics/recall(B)

1.6 3.5 1.25 ]
—e— results 0.7 1 0.7
304 smooth | 1.20 1
' 0.6 1
1.4 4 1.15 1 0.6 1
1.10 0.5 1
1.2 0.5 1
1.05 A 04
1.00 A 0.41
1.0 1 0.3
0.95
T T T T T T OV3 L T T T T T T
0 50 100 o] 50 100 0 50 100 0 50 100
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
0.7 4
1.4 2:501 0.5
J 2.25 1.3 0.6 1
1.3 0.4 1
.00 A 0.5
124 2.00
1.75 4 1.21 0.4 0.3 1
1.1 A
1.50 - 0.3 0.2
1.0 ~ a5 1.1 A
0.9 021 0.1
0 50 100 0 50 100 0 50 100 0 50 100 0 50 100
Sekil 1. YOLOvV12 n modelinin sonuglart
train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
1.6 3.5 .25 0.7 0.7
—e— results ' :
304 smooth | 1201
' 0.6 1
1.4 4 1.15 1 0.6 1
1.10 A 0.5 1
121 0-51
1.05 A 04
1.00 A 0.41
1.0 1 0.3
0.95
T T T T T T OV3 L T T T T T T
0 50 100 o] 50 100 0 50 100 0 50 100
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
0.7 4
1.4 1 2.501 0.5 1
J 2.25 1.3 1 0.6 1
13 0.4 1
.00 A 0.5
124 2.00
1.75 1 124 0.4 1 0.3
1.1 A
1.50 - 0.3 0.2
1.0 ~ 1as 1.1 A
0.9 021 0.1
0 50 100 0 50 100 0 50 100 0 50 100 0 50 100
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Sekil 5. YOLOvV12 x modelinin sonuglart

Grafikler incelendiginde, tiim modellerin egitim kayip (Or. train/box_loss, train/cls loss) degerlerinin
epoch sayist arttikga istikrarl bir sekilde azaldig goriilmektedir. Benzer sekilde, dogrulama metrikleri olan
mAP50 ve mAP50-95 skorlar1 da egitim ilerledik¢e artarak belirli bir noktada doyuma ulasmaktadir. Bu
durum, modellerin asir1 6§renme problemi yasamadan veri setindeki Oriintiileri basartyla 6grendigini ve

kararl bir sekilde yakinsadigini géstermektedir.

Modellerin smiflandirma performansini daha detayli analiz etmek amaciyla, her bir varyant igin
olusturulan karisiklik matrisleri Sekil 6°’da sunulmustur. Bu matrisler, modelin gercek etiketler ile tahmin
ettigi etiketler arasindaki iliskiyi gorsellestirmektedir. Matrisin kdsegeni iizerindeki yiiksek degerler, dogru
siniflandirma basarisint gostermektedir.
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Sekil 6. Karigiklik matrisleri (a) YOLOvV12 n modeli (b) YOLOv12 s modeli (¢) YOLOvV12 m modeli (d) YOLOv12 [ modeli
(e) YOLOV12 x modeli
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Analizler, tim modellerin 6zellikle “Multi Diode” ve “Multi Bypassed Substring” gibi belirgin ve biiyiik
alan kaplayan anomali tiirlerini yiiksek dogrulukla tespit ettigini gostermektedir. Bununla birlikte, “Single
Hotspot™” ile “Multi Hotspots™ gibi birbirine gorsel olarak benzeyen anomali siniflar1 arasinda ve “Single
Diode” ile diger anomaliler arasinda zaman zaman yanlis siniflandirmalar yasandigi gozlemlenmektedir.
En yiiksek performansi sergileyen YOLOv12 1 modeline ait karisiklik matrisi (Sekil 6d), kosegen dis1
hatalarin diger modellere kiyasla daha az oldugunu ve siiflandirma performansinin daha dengeli oldugunu
ortaya koymaktadir.

Sekil 7°de, en basarilt model olarak belirlenen YOLOv12 1 varyantinin farkli anomali tiirleri tizerindeki
nitel performansini gosteren 6rnek gorseller sunulmustur.
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Sekil 7. En yiiksek performansi gosteren YOLOv12 | modelinin test veri seti iizerindeki drnek tespit sonuglari

Sekil 7, modelin 6zellikle “String (Open Circuit)”, “Multi Diode” ve “Multi Bypassed Substring” gibi
farkli ve belirgin arizalar yiiksek giiven skorlariyla (%70 ile %90 arasinda degisen) dogru bir sekilde
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saptayabildigini gostermektedir. Bu gorsel kanitlar, Tablo 2’de sunulan nicel metrikleri ve Sekil 6(d)’deki
karigiklik matrisi bulgularini desteklemekte ve YOLOvV12 1 mimarisinin fotovoltaik panellerdeki arizalari
tespit etme konusundaki pratik etkinligini somut bir sekilde ortaya koymaktadir.

IV. TARTISMA

Bu ¢alismada elde edilen sonuglar, YOLOvVI12 algoritmasinin termal goriintiiler araciligiyla fotovoltaik
panel anomalilerinin tespitinde etkili bir ¢6ziim sundugunu gostermektedir. Ozellikle YOLOv12 1 varyant:
hem smiflandirma dogrulugu hem de lokalizasyon basarisi acisindan 6ne ¢ikmustir. Onceki YOLO
siirimleriyle (YOLOvI1-v10) yapilan benzer c¢alismalarda [19], genellikle CNN tabanli mimarilerin
performansi degerlendirilmistir. YOLOv12’nin dikkat tabanli mimarisi ve FlashAttention gibi yenilik¢i
teknolojileri, bu geleneksel yaklagimlardan ayrilarak donanim-yazilim optimizasyonu sayesinde rekabetgi
bir performans sunmaktadir. Elde edilen %71,96 mAPS50 degeri, literatiirdeki diger modern nesne tespit
modelleriyle [18, 19] karsilastirildiginda rekabetci bir seviyede olup, YOLOv12 nin bu spesifik gorev i¢in
ne kadar uygun oldugunu gostermektedir.

Karigiklik matrislerinin analizi (Sekil 6), modelin “Multi Diode” ve “Multi Bypassed Substring” gibi
genis alana yayilan ve termal izleri belirgin olan arizalar1 yliksek basarimla siniflandirdigini gostermistir.
Bu durum, modelin ayirt edici biiylik dlgekli ozellikleri 6grenmede etkili oldugunu diisiindiirmektedir.
Ancak, “Single Hotspot” ile “Multi Hotspot™ gibi gorsel olarak benzer ve “Single Diode” gibi daha kiigiik,
lokal arizalarin tespiti ve siniflandirilmasinda zorluklar yasanmasi, modelin ince taneli siniflandirma
kabiliyetinin gelistirilmesi gereken bir alan olduguna isaret etmektedir. Bu sonuglar, YOLOv12’nin, giines
enerjisi santrallerinde insansiz hava araclar1 (IHA) ile yapilan otonom denetim sistemlerine entegre edilme
potansiyelini gostermektedir. Erken ariza tespiti, enerji liretim kayiplarint en aza indirmenin yani sira
yangin gibi giivenlik risklerini de 6nleyerek santral isletme verimliligini ve giivenligini artirabilir.

Calismanin bazi sinirliliklar1 bulunmaktadir. Oncelikle, analizler Kaggle platformundan elde edilen tek
bir kamuya agik veri setine dayanmaktadir. Modelin farkli cografi bolgelerden, cesitli ¢evresel kosullar
(6rnegin, farkli 1smim seviyeleri, nem, kirlilik) altinda toplanmis verilerle test edilmesi, genelleme
yetenegini daha saglam bir sekilde ortaya koyacaktir. ikinci olarak, YOLOv12 nin Ampere ve iizeri
NVIDIA GPU mimarilerine olan donanim bagimliligi, algoritmanin daha eski veya farkli donanimlarda
kullanimini kisitlayicr bir faktor olabilir.

Gelecekteki caligmalarda, modelin zorlandig1 gorsel olarak benzer siiflar arasindaki ayrim kabiliyetini
artirmak icin odaklanmig veri artirma teknikleri veya kayip fonksiyonu modifikasyonlar1 denenebilir.
Ayrica, modelin gercek zamanli performansinin sahada bir IHA iizerine entegre edilerek test edilmesi ve
farkli hava kosullarmin model dogruluguna etkisinin incelenmesi degerli olacaktir. Son olarak, termal
verilerin elektroliiminans veya gorsel spektrum goriintiileri gibi diger modalitelerle birlestirilmesi, daha
kapsamli ve giivenilir bir ariza tespit sistemi olusturma potansiyeli tagimaktadir.

V. SONUCLAR

Bu calismada, termal goriintiiler kullanilarak fotovoltaik panellerde meydana gelen anomalilerin tespiti
amaciyla YOLOvI12 algoritmasinin farkli varyantlar1 performans agisindan karsilastirilmigtir. Yapilan
analizler sonucunda, YOLOV12 | modeli %71,96 mAPS50 ve %54,78 mAP50-95 degerleriyle en basarili
varyant olarak belirlenmistir. Calismanin sonuglari, YOLOv12 mimarisinin 6zellikle dikkat tabanli yap1 ve
FlashAttention optimizasyonlar1 sayesinde fotovoltaik panel arizalarimin otomatik ve dogru bir sekilde
tespitinde gii¢lii bir alternatif sundugunu gostermektedir. Modelin hem siniflandirma hem de lokalizasyon
basarisi, gelecekteki bakim ve izleme sistemlerine entegre edilmesi i¢in umut verici bir temel
olusturmaktadur. Ileri ¢aligmalar kapsaminda, modelin farkli iklim kosullari, panel tipleri ve daha genis veri
setleri lizerinde test edilerek genelleme kabiliyetinin artirilmasi ve model boyutunun optimize edilerek
diisiik donanim kapasiteli sistemlerde de etkin ¢alisabilirliginin saglanmasi dnerilmektedir.
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Ozet — Yenilenebilir enerji kaynaklarinin, 6zellikle de giines enerjisi santrallerinin (GES) dagitim
sebekelerine artan entegrasyonu, geleneksel gii¢ sistemlerinin operasyonel paradigmasini koklii bir bigimde
degistirmektedir. Bu ¢alisma, s6z konusu entegrasyon siirecinin yol actig1 temel teknik zorluklari; gerilim
regiilasyonu problemleri, reaktif giic/kompanzasyon dengesizlikleri ve harmonik bozulmalar olmak iizere
li¢c ana baslik altinda sistematik bir sekilde incelemektedir. Her bir problem alani, kok nedenleri ve sebeke
tizerindeki olumsuz etkileriyle birlikte analiz edilmis; ardindan bu sorunlarin bertaraf edilmesine yonelik
literatlirde ve endiistriyel uygulamalarda yer alan giincel ¢6ziim metodolojileri detaylandirilmistir. Coziim
yaklasimlar1 kapsaminda akilli eviriciler, bataryali enerji depolama sistemleri (BESS), Yiik Altinda
Kademe Degistiriciler (OLTC) ve Esnek Alternatif Akim Iletim Sistemleri (FACTS) gibi modern
teknolojilerin rolleri incelenmistir. Ayrica, konunun hukuki boyutu ele alinarak, Tiirkiye’deki mevcut
mevzuatin bu teknik zorluklar1 nasil adresledigi ve uluslararas: standartlarla uyumu degerlendirilmistir. Bu
calisma, GES entegrasyonunun ¢ok katmanli bir miihendislik problemi oldugunu ortaya koymakta ve
sebeke kararlilig1 ile gii¢ kalitesinin siirdiiriilebilirligi i¢in teknolojik, operasyonel ve regiilatif ¢oziimlerin
biitiinciil bir yaklasimla ele alinmasi gerektigini vurgulamaktadir.

Anahtar Kelimeler — Dagitik Uretim, Giines Enerjisi Entegrasyonu, Gerilim Regiilasyonu, Reaktif Gii¢ Yonetimi, Gii¢ Kalitesi.

I. GIRIS

Kiiresel iklim degisikligiyle miicadele stratejileri ve siirdiiriilebilirlik hedeflerinin bir geregi olarak,
yenilenebilir enerji kaynaklarina dayali elektrik enerjisi iiretimi, kiiresel 6lgekte ivme kazanan bir egilim
olarak 6ne ¢ikmaktadir. Tirkiye, bu kiiresel egilime paralel olarak, bilhassa gilines ve riizgar enerjisi
alanlarindaki kurulu giiclinii son yillarda kayda deger 6lciide artirmistir. Bu artisin somut bir gostergesi
olarak, Temmuz 2022 itibartyla yaklasik 9,7 GW olan giines enerjisi kurulu giiciiniin, 2024 yili sonu
itibartyla 19 GW seviyesini asarak yalnizca iki bucuk yillik bir periyotta iki katina ¢ikmis olmasidir [1].

S6z konusu hizli bliylime, dagitim sebekelerine entegre edilen ¢ok sayida yeni Giines Enerjisi Santrali’nin
(GES) isletmeye alinmasina ve bunun neticesinde sebeke operasyonlarinda daha 6nce karsilagilmayan yeni
kosullarin ortaya ¢ikmasina neden olmustur. Merkezi tiretimden tiiketim noktalarina dogru tek yonli bir
enerji akis1 prensibine gore tasarlanmis olan konvansiyonel dagitim sebekelerinin yapisi, dagitik iiretim
tesislerinin sisteme dahil olmastyla birlikte koklii bir transformasyona ugramaktadir [2-4]. Sekil 1°de
goriildiigli lizere, modern elektrik sebekesi, dagitik iiretim ve depolama sistemlerinin entegrasyonu
sayesinde c¢ift yonlii enerji akigina izin veren karmasik bir yapiya doniigmiistiir. Dagitik {iretim
kaynaklarinin sebekeye baglandigi noktalarda, iletim kayiplarinin azalmasi, gerilim destegi saglanmasi ve
pik yiiklerin hafifletilmesi gibi pozitif katkilar g6zlemlenebilmekle birlikte, ¢esitli negatif etkilerin ortaya
cikmast da muhtemeldir [5, 6]. Gergeklestirilen akademik caligmalar, fotovoltaik (PV) sistemlerin stirekli
isletim kosullarinda, 6zellikle gerilim profili iizerinde olumsuz etkilere yol agabilecegini ve muhtelif
giivenlik sorunlarmi tetikleyebilecegini gostermektedir [7, 8]. Bu sebeple, yenilenebilir enerji kaynakli
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tretimin dagitim hatlarina entegrasyonunun sebeke iizerindeki etkilerinin detayli bir bicimde analiz
edilmesi, bu siirecte ortaya c¢ikan teknik sorunlarin tespiti ve bu sorunlara yonelik etkin ¢dziim
yontemlerinin gelistirilmesi biiyiik 6nem arz etmektedir.
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Sekil 1. Dagitik enerji kaynaklarinin entegrasyonu ile ¢ift yonlil enerji akist

Bu calismanin ilerleyen boliimlerinde, dagitim sebekelerinde yenilenebilir enerji, 6zellikle de giines
enerjisi entegrasyonundan kaynaklanan baglanti sorunlart, ii¢ temel baslik altinda incelenmektedir: Gerilim
problemleri, reaktif gii¢/kompanzasyon problemleri ve harmonik problemleri. Akabinde, bu sorunlarin
¢cozlimiine yonelik mevcut ve dnerilen yontemler ele alinacak; elde edilen bulgular, Tiirkiye’ye 6zgii ilgili
mevzuat ¢ercevesinde degerlendirilerek 6zetlenecektir.

II. DAGITIM SEBEKESINDE BAGLANTI PROBLEMLERININ TEKNIK ANALIZi

Dagitik tiretim tesislerinin sebekeye artan entegrasyonu, geleneksel tek yonlii gii¢ akis1 paradigmasini
degistirerek operasyonel agidan yeni teknik zorluklar dogurmaktadir. Bu boliimde, Sekil 2°de gdsterilen
yap1 gercevesinde s6z konusu zorluklar; gerilim regiilasyonu, reaktif glic yonetimi ve harmonik bozulmalar
basliklar1 altinda, temel nedenleri ve etkileriyle incelenecektir.

—o-
[ Gerilim Regilasyonu i—o_J / \ [é¢ Reaktif Glg Yéjnetimi]
Pand

l 1
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Tesislerinin
Entegrasyonu
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Sekil 2. Dagitik iiretim entegrasyonunun yol actig1 temel teknik problemler

A. Gerilim Regiilasyonu Problemleri

Dagitim sebekelerine PV tabanli tiretim tesislerinin entegrasyonu, sebekenin gerilim profillerinde 6nemli
pertiirbasyonlara neden olma potansiyeli tasimaktadir. Konvansiyonel dagitim sistemleri, transformatdérler
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ve hat empedanslar itibariyla, enerjinin kaynaktan yiike dogru tek yonlii akisi prensibine gore
tasarlanmistir. Ancak, GES’lerin devreye girmesiyle, 6zellikle yerel tiiketimin iiretimden diisiik oldugu
durumlarda, Ters Gii¢ Akis1 (Reverse Power Flow - RPF) olarak bilinen olgu meydana gelir. Bu durum,
sebeke iizerinde asir1 gerilim kosullarinin olusmasina zemin hazirlar [9]. Bilhassa giin ortast gibi yiik
talebinin asgari, PV {retiminin ise azami oldugu periyotlarda, enerji akis yoOniiniin tiiketiciden
transformatore dogru tersine donmesi, hat sonlarindaki veya PV baglanti1 noktasina yakin diigimlerdeki
gerilimin, yonetmeliklerle tanimlanan operasyonel sinirlar1 asmasina yol agabilir. Gerilim bandi ihlalleri,
tiiketiciye ait cihazlarda arizalara sebebiyet vermesi ve sebeke ekipmanlari iizerinde termal ve elektriksel
stresi artirmasi nedeniyle dagitim sebekesi isletmeciligi a¢isindan kabul edilemez bir durumdur.

Alcak gerilim (AG) seviyesinde, EN 50160 gibi uluslararasi standartlar, sebeke geriliminin nominal
degerin +%10’u araliginda kalmasini zorunlu kilmaktadir [10]. Orta gerilim (OG) sebekeleri i¢in de benzer
sekilde dar tolerans bantlar1 tanimlanmistir. Ancak, dagitik tiretim penetrasyonunun yogun oldugu hatlarda
bu smirlarin ihlal edilme riski artmaktadir. Yapilan bir analizde, OG dagitim sebekesine PV entegrasyonu
incelenmis; dengeli bir iiretim-tiiketim senaryosunda sebeke geriliminin 30,89 kV’tan nominal seviye olan
31,5 kV’a yiikseldigi gézlemlenmistir. Buna mukabil, kontrolsiiz ve yliksek bir PV iiretimini igeren hatali
entegrasyon senaryosunda ise gerilimin 32,56 kV seviyesine ¢ikarak standartlarin {izerinde, kabul edilemez
bir asim olusturdugu tespit edilmistir [2]. Bu bulgu, dagitik {iretimin plansiz veya asir1 boyutta
entegrasyonunun gerilim profillerini regiilasyon sinirlarinin disina tastyabildigini kanitlamaktadir.

Dagitim sebekelerinde gerilim regiilasyonunun karmasikligi, farkli yiik profillerine sahip fiderlerin ayni
transformatorden beslendigi senaryolarda daha belirgin hale gelmektedir. Sekil 3°teki sebekede, hafif yiiklii
A hatti, agir yiiklii C hatt1 ve GES baglantili B hattinin ayn1 transformatore bagli oldugu bir durumu ele
alalim.

Sekil 3. Ayni dagitim transformatoriine bagli farkli karakteristikteki yiikler [11]

Transformatoriin sekonder gerilimi, B hattinda asir1 gerilim olusumunu engellemek amaciyla diisiik bir
seviyeye ayarlandiginda, agir yiiklii C hattinin sonundaki gerilim seviyesi standart alt sinirin altina diisme
riskiyle kars1 karsiya kalir. Tersi durumda, C hattindaki diisiik gerilimi kompanze etmek i¢in transformator
kademesi ytikseltildiginde ise B hattindaki gerilim bu kez asir1 gerilim bolgesine girmektedir [10]. Bu
regiilasyon ikilemi, dagitik tretim varliginda geleneksel gerilim kontrol yodntemlerinin yetersiz
kalabildigini gostermektedir. Ayrica, bulut gecisleri gibi atmosferik kosullara bagli olarak PV {iretimindeki
ani ve hizli degisimler, gerilim dalgalanmalarina ve fliker olarak adlandirilan gii¢ kalitesi bozulmalarina
neden olabilir. Bu nedenlerle gerilim kararliliginin muhafaza edilmesi, dagitik {iretim entegrasyonunun en
kritik teknik zorluklarindan birini teskil etmektedir.

B. Reaktif Gii¢ Yonetimi ve Kompanzasyon Problemleri

Dagitim sebekesine baglanan yenilenebilir enerji kaynaklari, sistemin reaktif gii¢ akis dinamiklerinde de
koklii degisimlere yol agmaktadir. Giines enerjisi sistemlerinde kullanilan gii¢ elektronigi tabanl eviriciler
(inverterler), genellikle birim gii¢ faktoriinde (cos ~ 1) galisacak sekilde konfigiire edilir. Bu operasyonel
tercihin temel nedeni, iiretilen aktif giicii maksimize etmek ve dagitim sirketleri tarafindan uygulanan
reaktif enerji tarifelerinden kaynaklanan cezai yaptirimlardan kaginmaktir. Eviricilerin birim gii¢
faktoriinden saparak reaktif gii¢ iiretmesi veya tiilketmesi durumunda, (1) sebekeye basilan aktif gii¢
miktarinin azalmasiyla santral verimliliginde diisiis ve (2) sebeke ile kontrolsiiz bir reaktif gii¢ aligverisi
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nedeniyle tesise yiliksek maliyetli reaktif gii¢ cezalar1 tahakkuk ettirilmesi gibi iki temel sorun ortaya ¢ikar
[12].

Bununla birlikte, GES isletmelerinde kompanzasyon ihtiyaci, iiretim periyotlari ve liretim dis1 periyotlar
arasinda farklilik gdstermektedir. Giindiiz saatlerinde, yiiksek aktif gii¢ tiretimi nedeniyle tesisin reaktif giic
tilketiminin toplam giice oram1 diisiik kalmakta ve genellikle ilave bir kompanzasyon ihtiyaci
dogmamaktadir. Ancak gece saatlerinde veya iiretimin olmadigi durumlarda, GES devre dis1 kalir ve tesis
sebekeden diisiik miktarda bir aktif enerji ¢ekerken, eviricilerin ve uzun kablo hatlarinin yarattigi kapasitif
etki nedeniyle sebekeye kapasitif karakterli reaktif gii¢c enjekte edebilir. Giindiiz saatlerinde aktif giice
oranla ithmal edilebilir diizeyde olan bu kapasitif etki, gece saatlerinde aktif gii¢ akisinin neredeyse sifir
olmastyla baskin hale gelerek kapasitif reaktif ceza riskini ortaya ¢ikarir [12]. Ozellikle mevcut endiistriyel
tesislere entegre edilen ¢at1 tipi GES uygulamalarinda, PV sisteminin devreye alinmasinin ardindan mevcut
kompanzasyon sistemlerinde gerekli revizyonlarin yapilmamasi halinde kapasitif cezalarla karsilasildigt
sikc¢a rapor edilmektedir [13].

Bu problemin ¢6ziimii, klasik kompanzasyon sistemlerinin, sistemin kapasitif karakterini dengeleyecek
sekilde sont reaktorler ile techiz edilmesini gerektirir. Kapasitif reaktif giicli sonlimlemek amaciyla
kompanzasyon rolelerine uygun kademelerde sont reaktorlerin ilave edilmesi, tesisin hem endiiktif hem de
kapasitif reaktif gii¢ ihtiyacina dinamik olarak yanit vermesini saglar. Ayrica, ¢ift yonlii 6l¢iim yapabilen
modern reaktif giic kontrol rolelerinin kullanimi, GES’li tesislerin operasyonel modlarini (giindiiz/gece)
hassas bir sekilde tespit ederek uygun kompanzasyon elemanlarini devreye alabilir [12].

Dagitim sebekesi Olgeginde ise yaygin PV entegrasyonu, fiderlerin reaktif gii¢ karakteristigini
degistirmektedir. Geleneksel olarak endiiktif olan dagitim hatlari, yiiksek PV {iretimi ve diisiik yiik
kosullarinda kapasitif bir karaktere biirtinebilir. Bu durum, dagitim sirketlerinin gerilim regiilasyonu i¢in
kullandig1 kapasitor banklar1 gibi ekipmanlarin igletim stratejilerini yeniden degerlendirmesini gerektirir.
Zira asin kapasitif reaktif gii¢, gerilim yiikselmesi problemini daha da siddetlendirebilir. Dolayisiyla,
dagitik tretimin yogunlastiZi bolgelerde Statik Senkron Kompanzatorler (STATCOM) gibi dinamik
kompanzasyon ekipmanlarinin kullanimi 6nem kazanmaktadir [14].

C. Harmonik Distorsiyon Problemleri

Yenilenebilir enerji sistemlerinin entegrasyonuyla iligkili bir diger dnemli gii¢ kalitesi sorunu, harmonik
bozulmalardir. PV sistemler, irettikler1 dogru akimi (DC), sebeke ile uyumlu alternatif akima (AC)
doniistiirmek i¢in yariiletken anahtarlama elemanlara dayali eviriciler kullanir. Bu eviricilerin dogasi
geregi gergeklestirdigi yiiksek frekansli anahtarlama islemleri, ideal siniizoidal dalga formundan sapmalara
neden olur. Bu sapmalar, temel frekansin tam kat1 frekanslara sahip olan ve harmonik olarak adlandirilan
istenmeyen akim ve gerilim bilesenlerini meydana getirir [15].

Harmonik bilesenlerin sebekeye enjekte edilmesi; iletkenler, transformatérler ve motorlarda ek kayiplara
ve asirt 1simnmaya, hassas elektronik cihazlarin hatali ¢alismasina ve koruma sistemlerinin istenmeyen
acmalarina neden olabilir [16]. Bu durum hem enerji verimliligini diisiiriir hem de ekipman Omiirlerini
kisaltarak 6nemli ekonomik kayiplara yol agar. Bu etkileri minimize etmek amaciyla, Tiirkiye’deki ilgili
hizmet kalitesi yonetmelikleri ve IEEE 519 gibi uluslararas: standartlar, sebekeye baglanacak ekipmanlar
icin Toplam Harmonik Distorsiyon (Total Harmonic Distortion - THD) ve bireysel harmonik bilesenlerine
yonelik smirlar tanimlamaktadir. Ornegin, AG sebekeleri igin toplam gerilim harmonik bozulmasinin
(THD _V) tipik olarak %5°1 asmamasi gerekmektedir [15].

Modern PV evirici teknolojileri, gelismis Darbe Genislik Modiilasyonu (Pulse Width Modulation -
PWM) algoritmalar1 ve LCL gibi etkin filtre devreleri sayesinde harmonik emisyonlarin1 standartlarla
uyumlu, oldukga diisiik seviyelerde tutabilmektedir. Yapilan ¢aligsmalar, uygun tasarlanmis pasif filtrelerin
harmonik bozulmay1 kabul edilebilir seviyelere indirdigini gostermektedir [15]. Bununla birlikte, ¢ok
sayida eviricinin ayn1 noktaya baglandig: yiiksek penetrasyonlu sistemlerde, eviricilerin harmonik akimlar
ile sebeke empedansinin (6zellikle kapasitor banklar1 ve kablo kapasitelerinin) etkilesime girerek belirli
frekanslarda harmonik rezonans yaratma riski bulunmaktadir. Bu nedenle, biiyiik o6lcekli GES
baglantilarinda, toplu bir harmonik analizi yapilarak potansiyel rezonans risklerinin degerlendirilmesi kritik
oneme sahiptir. Sonug olarak, PV sistemlerinin harmonik etkileri teknolojik olarak kontrol edilebilir olsa
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da sebekenin genel gii¢ kalitesinin korunmasi adina siirekli izlenmesi ve yonetilmesi gereken bir
parametredir.

III.  TEKNIK PROBLEMLERE YONELIK COZUM METODOLOJILER]

Dagitim sebekelerinde dagitik liretimin yayginlagmasiyla ortaya ¢ikan ve dnceki boliimde detaylandirilan
teknik problemlere yonelik olarak, literatiirde ve endiistriyel uygulamalarda ¢esitli ¢6ziim metodolojileri
gelistirilmistir. Bu boliimde, gerilim regiilasyonu, reaktif gii¢ yonetimi ve harmonik bozulmalarin negatif
etkilerini azaltmaya yonelik temel ¢6ziim yaklasimlar1 ve ileri diizey stratejiler ele alinmaktadir.

A. Gerilim Problemlerine Yonelik Coziim Yaklasimlar

Dagitik iiretimin neden oldugu gerilim pertiirbasyonlariin sontimlenmesi hem sebeke operatorii hem de
liretim tesisi seviyesinde uygulanabilecek miidahaleleri gerektirir. Temel yaklasimlardan biri, dagitim
transformatorlerinde Yiik Altinda Kademe Degistirici (On-Load Tap Changer - OLTC) mekanizmalarinin
kullanilmasidir. Yiiksek PV penetrasyonuna sahip sebekelerde OLTC’ler, yiik ve iiretimdeki degisimlere
bagli olarak transformatoriin ¢cevirme oranini dinamik olarak ayarlayarak gerilim regiilasyonunda etkin bir
ara¢ teskil eder [9]. Bununla birlikte, sik kademe degistirme islemi mekanik asinmayi artirarak
transformatoriin operasyonel omriinii kisaltabileceginden ve ¢ok hizli gerilim salinimlarina yanit vermede
gecikme yasayabileceginden, tek basina yeterli olmayabilir. Benzer sekilde, hat boyunca konumlandirilan
adim gerilim regtilatorleri de gerilim profilini iyilestirmek i¢in kullanilabilir.

Modern PV eviricileri, gerilim kontroliine aktif olarak katilabilecekleri gelismis fonksiyonlarla
donatilmistir. Bu fonksiyonlar arasinda en yaygin olanlar1 Volt-VAr (Gerilime Bagli Reaktif Gii¢ Kontrolii)
ve Volt-Watt (Gerilime Bagli Aktif Gii¢ Kisintis1) kontrol modlaridir [9].

Volt-VAr Kontrolii: Sebeke geriliminin tanimlanan bir esik degeri agsmasi1 durumunda, evirici sebekeden
endiiktif reaktif gii¢ ¢cekerek (veya kapasitif reaktif gii¢ basarak) gerilim yiikselmesini baskilayabilir.
Volt-Watt Kontrolii: Gerilim seviyesinin kritik sinirlara ulagsmasi halinde, evirici aktif gii¢ ¢ikisini otonom
olarak kisarak ters gii¢ akisini azaltir ve gerilimin diismesine yardimci olur. Aktif gii¢ kisintisi, enerji iretim
kaybina neden oldugu icin ekonomik acidan yatirimcilar i¢in son ¢are olarak goriilse de sebeke
kararliliginin korunmasi adina kritik bir iglevdir.

Gerilim kontrolii i¢in Esnek AC iletim Sistemleri (FACTS) cihazlar1 gibi 6zel ekipmanlar kullanilabilir.
Statik Senkron Kompanzatorler (STATCOM), baglanti noktasina anlik ve dinamik olarak reaktif gii¢
enjekte ederek veya cekerek gerilim dalgalanmalarini ve flikeri etkin bir sekilde sontimler [17, 18].

Bataryali enerji depolama sistemleri (BESS), gerilim regiilasyonu i¢in ¢ok fonksiyonlu bir ¢6ziim sunar.
Fazla PV iiretimi sirasinda enerjiyi depolayarak ters giic akisini ve dolayisiyla gerilim yiikselmesini
onlerken, tiretimin diistiigii veya talebin arttig1 anlarda depolanan enerjiyi sebekeye desarj ederek gerilim
diistimlerini engeller [19, 20]. Literatiirde, BESS {initelerinin OLTC ve diger regiilatorlerle esgiidiimlii
kontroliine dayali, gerilim profilini optimize eden hibrit kontrol algoritmalar1 da 6nerilmektedir [9].

Onleyici bir tedbir olarak, yeni GES baglantilar1 ncesinde detayli giic akisi ve kisa devre analizleri
yapilmalidir. Yapilan teknik degerlendirmeler sonucunda, onerilen santralin gerilim profilini standartlarin
disina tagiyacagi ongoriiliirse, iletken kesitlerinin artirilmasi, ek transformator tesisi veya santral i¢in daha
uygun bir baglanti noktasi1 belirlenmesi gibi sebeke giiclendirme ¢alismalar1 zorunlu hale gelebilir.

B. Reaktif Giig/Kompanzasyon Sorunlarina Yonelik Coziim Yaklasimlar

Tesis seviyesinde temel ¢dziim, eviricilerin gii¢ faktdriiniin hassas bir sekilde ydnetilmesidir. Uretim
sirasinda eviricilerin birim gii¢ faktoriinde (cose = 1) calistirilmasi esastir. Gece saatlerinde veya diisiik
tiretimde ortaya c¢ikan kapasitif etkiyi dengelemek igin, tesisin mevcut kompanzasyon sisteminin,
sebekeden ¢ekilen veya sebekeye basilan reaktif giicli ¢ift yonli olarak Glgebilen akilli kompanzasyon
roleleri ile donatilmasi gerekir. Bu rdleler, tesisin operasyonel moduna (tliketim/iiretim) gore sont reaktor
veya kondansator kademelerini otomatik olarak devreye alir. Ayrica, modern eviriciler gece modunda
calisarak, aktif gii¢ liretimi olmasa dahi sebekeye reaktif gii¢ destegi saglayabilir [12].

Dagitim Sistemi Operatorleri (DSO), dagitik iiretimin yaygin oldugu bolgelerdeki reaktif giic akisini
dinamik olarak yonetmelidir. Bu, zaman ayarli anahtarlanan geleneksel kapasitor banklar yerine, gerilim
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seviyesine gore calisan otomatik kontrollii kapasitor ve reaktdr banklarinin kullanilmasini igerir. Yiiksek
PV iiretimi nedeniyle sistemin kapasitif bir karaktere biiriindiigii durumlarda, sebekeye entegre edilen sont
reaktorler ile reaktif giic dengesi saglanir [12].

C. Harmonik Sorunlarina Yénelik Coziim Yaklasimlar:

PV sistem kaynakli harmoniklerin negatif etkilerini azaltma, Onleyici tasarim, izleme ve diizeltici
eylemleri igceren ¢ok katmanlt bir yaklasimi gerektirir. Temel ¢6ziim, uluslararast harmonik standartlarina
(6rn. IEEE 519, IEC 61000 serisi) uygun, diisiik harmonik bozulma oranina sahip yiiksek kaliteli
eviricilerin se¢ilmesidir. Bu eviriciler, gelismis PWM teknikleri ve LCL gibi etkin pasif filtreler sayesinde
sebekeye enjekte ettikleri harmonik akimlari minimize eder [15].

Kurulum sonrasi yapilan 6l¢timlerde harmonik seviyelerinin standartlar1 astigi tespit edilirse, harici filtre
¢oziimleri uygulanir. Belirli bir harmonik frekansini hedef alan pasif filtreler (ayarl filtreler) veya genis bir
frekans spektrumundaki harmonikleri ters fazda akim enjekte ederek dinamik olarak soniimleyen aktif gii¢
filtreleri kullanilabilir.

DSO’lar tarafindan kurulan giic kalitesi izleme sistemleri, sebekenin kritik noktalarindaki THD
seviyelerini siirekli olarak takip eder. Bu veriler, harmonik kirliligindeki artis trendlerini proaktif olarak
tespit etme ve kaynagini belirleme imkéani sunar. Ayrica, sebekede harmonik rezonans riskini énlemek
amaciyla, kapasitor banklarinin belirli harmonik frekanslarina kars1 de-tune edilmis reaktorlerle birlikte
(reaktorlii kompanzasyon) kullanilmasi gibi planlama onlemleri alinir. Bu ¢ercevede, santral yatirimeilar
sebeke ile uyumlu ekipman se¢imi sorumlulugunu tagirken, dagitim sirketleri de gii¢ kalitesi standartlarini
uygulama ve denetleme yetkisine sahiptir.

IV. MEVZUAT CERCEVESINDE TEKNIK VE HUKUKI DEGERLENDIRME

Yenilenebilir enerji kaynaklarinin dagitim sebekesine entegrasyonu ve isletimi, Tiirkiye’de kapsamli bir
yasal ve teknik cerceve ile diizenlenmektedir. Bu diizenlemeler, dagitik iiretimin sebeke ile giivenli, kararli
ve uyumlu bir bigimde biitiinlesmesini temin etmeyi hedefleyen teknik kriterleri, idari prosediirleri ve
isletme esaslarin1 tanimlamaktadir.

Tirkiye’de, 6zellikle kiicilik ve orta 6l¢ekli dagitik iiretim tesislerinin sebekeye entegrasyonu, temel olarak
“Lisanssiz Elektrik Uretimine Iliskin Y6netmelik” ve bu ydnetmelikte yapilan miiteakip degisiklikler ile
diizenlenmektedir. Bu yonetmelik uyarinca, belirli kapasite sinirlar1 dahilindeki yenilenebilir enerji
tesislerinin lisans alma muafiyetiyle dagitim sistemine baglanmasina olanak taninmistir. Giincel mevzuat,
11 kW ve alt1 kurulu giice sahip fotovoltaik sistemlerin AG seviyesinden, 11 kW {izeri sistemlerin ise
dagitim sirketinin yapacagi teknik tahkike bagli olarak AG veya OG seviyesinden sebekeye baglanmasin
ongormektedir [10]. Lisanssiz liretim i¢in genel iist sinir 1 MW olarak belirlenmis olmakla birlikte, 6z
tiiketim modelleri ve cati tipi GES uygulamalarinin tesviki amaciyla bu smirda esneklikler ve ozel
diizenlemeler getirilmistir. Yonetmelik, her bir tesis i¢in standart bir bagvuru ve proje onay siireci tanimlar.
Bu siiregte dagitim sirketi, baglant: talep edilen noktanin teknik elverisliligini; trafo yiiklenme orani, hat
iletkenlerinin termal limiti, kisa devre giicii ve potansiyel gerilim sapmalar1 gibi parametreler iizerinden
degerlendirir. Teknik analizler sonucunda baglantinin sebeke giivenligini tehlikeye atacagi veya isletme
standartlarini ihlal edecegi tespit edilirse, dagitim sirketi bagvuruyu reddetme veya teknik olarak uygun
alternatif bir baglant1 noktasi tahsis etme yetkisini haizdir.

Mevzuat, sebeke koruma sistemlerinin en kritik unsurlarindan biri olan adalalasma korumasina 6zel bir
onem atfetmektedir. Dagitim sebekesine paralel ¢alisan bir PV sisteminin, sebekede meydana gelen bir
ariza veya planli kesinti durumunda derhal ve otomatik olarak sebekeden izole olmasi hem saha
personelinin can gilivenligi hem de sebeke restorasyon operasyonlarin koordinasyonu i¢in birincil bir
gereklilik olarak tanimlanmistir [10]. Bu dogrultuda, yonetmelik ve ilgili teknik sartnameler, eviricilerin
ada modunu tespit ederek iiretimi kesecek otonom koruma fonksiyonlarina sahip olmasini sart kogsmaktadir.
[lk diizenlemelerde bu konudaki teknik detaylarda belirsizlikler bulunsa da sonraki revizyonlarla EN 50438
gibi Avrupa standartlarina uyum saglanmis; eviricilerin tanimlanmig gerilim ve frekans sapma araliklarinda
azami 2 saniye icinde sebekeden ayrilmasi zorunlulugu getirilmistir [10]. Ornegin, EN 50438 standardi,
nominal 230 V’luk bir sistemde gerilimin 207 V altina diismesi, 253 V {iizerine ¢ikmasi veya frekansin 48
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Hz-50,5 Hz bandinin disina ¢ikmasi durumunda ada modu tespiti yapilarak eviricinin baglantisinin
kesilmesini talep etmektedir [10].

Enerji Piyasast Diizenleme Kurumu (EPDK) tarafindan yayimlanan “Elektrik Dagitim1 ve Perakende
Satisgina iliskin Hizmet Kalitesi Y&netmeligi”, dagitim sisteminde saglanmasi gereken giic kalitesi
parametrelerini ve standartlarini tanimlar. Bu yonetmelik, dagitim sirketlerini, +%10 gerilim band1 gibi
tanimli siirlar dahilinde tiiketicilere enerji arz etmekle sorumlu tutar. Ayni sekilde, sebekedeki harmonik
bozulmalar i¢in de uluslararas1 IEC/EN standartlarina atifla belirlenmis limitler mevcuttur. Dagitim sirketi,
herhangi bir sebeke kullanicisinin neden oldugu harmonik emisyonlarin1 kontrol altinda tutmakla
miikelleftir. Belirlenen sinirlar1 asan bir kullaniciya yonelik olarak uyari, diizeltme talebi ve son ¢are olarak
baglantinin kesilmesi gibi yaptirimlar uygulama yetkisine sahiptir. Bu kurallar, glines enerjisi santralleri
i¢in de gecerlidir. Ozellikle MW seviyesindeki santrallerin devreye alinmas: siirecinde, harmonik l¢iim
raporlarinin dagitim sirketine sunulmasi bir zorunluluktur. Ayrica, eviricilerin sebekeye DC enjeksiyonu
yapmasinin onlenmesi, dagitim transformatorlerinde DC doyma riskini bertaraf etmek amaciyla teknik
sartnamelerde alt1 ¢izilen bir diger kritik husustur [10].

Reaktif giic yonetimi, mevzuatin dnemli bir diger boyutunu olusturur. Tiirkiye’deki tarife yapis1 geregi,
mesken dis1 abonelerin ¢ektikleri veya iirettikleri reaktif enerjinin aktif enerjiye oraninin belirlenmis
siirlar1 (genellikle endiiktif icin tan(¢) > 0,33; kapasitif i¢in tan(p) > 0,20) asmasi durumunda, “reaktif
enerji tiiketim bedeli” ad1 altinda cezai bir miieyyide tatbik edilmektedir. Bu durum, GES’li tesislerin hem
tiretim hem de tiiketim modlarinda reaktif giic dengesini hassas bir sekilde yonetmesini zorunlu kilar. 2022
yilinda yapilan bir diizenleme ile lisanssiz GES tesislerinin kompanzasyon sistemlerine dair kayit ve
bildirim ytkiimliiliikleri daha da netlestirilmis, belirli durumlarda iiretim noktasinda reaktif giic destek
ekipmanlarinin bulundurulmasi sart kosulmustur [1]. Bu diizenlemeler, dagitim sebekesinin genel giic
faktoriiniin korunarak sistem verimliliginin ve kararliliginin artirilmasini amaglamaktadir.

Tiirkiye, dagitim sebekesine yenilenebilir enerji entegrasyonu konusunda, uluslararasi standartlart ve en
1yi uygulamalari, ulusal mevzuatin harmonizasyonu ¢ergevesinde yakindan referans almaktadir. Ulusal
standartlarin heniiz gelistirilmedigi alanlarda, TEIAS ve dagitim sirketleri tarafindan IEEE ve IEC gibi
uluslararasi kuruluslarin standartlari esas alinmaktadir. Ornegin, PV eviricilerinin sebeke baglanti kriterleri
icin IEEE 1547 standardi uzun yillardir de facto bir standart olarak kabul gérmiistiir [10]. Bu uluslararasi
normlar, TEIAS Sebeke Yonetmeligi ve Dagitim Sistemine Baglant1 Sartlar1 gibi iist diizey diizenlemeler
araciligiyla ulusal mevzuata entegre edilmektedir. Nitekim, s6z konusu yonetmelik, iletim seviyesine bagli
rliizgar ve giines santrallerine yonelik frekans ve gerilim destegi gibi yardimci hizmet yiikiimliiliiklerini
tanimlamistir.

Sonug itibariyla, Tiirkiye’de dagitik enerji kaynaklarinin entegrasyonuna yonelik yasal ve teknik cerceve,
dinamik bir yap1 sergilemekte ve artan dagitik tiretim penetrasyonunun getirdigi yeni teknik zorluklara yanit
verecek sekilde siirekli olarak evrilmektedir. Yatirimcilar ve isletmeciler i¢in bu mevzuata tam uyum,
yalnizca yasal bir zorunluluk degil, ayn1 zamanda sebeke ile uyumlu ve siirdiirtilebilir bir isletme pratiginin
temelini olusturmaktadir.

V. SONUCLAR

Bu calisma, Tirkiye’de ve diinyada hizla artan giines enerjisi santrallerinin dagitim sebekelerine
entegrasyonunun yol actig1 temel teknik zorluklari ve bu zorluklara yonelik ¢6zliim yaklasimlarini kapsamli
bir bigimde ele almistir. Yapilan analizler, dagitik iiretimin artan penetrasyonunun, geleneksel tek yonli
giic akis1 prensibine gore tasarlanmis sebekelerde; (1) ters giic akislarina bagl gerilim yiikselmeleri ve
dalgalanmalari, (2) 6zellikle gece saatlerinde veya diisiik liretimde ortaya ¢ikan reaktif glic dengesizlikleri
ve kompanzasyon sorunlar1 ve (3) evirici kaynakli harmonik bozulmalar gibi {i¢ temel teknik probleme yol
actigini ortaya koymustur.

Bu sorunlarin ¢oziimii i¢in OLTC, akilli eviricilerin Volt-VAr/Volt-Watt gibi gelismis fonksiyonlari,
STATCOM gibi FACTS cihazlari, bataryali enerji depolama sistemleri, akilli kompanzasyon réleleri ve
aktif/pasif filtreler gibi teknolojik ve metodolojik yaklagimlarin mevcut oldugu vurgulanmistir. Bu
¢Oziimlerin, sebeke kararlilhigini ve gii¢ kalitesini korumak i¢in hem yerel tesis bazinda hem de sistem
operatorii seviyesinde koordineli bir sekilde uygulanmasi gerektigi anlasilmaktadir. Ayrica, Tiirkiye’deki
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mevcut mevzuatin bu teknik gereklilikleri biiylik 6lgiide adresledigi, sebeke kodlarinin uluslararasi
standartlarla uyum iginde gelistigi ve hem yatirimcilar hem de sebeke operatdrleri i¢in belirli sorumluluklar
tanimladig1 tespit edilmistir. Mevzuatin varligi, entegrasyon siirecinin kontrolsiiz bir sekilde ilerlemesini
engelleyerek sebeke gilivenligini temin etmede kritik bir rol oynamaktadir.

Dagitim sebekelerine yenilenebilir enerji entegrasyonu, salt bir kapasite artisindan ziyade, sebekenin
isletim paradigmasini temelden degistiren, proaktif planlama, dinamik kontrol ve ileri diizey izleme
kabiliyetleri gerektiren karmasik bir miihendislik problemidir. Gelecek c¢alismalarda, akilli evirici
fonksiyonlarmin ve enerji depolama sistemlerinin sebeke capinda esgilidiimlii kontroliine yonelik
optimizasyon algoritmalarinin gelistirilmesi ve bu teknolojilerin maliyet-fayda analizlerinin Tiirkiye
0zelinde detaylandirilmasi, sebeke doniigiimiiniin siirdiiriilebilirligi agisindan kritik 6nem tasiyacaktir.
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Ozet — Bu galismada, elektrobiriktirme ydntemiyle iiretilen titanyum nitriir (TiN) partikiil takviyeli Ni-W
(nikel-volfram) esasli kompozit kaplamalarda, yiizey aktif madde olarak kullanilan sodyum dodesil siilfatin
(SDS) farkli konsantrasyonlarinin kaplama o6zellikleri {izerindeki etkileri arastirilmistir. Bu amacla, SDS
konsantrasyonu sirasiyla 0,025 g/L, 0,100 g/L ve 0,200 g/L olacak sekilde ii¢ farkli kaplama banyosu
hazirlanmistir. Daha sonra, 6n islemleri yapilmis 1040 ¢geligi iizerine kaplama islemleri gergeklestirilmistir.
Kaplama sirasinda tiim islem parametreleri sabit tutulmus, yalnizca SDS konsantrasyonu degistirilerek bu
parametrenin kaplama &zelliklerine etkisi degerlendirilmistir. Uretilen kaplamalar; yiizey morfolojisi
(SEM), kimyasal bilesim ve kristal yap1 (XRD), zeta potansiyeli, mikrosertlik (Vickers), asinma davranist
gibi 6zellikler agisindan incelenmistir. Yiizey ve kesit goriintiileri taramali elektron mikroskobu (SEM) ile
analiz edilmis, kaplama kalinlig1 ve homojenligi degerlendirilmistir. Ayrica, zeta potansiyeli dlglimleri ile
kaplama banyosundaki partikiillerin dispersiyon kararlilig1 hakkinda bilgi elde edilmistir. Bu ¢alismanin
temel amaci, sodyum dodesil siilfatin (SDS) kaplama mikro yapisi, mekanik ozellikleri ve tribolojik
performansi iizerindeki etkisini ortaya koymak ve optimum SDS konsantrasyon araligini belirlemektir.
Elde edilen bulgularin, yilizey aktif madde kullaniminin kompozit kaplama kalitesi ve mekanik
performansina etkilerini agiklayarak literatiire katki saglamas1 hedeflenmektedir.

Anahtar Kelimeler — Elektrobiriktirme, Asinma, Sertlik, Kaplama, Sodyum Dodesil Siilfat (SDS), Ni-W.

I. GIRIS

Endiistride kullanilan malzemelerden kullanildigi uygulama alanmma gore bircok 6zellik
istenmektedir. Bu 6zelliklerin hatir1 sayilir bir kismini ise yiizey 6zellikleri olusturmaktadir. Giliniimiizde
bu ozellikleri saglamak amaciyla yiizey kaplamalar1 yaygin olarak kullanilmaktadir [1]. Kaplamalar,
malzemelerin sertlik, korozyon ve asinma dayanimi gibi 6zellikleri gelistirilebilmek i¢in kullanilabildigi
gibi aynm1 zamanda gorsel amagh olarak da kullanilmaktadir. Ayrica zamanda tek bir malzeme ile
saglanamayan Ozelliklerin saglanmasi i¢in de kompozit ve partikiil takviyeli kaplamalar olusturmak da
miimkiindiir. Bu tiir kaplamalar seramik veya diger sert partikiiller ile birlikte kullanilarak hem mekanik
hem de kimyasal dayaniklilik acisindan avantajli olabilmektedir. BOylece malzemenin sahip oldugu
ozelliklere ek olarak ekonomik ve etkili bir sekilde sertlik, asinma ve korozyon direnci
kazandirilabilmektedir [2].

Nikel esasli kaplamalar, krom gibi sert malzemelere kars1 en giiclii kaplamalardan biridir. Bunun
yaninda nikel yanma ilave edilen W gibi elementler ile Ni-W gibi kompozit kaplamalar
yapilabilmektedir[3]. Nikel kaplamalar akimli ve akimsiz sekilde olusturulabilecegi gibi kendi igerisinde
de yontemlere ayrilabilmektedir. Yiizey kaplamalarin akimli bir sekilde yapilmasi elektrobiriktirme olarak
da tanimlanabilmektedir. Elektrokaplamanin baslangici ise 18.yy baslarina dayanmaktadir[4].
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Akimli1 kaplama i¢in ise birden fazla yontem vardir. Dogru akim, kesikli akim ve tesine kesikli akim
bunlardan birkagidir. Kaplama ic¢in farkli yontem kullanilmasi kaplamanin kimyasal ve fiziksel
ozelliklerinde de etkilidir[4].

Daha iyi bir kaplama elde edebilmek i¢in banyolarda kullanilan ¢esitli kimyasallar mevcuttur. Bu
kimyasallar yardimci maddeler olarak da kullanilmaktadir. Bunlar1 kullanmamizin bir amaci da
partikiillerin topak hale gelmeden homojen bir sekilde yiizeye yapismasidir. [5] Bu malzemelerden biri de
yilizey aktif madde olarak kullanilan sodyum dodesil siilfat (SDS)’tir [6]. Yiizey aktif maddeler yiizey
gerilimini azaltarak homojen bir yap1 ve ¢ozeltide bir stabilite saglayan maddelerdir[7]. Bu ¢alismada bir
ylizey aktif madde olan SDS’nin farkli konsantrasyonlarindaki ¢ozeltilerinde {iretilen kaplamalari
inceleyecegiz.

II. MATERYAL VE YONTEM

Bu ¢alismada kaplama iglemleri i¢in altlik malzeme olarak 1040 ¢eligi tercih edilmistir. Kaplama
banyosuna daldirilmadan 6nce celik altliklarin yiizeyi, sirasiyla mekanik zzimparalama, alkali temizleme ve
asit banyosuna daldirma islemlerine tabi tutularak kaplamanin ylizeye daha iyi tutunmasini saglayacak
uygun bir yiizey durumu elde edilmistir.

Kaplamalar i¢in farkli SDS konsantrasyonlarina sahip ii¢ ayr1 kaplama banyosu hazirlanmistir.
Banyolarin hazirlanmasinda nikel kaynagi olarak nikel siilfat hekzahidrat (NiSO4-6H20), volfram kaynagi
olarak sodyum tungstat dihidrat (Na2WOa4-2H.0), iletkenligi artirmak amactyla sodyum bromiir (NaBr),
kompleks olusturucu olarak sodyum sitrat dihidrat (Na;CsHsO7-2H-0) ve akim verimini iyilestirmek igin
amonyum kloriir (NH4Cl) kullanilmigtir. Belirlenen kimyasallar uygun oranlarda ¢6zeltiye ilave edildikten
sonra manyetik bir karistirict yardimiyla homojen hale getirilmistir.

Yiizey aktif madde olarak kullanilan sodyum dodesil siilfat (SDS) ve takviye fazi olarak tercih
edilen titanyum nitriir (TiN) partikiilleri, kaplama banyosuna eklenmeden Once ultrasonik karigtirma
islemine tabi tutulmus, bdylece partikiillerin aglomerasyonu oOnlenerek banyoda homojen bir dagilim
saglanmistir. Ultrasonik 6n iglemin ardindan SDS ve TiN partikiilleri kaplama ¢ozeltisine ilave edilmis ve
karistirma islemi belirli bir siire daha devam ettirilmistir.

SDS ve TiN igeren ¢ozeltiler 3 farkli SDS oraninda hazirlanmis olup oranlar1 Tablo 1°de verilmistir.
SDS disindaki diger tiim bilesenler SDS farkin1 gozlemleyebilmek i¢in sabit tutulmustur.

Tablo 1. Farkli SDS konsantrasyonundaki ¢ozeltilerin SDS miktarlari

Cozelti TiN Miktan SDS Miktan
(g/L) (g/L)
1 1g/L 0,025g/L
1g/L 0,100g/L
3 1g/L 0,200g/L

Kaplamalarda elektrobiriktirme metotlarindan biri olan kesikli akim yontemi tercih edilmistir.
Banyo sicakliklari1 70 °C, karigtirma hizi 200 rpm, kaplama siiresi 60 dakikadir. Diger kaplama
parametreleri ise Tablo 2’de verilmistir.

Tablo 2. Kaplama parametreleri

Parametre Deger

Siire 60 dk
Karigtirma Hiz1 200 rpm

Sicaklik 70 °C
Akim Yogunlugu 1A/dm?
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Kaplama siireci boyunca islem parametreleri titizlikle kontrol edilmis, 6zellikle banyo sicakliginin
sabit kalmasi saglanmistir. Ayrica kaplama esnasinda ¢ozelti igerisinde yer alan altlik ylizeylerinin
konumlar1 sabit tutulmus ve diiz bir sekilde durmalari saglanarak homojen bir kaplama olusumu
hedeflenmistir. Kaplama islemi tamamlandiktan sonra yiizeyler banyodan ¢ikarilarak hizli bir sekilde
durulanmis ve kurutma islemine tabi tutulmustur.

Kaplamalarin yiizey morfolojisi ve kesit goriintiilerini elde etmek i¢in taramali elektron mikroskobu
(SEM) kullanilmistir. Kristal yap1 analizleri ise X-1s1in1 difraktometresi (XRD) ile gerceklestirilmistir.
Kaplamalarin asinma davranigini incelemek amaciyla Ball-on-Disc yontemi uygulanmistir. Bu testler oda
sicakliginda, kuru ortamda, 10 mm ¢apinda ¢elik bilye kullanilarak gergeklestirilmis; kaplamalar 2 N yiik
altinda, 25 cm/s kayma hizinda ve toplam 500 m kayma mesafesi boyunca test edilmistir.

Kaplamalarin sertlik dl¢limleri; ylizeyler 6nceden kesilerek bakalitlenip zimparalama ve parlatma
islemlerinden gecirildikten sonra Vickers mikrosertlik cihazi ile dlglilmiistiir. Sertlik 6l¢timleri 50 gram
yiik, 15 saniye boyunca uygulanarak yapilmistir. Ayrica, kaplama banyolarindan alinan ¢ozelti numuneleri
kullanilarak zeta potansiyel Ol¢timleri yapilmig ve partikiil dispersiyon kararlilig1 degerlendirilmistir.

III. BULGULAR VE TARTISMA

Sekil 1°de farkli SDS konsantrasyonlarindaki kaplamalarin kesit SEM goriintiileri verilmistir.
Olusan kaplama kalinliklarina bakildiginda 0,100g/L ve 0,200g/L SDS igeren ¢ozeltilerde gergeklestirilen
kaplamaninin 0,025g/L SDS igeren ¢ozeltide gergeklesen kaplamaya gore bir miktar daha yiiksek olduklari
goriinmektedir. Kaplamalarin yiizeylerine dikkat edildiginde ise 0,100g/L ¢ozeltide hazirlanan kaplamanin
diger kaplamalara gore ¢ok daha homojen dagilmis, uniform bir ylizey sergiledigi dikkat ¢ekmektedir.

SEM HV:20.00kV  WD: 12.02 mm VEGAWTESCAN ~ SEM HV:20.00kV  WD: 12.02 mm
View field: 229.8 ym  Det: BSE 50 ym 7 View field: 229.8 ym Det: BSE
SEM MAG: 1.00 kx  Date(m/dly): 04/17/24 Sakarya Unlversl!yn SEM MAG: 1.00 kx  Date(m/dly): 04/17/24

VEGAWTESCAN ~ SEM HV:20.00 kV  WD: 11.98 mm
7 View field: 229.8 ym Det: BSE
Sakarya Unlv:rsl(yn SEMMAG: 1.00 kx  Date(m/dly): 04/17/24

VEGAW TESCAN

50 um 50 um

Sakarya University n

Sekil 1. Farkli SDS konsantrasyonlarindaki kaplama kesitlerinin SEM goriintiileri: a) 0,025g/L, b) 0,100g/L, c¢) 0,200g/L.

Sekil 2’de farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin EDS analizleri verilmistir.
Analizlere bakildiginda her birinde TiN goziikse de SDS konsantrasyonu 0.100 g/L olarak hazirlanmis
numunedeki TiN oran1 diger konsantrasyonlara gore ¢ok daha fazladir.
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a)‘

C),

Elt. | Atomic | Conc | Units Elt. | Atomic | Conc | Units Elt. | Atomic | Conc | Units
% % %

N 2.051 0.164 | wt.% N 12.18 1.149 | wt.% N 2.628 0.545 | wt.%

Ti 2.005 1.329 | wt.% Ti 1191 9.306 | wt.% Ti |2.778 1.971 | wt.%

Ni | 84.022 | 68.280 | wt.% Ni 68.69 | 64.426 | wt.% Ni | 86.410 | 75.161 | wt.%

W | 11.922 | 30.229 | wt.% W 7.21 25.118 | wt.% W | 8.183 22.360 | wt.%

Sekil 2. Farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin EDS analizleri: a) 0,025g/L, b) 0,100g/L c) 0,200g/L.

Farkl1 SDS konsantrasyonlarinda iiretilmis yiizey kaplamalarinin ¢ozeltisinden alinarak dl¢iilen zeta
potansiyel degerleri Tablo 3’de verilmistir. 0,025g/L SDS igeren ¢ozeltide hazirlanan numunenin zeta
potansiyeli digerlerine gore daha yliksek gelmistir. Bu tiir kaplamalarda ideal degerin -30 mV yakinlarinda
olmasin istenildigiden diger 0,100g/L ve 0,200g/L SDS ile hazirlanan ¢dzeltilerdeki tanecikler arasi itme

veya ¢ekme degerinin daha iyi oldugu goziikkmektedir.

Tablo 3. Farkli SDS konsantrasyonlarinda tiretilmis kaplamalarin zeta potansiyeli degerleri.

SDS Miktan Zeta Potansiyeli

(g/L) (mV)

0,025 g/LL -14,18

0,100 g/L. -28.23

0,200 g/L -36,87
600000 1 0,025 3,000
500000 A 0,100 278
1 }\ —— 0,200 2556
3400000 _ l \ 2333
'% 300000 _ //\\ 2,111
E 200000 890
] /) \\ 1667
100000 _ / \\ 1a4a
O 1,222
. T T ,‘ T 1,000

-150  -100  -50 0 50 100 150

Zeta potential (mV)

Sekil 3. Farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin zeta potansiyeli.

Farklt SDS konsantrasyonlarindaki ¢ozeltilerde gerceklestirilen Ni-W esasli kaplamalarin XRD
analizleri Sekil 4’de verilmistir. Sekil 4’e bakildiginda olusturulan tiim kaplamalarin yiizey merkezli yapiya
sahip oldugu goriilmektedir. 20 ya karsilik gelen 44°, 52° ve 76° pikleri nikelin (111), (200) ve (220)
diizlemlerine ait piklerdir[8]. TiN partikiillerin agirlikga oraninin %35’in altinda olmasi XRD analizinde
piklerinin tespit edilememesine yol a¢maktadir. Bu deger altindaki pikler giiriilti icerisinde
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algilanamayacak kadar zayif olabilmekte, giiriiltii icerisinde kaybolabilmekte veya diger baskin pikler ile
ortiisebilmektedir|[2].

5000

4000 4
= 3000- 0,200 g/L
s
z (\
§ o \ 0,100 g/L
£ ) ‘M o~ g

1000 -

0,025 g/L
0 I
T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90
20(degree)

Sekil 4. Farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin XRD spektrumlart.

Sekil 5°te farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin sertlik degerleri grafik halinde
verilmistir. Burada 0,100 SDS konsantrasyonunda olusturulan kaplamanin digerlerine gore daha yiiksek
sertlik gosterdigi goziikmektedir. Bu konsantrasyondaki sertligin yiiksek olma sebebi TiN partikiillerin
ylizeye ¢ok daha 1yi sekilde niifuz etmesi ve kaplanmasidir[9]. SDS konsantrasyonu arttiginda ise sertligin
bir miktar diistiigli gozlemlenmistir. Kaplamalar arasinda en diisiik sertlik degerine ise 0,025 SDS
konsantrasyonunda olusturulan kaplamada ulasilmistir.

820 | T T T ]
800 -
780 E
| 782
S 760 767!
= ]
= 740 e
x
g 742
& 720 -
700 :
680 e
660 - -
0.025 ‘ 0.100 ‘ 0.200
SDS Orani

Sekil 5. Farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin sertlik degerleri.

Sekil 6 ve Sekil 7°de farkli SDS konsantrasyonlarinda tiretilmis kaplamalarin yiizeylerindeki asinma
izlerinin SEM goriintiileri verilmistir. Sekil 6 ve Sekil 7’ye bakildiginda 0,100g/L SDS ile hazirlanan
kaplama numunesinin asinma izinin yaklasik 189,7um oldugu ve digerlerine gore daha dar bir alana
yayildig1 goriilmektedir. Asinma izi en genis numune ise 238,6um ile 0,025g/L SDS ile hazirlanmis olan
numunedir.
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SEM HV:20.00kV  WD: 17.79 mm Lo ot VEGAW TESCAN
View field: 919.2ym  Det: BSE 200 H
SEM MAG: 250x  Date(m/dly): 04/17/24

SEMHV:20.00kV  WD: 17.79 mm VEGAW TESCAN
View fleld: 919.2pym  Det: BSE 200 ym
SEMMAG: 250x  Date(m/dly): 04/17/24

SEMHV:20.00 KV WD: 17.79 mm VEGAN TESCAN
View fleld: 919.2ym  Det: BSE 7
SEMMAG: 250x  Date(midly): 04/17/24

‘Sakarya University I

Sakarya University n

‘Sakarya University n

Sekil 6. Farkli SDS konsantrasyonlarinda iiretilmis kaplama ytizeylerindeki asinma izlerinin SEM goriintiileri: a) 0,025 g/L, b)
0,100 g/L ve ¢) 0,200 g/L.

SEMHV:20.00kV  WD: 17.79 mm Civeloosi] VEGAWTESCAN ~ SEMHV:20.00kv ~ WD:17.79mm L. . 1. . | VEGANTESCAN ~ SEMHV:20.00kV  WD: 17.79 mm
View field: 459.6 um ~ Det: BSE 100 um 7 Viewfield: 459.6 ym Det: BSE 100 pm “  Viewfield: 459.6 ym Det: BSE

VEGAW TESCAN
100 p 7
SEM MAG:500x  Date(midly): 04/17/24 Sakarya University. SEMMAG:500x  Date(midly): 04/17/24 Sakarya Unlvenny" SEMMAG: 500x  Date(m/dly): 04/17/24

Sakarya Unlvouliyn

Sekil 7. Farkli SDS konsantrasyonlarinda iiretilmis kaplama yiizeylerindeki asinma izlerinin SEM goriintiileri: a) 0,025 g/L, b)
0,100 g/L ve ¢) 0,200 g/L

Sekil 8’de Farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin siirtiinme katsayist ve aginma
oranlar grafikleri verilmistir. Grafiklerde de goriildiigii lizere en diistik siirtiinme katsayis1 0,100g/L SDS
konsantrasyonundaki yiizey kaplamasina aittir. Ayrica bu kaplamanin grafigine baktigimizda digerlerinden
daha stabil bir yol izledigi de goriilmektedir. Diger konsantrasyonlardaki kaplamalarin grafikleri daha
dengesiz ve kararsiz oldugu goriilmiistiir. Asinma oranmi grafigine baktigimizda da ayni sekilde 0,100g/L
SDS konsantrasyonuna sahip kaplamanin daha az oranda asindigi, daha fazla asinma direnci gosterdigi
goriilmektedir. Optimal SDS oraniyla birlikte TiN partikiillerdeki artis kaplama sertligini arttirdig: gibi
asinma aninda da ortaya ¢ikan deformasyona karsi bir direng gdosterebilmektedir[9].
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o
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Sekil 8. Farkli SDS konsantrasyonlarinda iiretilmis kaplamalarin siirtiinme katsayis1 ve asinma oranlari grafikleri.
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IV.  SONUCLAR

Bu caligmada farkli sodyum dodesil siilfat (SDS) konsantrasyonlarinin Ni-W esasli TiN partikiil takviyeli
kompozit kaplamalar iizerindeki etkileri arastirllmigtir. Elektrobiriktirme yontemiyle elde edilen
kaplamalar, sertlik, asinma direnci ve yiizey 0zellikleri agisindan degerlendirilmistir. Elde edilen bulgular
SDS konsantrasyonunun kaplamalar lizerindeki etkisini gostermistir[10].

SEM ‘de alinan goriintiilere bakildiginda 0,100 g/L SDS konsantrasyonunda elde edilen kaplamanin
daha homojen, diizglin ve uniform bir yiizey yapist olusturdugu goriilmiistiir. Yine bu konsantrasyonda
kaplama kalinlig1 da iyi bir seviyede ¢ikmistir. Zeta potansiyeli dl¢timleri 0,100 g/L ve 0,200 g/L SDS
konsantrasyonlarindaki kaplamalarin -30mV seviyesine yakin degerlere sahip oldugunu ve bu sayede daha
stabil bir dispersiyon sagladigin1 gostermistir. XRD analizleri tiim kaplamalarin yiizey merkezli kiibik
yapida oldugunu ve nikelin (111), (200) ve (220) diizlemlerine ait pikler gosterdigini ortaya koymustur[11].

Sertlik testleri 0,100 g/L SDS konsantrasyonundaki kaplamanin en yiiksek sertlige sahip oldugunu
gostermis, SDS orani arttik¢a da sertlik degerlerinde diismeler gozlemlenmistir. Asinma testleri sonucunda
da 0,100 g/L SDS konsantrasyonundaki kaplamalarda daha dar bir alana yayilan asinma izi ve daha diistik
asinma orani tespit edilmistir. Siirtinme dayanimi agisindan bakildiginda yine bu konsantrasyonun en
diisiik ve kararli davranig sergiledigi goriilmiistiir. Degerlere bakildiginda 0,100g/L  SDS
konsantrasyonunun TiN takviyeli Ni-W esasli kaplamalar i¢in en uygun oran oldugu, yiizey morfolojisi,
mekanik dayanim ve asinma direnci agisindan optimum performans gosterdigi sdylenebilir.

Sonug olarak, 0,100 g/L SDS konsantrasyonunun, bu calismadaki Ni-W-TiN kaplamalar i¢in en
dogru SDS konsantrasyonu oldugu, kaplamalarin yiizey morfolojisi, sertlik, asinma direnci ve siirtiinme
davranis1 agisindan daha dengeli ve basarili sonuglar verdigi belirlenmistir. Bu bulgular, elektrobiriktirme
ile kaplama uygulamalarinda uygun yiizey aktif madde konsantrasyonunun 6nemini vurgulamaktadir.

KAYNAKLAR

[1]1 G. Topal, B. Esencal Tiirkaslan, “Akimsiz Kaplama Y &ntemiyle Nikel Esasli Metalik Kaplamalarin Uretimi,” Miihendislik
Bilimleri ve Tasarim Dergisi, 2023, 11(3), 1001-1008.

[2] E.Duru, A. Oztiirk, M. Uysal, H. Akbulut, S. Aslan, “Ni-BW Kaplamalarinda W Konsantrasyonunun Sertlik ve Asinma
Ozelliklerine Etkisi,” Avrupa Bilim ve Teknoloji Dergisi, 2022, (34), 610-616.

[3] Steffani, C., & Meltzer, M. (1995). Electrodeposited tungsten-nickel-boron: A replacement for hexavalent chromium. U.S.
Department of Energy. https://www.osti.gov/servlets/purl/72974

[4] Giurlani, W., Zangari, G., Gambinossi, F., Passaponti, M., Salvietti, E., Di Benedetto, F., Caporali, S., & Innocenti, M.
(2018). Electroplating for decorative applications: Recent trends in research and development. Coatings, 8(8), 1-25.
https://doi.org/10.3390/coatings8080260

[5] Uyanik, G., Fizikokimya, Karadeniz Teknik Universitesi Basimevi (1992).

[6] Sriraman, K. R., Ganesh Sundara Raman, S., & Seshadri, S. K. (2007). Corrosion behaviour of electrodeposited
nanocrystalline Ni-W and Ni-Fe-W alloys. Materials Science and Engineering A, 460—461, 39-45.

[7] Sinanoglu, E. (1998). Biskiivi iiretiminde kullanilan katk1 maddeleri (Yiiksek lisans tezi, Istanbul Teknik Universitesi, Gida
Miihendisligi Boliimii). Istanbul, Tiirkiye.

[8] Aslan, S., & Duru, E. (2022). Microstructure and wear properties of electrodeposited Ni-B-Al.Os composite coating on low
carbon steel at elevated temperature. Journal of Materials Engineering and Performance, 31(3), 1693-1704.
https://doi.org/10.1007/s11665-021-06290-2

[9] Aslan, S., & Duru, E. (2021). Akimsiz Ni-P-W kompozit kaplamalarda PTFE konsantrasyonunun sertlik ve asinma iizerinde
etkisi. Avrupa Bilim ve Teknoloji Dergisi (European Journal of Science and Technology), Ozel Say1 28, 1356-1359.
https://doi.org/10.31590/ejosat. 1016986

[10] Duru, E., Dogan, F., Uysal, M., Akbulut, H., & Aslan, S. (2021). Optimization of Ni-B coating bath and effect of DMAB
concentration on hardness and wear [Surfaces and Interfaces, 22, article 100880]. Surfaces and Interfaces, 22, Article
100880. https://doi.org/10.1016/j.surfin.2020.100880

[11] Dogan, F., Uysal, M., Algiil, H., Duru, E., Akbulut, H., & Aslan, S. (2020). Optimization of pulsed electro co-deposition
for Ni-B-TiN composites and the variation of tribological and corrosion behaviors. Surface and Coatings Technology, 400,
Article 126209. https://doi.org/10.1016/j.surfcoat.2020.126209

248


https://www.osti.gov/servlets/purl/72974
https://doi.org/10.1007/s11665-021-06290-2
https://doi.org/10.31590/ejosat.1016986
https://doi.org/10.1016/j.surfin.2020.100880
https://doi.org/10.1016/j.surfcoat.2020.126209

5™ International Conference on Scientific and Innovative

. 7.
Studies N
July 15-16, 2025: Konya, Turkey €S 1S
© 2025 Published by All Sciences Academy https://as-proceeding.com/index.php/icsis/home

Deep Learning Approach for Disease Detection in Canine

Yasin AKMAN'#*, Sakir TASDEMIR? and Nuriza ZAMIRBEKOVA ERDOGAN?

IComputer Engineering Department, Selcuk University, Konya, Turkey
2Computer Engineering Department, Selcuk University, Konya, Turkey
3Faculty of Veterinary Medicine, Selcuk University, Konya, Turkey

*(vasinakman@gmail.com) Email of the corresponding author

Abstract — Canine Hip Dysplasia (CHD) is a common orthopedic disorder that severely impairs the quality
of life of the animal. Its diagnosis by radiographic evaluation presents standardization challenges due to its
susceptibility to inter-rater variability. This study aims to develop and validate a robust deep learning based
system for objective classification of CHD from pelvic X-ray images. Each image was labeled by an expert
veterinarian according to the Fédération Cynologique Internationale (FCI) scoring system. These scores
were combined into two classes, ‘No Dysplasia’ (AB) and ‘Dysplasia Present’ (CDE). To avoid data
leakage and to provide an unbiased performance evaluation, 20% of the data was used as a separate test set.
As a result of the comparative analysis of different Convolutional Neural Network (CNN) architectures,
the DenseNet201 model outperformed the other architectures with a test accuracy of 83.44%, Cohen's
Kappa score 0of 0.7118, ROC AUC of 0.9268, and weighted F1 score of 0.8573. These findings suggest that
the DenseNet201 architecture can be integrated into veterinarians' clinical workflows as a decision support
tool with high potential for rapid and objective screening of CHD.

Keywords — Canine Hip Dysplasia, Deep Learning, Convolutional Neural Network, FCI Scoring, Veterinary Radiology.
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I. INTRODUCTION

Canine Hip Dysplasia (CHD) is a common and painful inherited orthopedic condition that affects a
significant proportion of the canine population, especially medium and large breeds [1, 2]. The disease is
characterized by abnormal development of the hip joint, which leads to laxity and instability of the joint
and, over time, to the development of progressive and debilitating osteoarthritis. Clinical signs such as
difficulty standing up and “bunny hops” when running can significantly reduce the dog's quality of life and
may require long-term medical treatment or costly surgical interventions [2, 3]. The standard approach to
diagnosing CHD is to combine physical examination findings with radiographic imaging [2, 4]. Various
scoring systems exist worldwide, such as the Orthopedic Foundation for Animals (OFA) in the USA, the
British Veterinary Association/Kennel Club (BVA/KC) in the UK and the Fédération Cynologique
Internationale (FCI) system widely used in Europe [5, 6]. Although these traditional methods are essential
diagnostic tools, they have significant limitations, the most important of which are inter-rater and intra-
rater variability at different times [5, 7]. The FCI system used in this study categorizes hips into five classes
(A-E) [6]. In recent years, artificial intelligence (Al), particularly deep learning (DL) and Convolutional
Neural Networks (CNN), has emerged as a transformative technology in medical imaging [8]. The
application of deep learning in veterinary medicine is a rapidly growing field and numerous studies have
shown success in analyzing radiographs [8, 9]. Recent studies have begun to explore deep learning
specifically for CHD diagnosis, aiming to automate the measurement of radiographic indices or directly
classify degrees of dysplasia, showing promising results in improving objectivity and efficiency [7, 9, 10,
11].

II. MATERIALS AND METHOD

The dataset consists of a total of 812 radiographic images of the hip joint for the detection of hip dysplasia
in dogs. The five FCI scores have been combined into two main categories:

- Grade AB (No Hip Dysplasia): Combines the FCI A and B ratings.

- Class CDE (Hip Dysplasia Present): Combines FCI grades C, D and E.

This unification simplifies the complex grading system. This approach is a common first step when
developing computer-aided diagnostic systems. As a result of this simplification, the model can answer the
question "is dysplasia present?" but not "what is the severity of dysplasia?". While this is recognized as a
limitation of the study, it provides a clear roadmap for future multi-class and sequential classification
studies.

A. Data Segmentation and Methodological Rigor

To ensure a robust and unbiased model evaluation, the full dataset of 812 images was initially divided
into two main, non-overlapping parts:

- Development Set (80%): Consists of 649 images. This set was used for training and validation of the
models.

- Hold-Out Test Set (20%): Consists of 163 images. This set was kept strictly separate and was not used
in any of the model training or validation phases.

The final image counts for each set and class are as follows:
- Training and Validation: 357 images in Class AB and 292 images in Class CDE.
- Separated Test Set: 89 images in Class AB and 74 images in Class CDE.

This partitioning strategy is a cornerstone of our methodology. By isolating the Segregated Test Set from
the very beginning, we prevent any kind of data leakage. This is a critical point to be aware of.
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B. Deep Learning Models and Training Protocol

In order to determine the most effective DenseNet model for this task, the variants DenseNetl21,
DenseNet169, DenseNet201 were evaluated. The models were implemented using a transfer learning
approach. The networks were initialized with pre-trained weights on the large-scale ImageNet dataset and
then fine-tuned on our custom CHD dataset.

C. Performance Evaluation Metrics

Model performance was evaluated on the disaggregated test set using comprehensive performance
evaluation metrics to provide a holistic view of diagnostic capability.

- Accuracy: The ratio of correctly classified samples to total samples.
TP + TN

TP+TN+ FP +FN

Accuracy =

- Precision: Indicates how many of the samples predicted as positive are actually positive.
TP

TP + FP

- Sensitivity (Recall / Sensitivity): Indicates how many true positive samples are correctly predicted as
positive.

Precision =

TP
TP+ FN

- F1-Score: The harmonic mean of precision and sensitivity.
Precision x Recall
F1—Score =2x

Recall =

Precision + Recall

-ROC AUC (Area Under the Receiver Operating Characteristic Curve): Measures the ability of the model
to discriminate between two classes at all possible thresholds. A value of 1.0 represents a perfect classifier.

- Cohen's Kappa (k): Measures the agreement between the model's predictions and expert labels,
excluding the chance factor [12, 13, 14]. It is a more reliable measure than accuracy in medical diagnosis
and in cases of class imbalance.

Po — Pe
~ 1-—Pe

Here Po is the observed fit (accuracy) and Pe is the expected fit by chance. A Kappa value of 1 indicates
perfect agreement, 0 indicates agreement equivalent to chance and negative values indicate agreement
worse than chance.

K

III. RESULTS

The performance of DenseNet models was rigorously evaluated on a previously unseen segregated test
set of 163 hip radiographs (89 AB, 74 CDE). The Cohen's Kappa score indicates the most robust
classification agreement measure corrected for chance. The models are therefore ranked in descending order
of Cohen's Kappa score (see Table 1). The comprehensive results are presented in Table 2. It provides a
multifaceted view of performance, including not only a single metric such as accuracy, but also metrics
sensitive to class imbalance (Cohen's Kappa, F1 Score). This level of detail is critical for reproducibility
and enables other researchers to understand differences between models.
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Table 1. Comparison of Cohen's Kappa Scores of the Models on the Separated Test Set.

Model Name Cohen Kappa
DenseNet201 0.7118
DenseNet121 0.6366
DenseNet169 0.4899

DenseNet201 achieved a higher compliance score than all other architectures.

Table 2. Performance of Deep Learning Models on a Segregated Test Set

Model Name Test Cohen’s ROCAUC F1Score Precision Recall F1Score F1 Score
Accuracy Kappa Macro Weighted Weighted Weighted AB CDE
DenseNet201 0.8344 0.7118 0.9268 0.8573 0.8639 0.8589 0.8783 0.8321
DenseNet121 0.8037 0.6366 0.8753 0.8201 0.8259 0.8221 0.8466 0.7883
DenseNet169 0.7607 0.4899 0.8196 0.7441 0.7771 0.7546 0.8039 0.6721

DenseNet201 is the best performing model, consistently scoring the highest in all reported metrics.
DenseNetl21 is the second best performer. A notable and unexpected finding is the significant
underperformance of DenseNet169, which scores lower in every metric than the less complex
DenseNetl21.

Power of Discrimination (ROC AUC): Roc Auc Macro scores indicate how well the models can separate
classes. DenseNet201's score of 0.9268 indicates that the model is very likely to rank a randomly selected
positive sample higher than a randomly selected negative sample. This indicates an excellent class
separation ability when averaged across all classes. The use of macro averaging ensures that this result
holds even for potentially rare classes. The scores obtained by DenseNet121 (0.8753) and DenseNet169
(0.8196) are also respectable, but clearly lower.

Prediction Reliability (Cohen's Kappa): Cohen’s Kappa scores reflect the reliability of predictions after
correcting for chance. DenseNet201's score of 0.7118 represents a "substantial" level of agreement with the
actual labels. This confirms that its high accuracy is not just a product of chance or class imbalance. The
drop to 0.6366 ("substantial") for DenseNet121 and a more pronounced drop to 0.4899 ("moderate") for
DenseNet169 emphasize the decreasing reliability in the predictions of less complex models.

The presence of the metrics “F1 Score AB” and “F1 Score CDE” encourages a segmented analysis of the
dataset. These metrics provide an opportunity to understand how the models respond to groups of classes
of different difficulty levels. It can be assumed that classes ‘A’ and ‘B’ represent an ‘easier’ task, while
classes ‘C’, ‘D’ and ‘E’ represent a more ‘difficult’ task.

Group AB Analysis: All models perform relatively well in this subset. The F1 scores are 0.8783
(DenseNet201), 0.8466 (DenseNet121) and 0.8039 (DenseNet169). The difference in performance between
the models is present but less pronounced in this group.

Group CDE Analysis: This group is where the performance differences are most pronounced.
DenseNet201 maintains a strong F1 score of 0.8321, while DenseNetl121's performance drops more
significantly to 0.7883. The performance of DenseNet169 drops dramatically to 0.6721. This suggests that
the architectural advantages of DenseNet201 are most critical for accurately classifying the more
challenging CDE class group. It is noteworthy that the performance degradation is not homogeneous across
models. While the F1-score drop from the AB group to the CDE group for DenseNet201 is (0.8783 - 0.8321)
=0.0462, this drop is (0.8039 - 0.6721) = 0.1318 for DenseNet169. This shows that the deeper model is not
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only better overall, but also disproportionately better at the more difficult parts of the problem. The
architectural complexity provides a robustness that the other models lack.

IV.  DISCUSSION

This study successfully developed and validated DenseNet201, a deep learning model for the
classification of canine hip dysplasia from radiographs. It achieved a high level of diagnostic performance
on an unprecedented test set. The model's Cohen's Kappa score of 0.7118 indicates a significantly close
agreement with the expert veterinarian. It also shows its potential as a reliable diagnostic aid.

Our results are consistent with the growing evidence supporting the use of deep learning in veterinary
radiology [8]. Previous studies on automatic CHD classification have reported varying accuracies, often
depending on dataset size and classification schemes [10, 7]. Our reported accuracy of 83.44% and AUC
of 0.9268 is highly competitive and supported by our rigorous hold-out validation methodology, which
provides a high degree of confidence in the results.

The approach of using Al to automate measurements and classification in hip dysplasia mirrors trends in
human medicine for Developmental Dysplasia of the Hip (DDH). In human medicine, Al has been shown
to outperform moderately experienced clinicians and reduce measurement variability [15, 16, 17]. This
cross-species parallel strengthens the rationale and potential impact of our study.

Successful implementation of this model has important clinical implications. It can serve as a powerful
decision support tool for veterinarians, providing a quick, objective and consistent “second opinion”.

A limitation of the simplification of the five-class FCI score into a binary classification is the loss of
granular information on disease severity.

We plan to address this limitation in future studies. An immediate next step is to develop a multi-class
classification model that can predict the full range of FCI grades (A to E), which will provide more detailed
diagnostic information. In addition, the use of explainable artificial intelligence (XAI) techniques such as
Gradient Weighted Class Activation Mapping (Grad-CAM) will be invaluable. These methods can produce
heat maps that highlight specific radiographic regions that the model focuses on for its predictions [18].
This could help build trust with veterinarians by making the model's “black box” decision-making process
more transparent. It may even reveal new radiographic markers for CHD.

V. CONCLUSION

This study demonstrates that deep learning, and in particular the DenseNet201 architecture, offers a
powerful solution for objective and reliable detection of canine hip dysplasia from pelvic radiographs. The
developed model achieved a good level of agreement with the expert evaluation. This highlights the
potential of the model to be integrated into clinical and research settings. By providing a consistent
screening tool, this technology can improve the diagnostic capabilities of veterinarians, support more
effective breeding programs and ultimately contribute to improving the welfare of dogs affected by this
disease.
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Ozet — Bu arastirma, egitim hakkinin uluslararasi insan haklari belgeleri baglaminda normatif temellerini
incelemekte olup egitim hakki ile ayrimcilik yasagi arasindaki iliskiyi ortaya koymayi amaglamaktadir.
Temel bir insan hakk1 olarak Egitim hakki, kisisel gelisimi, toplumsal icermeyi ve firsat esitligini 6n plana
¢ikarmaktadir. Bu hak Birlesmis Milletler insan Haklar1 Evrensel Bildirgesi, Ekonomik, Sosyal ve Kiiltiirel
Haklara Iliskin Sézlesme ve Cocuk Haklari Sozlesmesi olmak iizere birgok uluslararasi belgede acik
bicimde diizenlenmektedir. Devletlere 6nemli yiikiimliiliikkler getiren bu hak, ulasilabilir olma, firsat esitligi
ve uyarlanabilir olma konularinda ¢aba sarf edilmesini gerektirmektedir. Arastirmada, ayrimcilik yasaginin
egitime ulasabilme tlizerindeki etkisi 6zellikle etnik koken, toplumsal cinsiyet, engellilik ve gogmenlik gibi
faktorler lizerinden ele alinmistir. Dokiiman analizi yontemiyle yiiriitiilen bu c¢aligmada, uluslararasi
sozlesmelerde yer alan diizenlemeler yorumlayici bir yaklasimla incelenmis ve uygulamada yasanan
zorluklar degerlendirilmistir. Elde edilen bulgular, hukuki normlarin uygulamada yetersiz kaldigini ve
esitlikci, kapsayict bir egitim politikasi i¢in pozitif ayrimcilik dnlemlerinin ve siirekli denetimin gerekli
oldugunu gostermektedir. Sonug olarak, egitim hakkinin etkili bigcimde hayata gegirilebilmesi i¢in yalnizca
normlarin varligr degil, bu normlarin adil ve strdiiriilebilir sekilde uygulanmasi da biliyiikk 6nem
tasimaktadir.

Anahtar Kelimeler — Egitim Hakki, Ayrimcilik, Uluslararasi Hukuk, Nitel Arastirma, Dokiiman Analizi.

I. GIRIS

Bireyin kendini gergeklestirmesi ve ardindan topluma etkin bir sekilde katilabilmesi egitim hakkinin
taninmasi1 ve kullanilmasiyla dogrudan ilgilidir. Diinyadaki gelismelerle birlikte insan haklarma yonelik
olumlu diisiinceler egitim hakkinin da tiim bireylerin sahip olmasi1 zorunlu bir hak olarak diisiiniilmesini
gerektirmistir. 1k defa 1948 tarihli Birlesmis Milletler Insan Haklar1 Evrensel Bildirgesi'nde (md. 26)
temel bir hak olarak tanimlanan hak, daha sonra UNESCO'un 1960 tarihli Ayrimciligin Onlenmesi
Sozlesmesi’nde, ardindan da 1966 tarihli Ekonomik, Sosyal ve Kiiltiirel Haklar S6zlesmesi (International
Covenant on Economic, Social and Cultural Rights [ESKHUS] (md. 13-14) ile 1989 tarihli Cocuk Haklar1
Sozlesmesi (md. 28-29) kapsaminda ele alinmistir (Birlesmis Milletler [BM], 1948; Birlesmis Milletler
Insan Haklar1 Yiiksek Komiserligi [OHCHR], 1989; UNESCO, 1960; 1966). Bu belgelerde egitim hakkinin
devletlerinin tiim vatandaglar1 i¢in taninmasi, temel egitimin zorunlu ve tlicretsiz olmasi, ortadgretim
kademesinde egitimin ¢esitlendirilmesi, yiiksekogretimin ise firsat ve imkanlar dahilinde tiim vatandaslara
acik olmasi gibi cesitli hiikiimlerin yer aldigi goriilmiistiir (Demirtas, 2019). Bu belgeler, egitimde
katilimci, cogulcu, elestirel, kapsayici ve bireylerin kisiliginin gelisimine uygun ortam saglanmasin
desteklerken; ayrimciligi yasaklamaktadir. Nitekim egitimde ayrimciligin olmamasi, esit ve adaletli bir
sistemin varligi ile miimkiindiir. Bu da tiim bireylerin egitime esit olarak ulasabilmesi ve egitim siire¢lerinin
tamaminda yer almasi ve karar alma mekanizmalarinda ayrimci muamelelerin olmamasi anlamina
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gelmektedir (Akyesilmen, 2014). Ancak tiim bu girisimlere ragmen giiniimiizde egitim hakkindan pek ¢ok
bireyin yoksun oldugu ve bu durumun ciddi bir sorun alani olarak varligini stirdiirdiigti sdylenebilir.

Egitim hakkina iliskin devletlerin temel ytlikiimliiliikleri bulunmaktadir. Bu yiikiimliiliikkler: erisebilirlik
(accessible), kabul edilebilirlik (acceptable), mevcudiyet (available) ve uyarlanabilirlik (adaptable) ilkeleri
dogrultusunda egitim hakkinin gergeklestirilmesini zorunlu hale getirmektedir (ESKHUS, md. 13). Ancak
devletlerin bu yiikiimliiliiklerini de yerine getirirken karsilagtig1 yapisal ve uygulamaya yonelik sorunlar,
zaman zaman bireylerin egitim hakkinin ihlal edilmesine neden olabilmektedir. Oysaki bireylerin bu temel
haktan mahrum kalmamalari, yalnizca bireysel gelisimleri agisindan degil, ayn1 zamanda toplumsal esitlik
ve kalkinma agisindan da kritik 6neme sahiptir. Bu sebeple devletlerin egitim hakkini giivence altina alma
sorumlulugu hem ulusal mevzuat hem de uluslararast sozlesmeler dogrultusunda agik bir sekilde
tanimlanmis durumdadir.

Bu aragtirmanin amaci, her birey i¢in vazgegilmez bir hak olarak ifade edilen egitim hakkinin,
uluslararast hukuk belgelerindeki normatif c¢ercevesini inceleyerek bu hakkin kullaniminda devletlerin
istlendikleri yiikiimliiliiklerin agikliga kavusturulmasidir. Ayrica, egitim hakkinin ayrimecilik yasagiyla
olan iliskisi dogrultusunda bu hakkin herhangi bir ayrim gozetmeksizin tiim bireyler i¢in erisilebilir
olmasmin gerekli oldugu vurgulanmistir. Bu arastirma, nitel arastirma deseninde tasarlanmistir. Bu
kapsamda uluslararasi belgeler nitel arastirma desenlerinden dokiiman analizi yontemiyle incelenmis ve bu
belgelerde yer alan diizenlemeler yorumlayici paradigma cer¢evesinde degerlendirilmistir.

II. EGITIM HAKKI VE ULUSLARARASI HUKUKI TEMELLERI

A. Egitim Hakki Kavrami ve Uluslararasi Belgelerde Egitim Hakk

Egitim hakki, kisilerin bireysel gelisimine, sosyallesmesine katkida bulunan, ¢evresini, olaylar1 ve kisileri
anlamasini ve anlamlandirmasini saglayan temel insan haklarindan biridir. Devletlerin katkisin1 zorunlu
kilan sosyal bir hak olarak goriilen egitim hakki, her bireyin dogustan sahip oldugu ve devletlerce esit olarak
sunulmasinin zorunlu oldugu bir hak olarak ifade edilmektedir (Algan & Algan, 2013; Gilimiis, 2012).
Bireylere egitimde firsat esitligi saglanmasi, bireylerin okula gitme 6zgiirligline sahip olmasi ve bu
Ozgiirliige zamaninda ulagabilmesi, okulda ayrimc1 bir muameleye maruz kalmamasi da egitim hakkinin
kapsamindadir. Bu hakkin ulusal hukuklardan daha ziyade uluslararas1 hukuk tarafindan diizenlenmesi
evrensel anlamda hakkin objektif ve normatif anlamlar kazanmasina neden olmustur. Devletler arasinda
sosyo-Kkiiltiirel farkliliklardan dolay1 ortaya ¢ikan farkli uygulamalar bu diizenlemeler sayesinde asgari
miisterek konularda birbirine yakinlasmaktadir.

Egitim hakkina iliskin diizenlenen ilk belge, 1948 tarihli Birlesmis Milletler insan Haklar1 Evrensel
Beyannamesidir (BM, 1948). Beyannamenin 26. Maddesinde egitim hakkindan bahsedilmektedir. Herkesin
egitim hakkina sahip oldugunu belirten madde, ilk ve temel egitimin parasiz oldugunu ve ilk 6gretimin ise
herkes i¢in zorunlu oldugunu belirtir (26/1). Teknik ve mesleki egitimin énemini vurgulayan hiikiim,
yuksekogrenim konusunda ise liyakata dayali olarak herkesin esit sekilde faydalanacagi da ortaya
koymustur. Egitimin niteliklerinden bahseden beyannamenin ikinci fikrast ise devlete birtakim
yiikiimliiliikler getirmektedir. Bireylerin kisiliginin gelismesi ve temel hak ve oOzgiirliiklere saygi
gosterilmesi ile insanlar arasindaki anlayis, hosgorii ve dostlugun tesvik edilmesi nitelikli bir egitim igin
aranan sartlar olarak belirtilmistir (26/2). Ayrica, ¢ocuklarin alabilecekleri egitimi segme konusunda anne
ve babalara da se¢gme hakki taninmistir (26/3).

1950 yilinda kabul edilen Avrupa Insan Haklar1 S6zlesmesi’ne 1952 yilinda 1. Protokol’iin 2. Maddesine
eklenen hiikiimle hi¢ kimsenin egitim hakkindan mahrum birakilamayacaginin alti ¢izilerek devletin egitim
ve 6gretime iliskin gorevlerini yerine getirirken anne ve babanin egitim ve 6gretimi kendi dini ve felsefi
inanclar1 dogrultusunda segme haklarina saygi gostermesi gerektigini belirtmistir. Burada anne babanin bu
hakkina saygi gostermesi gereken devlete de birtakim yiikiimliiliikler getirilerek gerekli tedbirleri almasi
konusunda zimni bir gérev verilmistir.

1961 tarihli Avrupa Sosyal Sart1 ise daha ¢ok sosyal ve ekonomik ve 6zellikle da ¢calisma kosullarini
diizenleyen bir belge niteligindedir. Sartin, Cocuklarin ve Genglerin Korunmast bashigi altindaki 7.
Maddesinde kisisel gelisim ve egitimlerine zarar vermemek kosuluyla hafif igler disinda 15 yasindan once
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calistirllamayacagi, tehlikeli islerde 18 yasindan once calistirllamayacagi gibi egitimlerini ve kendilerini
korumaya yonelik benzer hiikiimler igermektedir. 10. Maddesinde ise, mesleki egitimlerini teminat altina
almak i¢in alinmasi gereken tedbirlerden bahsetmektedir.

Ekonomik, Sosyal ve Kiiltiirel Haklara Iliskin Uluslararas1 Sézlesme (ESKHUS, 1966) ise egitim hakkina
iliskin diizenleme igeren bir bagka Birlesmis Milletler belgesidir. S6zlesmenin 13. Maddesinde sézlesmeye
taraf devletlerin herkesin egitim hakkini tamdigim ve Insan Haklar1 Evrensel Beyannamesi ile uyum
igerisinde gerekli tedbirlerin alinmasi1 konusunda mutabik kalinmistir. Bunlara ek olarak yine ayn1 maddede
ilkdgretimlerini tamamlayamamis olanlara da gerekli destegin saglanmasi, devlet organlarinca kurulan
okullarin yani sira devletin onay verecegi okullarin da se¢me 6zglirliigline bagli olarak dini ve ahlaki egitim
almalarinin da garanti altina alinacag belirtilmektedir.

1989 yilinda Birlesmis Milletler Genel Kurulu taratindan kabul edilen Cocuk Haklara dair S6zlesme
(UNICEEF, 1989) de egitim hakkina iliskin ¢esitli hiikiimler barindirmaktadir. Yine Insan Haklar1 Evrensel
Beyannamesi ile uyum i¢inde olan sdzlesme yeni birtakim hiikiimleri beraberinde getirmistir. S6zlesmenin
28. Maddesi ¢ocugun egitim hakkinin firsat esitligi iizerine asamali bir sekilde gergeklestirilmesi
gerektigini belirtirken; egitimin parasiz olmasi gerektiginin altin1 ¢izmis ve ilk defa da ortadgretim
sisteminin de Orgilitlenmesinden bahsetmistir. Egitim ve meslek se¢gme konusunda c¢ocuklara yapilacak
rehberligin yani sira okullara devamin saglanmasi ve devamsizlik oranlarinin diisiiriilmesi i¢in de 6nlemler
alinmasi tavsiye edilmistir. Okuldaki disiplin islemlerinin de insanlik onuruna yakisir sekilde diizenlenmesi
ve okuma yazma oranlarinin artirilmasi i¢in gerekli cabanin gosterilmesi gerektigi vurgulanmstir.
Soézlesmenin 29. Maddesi ise egitimin amaglarindan bahsetmistir. Buna gore, ¢ocugun fiziksel ve zihinsel
gelisiminin artirilmasi, temel hak ve ozgiirliikleri ile kiiltiirel kimliklerine saygi gosterilmesi, baris ve
hosgoriiniin hakim kilinmasi ve gevreye sayginin gelistirilmesi i¢in gerekli ¢cabanin gosterilmesi temel
amaclardandir.

B. Ayrimcilik Yasagi: Uluslararasi Normatif Cerceve

Ayrimcilik, hukuk diizeni tarafindan korunan kisilik haklarinin kisi ya da kurumlar tarafindan ortiilii veya
acik bir sekilde gormezden gelinmesidir. Kisinin bu muameleyle karsilasma sebebi ¢cogu zaman sahip
oldugu veya sahip olmadig1 bir nitelikten dolayidir. Ayrimciligin birgok nedeni olabilir. Bunlar; yas,
cinsiyet, etnik koken, engellilik, yabancilik gibi. Ancak burada belirtmek gerekir ki, ayrimeiligin en kabaca
tarifi, dislanmaktir. Genele gore olumsuz bir sekilde 6zel muamele ile karsilasilmasidir.

Ayrimcilik dogrudan yapilabilecegi gibi, dolayl sekilde de ayrimcilik s6z konusu olabilir. Ornegin belli
bir etnik kdkene sahip olan ¢ocuklara egitim hakkini kullanmasina engel olacak sekilde farkli muamele
yapilmasi veya bir isyerinde erkeklerle ayni isi yapan kadin is¢ilere sirf kadin olduklar i¢in diistik ticret
verilmesi dogrudan ayrimciliktir. Dolayli ayrimcilik ise ortamdaki kisilerin 6zel durumlarint g6z oniine
almadan dezavantajli konuma getirerek kisileri genel bir kurala tabi tutmaktir. Ornegin, okuldaki farkl
dinlere mensup Ogrencilerin hassasiyetleri géz 6niine alinmadan genel bir kilik kiyafet yonetmeliginin
uygulanmasi. Tabi bazi durumlarda pozitif ayrimcilik yapildigi da goriilmektedir. Ornegin egitimde
dezavantajli grup olarak kabul edebilecegimiz kiz ¢ocuklarin veya engelli 6grencilerin okula gitmelerine
yonelik olarak {icretsiz servis ve yemek hizmetinin verilmesi. Sosyal agidan diglanma ihtimali olan gruplari
topluma kazandirmak amaciyla yapilan iyi uygulamalardir.

C. Uluslararasi Sozlesmeler Cergevesinde Ayrimcilikla Miicadele Mekanizmalar

Uluslararas1 so6zlesmelerde ayrimcilikla miicadeleye iliskin bir¢ok hiikiim yer almaktadir. Bu boliimde
onemine binaen baslica miicadele mekanizmalarina yer verilecektir. Insan Haklar1 Evrensel
Beyannamesi’nin 7. Maddesinde ayrim gdzetilmeksizin herkesin kanun 6niinde esit oldugu ve her tiirlii
ayrimciliga kars1 esit korunma hakkinin varligindan bahsetmektedir. Ekonomik, Sosyal ve Kiiltiirel Haklara
[liskin Uluslararas1 S6zlesme’nin 2. Maddesinde ise sdzlesmedeki haklarin herhangi bir 1rk, renk, dil, din,
etnik koken vs. sebeplerden dolay1 ayrimeiliga maruz kalmaksizin kullanilmasinin garanti altina alinmasi
gerektigi belirtilmistir. 10. Maddede ise tiim ¢ocuklar ve gencler i¢in ise ebeveynlik veya diger kosullar
nedeniyle herhangi bir ayrimcilik yapilmaksizin 6zel koruma ve yardim tedbirlerinin alinmasi gerektigi
belirtilerek ¢ocuk ve genglerin ekonomik ve sosyal somiiriiden korunmasi zorunlulugundan bahsetmistir.
Cocuk Haklarina Dair Sozlesme’nin 2. Maddesi de taraf devletlerin ¢ocugun anne babasinin tabi oldugu
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dil, din, etnik kdken vs. sebepler nedeniyle ayrima tabi tutulmadan her tiirlii haktan yararlandirmay1 taahhiit
eder ve yine bu sebepten dolayi alabilecekleri cezadan korunmaya karst uygun dnlemleri alir, ifadesine yer
vermistir. Avrupa Insan Haklar1 Sozlesmesi’nin “Ayrimcilik yasag1” baslikli 14. Maddesi ise sdzlesmede
yer alan haklardan yararlanmada 1rk, renk, dil, din, siyasal veya diger kanaatler, ulusal veya toplumsal
koken, ulusal bir azinliga aidiyet, servet, dogum basta olmak tlizere herhangi bir konuda ayrimci davranis
gozetilemez diyerek ayrimei davraniglart yasaklamistir. 2000 yilinda 12 nolu Protokol ile bu sézlesmeye
eklenen hiikiim geregi 1. Madde ayrimciliga iliskin genel bir yasaklama getirmis ve ikinci paragrafinda ise
hi¢ kimsenin higbir gerekceyle higbir kamu makami tarafindan ayrimcilia maruz birakilamayacagi
belirtilmistir.

18 Aralik 1979 tarihli Kadinlara Karsi Her Tiirlii Ayrimciligin Onlenmesine Dair Sézlesme (Convention
on the Elimination of All Forms of Discrimination against Women, [CEDAW]), kadinlarin durumunu
izlemek ve kadinlarin haklarint gelistirmek amaciyla 3 Eylil 1981 tarihinde yiirlirliige girmistir.
S6zlesmenin 10. ve 11. Maddeleri kadinlarin egitim hakki ve 6zellikle de mesleki egitimleri konusunda
diizenlemeler yapmigtir. 10. Maddede kadinlarin erkeklerle esit egitim hakkina sahip olmalari, kirsal ve
kentsel alanlarda tiim egitim kurumlarinda ve egitimin her asamasinda esit davranilmasi gerektigi
belirtilmistir. Kadin erkek arasindaki egitim farkinin miimkiin olan en kisa siire igerisinde azaltilmasi i¢in
egitim programlarina katilmalar1 i¢in esit firsatlarin yaratilmasi saglanmalidir. Yine kiz 6grencilerin okul
terk oranlarinin diisiiriilmesi ile erken yasta okul birakanlara yonelik programlarin diizenlenmesi gerekliligi
vurgulanmstir. 11. Maddede ise kadinlarin istihdam yasaminda ayrimciliga maruz kalmasina engel olacak
hiikiimlerin yan1 sira mesleki egitim alma haklar1 glivence altina alinmistir.

Bu sozlesmeye ek olarak 1999 yilinda ¢ikarilan “Kadinlara Kars1 Her Tiirlii Ayrimciligin Onlenmesine
Dair Soézlesmeye Ek Ihtiyari Protokol”de (Optional Protocol to the Convention on the Elimination of All
Forms of Discrimination against Women, 1999) protokole taraf olan devlet aleyhine kisi veya kisilerin
sozlesmede yer alan haklarin ihlal edildigi ve magdur olduklarina dair sikayetleri degerlendirmek {izere
“Kadimnlara Karsi Ayrimciligin Onlenmesi Komitesi” kurulmustur. Bu Komiteye basvurabilmek icin
oncelikle sozlesme kapsamindaki haklarin ihlal edildigi iddia edilmeli ve i¢ hukuk yollariin da tiiketilmis
olmasi1 gerekmektedir (Protokol m. 4). Komite kisinin basvurusunu kabul edilebilir bulursa protokole taraf
sikayet edilen iilkeden savunma isteyebilir. Komite taraflar1 dinleyip bulgulari degerlendirdikten sonra ilgili
devlet tarafina her tiirlii yorum ve tavsiyelerini iletir ve alt1 ay i¢inde ilgili devletten gozlemlerini iletmesini
bekler. Ancak Komite bir taraf devletin s6zlesmede belirtilen haklar1 agir ve sistematik olarak ihlal ettigine
dair giivenilir bilgi almasi halinde sorusturma prosediiriinii kendiliginden baglatabilir (Protokol m. 8).
Uluslararasi alanda bu da etkili bir denetim aracidir.

1965 tarihli “Her Tiirlii Irk Ayrimciligmin Ortadan Kaldirilmasma Iliskin Uluslararas1 Sézlesme™ nin
(International Convention on the Elimination of All Forms of Racial Discrimination, 1965) 5. Maddesinde
egitim ve 0grenim hakki da dahil bircok konuda her tiirlii ve 6zellikle 1rk, renk, ulusal veya etnik kdkene
dayali ayrim yapilmaksizin haklardan yararlanma konusunda kanun 6niinde herkesin esit oldugunu taraf
devlet taahhiit eder, ifadesine yer verilmistir. 7. Maddesinde ise devlete, ayrimcilikla miicadele ederek
hosgorii ve anlayisi 68retim, egitim, kiiltiir ve bilgi alanlarinda etkili kilmay1 taahhiit eder, diyerek devletin
ayrimcilikla miicadele konusunda egitim de dahil bir¢ok alanda tedbirler almasi gerektigini vurgulamistir.
Taraf devletler belirli araliklarla Komisyona rapor verirler ve taraf devletlerin adli, idari ve kanuni tedbirleri
ve yasanan sorunlar bu sekilde takip edilebilir. Taraf devletlerin temsilcileri ile yapilan goriismeler
sonucunda eksiklikler belirlenerek tavsiyelerde bulunulur. Bu tavsiyeler baglayict olmasa da devletler
tizerinde uluslararasi bir denetim ve siyasi baski araci olarak kullanilabilir.

2006 yilinda kabul edilen “Engelli Haklar1 S6zlesmesi” nin (Convention on the Rights of Persons with
Disabilities, 2006) egitim baslikli 24. Maddesi taraf devletlerin engelli kisilere egitim hakki tanimasini ve
ayrimcilik yapilmaksizin bu kisilerin esit firsatlara sahip olmasi icin gerekli cabalarin gdsterilmesi
gerektigini belirtmektedir. Taraf devletler engelli bireylerin genel egitim sisteminden diglanmasina izin
vermeyecegi gibi onlarin egitimlerinin iicretsiz olmasina da gayret edeceklerdir. Engelli bireylerin istthdam
yasamina dahil edilmeleri i¢in yiiksekdgretim ve mesleki egitim de dahil her tiirlii bilgiye ayrimciliga maruz
kalmadan ulasabilmeleri saglanacaktir. S6zlesmenin 34. Maddesine gore kurulan Komite hiikiimetler
tarafindan sunulan raporlari inceleyerek sonuglara iligkin gozlemlerini yayimlar. Komite, izledigi
Sozlesmede yer alan haklarin bir Devlet tarafinca sistematik olarak ihlal edildigine dair giivenilir bilgi
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almasi halinde sorusturma prosediiriinii baslatabilir. Sorusturmalar, yalnizca Komite'nin bu konudaki
yetkisini taniyan Taraf Devletler acisindan yiiriitiilebilir. Komite devleti is birligine davet eder. Eldeki
bilgiler 15181nda komite liyelerinden biri veya birkagi sorusturmayi yiiriitmekle gorevlendirilir. Devletin izin
vermesi halinde tilke ziyareti de sorusturma kapsaminda yapilabilir. Hazirlanan rapor ilgili devlete iletilir
ve alt1 ay igerisinde yazili bir yanit istenir. Baglayiciligi olmasa da uluslararas1 bir baski araci olarak
kullanilabilir.

Yukarida bahsedilen mekanizmalar uluslararasi sozlesmelerde yer alan ancak yargisal veya yar1 yargisal
olmayan daha c¢ok idari veya siyasi olarak kabul edilebilecek diizenlemelerdir. Tabi yargisal
mekanizmalarin ayrimcilikla miicadelede daha etkin araglar oldugunu sdylemekte fayda vardir. Bu anlamda
en etkin araglardan biri Avrupa Insan Haklari Mahkemesi’dir. Bu calismanin konusu olan egitimde
ayrimcilik iddialarin1 Avrupa insan Haklar1 Sozlesmesi’nin 14. Maddesi ve Ek Protokol 12 gergevesinde
degerlendirildiginde ayrimcilik yasagina iliskin hiikiimlerin somutlastig1 goriilmektedir. Bolgesel nitelikte
kabul edilebilecek Avrupa Birligi Adalet Divani, Amerika insan Haklar1 Mahkemesi ve Afrika insan
Haklar1 Mahkemesi de egitim alaninda yapilan ayrimciliklara karst kararlar vermektedir. Ancak gerek bu
calismanin konusu olmadig1 gerekse baska calismalarda degerlendirmek amaciyla egitimde ayrimciliga
iligskin yargisal faaliyetlere daha fazla deginilmeyecektir.

III.  SONUC, TARTISMA VE ONERILER

Bu aragtirmanin amaci, egitim hakkinin uluslararas1 hukuk belgelerindeki normatif c¢ergevesini
inceleyerek bu hakkin kullaniminda devletlerin tistlendikleri yiikiimliiliikklerin agikliga kavusturulmasidir.
Egitim hakki, her bireyin sahip olmasi uluslararasi belgeler cercevesinde garanti altina alinan vazgecilmez
bir haktir. Ele alindig1 uluslararasi belgeler dogrultusunda bu hak, bireylerin iicretsiz temel egitim
alabilmesine, ortadgretim kademesinin gelistirilmesine ve tiim ¢ocuklar i¢in esit erisim olanaklarinin
saglanmas1 i¢in gerekli tedbirlerin alinmasina, yiiksekogretim kademesine ise adil erisim kosullarinin
olusturulmasina ve temel egitiminin tamamlayamamis bireyler i¢in ise temel egitimi tamamlamalari i¢in
gerekli kosullarin olusturulmasina olanak saglamaktadir.

Arastirma kapsaminda ele alinan belgelerde siklikla ¢ocuklarin egitimine vurgu yapilsa da egitimin tiim
bireylerin yararlanmasina agik bir hak olarak ele alindig1 goriilmektedir. Yine bu hakkin yalnizca
vatandaglar i¢in degil azinliklarin, miiltecilerin ve gd¢menlerin de kullanimina uygun oldugu
ongoriilmektedir. Ote yandan BM belgelerinde egitimin bir hak olarak diizenlenmis olmasinin ilkdgretimin
zorunlu olmasi, okula devamin tesvik edilmesi veya saglanmasi icin yapilacak diizenlemeler ¢ergevesinde
egitimin bir 6dev olarak da degerlendirilebilmesine olanak sagladig: diistintilebilir (Kaplan, 2015). Ancak
Binbir ve Arastaman (2021), egitim hakkinin verilmesinin yeterli bir sart olmadigini; devletlerin uygulama
kisminda ytkiimliliiklerini yerine getirmemesi sebebiyle dezavantajli birtakim gruplarin bir¢ok sebepten
otiirii egitim hakkinin engellenebildigini ifade etmektedir. Bu belgelerin ¢ogunun Tiirkiye tarafindan da
kabul edildigi gbz Oniine alindiginda devletin egitim hakkina iliskin hiikiimlerin uygulanmasi hususunda
0zen gostermesini gerektirdigi diistinlilmektedir (Ataman, 2008). Dolayisiyla gerekli diizenlemelerin
yapilarak tiim bireylerin egitim ortamlarindan olabildigince faydalanmalarina firsat verilmelidir (Demirtas,
2019).

Elde edilen bulgular 1s181nda egitim hakkinin uluslararasi belgelerde detayli olarak tanimlandig1 ancak bu
normlarin uygulamaya yansitilmasinda onemli sorunlar yasandig: tespit edilmistir. Bu kapsamda, etnik
koken, toplumsal cinsiyet, engellilik durumu ve gdgmenlik statiisii gibi faktorlerin bireylerin egitime
erisimini olumsuz yonde etkiledigi belirlenmistir. Ote yandan hukuki diizenlemelerin mevcudiyetinin tek
basina yeterli olmadigi; uygulamada etkinlik, izleme ve siirekli iyilestirmenin de zorunlu oldugu analiz
sonuglari ile ortaya konulmustur.

Bu arastirmada gozden gecirilen uluslararasi belgeler, egitim hakkin1 herkes icin esit kosullarda
erisilebilir kilmay1 amaglamakla birlikte bu esitligin, sadece bicimsel olarak degil ayn1 zamanda iceriksel
ve niteliksel seviyede de saglanmasi gerektigini vurgulamaktadir. Bu noktada, 6zellikle Tiirkiye egitim
politikalarinda siklikla vurgulanan “Her ¢ocuk biriciktir” ilkesiyle giiclii bir bag kuruldugu diistiniilebilir.
Nitekim bu ilke, her cocugun bireysel farkliliklarini, 6§renme bigimlerini, gelisim hizin1 ve sosyal-Kkiiltiirel
baglamini goz Oniine alan bir egitim yaklagimini1 gerektirmektedir. Dolayistyla, evrensel egitim hakkinin
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hayata geg¢irilmesi i¢in ¢ocuklarin yalnizca okula erisimlerinin saglanmasi hedeflenmemeli; ayn1 zamanda
onlarin farkliliklarina duyarli, kapsayict ve adil bir egitim ortaminda 6grenme hakki da giivence altina
alinmalidir (UNESCO, 2017). Bu yaklagimin ayrimciligin 6nlenmesi ve egitimde firsat esitliginin
gerceklestirilmesi acisindan oldukca 6nemli oldugu soylenebilir.

Aragtirma sonucunda, egitim hakkinin herkes i¢in esit bicimde saglanmasina ve ayrimcili§in ortadan
kaldirilmasina yonelik oneriler sunularak daha adil, kapsayici ve hak temelli bir egitim sistemine katki
saglanmas1 amacglanmaktadir. Bu dogrultuda asagidaki oneriler gelistirilmistir:

e Egitim hakki ihlalleri ile ilgili veriler toplanarak seffaf raporlama sistemleri kurulmalidir. Bu
sayede devletlerin sorumluluklarini yerine getirip getirmediklerinin diizenli olarak izlenmesi
saglanmalidir.

e Kiz cocuklarini, miiltecileri, engelli bireyleri ve azinlik gruplarini i¢ine alan, hedef odakli,
kiiltiirel ve sosyoekonomik baglami goézeten pozitif ayrimcilik politikalart gelistirilmelidir.

e Ulusal mevzuatlar ve uygulamalar, uluslararas: egitim hakki standartlariyla uyumlu hale
getirilmeli; esitlik¢i ve kapsayici bir egitim sisteminin olusturulmasi desteklenmelidir.

e Egitim hakki baglaminda kamuoyu bilgilendirilerek hak temelli egitim politikalarinin
benimsenmesi ve sivil toplumun siirece etkin katiliminin tesvik edilmesi saglanmalidir.

Sonug olarak, egitim hakkinin gercek anlamda uygulamaya gecirilebilmesinin normatif belgelerle birlikte
bu normlarin esit adil ve siirdiiriilebilir sekilde uygulanmasiyla iligkili oldugu diisiiniilmektedir. Bu
kapsamda, uluslararas1 hukuk belgeleriyle birlikte ulusal diizeyde politika yapicilarin egitim hakkini hayata
gecirme yoniindeki kararliliginin ve toplumsal duyarliligin giiclendirilmesinin de kritik bir 6nem tasidig:
sOylenebilir.
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Abstract — Uninterrupted and reliable operation of power systems is crucial for ensuring a continuous
power supply to consumers, especially critical ones. Rapid fault detection has been shown to have a
significant impact on equipment safety, as it trips circuit breakers immediately and before significant
damage occurs. New protective relaying for fault detection, classification, and localization in electrical
power transmission systems is crucial for researchers focused on improving power system reliability.
Research in this area focuses on improving power system reliability. Protective relays are critical in
power systems because they serve as decision-making devices that ensure the safe operation of power
grid. They play a key role in power system protection. In this study, an experimental setup was designed
to monitor electrical quantities and protect the system in the event of a fault. The system design employed
an energy analyzer to measure energy parameters, and a MICOM PI111 digital protective relay to
implement protective functions. The relay includes basic protection functions such as phase overcurrent,
and the accuracy and response times of these functions were evaluated through experimental scenarios.
As a result of the fault scenarios created in the experimental setup, it was observed that the relay
successfully fulfilled its protective functions, that trip times complied with the IEC 60255 standard, and
that event records could be monitored in detail through the software. Furthermore, the system's panel
structure facilitated visual monitoring and intervention in training environments, supporting the hands-on
learning process. In this respect, the study provides a significant application example demonstrating the
usability of digital protection relays in both field applications and technical training environments.

Keywords — Power System Protection, Protection Relay, Protective Relay, Micom P111, Overcurrent Fault, Earth Fault,
Experimental Setup Design.

I. INTRODUCTION

Electricity is a fundamental need in modern life, affecting many areas from healthcare to transportation
[1]. Power systems are complex structures that ensure the uninterrupted delivery of electrical energy to
consumers [2]. Interruptions in power systems have significant social and economic impacts.
Uninterrupted and reliable operation of power systems is crucial for providing a continuous power supply
to consumers, especially critical ones. This reliability prevents power outages that could lead to
significant operational disruptions and economic losses [1].

A critical characteristic of electric power systems is ensuring continuity of service with a high level of
reliability. Faults must be analyzed and experienced to understand the causes of service interruptions and
restore power delivery as quickly as possible, minimizing future occurrences. Rapid fault detection has
been shown to have a significant impact on equipment safety, as it trips circuit breakers immediately and
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before significant damage occurs. As the complexity of power systems with multiple control centers
increases, the behavior and effects of faults become more complex, and the area affected by the fault
expands. New protective relaying for fault detection, classification, and localization in electric power
transmission systems is important for researchers focused on improving power system reliability.
Research in this area focuses on improving power system reliability. The primary objectives of power
system fault analysis are to: Provide sufficient information to understand the causes of an outage. Ensure
the power transmission system is restored as quickly as possible. If possible, provide reporting to
minimize the recurrence of future faults. Provide network insights into the system, leading to the
development of preventative measures that can be implemented to reduce the likelihood of equipment
damage. Rapid detection of faults has a significant impact on equipment safety by activating circuit
breakers immediately and intervening in the system before significant damage occurs [3].Rapidly
identifying problems in smart grids and resuming normal operations are crucial for grid reliability and
adaptability. Key objectives in the power system include: Detecting power grid faults with ultra-fast and
precise accuracy. Accurately classifying detected faults (e.g., symmetric, asymmetric). Determining the
exact location of the fault along the power transmission line. Evaluating the effectiveness of machine
learning and metaheuristic algorithms to accomplish these tasks [4]. Transmission lines are vulnerable to
overloads, ruptures, short circuits, icing, lightning strikes, tree intrusion, bird nesting, aging, human
activity, hurricanes, and a general lack of protection and containment. The accelerating expansion of
power systems and microgrids requires advanced fault diagnostic techniques to ensure uninterrupted
electrical power [5].

Protective relays are critical in power systems because they serve as decision-making devices that ensure
the safe operation of electrical grids. They play a key role in power system protection. They detect faults
and initiate the isolation of affected sections, thus preventing equipment damage and ensuring continuity
of supply to unaffected areas of the power system. Protective relays have evolved from electromechanical
to modern digital and microprocessor-based designs. This evolution has increased the speed, sensitivity,
and functionality of protective relays, making them an integral part of the reliability and efficiency of
power generation, transmission, and distribution systems [6].

Protection relays are crucial in power systems because they protect power system equipment from
unnecessary disturbances that could lead to voltage instability, collapse, or complete blackout. They
contribute to the rapid analysis and resolution of abnormal conditions and faults, improving the overall
power quality of the power system. By effectively detecting faults and isolating affected sections,
protection relays ensure power system reliability and stability. Protection relays are essential for the
proper operation and integrity of the electric power system, from generation to distribution [7].
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Fig. 1 Highlighting the Importance of Protection Relays in Power Systems by Examining Their Various Aspects

Protection relays are designed to detect faults such as short circuits, overcurrents, and voltage surges in
the power system and prevent damage. They also isolate affected sections of the power system to
maintain stability [7][8]. They utilize a variety of technologies, including digital relays that provide
precise monitoring of the power system and respond quickly to disturbances, ensuring minimal impact on
the overall system [9][10].

Over the years, power system protection relays have evolved from electromechanical devices to
sophisticated digital systems incorporating advanced algorithms and communication technologies [6].
Modern relays, such as multifunction digital protection relays, provide comprehensive protection against
a wide range of problems in the power system by continuously monitoring voltage, current, and frequency
parameters [9]. The integration of centralized protection and control solutions represents a significant
trend, offering improved coordination and management of protection systems [6]. Effective coordination
of protection relays is crucial to ensure that only faulty sections are isolated, minimizing the detrimental
impact on the rest of the power system [11]. Techniques such as genetic algorithms are used to optimize
relay settings and ensure timely and accurate fault isolation while maintaining coordination between
primary and backup protection schemes [11].

Despite their critical role in the power system, protection relays can experience latent faults that pose
significant risks to power system safety and reliability [12]. Continuous monitoring and risk analysis in
the system to detect and mitigate these hidden errors are absolutely necessary to ensure the integrity and
effectiveness of the protection system [12]. In high-voltage direct current (HVDC) transmission systems,
the role of protection relays in the power system becomes even more critical due to the increased
complexity and potential for serious faults [13]. The development of relay protection technology,
especially in HVDC systems, is vital to maintain high levels of safety and stability in expanding power
grids [13].

This study examines the design process, components, and functions of a training setup developed to
enhance both safety and traceability in electrical energy distribution systems. The designed panel system
integrates elements such as analyzers, which monitor electrical parameters, and circuit breaker trip coils,
which simulate overcurrent protection. This system is designed to provide hands-on training opportunities
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in educational and laboratory environments. Switchgear equipment plays a critical role in the safe and
efficient operation of electrical energy systems. The panel developed in this study aims to enable students
and technicians to learn by observing the operation of system elements. Furthermore, monitoring real-
time energy data allows for the analysis of system behavior.

II. MATERIALS AND METHOD

Power systems are complex structures with a high potential for minor or major disturbances during
operation. These disturbances in the power system can have serious consequences, such as the power grid
failing to provide sufficient power to consumers due to a drop in power system frequency, and can have
adverse effects on system stability [14][15][16]. Furthermore, faults occurring during abnormal
conditions can draw large currents into the system, causing equipment damage or failure [17]. Power
system protection is critical to prevent these problems and to prevent a decrease in power system quality
(both in terms of generation and distribution). Critical equipment such as transformers, in particular, must
be protected, as the failure of a single transformer can affect the entire system. Protection in power
systems generally falls into two main categories: System Protection and Equipment Protection.

A. System Protection Approach in Power Systems

System protection aims to ensure the stability and operation of the entire power system. System
protection focuses on maintaining the stability and integrity of the entire power system. The aim is to
prevent large-scale faults (e.g., short circuits, unbalances, frequency deviations) from spreading
throughout the system and preventing system collapse. Protection covers the main components of the
system, such as transmission and distribution lines, main transformers, and switchgear. The system is
divided into protection zones. Each zone has main and backup protection relays. Wide-area protection
(WAP) monitors system integrity by collecting data from different zones and performs automatic
interventions against mass faults [19]. System Integrity Protection Schemes (SIPS) are automatically
activated in extraordinary situations (e.g., large load losses, frequency or voltage deviations) and ensure
system stability [20]. Protection methods used for system protection include frequency and voltage relays,
wide-area monitoring systems (WAMS), and applied system automation. Communication between
protection and control devices is achieved through protocols such as IEC 61850 [21].

B. Equipment Protection Approach in Power Systems

Equipment protection focuses on preventing damage to individual devices and components within the
power system. Equipment protection aims to protect individual components of the power system
(generators, transformers, lines, switchgear, etc.) from faults. The goal is to prevent equipment damage
and prevent fault propagation. Abnormal conditions and environmental factors can significantly impact
equipment life and performance [18]. Individual protection uses specially selected protection relays and
circuits for each piece of equipment. When a fault is detected, only the relevant equipment is disabled for
rapid and selective intervention, allowing the rest of the system to continue operating. To extend
equipment life, protection against overcurrent, overvoltage, and ground faults is provided, extending the
life of the equipment [22]. The protection methods used for equipment include overcurrent relays,
differential protection, ground fault protection, thermal protection, and insulation monitoring. Overcurrent
relays are activated in the event of overcurrent in lines and transformers. Differential protection: In
generators, transformers, and large motors, it monitors the difference between input and output currents
and detects internal faults. Ground fault protection quickly detects ground faults and isolates equipment.
Thermal protection monitors equipment temperature, activating in the event of overheating. Insulation
monitoring detects insulation deterioration, particularly in high-voltage equipment [22].
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Table 1. Differences Between System Protection and Equipment Protection [18-25]

Feature System Protection Equipment Protection
Scope Entire power system, Individual equipment
regional/general
Purpose Ensuring system integrity and Preventing damage to equipment
stability
Intervention Large space, multiple Only faulty equipment
Area equipment
Relays Used Frequency, voltage, system Overcurrent, differential, ground fault
integrity relays relays
Result Prevents system blackout and Extends equipment life, limits fault
isolates major faults. propagation

In power systems, system protection and equipment protection are indispensable for a safe, stable, and
sustainable energy supply. System protection prevents the spread of large-scale faults by protecting the
entire power system, while equipment protection prevents faults from spreading throughout the system
and extends the life of equipment by ensuring the safety of individual devices [19][20][22]23]. Artificial
intelligence and machine learning are prominent in the protection approach in modern power systems.
Data-driven approaches are becoming widespread for fault detection and increasing system stability. This
enables protection systems to make faster and more accurate decisions [23]. In smart grids, with the
development of communication and automation, protection systems have become more flexible and
adaptive. Especially in renewable energy integration, protection algorithms are constantly updated.
Redundant and multi-layered algorithms are constantly updated in both equipment and system protection
[24][25].

C. Basic Operating Principles of Protection Equipment in Power Systems

The primary protection equipment used in power systems includes relays, fuses, breakers, surge
arresters, and other specialized protection devices. The primary purpose of these equipment is to rapidly
and selectively detect faults occurring in the system and isolate the faulted area, thus ensuring the safety
of both the system and the equipment. Overcurrent protection activates the relay when the current in the
system exceeds a predetermined limit, tripping the breaker and opening the circuit. This protection is used
in short circuit and overload situations [26][27]. Differential protection operates on the principle of
measuring the difference between the input and output currents of the protected equipment [27]. When
the difference resulting from the measurement exceeds the set limit, a fault is considered present, and the
circuit is opened. It is used to detect internal faults, particularly in transformers and generators [28].
Distance protection calculates the impedance from the current and voltage values at the ends of the line. If
the calculated impedance falls within the determined fault area, the relay opens the circuit [29]. Selective
protection is thus provided, especially on long transmission lines [28]. Ground fault protection detects
ground current in the power system and intervenes quickly in case of ground faults and ensures the
isolation of the equipment [26][27].
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Table 2. Basic Protection Equipment and Working Principles

Protective Basic Working Principle Description Reference
Equipment
Overcurrent It opens the circuit if the | It works quickly in case of | [26][27]
Relay current exceeds a certain | short circuit or overload.
threshold.
Differential Relay | It monitors the difference | It is especially used in | [27][28]
between input and output | transformer and generator
currents and opens the | protection.
circuit if the difference
exceeds a certain value.
Distance It determines the fault area | It is generally wused in | [27][29]
(Impedance) by measuring the impedance | transmission lines and is
Relay of the line, and opens the | effective in fault location
circuit if it detects a fault at | detection.
a certain distance.
Ground Fault It monitors the ground | Provides rapid intervention | [26][27]
Relay current and trips the circuit | in grounding faults.
when it detects an abnormal
ground current.
Fuse When the current exceeds a | Simple, fast and disposable, | [26]
certain value, it melts and | it is often used in distribution
opens the circuit | and small equipment.
permanently.

Circuit Braker | It opens or closes the circuit | It works with relays to | [26][27]
with the trigger signal from | isolate the faulty area.
the protection relay.

Surge Arrester | In case of  sudden | Protects equipment from | [30]
overvoltages (e.g. | overvoltage, especially
lightning), it comes into | common in substations.
play and transmits the
excess energy to the ground.

Protection relays continuously monitor system parameters (distance, overcurrent, etc.) (Fault Detection).
If an abnormality in the parameters (e.g., overcurrent or impedance change) is detected, the relay
determines the location and type of fault (Fault Analysis). The relay evaluates the impact of the fault on
the system and decides to open the circuit according to the protection logic (Decision Making). The
circuit breaker isolates the faulted area with the trip signal from the relay (Circuit Break). The faulted
section remains disabled, while the rest of the system continues to operate normally (System

Stabilization) [31].

The protective relay operates as a sensing device in the power system; it detects the fault occurring in the
system, determines its location, and finally gives the circuit breaker the command to open the circuit. The
circuit breaker, after receiving the command from the protective relay, disconnects the faulty section [32].

Fig. 2 Functioning of the Protection System [31]
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D. Approach of This Study

In this study, a training panel capable of performing protection and monitoring functions in power
systems was designed. The panel integrates both a protection relay (MiCOM P111) and an energy
analyzer, providing real-time measurement and fault scenario monitoring experience. Application
scenarios simulate fault conditions such as overcurrent and ground leakage in three-phase systems,
providing an understanding of the dynamic response of protection devices.
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Fig. 4 Method of the Study

The operating steps of the prepared test setup are as follows. The current transformer reads the current
values of the phases. These values are displayed on the energy analyzer. The values read by the current
transformer are transmitted to the MICOM P111. The MICOM P11 compares the transmitted data with
the set values. If the transmitted values are within the set value range, the system continues operating
normally. If an abnormality is detected between the transmitted and set values, the relay sends a
command to the trip coil via the auxiliary relay, causing the breaker to open. Opening the breaker protects
the feeder and connected systems. After the abnormal or faulty condition is resolved, the closing coil is
set up via the cam switch on the panel and the auxiliary relay. Pressing the start button activates and
activates the representative closing coil instead of the breaker. While the system is operating, the data
from the current transformer is continuously evaluated, ensuring continuous system protection through
the MICOM P111.

E. Equipment Used in the Experimental Setup

In this study, a representative panel design was made for a medium voltage line using Schneider Electric
MICOM P111 protection relay, Entes MPR-47S-D Energy Analyzer, auxiliary relay, on-off coil, current
transformer, siren, paco switch, button, lamp holder, bulb, battery, terminal block and mini circuit braker.

268



Electrical Panel ' ‘

MiCOM P111 — 3 Phase
Overcurrent And Earth
Fault Protection Relay

ENTES-MPR-47SD
Energy Analyzer

Signal Lamp-Yellow |

l Signal Lamp-Red

| Start Button Paco Switch |

| Stop Button

Fig. 5 Prepared Experimental Setup - Front View

Mini Circuit MiCOM P111 — 3 Phase
] e Overcurrent And Earth

Braker Fault Protection Relay

\V "4 \
- 4 g |

Transformer
Auxiliary
Relay
Cable Duct |« SES ENTES-MPR-
> 47SD Energy
Closing Analyzer
Coil =
Open.ing <
Coil
ot | -
Terminal | B
Block

= Start Button J —» | Stop Button

Fig. 6 Prepared Experimental Setup - Internal View

F. Schneider Electric MICOM P111 Protection Relay

Developed by Schneider Electric, the MICOM P111 is a device classified as a digital protection relay.
Used primarily in medium-voltage power distribution systems, the MICOM P111 model is primarily
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designed to provide overcurrent and ground fault protection. Its compact design, programmable interface,
and communication support provide safe and effective protection in many applications. The MiCOM
P111's intended use is to prevent system damage by detecting conditions such as phase-to-phase short
circuits, phase-to-ground faults (ground leakage), and long-term overloads. By detecting these types of
faults, it sends a trip signal to the circuit breakers to which it is connected, isolating the faulty area from
the network. This ensures both power continuity and prevents damage to switchgear (transformer, cable,
panel, etc.) [33].

Fig. 7 Schneider Electric MICOM P111 Protection Relay [33]

The Schneider Electric MICOM P111 is a high-performance digital distance protection relay designed
specifically for transmission lines and distribution networks. Developed to provide reliable and fast
protection in power systems, this relay combines multiple protection functions and advanced
communication capabilities. It increases system stability, simplifies fault management, and supports
integration into automation systems [34].

Table 3. Protection Functions of Schneider Electric MICOM P111 Protection Relay [35]

Code Description
50/51 Overcurrent protection (definite time or inverse time)
S50N/SIN | Earth fault protection (through neutral current)
49 Thermal overload protection
74T Test/monitor function
50BF Circuit breaker failure protection
86 Storage/lock function

The MICOM PI111 Protection Relay is used specifically at the feeder outputs of medium-voltage
switchgears to both protect energy consumers and provide remote monitoring and control via SCADA.
An example of a MICOM P111 usage scenario on a medium-voltage feeder line is presented in Figure 8
[34].

It sends an
"open"
command to the

Fault information
is transmitted to

the SCADA
system.

circuit breaker
via the relay
output.

Fig. 8 Schneider Electric MICOM P111 Protection Relay Usage Example [34]

G. ENTES MPR-47S-D Energy Analyzer

It is a network analyzer developed by ENTES. It is used to increase energy efficiency and ensure
system security by performing detailed measurement and analysis of electrical parameters. Its purpose is
to monitor and analyze energy consumption, measure electrical parameters (voltage, current, power,
frequency, etc.), detect harmonic distortions and voltage fluctuations, evaluate energy quality, and
provide data to SCADA systems [36].
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Fig. 9 ENTES MPR-47S-D Energy Analyzer [36]

III.  RESULTS

Three different test scenarios performed with the MiCOM P111 digital protection relay integrated on
the experimental board designed in this study verified the functionality of the system in terms of both

protection and monitoring.

Table 4. Scenarios Applied in the Experimental Setup

Scenario | Scenario Description of the | Educational Outcome
Number | Name Scenario
1 Nominal The system operates | Understanding the operation of
Operating within the value range set | the system under nominal
Condition for MICOM P111. operating conditions is provided.
2 Operating Overcurrent fault | Understanding the reaction and
Status at the | occurring in the system is | operation of the system under
Time of Failure | isolated by MICOM | faulty conditions is provided.
P111 detecting the value
measured in the current
transformer.

3 Re- After the fault in the | It is ensured that the system is put
commissioning | system is resolved, the | back into operation after a fault
of the System | system is put back into | condition.

After a operation.
Malfunction

As part of experimental applications, the basic protection function, phase overcurrent, was tested under
controlled conditions, and the relay's fast and accurate response in the event of a fault was observed. In
the overcurrent application scenario, the current transformer reads the current values of the phases. These
values are displayed on the energy analyzer. The values read by the current transformer are transmitted to
the MICOM P111. The MICOM P11 compares the transmitted data with the set values. If the transmitted
values are within the set value range, the system continues operating normally. If an anomaly is detected
between the transmitted values and the set values, the relay sends a command to the trip coil via the

auxiliary relay, causing the breaker to open.
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Fig. 10 MICOM P111 Overcurrent Fault Status After Applied Scenario

Additionally, observations made with the analyzer revealed instantaneous and accurate monitoring of
variables such as system voltage, current, frequency, and power factor. This demonstrates that the panel
successfully fulfills both its protection and energy monitoring functions. The MiCOM P111 relay proves
to be a reliable, fast, and educationally suitable protection device for both field and educational
applications.

IV.  DISCUSSION

Tests conducted with the training setup designed in this study, integrated with the MICOM P111 digital
protection relay and energy analyzer, yielded significant findings from both technical and educational
perspectives. In the implemented scenarios, the relay's responses to basic protection functions, such as
overcurrent, were observed in accordance with manufacturer specifications and international standards
(IEC 60255, IEEE C37.112). In tests conducted under inverse time (IDMT) protection characteristics, the
MiCOM P111 demonstrated its reliability by operating within less than 5% of the theoretical trip times.
This finding demonstrates the effectiveness of digital relays for educational purposes in terms of both
accuracy and teachability. Furthermore, the relay's event recording function, instantaneous current and
voltage measurements, and communication features (Modbus RTU, IEC 60870-5-103) were observed to
offer a suitable structure for integration into modern SCADA systems. This study particularly improved
vocational school students' skills in relay configuration, fault scenario creation, and data interpretation.
During the experiment, students had the chance to observe how protection functions work not only
theoretically but also in practice for system security and continuity.

V. CONCLUSION

While protective relays are essential for maintaining the safety and reliability of power systems, they
are not without challenges. The complexity of modern power systems and the increasing demand for
electricity require continuous advances in relay technology and coordination strategies. Furthermore, this
study highlights the potential for latent faults and the need for continuous monitoring and risk
management to ensure the effectiveness of protection systems. As power systems continue to evolve, the
role of protective relays will continue to be crucial in protecting the electrical infrastructure.

In this study, a training setup designed for the training purposes of protection and monitoring elements
used in electrical power systems was evaluated with practical scenarios. Scenarios conducted with the
MiCOM P111 digital protection relay located within the panel showed that basic fault conditions such as
phase overcurrent in the system can be accurately detected and intervened in a timely manner. The trip
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times obtained in the tests showed a high degree of compliance with inverse time (IDMT) protection
curves and remained within the limits specified in the IEC 60255 standard. These results demonstrated
that the MiCOM P111 relay is successful in terms of both accuracy and reliability. Furthermore, features
such as event recording, LED warning system, and software-based data monitoring demonstrate that the
device provides a strong infrastructure for integration with modern SCADA systems. This study also
contributes by demonstrating how relay tests, which are generally handled in simulation environments in
the literature, can be transformed into training materials with a real hardware-based system. Similarly,
when compared to applications using different types of relays, the low cost and portability of this system
allow it to be easily adapted to different scenarios. In future studies; It is possible to further develop this
training mechanism by incorporating other advanced protection functions of the relay (e.g. frequency
protection, motor start-up protection, harmonic monitoring, etc.) into the scenarios, realizing SCADA
integration and making the system remotely monitorable.
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Abstract-The use of fibers in cement—based materials has been studied extensively. As a result of this
research and development, a wide range of fibers is now available for cementitious materials. However,
little work has been done on adding fibrous waste to cement, mortar, and concrete and investigating this
by-product fiber as a reinforcing material due to the absence of industrialised fibers in many countries.

The main aim of this experimental study is to investigate the suitability of using fibrous waste as a
reinforcing material for cement-based materials. The presentation of such fibrous waste is presented in
this paper. The influence of the type and content of fibrous waste is evaluated. The results obtained from
a series of trials show that some of the of the physical and mechanical properties of the fibrous waste’s
composite material have improved.

Keywords- Feasibility, Steel Fibrous Waste, Cementitious Material.

[.  INTRODUCTION
The application of composite materials in the engineering field is growing rapidly. Most of the technical
activities or objects produced for everyday life are based on composite materials. Fiber-reinforced cement
matrices, which contain concretes and mortars reinforced with short fibers, are perhaps the most
important group of modern materials applied since the 1940s in various fields [1], from building
construction up to concrete layers on runways and highways.
The mechanism of reinforcement of concrete by fibers consists of distributing short fibers regularly in the
concrete matrix. This network of fibers opposes, as much as it is denser, the widening of the crack and
acts as a crack arrestor by producing a pinching force, which tends to make its propagation slower and
causes the transfer of stress across cracked sections, allowing the affected parts of the composite to retain
some post-crack strength and to withstand deformations much greater than what can be sustained by the
matrix alone.
Many studies [2, 3, 4] have reported that the influence of fibers on the composite behavior of elements
subjected to loading is complex. In the limit of elastic deformation, the fibers are not active, and their role
may derive from the law of mixtures [5]. When the microcracks are open, the fibers act as crack arrestors
and control their propagation. The total strength is increased due to the fiber contribution. The load
corresponding to the first crack is slightly increased, but the main effect is a considerable increase in
deformability and the amount of energy of the external load.
Although the use of different types and different amounts of fibers in cement, mortar, and concrete, is
reported in many reviews and reports [6], limited studies have been conducted on fiber-reinforced
cementitious materials using industrial waste fibers. Therefore, little information is available about the
use of these kinds of fibers as reinforcing materials.
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In developing countries, the availability of different categories of fibers in the market is considerably
expensive or sometimes inexistent. To eliminate this lack of availability of fibers at reasonable prices,
fibrous waste is used to reinforce cement-based materials. Furthermore, with the increase in population
and industrial activities, the quantity of fiber waste generated from various industries will increase
manifold in the coming years. So, this industrial waste can be effectively used for making good-strength
and low-cost fiber-reinforced materials after exploring their feasibility. Otherwise, this fibrous waste can
pose a danger to the environment and mankind by being left in industrial areas, especially in the absence
of a clear policy for the successful management of industrial waste.

This investigation is an attempt to study the feasibility of using two kinds of locally available industrial
fibrous waste for making fiber-reinforced cementitious materials (mortar and concrete). The types of
fibrous waste considered in this study include: Steel fibrous waste and polypropylene fibrous waste are
obtained from the machining waste of steel “chips” and polypropylene factories, respectively.

II. PROPOSED APPROACH

Due to the absence of a fibers industry in Algeria, and consequently the possibility of the integration of
such fibrous waste as material of reinforcement for the cement-based matrices, our reflection was oriented
towards the valorization of local steel and polypropylene fibrous waste (Figures 1 and 2), which are the
most plentiful and susceptible to being integrated as material for strengthening the cement-based
composites. This approach contributes effectively, on the one hand, to the cleanup of the environment
and, on the other hand, to the reduction of the cost of composites while respecting the mechanical
performances needed by the addition of the fibers.

In this context, this experimental study was carried out to get rational exploitation of this industrial waste
generally available in steel workshops, local lathes, and steel transformation units. For this study, two
types of fibrous waste (steel and polypropylene) were used, while manufactured and commercialised
fibers were used for comparison purposes.
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Fig.1. steel fibrous waste before mechanical treatment. Fig .2. Different shapes of steel fibrous waste.
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III.  GEOMETRICAL CHARACTERISTICS OF STEEL FIBROUS WASTE

To study the concrete properties in a fresh and hardened state, steel fibrous waste was used in
cementitious materials. A preliminary study was made to get a general idea of the proportions of the
existing forms in a sample of fibrous waste, taken randomly. This statistical study aims to show the
proportion of every existing shape. The table below gives the results and shows that 38.45% of fibrous
waste is curved in shape.

IV. MATERIALS AND EXPERIMENTAL PROCEDURE
4.1. Materials

4.1.1. Cement. The cement used was type CPJ 45 (Cement Portland with Additive). This cement was
chosen because of its wide availability and is largely used in the concrete construction sector in Algeria.
Its density is 3.1, and its Blaine’s specific surface area is 3600 cm2/g. Their chemical and mineralogical
compositions are given in Tables 2 and 3 respectively.

4.1.2. Dune Sand (Fine Aggregate). The sand’s equivalent, measured by the NF P18 standard [7],
shows that the dune sand used in this experimental study is clean, siliceous, and contains very few fine
dust or clay elements. The specific gravity and fineness modulus calculated were, respectively, 2.64 and

1.73.

4.1.3. Crushed Gravel (Coarse Aggregates). Crushed gravel is obtained by crushing limestone rock from
the quarry; two fractions of 3/8 mm and 8/15 mm of coarse aggregates have been used in this
experimental study. The specific gravity was 2.54.

4.1.4. Fibrous waste (Fibres). Different types of waste fibers from different industries, namely, lathe
industry, wire winding, wire drawing industries, and steel transformation industrial units were collected
and used in this investigation after mechanical treatment ( pressing, cutting to small fibrous pieces). They
have approximately 1.5 mm in diameter, 2050 mm in length, and with an average specific gravity of 7.5,
while the polypropylene fibrous waste was collected from textile industries, with cut lengths varying
from 2cm to 5 cm and a specific gravity of 0.90-0.91.

Table 1. Average proportion of every existing shapes

Straight Plate-shaped Drawn Corrugated shape Curved-shape Arbitrary

Shape por. > ] I\NU P -_— shape
Proportion
% 5.97 16.40 2.69 27.75 38.45 8.74

Table 2. Chemical composition (%. bv weight) of CPJ cement

Constituent, % Si02 Al203 Fe203 CaO Mg O CaOfree SO3 PF Insoluble
CPJ 45 19.48 5.06 3.72 61.95 0.85 1.63 1.1 344 1.26

Table 3. Mineralogical composition (%) for the cement used (according to BOGUE potential)

Compounds, C4AF CSH, GA CsS BC,S C (Free)

CPJ 45 11.31 2.37 7.12 55.03 14.64 1.63
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4.1.5. Admixture. The admixture product used in our research (less than 1%) is a super-plasticizer
manufactured by the Algerian Granitex Company. This super-plasticizer, named “Medafluid SFA”, has a
density of 1.2; a content of dry matter of 36.16 %, and a PH of the order of 7.

V. SPECIMEN PREPARATION AND CONDITIONNING

5.1. Mixing, Casting and Curing

Three concrete series of trials were carried out to investigate the suitability of fibrous waste as a
reinforcing material for normal concrete. The first one concerns the concrete control in which the various
parameters are illustrated in table 4.
Twenty-four test specimens of control concrete were made to choose a composition that gives the best
results to estimate the benefits brought by the fibrous waste on the compressive strength.

Table 4. Different parameters of control concrete mixes

w/C S/G Slump( cm ) Air content ( % )
0.5 0.51 1.75

0.5 0.49 1.6

0.57 0.70 1.78
0.5 0.76 1.65

Steel Fibrous waste

I o

Composition 1 Composition 2 Composition 3

l=2cm l=3cm
Ve=05,1, 15,2 Ve=05,1, 15,2

l=5cm,
Ve=05,1, 15,2

Fig 3. Flowcharts of the experimental

The second series consists of estimating the addition of steel fibrous waste in the concrete made from
local materials according to the experimental program shown in Fig. 3, while the third series concerns the
addition of commercialised fibers marketed in this concrete. Twenty-four test specimens were also made
for every composition.

A total of twenty-four plains for control and seventy-two steel fibrous waste reinforced mixes were
prepared. Materials were mixed in a linear-cum-flow mixer type 'O', which had a capacity of 0.043 cubic
metres and a power-driven rotating pan and paddle. This mixer was sturdy enough for fibrous mixes, and
a good uniformity of fibrous waste distribution could be achieved. The mixer was first loaded with coarse
aggregate and a portion of the mixing water; after starting the mixer, sand, cement, and the rest of the
water were added and mixed for 5 minutes. The fibers, in the case of fibrous mixes, were added following
the addition of all mix ingredients.

Six 16x32 mm cylinders were cast from each mix. They were cast in cylindrical steel moulds and
compacted on a vibrating table. Specimens were placed under a plastic sheet membrane for 24 hours at an
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ambient temperature. Following removal from the moulds, they were individually sealed in plastic bags
and stored in a room maintained at 24°C and 65% relative humidity until testing at an age of 28 days for

compressive

5.2. Compressive tests
A compressive strength test was carried out according to NF.P. 18-406 [8] in a testing machine at 3000
kN, a loading rate of 0.5 kN/s. The different values of the compressive strength of concrete at 28 days are
depicted in Figures 4a, 4b, and 4c. The results show that the addition of steel fibrous volume waste in the
ratios of 0.5, 1, 1.5, and 2 by volume in the concrete will increase the compressive strength at different
percentages. It is seen that the use of steel fibrous waste significantly increased the compressive strength
of the normal concrete made of local materials by using an admixture.
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Fig 4. Relationship between compressive strength and deformation
of steel fibrous waste reinforced concrete (a,b and c)

5.2.1. Effect of steel fibrous waste content on compressive strength. The curves obtained for long steel
fibrous waste (Ir = 50 mm) and for short steel fibrous waste (Ir =20 mm, Ir= 30 mm) are shown in Figures

4a, 4b, and 4c, in which three distinct phases have appeared .
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5.2.2. The first phase corresponds to the elastic behavior of fiber concrete. In this part, the addition of the
fibers does not bring any significant modification either in terms of the shape of the curve or in terms of
modulus of elasticity. In other words, the modulus of elasticity is not modified, and this is irrespective of
the quantity of fibres introduced into the concrete.
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The explanation given for this is that the fibres are not added to improve the concrete resistance but to
affect the behaviour of the material once the matrix is cracked and thus control the cracking of steel
fibrous waste concrete. This is possible due to the sewing effect created by the fibres through the cracks.
This effect improves the energy absorption capacity of the material. During this relatively short phase,
there is a rapid progression of the deformation due to the propagation of the pre-existing defects in the
matrix.

In the second phase, which occurs immediately after the cracking of the matrix, the fibres contribute not
only to the improvement of the ductility of the concrete material but also to a significant increase in the
strength of the composite. This increase in stress is associated with the appearance of multiple cracks
through the specimen, which requires a greater energy input to open the micro-cracks. Once the rupture is
reached, the third phase begins with a rapid propagation of the cracks, and the stress decreases until the
total break of the specimen.

It is noted that, in the second phase, a marked improvement in the ductility of the concrete is observed for
the different quantities of fibres introduced. Figure 6 shows that with 0.5% fibre volume, a 25% increase
in the ultimate fibre concrete stress is reached for both lengths (If = 30 mm, If = 50 mm), 0.5% volume,
and the continuous increase for both fibres in a different way.

For fibres of length 1f = 30 mm, the increase is 32.6% with the fibre addition of 1% by volume and 36.7%
with the addition of 1.5% volume of waste fibers. This increase remains within about 36% with the
addition of a 2% volume of waste fiber. With long fibres (If = 50mm), this increase is 28% with the
addition of 0.5% fibre in volume and 22.6% with the addition of 1% fibre volume. These percentages of
the increase decreased to 13.2% with the addition of 1.5%.

The addition of a percentage greater than 2.5% of fiber volume creates a problem of manoeuvrability of
waste fiber concrete and implicitly a problem of implementation. For this reason, every precaution must
be taken when adding quantities exceeding 2.5% fiber volume with If > 50mm. It will be noted that the
rates of increase of the ultimate compressive strength of the waste fiber concrete are shown in Figs 7a, 7b,
and 7c for If = 2cm, 3cm, and 5 cm, respectively.

It can be said that the presence of fibers derived from fibrous waste increases the rupture strength of
concrete reinforced with waste fibers. This gain, which depends on the concentration and the geometry of
the fibers, reaches a maximum value of 25% for a length of 20 mm with a concentration of 2% by
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volume, 37% for fibers of 30 mm length with a concentration of 2% by volume, and a value of 28.8% for
fibers of length 50 mm with a concentration of 0.5% by volume. This means that the longest fibers have
the lowest efficiency. In other words, with a length of 50 mm and a concentration of 2% of volume, the
gain recorded does not exceed 13.25%.
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Fig. 8. Effect of fiber length on the rupture strength of
waste fiber concrete

5.2.3. Influence of fibrous length on the compressive strength By comparing the results obtained with
the fiber length of 20 mm, 30 mm, and 50 mm, it can be seen that the parameter (fiber length) has a great
influence on the behavior of the concrete subjected to compression.

Curve 8 shows the tests prepared with waste fibers of lengths 20, 30, and 50 mm with a volume
concentration of 0.5, 1, and 1.5%. It shows that the length of fiber affects the behavior of concrete in
compression. The breaking strength increases with the length of the fibers.
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Table 5 presents the results obtained with the three lengths used in our work. It will be noted here that the
deformation corresponding to the maximum resistance increases by 19% for If = 30mm and more than
42% for fibers of length 1f = 50 mm, whereas for If = 20 mm, no increase was observed.

To explain this, it must be said that the addition of fibers, in general and waste fibers in particular
modifies the behavior of concrete in the fresh state (decreased workability, increase in air content, etc.)
and the microstructure of the concrete in the cured state. Thus, the addition of a high percentage of fiber
will increase the stiffness of the solid phase. This will lead to contacts and clutter reactions, which
increase the workability time, which translates into a slowing down of the flow of the fresh concrete. In
this case, there are two cases: either sufficient energy is used to be able to distribute all the fibers in the
matrix with an excess of vibration, or in this case, an increase in the ultimate compressive strength will be
obtained. Either the same operating conditions as the control concrete are used, or in this case, a slight
decrease in the ultimate compressive strength will be observed, as several researchers have reported [9,
10].

Table 5. Some results of steel fibrous waste concrete

Fiber length
Ir=20 mm | Ie=30 mm 1r=50 m

Fibre content % 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5

Slump (cm) 7 6 4 6 4 3 6 3 1.5

air content (%) 5.4 5.1 5 5.1 4.8 4.6 4.9 4.8 3.5

Rupture strength 301 300 312|310 | 325 335 340 325 300

(daN/cm?)

Corresponding

deformation x10- 25 2.1 2.5 25 25 3 3 3.1 25

VI.  SHRINKAGE OF MORTAR BY USING FIBROUS WASTE
6.1. Materials and procedure

The main aim of this part of the study is to evaluate the influence of the fibrous waste used (metallic and
polypropylene) on the phenomenon of cracking caused by shrinkage in a mortar prepared from the sand
of a dune (important shrinkage). The method described in this part to evaluate the restrained shrinkage
consists of using a rigid ring made of steel that is coated with mortar. After hardening, the sample is
submitted to the desired conditions to evaluate the effect of restrained shrinkage. In a given moment, the
resistance to cracking, the number of cracks, and the total maximal widths are measured and compared to
what is obtained with plain mortar.

The free shrinkage tests were carried out on prismatic test specimens of dimension (4x4x16 cm) whose
Plexiglas plates were fixed. To improve the contact mortar plates, the latter have been perforated (in the
middle) and studs fixed. The first stud (the upper end) will come to butt a comparator, and the second
(lower end) will be arranged on another plate glued to a motionless frame, ensuring a free rotation of the
test specimen submitted for testing (Figure 9). The precision of our measurement comparator is 0.01 mm.

The restrained shrinkage has been evaluated by the test with the ring, which consists of using a steel ring
(Figure 10) with a thickness of 8mm, an external diameter of 143 mm, and internal diameter of 127 mm,
and a height of 44 mm, while the cementing material ring has an external diameter of 127mm, an internal
diameter of 83 mm, a 44 mm height, and a 22 mm thickness (Figure 10).

The casting in two layers in this circular mould is carried out using a steel shaft. Three rings were made
for each test. The specimens prepared were cured at 20°C for 24 + 1 hour in a wet condition. The
apparatus allows a release from the mould and an easy cure of the test specimens.

Those specimens submitted for testing with the ring were cured for 24 hours, and then they were placed in
an environment similar to that of free shrinkage until the formation of cracks. For better viewing of the
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cracks and the microscopic crack propagation, the test specimen submitted for testing with the ring was
covered by a white painting.

Cementitious mortar was employed for these tests using superplasticizer admixture to maintain constant
workability without varying the quantity of mixing water among the various mixes.

Materials used in the tests to evaluate the free and restrained shrinkage are: sand of dune grade 0/5;
cement CPJ45; mortar of fraction 1/3 (C:S = 1:3); E:C = 0.58 (to have a constant and normal
workability); fibres (fibrous waste of metal and polypropylene); and superplasticizer: 1 %.

6.2. Results and discussions
6.2.1. Free Shrinkage.

The average curves of the shrinkage according to time (days) are presented in Figures 11a and 11b. It is
noticed, according to figures 11a and 11b, that the steel fibrous waste decreases the shrinkage. This
reduction is about 16 % compared to a mortar without fibers at 28 days, for a proportion of 0.5 % of the
volume of fibers. But, with 1% of the volume of fibers, this reduction ranges from 11 to 13%. Regarding
the experimental test results, we have noted the maximum percentage of fibers to reduce the effect of
shrinkage is 1.5 %, beyond this percentage of volume of fibers; the presence of fibers in a mortar is not
significant.

These results confirm those already obtained from former studies [11] by using fibers marked under
various types, to know that deformations of shrinkage are generally smaller for the fiber-reinforced
mortars compared to those of the mortar without fibers. This reduction is affected by several parameters,
such as the duration of drying, the shape, and the quantity of fibers. The loss of weight of the test
specimens was checked. The results are illustrated in Figure 11c. It is noted that the weight loss is more
significant for the fibre mortar than for the mortar without fibers. The presence of dispersed fibers
increases the size of pores in material as well as volume and decreases, thus, the intensity of the capillary
pressures by facilitating the evaporation of water. On the other hand, according to the experimental tests,
the use of fibrous polypropylene waste, with a percentage higher than 1% in the volume of fibers, does
not give any improvement to the free shrinkage of mortar. This result confirms those obtained by other
researchers [12, 13, 14]. It is noted, according to Figure 8, that there is an increase in the shrinkage of
approximately 20% for a content of 1 % in the volume of fibers. But this increase reaches 30% for a
content of 1.5% in the volume of fibers. The increase in the free shrinkage of mortar reinforced with
polypropylene fibers may be explained by the fact that these fibers are thin, very flexible, and generally
coated by layers of fines which causes the increase in free shrinkage by increasing the percentage of
fibers.
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6.2.2. Restrained shrinkage

The second part of the experiment program was oriented towards the study of the effect caused by the
introduction of fiber content on the cracking tendency of the mortar. The mixes of mortar were prepared
with constant workability by using a superplasticizer to always have the same quantity of mixing water,
and therefore the same water/cement ratio.

The cracking resistance of the mortar was evaluated by the ring test. It was evaluated by the number of
days and the thickness of the crack. Figures 12 and 13 give an idea of the effect of the fiber addition in a
cementing matrix like that of a mortar. In all the cases, we observed the formation of macrocracks whose
thickness varied from 0.6mm to 0.8 mm. Also, two deep macrocracks on the fourth day have been noted,
as seen in Figure 10. But with 0.5 % of steel fibers, microscopic cracks have been observed ( seen with a
magnifying glass) after 9 days. Whereas with a content of 1 % of steel fibers, the appearance of the
microscopic cracks was not observed at an early age of less than two weeks. By adding 1.5% of steel
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fibers many microscopic cracks have appeared after more than 4 weeks. The cracks appear to be very
thick (less than 0.1mm) and less deep.

Total number of cracks
Total number of cracks

Unreinforced A
specimen 5
V[‘ = O %

/ 4 Reinforced specimen
Vi=15%

A

Fig 12. Results of the tests showing the number and the thickness of the cracks of a
mortar without (left) and with (right) fibrous waste.
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Fig 13. Typical example from the tests showing the strength of cracks

Steel fibers are commonly used in cement-based materials to improve their mechanical properties. But;
little information is available on the use of fibrous waste to reinforce cementitious materials.

With the same mixture of mortar, specimens were prepared by adding polypropylene fibers. It is
announced here that the tests of restrained shrinkage (ring tests) were carried out by using percentages of
fibers of 0.5 and 1%. The observation from the test series confirms that the microscopic cracks in this
kind of shrinkage did not appear before 4 weeks. This fact also confirms the results of recent research
[11], which shows that the introduction of a fiber content equal to or higher than 1% makes evidence that
cracking processes are completely illuminated. The results obtained are illustrated in Table 6.
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Table 6. Effect of polypropylene fibrous waste on restrained shrinkage with constant workability

N°of mix Cement sand Water  Admixture %  Fibres Cracking strength ( days)

MO1EP 1 2 0.5 1 0% Micro-cracks on 4 days
MO2EP 1 2 0.5 1.25 0.5% No cracks after 35 days
MO3EP 1 2 0.5 1.75 1% No cracks after 56 days

VII.  CONCLUSION

The main conclusions drawn from this experimental work are:

o It is possible to use steel and polypropylene fibrous waste as reinforcing elements in the concrete to
improve some mechanical properties on the one hand and develop fibrous waste on the other hand, which
is, in the majority of cases, thrown in urban zones, leading to environmental and human damage.

e Compressive and shrinkage tests were performed on the concrete and mortar specimens with and
without those fibrous waste inclusions, and the testing results were reported and compared. From this
study, it was found that the compressive strength and both free and restrained shrinkage were improved
with fibrous waste addition. This means that the benefit brought by this kind of fibrous waste was not
only to remove this kind of waste but also to have great potential to become a cost-effective resource and
provide performance enhancement for concrete material in the building industry, where the use of these
fibrous wastes is possible and can bring enough strength to the mechanical properties.

 In addition to the improvement in compressive strength and shrinkage phenomena; greater deformation
ability was observed for concrete and mortar reinforced by this fibrous waste.

e Unlike much research in the field of fiber-reinforced concrete, which resulted in a decrease in
compressive strength, this experimental research carried out by using steel and polypropylene fibrous
waste leads to an improvement in both compressive strength and shrinkage phenomena. However, this
conclusion is based on a limited number of test specimens; further research is being done with more
testing specimens and dosage rates to confirm these benefits.
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Abstract-The purpose of this work is to examine the impact of shear-thinning behavior of complex fluids
on the convection with double diffusive in a horizontal porous enclosure. The structure of the essay is as
follows...The shear-thinning behavior of the fluid is described by the Carreau-Yasuda model, which
includes the effect of the rheological parameters of the fluid. Constant fluxes of heat and mass are imposed
on the horizontal walls of the enclosure while the vertical walls are assumed adiabatic and impermeable.
An approximate analytical solution is derived on the basis of the parallel flow approximation, and the
Carreau-Yasuda model. An approximate analytical solution is derived on the basis of the parallel flow
approximation, and the Carreau-Yasuda model with the Boussinesq approximation, energy and species
transport equations are solved numerically using the finite difference method with a time-accurate scheme.
Averall, theCarreau-Yasuda rheological parameters have a strong influence on the thresholds of convection.

Keywords-Rheological Fluid, Porous Structures, Non-Newtonian Fluid, Carreau-Yasuda Model.

I.  INTRODUCTION
The double diffusive by natural convection through porous media saturated with Newtonian and non-
Newtonian fluids has been subject of many investigations due to its relevance in many natural and
technological applications such as: the food industry, filtration processes, polymer engineering, petroleum
drilling, biomedical, cosmetic, molding processes, geothermal exploit , geothermal exploitation,Newtonian
fluid with high shear power.Over the past years considerable research efforts have been devoted to the study
of natural convection in differentially heated and salted cavities filled with Newtonian fluids.Goyeauet et
al.[1]studied naturalconvectionin rectangular porous cavity, they proposed correlations forheat and
masstransfer in thecooperatingcase. Gobin and Bennacer[2] have investigated numerically the two-
dimensional double diffusive natural convection in an enclosure filled with a binary fluid subjected to
horizontal temperature and concentration gradients with cooperating buoyancy forces, the boundary layer
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regime was studied. Other investigations have been made of the double diffusive convection in
superimposed horizontal layers, generally a fluid on top of a porous layer. The motion in the fluid layer is
governed by the Navier-Stokes equation.Numerical studies of heat and mass transfer by natural convection
in a square cavity filled with gas mixture, the influence of the buoyancy ratio varied from 0 to 2 on heat
transfer also is analyzed, treaded by Valencia-Lopez and Ochoa-Tapia [3], Serrano-Arellano et al [4]. The
stability of the rest state and convective state within a shallow porous layer, was studied by Mamou [5].
The thresholds for the onset of overstability and Hopf bifurcation were predicted as a function of the
governing parameters. Is was reported that both thresholds were significantly affected by the acceleration
coefficient and the normalized porosity of the porous medium. The effect of the non-Newtonian behavior
on the onset of convection, fluid flow, temperature field, and heat transfer were examined by Lamsaadi et
al. [6]through an analytical and numerical study for two-dimensional steady-state buoyancy driven flow of
a non-Newtonian power law fluid confined within a shallow rectangular horizontal cavity uniformly heated
from below, while the vertical sides were considered adiabatic.

In this study the influence of shear-thinning effects on the double-diffusive natural convection in porous
layer horizontal enclosure filled with a non-Newtonian fluid was considered. Neumann boundary
conditions are applied on the horizontal walls of the cavity. The shear-thinning behavior of the fluid is
described by the Carreau-Yasuda model. The critical Rayleigh number for the onset of subcritical
convection was determined analytically using the parallel flow approximations. Numerical results, such as
the flow function, vertical velocity, temperature and concentration profiles, as well as the Nusselt and
Sherwood transfer rates, are presented for different values of the control parameter.

II.  GOVERNING EQUATIONS
The schematic diagram of the system under consideration is shown in Fig. 1.The configuration considered
in this study is a horizontal porous layer of width and height , saturated with non-Newtonian shear-thinning
fluid. Neumann boundary conditions are applied for temperature and concentration on the horizontal walls
of the layer, while the left and right side walls are insulated.The porous medium is assumed to be isotropic
and homogeneous.The density variation with temperature and concentration are described by the equation
as by the equation as

p=p1-B@ -T,)=B,(S'-S,"]
where g, and g, are thermal and concentration expansion coefficient respectively, p, being the fluid

mixture density at temperature and concentration, which temperature and concentration at the origin of the
coordinate system.
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Fig. 1. Schematic representation of the system and coordinate system.

In terms of the above definitions, the dimensionless governing equations, written in terms of stream
function, temperature and concentration, are as follows:
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In the present investigation the behavior of the non-Newtonian fluid is described by the Carreau-Yasuda
phenomenological constitutive model where the viscosity ( 4., ) is given by:

Hoy (D) =5 +(1=9)[1+ (2, |7
where , is the dimensionless shear-dependent apparent viscosity, s = _/ u, 1s the ratio of infinite-to zero-

(n-1)/a

shear-rate viscosities and y is the dimensionless rate-of-strain is defined as follows:

- R
o= o

The corresponding dimensionless boundary conditions applied on the walls of the system are:

A
x=ft—u=y=0 and y:ilv:l//:O(6a)
2 2
A 1
=2 0T % 4 and y:ifalzﬁz_lmb)
2 ox  ox 2 00 Oy

In the above equations one notice the presence of four dimensionless parameters, namely the thermal
Rayleigh number, R, , the buoyancy ratio, ¢, the Lewis number, Le, the normalized porosity, ¢, and the
aspect ratio of the enclosure, 4 , expressed as:

AT 'KH' AS’

poﬂri, ¢):ﬁs — L€=g€=£, A=
M B.AT D c

The heat and mass transfer rates at any section, x , is expressed in terms of the Nusselt, Nu , and Sherwood,

Sh , numbers defined as

R =

T

Nu'=AT =T, -T, . (8a)

(0,-1/2)

Sh”' =AS =S (8b)

(0.—]/2) 0 J1/2)

The average Nusselt and Sherwood numbers are computed using the following integral:
Nu =4" Afz Nudx (9a)

—A/2

Sh =A""[ Shdx (9b)

—A/2

1.  NUMERICAL SOLUTION

In order to perform numerical simulations, the differential nonlinear equations governing the problem
must be converted to algebraic equations. Therefore, the equations are discretized using a second-order
central finite difference schema in time and space with uniform grid size. The algebraic equations were
solved by a line-by-line iterative method. A double precision FORTRAN code was developed for double
diffusive simulations in a two-dimensional porous layer saturated by non-Newtonian fluid. The method
sweeps the domain of integration along the x-and y-axes and uses tridiagonal matrix inversion to solve the
resulting system of equations. The convergence criterion for the governing equation is

m kel k+1 -8
Z’*fl//i..i i <10
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where y,  is the stream function value at the node (i, ;) at the iteration.

IV.  NANOLINEAR ANALYTICAL

For double-diffusion convection in a horizontal cavity having a large aspect ratio, several authors
developed an approximate analytical solution based on the parallel flow approximation. For the present
problem according to this approach, the convective flow in the central region of the enclosure is assumed
to be parallel to the horizontal walls.

the following sysem of ordinary differential equations:

d d
(y@ “’J:—RT@ +C)(10)

dy dy
T e ¥
dy dy
95 _ree, ¥ (12)
dy dy
and the apparent viscosity ( ., ),is now given by:
a (n-1)la
ty (D =s+(1=s) 1+, [ ] (13)
where the shear rate (7 ),”(5)”, is reduced to:
_1Z¥] (14)
oy’

the heat and species transport across any transversal section, are given by:
C, =2["u()6, (y My and C, =2Le;"u(y)0, (» My
Hence, the momentum equation, “(10)” , was reduced:

V% (5)
dy

where: # =R _(C, +¢C,)/ y, .
The solution of “(10)”,satisfying the boundary conditions set in “(6)”, is obtained as follow:
1y’
gl -2 _1(16
vor=ai(1-2-] 10
From “(13)”, the viscosity apparent, ., , can be written as follows:

ty =s +(1-9)[1+ (4, |2 ] (17)
Upon solving “(11)” and “(12)”, the temperature and concentration profiles are obtained by the following
solutions:

9

y oy’
T(x,y)=C,x -C 9| -~ |- 18
(x,y)=C,x -C, (8 6) y (18)

S(x,y)=Cyx —LeCS,W();—);j_y (19)

The constant gradients of temperature and concentration along the x-direction, C, and C, respectively, are

expressed as:

1092 10Le %7
120+ 97 120 + Le> 97°
The local Nusselt, ~Nu , and Sherwood, S , numbers expressions, “(14)”, are reduced to:

and C, = (20)

T
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V. RESULTS AND DISCUSSION

The results presented in this paper are focused of the effect of the Carreau’s Yasuda parameters on the
convective flow also on heat and mass transfer rate and near the onset of convection and on the threshold
of subcritical as well as the overstable and supercritical convection, up to Hopf bifurcation. The effect of
the governing parameters on the convective heat and mass transfer, as predicted by the nonlinear parallel
flow approximation, is now compared with the numerical solutions results obtained by solving the full
governing equations.

Further comparison between the analytical, bases on the parallel flow approximation, and the numerical
solutions for the horizontal velocity component, u , temperature, 7 , concentration, S , and apparent
viscosity, u,, , profiles respectively, at the mid-width of the porous layer (x=0) are illustrated in Figs. 2(a)-

(d). The results were obtained for R, =50, Le =5, ¢ =-0.1, ¢ =1 and various values of the power-law index,

n . From these figures, it is clear that the parallel flow solution which depicted in solid lines are is excellent
agreement with the numerical solution, presented by solid circles. Fig. 2(a) indicates the vertical profiles of
the horizontal velocity, u, is symmetrical with the respect to y. The velocity is maximum on the wall (
y =10.5) where the shear-thinning is nullified as the buoyancy forces are equal and opposing. Also the

velocity, u, decreases sharply form (u =u,_) atthe wall (y =-0.5) toward u =0 at the center of the cavity
(y =0) and then drops back to (u =-u__) at the wall (y =0.5). Upon increasing the value of the power-

law index, =, it is seen that the velocity in the vicinity of the walls is considerably reduced, as the fluid
becomes more and more shear-thinning (» <1). The effect of, » , on the temperature and the concentration
profiles is illustrated in Figs. 2(b) and (c). The evolution of the temperature and concentration profiles is
quite similar to that discussed in Fig. 2(a) while studying the evolution of, u . It is seen from Figs. 2(b) and
(c) the temperature and concentration near the solid walls are promoted with a decrease of the power-law
index, ». Also the temperature (concentration) difference between along the vertical walls (y =+0.5)
decreases with decreasing, » , causing a significant increase of the convective heat (Nu) and mass (Sh )
transfer rates. According to Eq. (17) it is seen from Fig. 2(d) the apparent viscosity, ux, , remain constant

as the shear rate remains constant across the layer along the vertical axes.
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Fig. 2. Effect of the power-law index, 7 , on (a) horizontal velocity, u , (b) temperature, T , (c) concentration, S , and (d)

apparent viscosity, u., , profiles at the mid-width of the porous layer (x=0) for R, =50, Le =5, ¢ =—-0.1, 4, =02, a=2,

s =107 and €=1.
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The influence of the Lewis number, Le, on the subcritical Rayleigh number, g, is depicted in Fig. 3(a)

for 4, =02, a=2, s=10", ¢=-0.1, ¢=1 and various values of the power-law index, » . The results,
depicted by solid lines in the graph, correspond to the thresholds of a subcritical unicellular, ", and the

rc
sup

e

dot-dot-dashed lines to corresponds to the supercritical Rayleigh number, R,” . The graphs clearly illustrate

the fact that the Lewis number has a dominant effect on the critical Rayleigh numbers (& andRr,” ). It is

C

sub
c 2

increases, research a peak, R =16 at Le=3.2, and then decreases toward R}’ =R’ =1532 as

rc

observed that, as the Lewis number decreases from 10° to 2.16, the subcritical Rayleigh number, Rr

Le — Le,(2.16) . Below this value (Le <Le_(2.16)) the subcritical convection is not possible. This follows

292



from the fact that when the Lewis number is small enough, the mass transfer process across the porous layer

is ruled by pure diffusion. The onset of motion is then supercritical (®” ) in the range ( Le_(2.16) < Le <10
). A decrease in the power-law index, » , from (1<n <0.2) leads in response as depicted in Fig. 3(a). A bird
eye view on the graphs indicates that for a given value of the Lewis number, the subcritical Rayleigh number
continuously with a decrease of ». The peaks of, r', for different values of, », are seen to vary
considerably. Thus for » =1 the peaks occur at about Le =3.2 while for n =0.2 they occur at approximately
Le =1.6. Finally, it is observed that the power-law index, » , also affects the range of occurrence of Le, .
Fig. 3(b) shows the variation of the critical Lewis number, Le,_ (i.e., when R = R:* ), as function of » . It
is found that, upon decreasing the power-law index between (0.56 <n <1), the critical Lewis number Le,
decrease sharply. Below n <0.56, the threshold of supercritical convection (&) is disappears completely
and the only existing critical Rayleigh number is the subcritical one (&), as illustrated in Fig. 3(a) for

n=04 and 0.2

Analytical solution

o (R"=R,") Le.=2.16

Le=1.83 w
— R.Eq.G1)

—— R Eq.(32)

-—n=(.56

Anabytical sofution

s Le (RM™=R2™

05

(b}

L 1 L L
%3 0.6 07 08 03
n

sub
rc

Fig. 3. Subcritical Rayleigh number, R’" , and supercritical Rayleigh number, R’" , as function of Lewis number, Le , and

TC

various values of power-law index, »n , for ¢ =-0.1, 4, =02, a=2 and s = 107,

Fig. 4 shows the variation of the critical Rayleigh numbers ', " and r’” with the buoyancy ratio, ¢,

rc TC

for Le =5, A, =02, a=2 and s =10". The graph indicates that in the range (-0.1< ¢ <0.1), the subcritical
Rayleigh number, ", decreases with decreasing buoyancy ratio, ¢ , for different values of » , thus the

rc 2

buoyancy ratio has a destabilizing effect. At ¢ =0 it is found that R’ = R =12, and this independently

of the power law-index varied between n =1 and 0.6. Upon keeping on decreasing the value of the power-
law index, », and increase the value of the buoyancy ratio, ¢ >0, it appears clearly that the bistabilty

phenomenon occurs regardless of the power-law index, » . However, it can be seen that the extent of the
bistability region depend on the power-law index, » . This region arises when the system has two steady-
state solutions occurring under the same conditions. In this situation, a bistability region occurs between
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the two turning saddle-node points g’ and R

TC 7C 2

as illustrated in the zoom presented in Fig.4. A bird eye
view of the results indicates that, for the case where n =0.1, in the range (-0.1< ¢ <0.035), the subcritical
Rayleigh number (r"") is the lower critical Rayleigh number, i.e. (R} <R < R!"), such that the onset of
motion is subcritical, as exemplified in Figs. 5(a)-(d) for ¢ =-0.01. For this value, the critical Rayleigh
=10.50and R =12.64. In the graph, the solution depicted by the

solid line, referred to as the stable solution. This is not the case for the dot-dot-dashed line, connecting the
subcritical and supercritical Rayleigh number, which corresponds to an unstable solution. At ¢ =0.035, it is

sub
TC

number for the motion, are given by R

found R =R)” =10.2. Upon keeping on decreasing the value of ¢, it is observed that, in the range (

0.035 < ¢ < 0.082), the existence of the bistability phenomenon, where the bistability region is delineated by
the hatched area. For this situation, the bifurcation curve consists of a lower supercritical branch and upper
branch that exists for r, >Rr*, as exemplified in Figs. 5(a)-(d) for ¢ =0.04. For this value, the resulting

e

bifurcation curve is seen to be quite particular and the onsets of motion are given by R, =10, R, =10.17
and R =10.47. A bird’s-eye view of the graph indicates the existence of two stable different branches,

depicted by solid lines. The upper branch, starting at ", is the standard branch observed is subcritical

bifurcation while the lower stable branch, which starts a r” corresponds to a supercritical bifurcation.

tur

rc

ur

However, it is observed that the lower stable branch exists only in the range (R, <R, <R, ), where R

correspond to a turning saddle-node point. These two solutions have the same flow structure but different
flow intensities, and exhibit different heat and mass transfer rates. These two solutions are usually
connected by a third unstable solution. For 0.082 < ¢ < 0.1, the only existing critical Rayleigh number is the

supercritical one, R’ , as exemplified in Fig. 5(a) for ¢ =0.1. It is observed that the onset of steady motion

in now not subcritical, but rather supercritical. The resulting pitchfork type bifurcation characterized by a
transition from the rest state (v, =0) to a convective regime, takes  place at a supercritical Rayleigh

number of R)” =8.

Analviical soluiion

| \\!'0 ‘\‘ — R .Eq.(32)
N “wes R T (32)
1afe SN TR LEQQ)

L Y
0.1 -0.05 [] 0.05 0.1

Fig. 4. Buoyancy ratio, ¢ , and power-law index, 7 , effects on the critical Rayleigh numbers R, R and R for Le =5

v Ay =02,a=2and s =10",
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Fig. 5. Bifurcation diagram as a function of R, and ¢ for Le =5, n=0.1, 4, =02, a=2, 5 =10" and ¢ =1, (a) flow

intensity ¥, (b) Nusselt number Nu , (c) Sherwood number S/ and (d) apparent viscosity, ., .

VI.  CONCLUSION

For an infinite layer, a good comparison was obtained between the resulting steady state solution predicted
by the parallel flow theory and the numerical solution of the full governing equations. The resulting
convective heat and mass transfer rates were then considerably affected by the parameters of the Carreau-
Yassuda model (n, A, , a and s). For a given value of the governing parameters, the strength of

convection (), heat and mass transfer rates (Nu and Si ) are promoted (annihilated) when decreasing

(increasing) the power-law index in the range (0.1 < » <1) or when increasing (decreasing) the time constant
in the range (0< 4, <1). A similar trend is found for viscosity apparent ( x_., ) upon increasing (decreasing)

the value of » and decreasing (increasing) the value of 4, . Thus, when the Rayleigh number was very
large both heat and mass transfer rates tended asymptotically toward a constant value Nu(Sh) — 6.0, and
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this independently of the value of both » and 4, . Depending on the buoyancy ratio and the Carreau-

Yassuda parameters, it was found that the shapes of the bifurcation curves can be considerably modified.
Thus, for a given set of the Carreau-Yassuda parameters and the buoyancy ratio (¢ > 0), i.e. when both the

thermal and the solutal forces are destabilizing, the onset of convection occurs at a supercritical ( R ),

sub

e

while for the opposing buoyancy forces (¢ < 0), the onset of motion could be subcritical (R ). In between

these two limits (0 < ¢ <0), the curves display a more complex bifurcation process leading to bistability
convection, at which the existence of the two distinct finite amplitude solutions, one for r > and the

other one between (Rr;” <R, <R"“) or (R <R, <R"). These two solutions are usually connected by a

rc -

third or fourth unstable solution.
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Abstract-This paper introduces a frequency selective surface (FSS) design that reflects some frequency
bands. The frequency selective surface works as a polarization converter and can convert the wave from
linear to linear and from linear to circular by shifting the polarization of the wave by 180 and 90 degrees,
respectively. This design consists of unit cells with half-ring copper structures on the top of a Roger 5880
substrate with a thickness of 1.575 mm and a loss tangent of 0.009, while the back is full copper. This
design can reflect x/y-polarized waves as y/x-polarized waves with 90% efficiency in the frequency
region of 5.14-5.16, and 8.95-9.04 GHz. This surface can also convert linearly polarized waves to
circularly polarized waves with a polarization conversion ratio (PCR) of 90% in the frequency bands of
5.09-5.21, 8.82-8.90 and 9.08-9.20 GHz. These results are based on mathematical theories and simulation
analysis, which are shown as formulations and graphs in the paper. This structure can be preferred for
antennas, radars, and communications, especially for 5G applications.

Keywords: Frequency Selective Surface (FSS),; Polarization Conversion.

I.  INTRODUCTION

The polarization of an electromagnetic wave describes how the electric field oscillates over time in a
plane perpendicular to the direction of wave propagation. In recent years, increasing attention has been
given to controlling the polarization state of electromagnetic waves, driven by the growing demand in
polarization-sensitive technologies and systems. Due to their unique ability to manipulate polarization,
polarization converters [1-5] have found widespread use across microwave, terahertz, and even optical
frequency ranges.

Frequency Selective Surfaces (FSS), which can block or reflect specific frequency bands, have gained
significant interest recently. Their advantages such as compact size, low profile, and broad bandwidth and
angular response make them attractive alternatives to traditional components. Given the crucial role
polarization control plays in devices like wave plates, polarization beam splitters, and antennas [6-9],
researchers have continually sought new methods and structures to manipulate the polarization
characteristics of EM waves.

In communication systems, polarization converters are vital, as electromagnetic waves often need to be
transformed between different polarization states to cope with channel conditions and environmental
factors. Conversions from linear to linear and from linear to circular polarization are especially important,
with applications spanning modern communication systems, including sub-5G technologies [10].
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In this paper, a new frequency-selective surface has been designed for polarization conversion. This
design reflects the incident wave by shifting its polarization by 90 and 180 degrees. In other words, this
FSS can convert the polarization of the incident wave from linear to linear in the 5.14-5.16 and 8.95-9.04
GHz frequency bands, and from linear to circular in the 5.09-5.21, 8.82-8.90, and 9.08-9.20 GHz
frequency bands. These results have been analyzed and supported by the mathematical theories in the

paper.

II.  THE DESIGNED UNITCELL CONFIGURATION

The designed unitcell with half-ring copper shapes forming FSS structure is shown on the xy axis in Fig.
1. This structure has been design on Roger 5880 substrate with a thickness of 1.575 mm and a loss
tangent of 0.009. The backside of the substrate is fully covered with the copper. Here, the dimensions of
the unitcell are s:26, r:4, g:1 mm.

w8

y
i

B X

v

Fig. 1. The designed unitcell for FSS on the cartesian coordinate

II.  SIMULATION RESULTS AND DISCUSSION

This structure has been designed and simulated by using periodic boundry conditions with Floquet port.
To see the results of the designed structure, we can analayse the reflection coefficient results of the
design. Reflection coefficients are so important parameters that can show us the relationship between
incident and reflected waves. Co-polarized coeffients are Rxx and Ryy, which are equal to E,,/E;, and
E,,/E;,, respectively, while cross-polarized coefficients (Ryx and Rxy) are equal to |Eyr JE xi|, |E Py}

Ey.

the reflection coefficient results for x- and y-polarized incident waves are given in Fig. 3. Here, for two
different the polarized incident wave, it is seen that a single result is because of the symetrical structure
accross u-axis, which is shown in Fig. 2.
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Fig. 2. The unitcell with electric field components on uv- and xy-axis

Fig. 2 shows that resonances occur when the cross-polarization coefficients remain below -10 dB,
indicating 90% reflection. Also, the cross-polarized coefficients approach to 0 dB at the same resonance
frequencies, showing a polarization conversion by shifting 180 degree along the uv-axis. As a result, the
desinged FSS can make a conversiton linear-to-linear (LTL) at theese resonance frequencies.
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Fig. 3. The results of the reflection coefficient: (a) for the x-polarized wave, (b) for the y-polarized wave

The 180 degree shift mentioned above can be understood from the results of the reflection coefficents on
the uv-axis in Fig. 4. To get LTL conversion, Equ. (1) must be validated. Fig. 4 (a) shows that the
magnitude of the co-polarized coefficient are approximately equal each other, while Fig. 4. (b) indicates
the existence of the 180 degree phase difference between co-polarized coefficients on uv-axis.

|Ruu| = |va| =1
1
{A(p=(puu_§0vv=iﬂ ey
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Fig. 4. The results of the reflection coefficient: (a) for the u-polarized wave, (b) for the v-polarized wave

To understand better the existence of LTL conversion, it is persistent to check the PCR (polarization
conversion ratio) results. Equ. 2 shows the mathematical theory for calculating PCR and the calculation
result is shown in Fig. 5. These results confirm the LTL conversion at dual-band frequencies.

2
|Ray |
PCR = > > %X 100 (2)
[Rey|” + |Ryy|
1
0.9-------- oo oo ‘-/q> ----------
5.14-5.16 8.95-9.04
GHz GHz
o 0.6
(&)
o
0.3
0 I JU
2 4 6 8 10 12
Frequency [GHz]
Fig. 5. PCR (Polarization Conversion Ratio) results for normal incidence
. . R D . . .
Axial ratio can be calculated by 10log % which is used to analyze the linear-to-circular conversion. To
vy

get a circularly polarization are shown the circumstances in Equ. (3). The condition that the magnitude of
the reflection coefficients are equal are satisfied by calculating the axial ratio in Fig. 5.

{lRyy| = |ny| 3)
AQny = Qxx — Pyx = /2
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Fig. 6. The results of axial ratio and phase difference for x-polarized wave

The second condition of the circularly polarization given in Equ. (3) indicates the existence of a 180
degree phase difference between the x-polarized incident and y-polarized reflected waves. Consequently,
Fig. 6 shows that the incident wave can be reflected and converted into a circularly polarized wave in
three different frequency bands.

IV.  CONCLUSION

This study introduces a novel Frequency Selective Surface (FSS) composed of half-ring unit cells
designed on a Rogers 5880 substrate. The proposed structure is capable of reflecting incident linearly
polarized waves by rotating their polarization by 90 degrees around the xy-axis with an efficiency of 90%
in the frequency ranges of 5.14-5.16 GHz and 8.95-9.04 GHz. Additionally, it achieves linear-to-circular
(LTC) polarization conversion with 90% efficiency within the frequency bands of 5.09-5.21 GHz, 8.82-
8.90 GHz, and 9.08-9.20 GHz. This design holds promise for enhancing antenna performance and can be
applied in radar systems, medical technologies, and communication systems, particularly in sub-5G
applications.
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Abstract — This study highlights the use of mild reagents as an advantageous method for synthesizing
reduced graphene oxide (RGO) without employing hazardous chemicals like hydrazine, which is a
standard route for chemical reduction of graphene oxide. The paper describes a sono-assisted method for
producing RGO particles using glucose as a mild reducing agent in alkaline media, mediated by sodium
hydroxide (NaOH). The results show that the chosen base has a direct impact on the final properties of
RGO and the reduction that takes place. Their stability is also demonstrated by zeta potential analysis.

Keywords — Reduced graphene oxide, graphene oxide, probe sonication.

I. INTRODUCTION

Graphene, a groundbreaking two-dimensional material, consists of a single layer of sp? hybridized carbon
atoms meticulously arranged in a distinctive hexagonal honeycomb lattice[1]. When multiple such layers
are stacked together, the resulting macroscopic structure is commonly known as graphitel. The abundant
availability of graphite serves as a crucial starting point for the derivation of various graphene-based
nanomaterials. These valuable derivatives can be obtained through diverse methods, including physical
exfoliation, famously exemplified by the Scotch tape method, or more commonly, via intricate chemical
oxidation processes [2].

A key derivative formed through these processes is graphene oxide (GO), which subsequently undergoes
reduction to yield reduced graphene oxide (RGO) [3]. This reduction step is paramount as it aims to
partially restore the hexagonal carbon honeycomb structure, thereby re-establishing many of graphene's
desirable electronic and optical propertiesl. However, it is important to note that the final properties of
RGO are significantly influenced by the residual interactions that depend on the specific reduction
conditions employedl. Historically, the initial chemical reductions of graphene oxide primarily utilized
hydrazine monohydrate, a highly potent reducing agent1. Despite its effectiveness, a significant and well-
documented drawback associated with this traditional method is the inherent toxicity of hydrazine to both
the environment and human healthl. This critical environmental and safety concern has catalyzed an
intensive global search for new, safer, and environmentally friendly alternatives, often collectively
referred to as "green chemical reduction methods"[4-6].

Among the most promising "green" approaches, the utilization of sugars as mild reducing agents for the
production of partially reduced graphene oxide (RGO) has been extensively investigated and proven
effective [5]. This particular method offers a compelling and eco-conscious pathway to synthesize stable
RGO solutions. Such stable RGO solutions have garnered considerable interest due to their remarkably
diverse applicability across various cutting-edge fields. For instance, they have shown immense utility as
a support material in cancer therapy within the biomedical field, in advanced electrocatalysis, for
formulating next-generation conductive inks, and in the innovative fabrication of RGO-based composites
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[7]. These broad and impactful applications are largely attributed to the intricate interaction between
graphene sheets and open-chain oxidized glucose moleculesl. Furthermore, this "green approach,”
specifically relying on glucose oxidation, is highly advantageous because it can yield materials exhibiting
varying degrees of carbon restoration and consequent alterations in the material's bandgap [8-12]. These
tunable characteristics are paramount and crucial for tailoring RGO for future specific and high-
performance applications.

Building upon these significant advancements, this study specifically details the synthesis of reduced
graphene oxide (RGO) using glucose under precisely controlled alkaline conditions. Sodium hydroxide
(NaOH) was meticulously chosen as the base to effectively promote and facilitate the graphene oxide
reduction process. A critical and innovative aspect of the methodology employed here is the assistance of
probe sonication throughout the entire synthesis process, which notably leads to different levels of
oxidation depending on the base chosen. The research demonstrates that the specific choice of base has a
direct impact on the final properties of RGO and the extent of the reduction that takes place. Crucially,
the investigation revealed that neither the alkali (NaOH) nor glucose alone was capable of producing
RGO; their synergistic presence was absolutely essential for the successful reduction. This powerful
synergistic effect is attributed to the oxidation of open-chain gluconic acid molecules, which then interact
with the oxygenated groups present on graphene, thereby acting as an effective catalyst for the
deoxygenation of graphene in the basic medium. The progress of the reduction process was diligently
monitored through UV-Vis analysis, which consistently confirmed a bathochromic shift of the maximum
absorbance peak to wavelengths greater than or equal to 260 nm. This characteristic spectral shift,
alongside the distinct disappearance of the broad shoulder peak, is a strong visual indicator of significant
oxygen removal and a partial restoration of the aromatic carbon sp? structure within the graphene lattice.
Furthermore, the long-term stability of the synthesized RGO particles, crucial for their practical
applications, is robustly demonstrated through zeta potential analysis. Indeed, both GO and RGO were
found to form stable colloidal solutions in water, demonstrating their exceptional water solubility and
interparticle electrostatic repulsion.

2. Materials and methods

2.1. Materials

Graphite flakes (< 20 um, 12.01 g/mol), H>SO4 (98%), H202 (30%), potassium permanganate, D-(+)-
Glucose, Sodium hydroxide, Sulfuric acid, were purchased from Sigma Aldrich. All chemicals were used
without any further purification.

2.2. Synthesis of graphene oxide and reduced graphene oxide

In this study, graphene oxide (GO) was synthesized following an improved Hummers' method, as
originally proposed by Marcona et al. [7] and previously employed by the authors in our prior research
[8]. This method typically involves the chemical exfoliation of graphite flakes, the starting material,
through oxidation processes to introduce oxygen-containing functional groups onto the carbon lattice. The
reduction of graphene oxide (GO) was accomplished through a "green chemical reduction method"
utilizing glucose under alkaline conditions. This approach is specifically highlighted as an advantageous
alternative to traditional methods that employ hazardous chemicals, such as hydrazine monohydrate,
which is known for its toxicity to both the environment and human health.

The detailed procedure for the synthesis of RGO is as follows:

* Initial Mixture Preparation: To begin, 50 mg of synthesized graphene oxide (GO) was carefully loaded
into a beaker. Subsequently, 100 mL of a 0.1 M aqueous glucose solution was added to the GO.

304



* Probe Sonication-Assisted Process: The entire mixture was then subjected to sonication using an
ultrasonic tip. This probe sonication assistance is a critical aspect of the method, influencing the levels of
oxidation achieved in the final RGO product, with the specific base chosen playing a significant role in
this outcome.

* Alkaline Medium Introduction: Following the initial mixing and sonication, 150 mL of a 1 M Sodium
hydroxide (NaOH) solution was gradually added. This addition was performed incrementally, every 10
minutes for a total duration of 50 minutes, while the beaker remained continuously under sonication.
NaOH was specifically selected as the base to effectively promote and facilitate the graphene oxide
reduction process.

* Reaction Progression and Completion: After the complete addition of the NaOH solution, the mixture
was allowed to stand for an additional 10 minutes without further base addition. To ensure the reaction
reached completion, the mixture was then stirred under reflux at 90 °C for 1 hour.

Visible spectroscopy (UV-Vis) absorbance measurements were performed every 10 min after sonication
to monitor the graphene oxide reduction process. Finally, the material was centrifuged at 8000 rpm for 10
min, and the precipitate was washed twice with ethanol and a third time with ultrapure water, with
subsequent drying 48 h [6].

Characterization

To ensure that the samples are dispersed homogeneously, a UV—Vis spectrophotometer (UV-1280,
Shimadzu, Japan) recorded the spectra of the samples prepared in the range of 200-800 nm. All
measurements were done with a pair of quartz cuvettes. The samples’ zeta potentials were measured with
a Malvern Zetasizer Nano Z zeta potential analyzer.

Results and discussion
Synthesis, functionalization, and characterization

As shown in Fig. 1, the UV-Vis spectra of centrifuged and redispersed RGO and GO samples were
captured in order to assess the material's optical characteristics. For GO, a typical absorption peak at 233
nm appears, which is attributed to the m — «* transition of the aromatic C=C bonds. In addition, the
broad shoulder peak, at around 300 nm, is attributed to n — 7" transitions of the carbonyl groups. After
the reduction process, the absorption peak at 233 nm red-shifted to at around 270 nm for RGO [6-8]. This
shift suggests a partial restoration of the aromatic carbon sp? structure that was previously affected by
oxidation. The broad shoulder peak around 300 nm disappeared after reduction, indicating the removal of
oxygen from the graphene oxide lattice [11, 12].

305



Absorbance

200 300 400 500 600 700 800 900

‘Wavelength (nm)

Fig. 1 UV spectra of synthesized GO and GO reduced with NaOH (Na-RGO).

The interaction between suspended particles is directly reflected by the zeta potential. Aqueous GO and
RGO had zeta potentials of — 42.4 mV and — 35.7 mV, respectively (Fig. 2). Because of interparticle
electrostatic repulsion, particles with zeta potentials greater than -30 mV are thought to produce stable
suspensions [9]. RGO is less dispersible than GO in aqueous solution, as shown in Fig. 2. Consequently,
RGO and GO dissolved in aqueous solution to form a stable colloidal, demonstrating the materials'

exceptional water solubility [10].

GO RGO

Hean (mV) Area (%) StDev (mV)
Peak1: 357 1000 618
Peak2: 0.00 00 000

Mean (mv) Area (%) StDev (mV)
Peak1: -424 1000 684
Peak2: 0.00 00 0.00
Conductivity (mS/cm): 0.182 Peak3: 000 00 000

Conductivity (mSicm): 0637 Peak3: 0.00 00 000

Result quality : Result quality :

Record 297-160 )3

Record 295160 2) 1 Record 296:160 2)2

Figure 2. Zeta potential of GO and RGO

Conclusion

The impact of NaOH on the probe sonication-assisted reduction process with glucose acting as a reducing
agent was examined in this work. By facilitating the binding of glucose-oxidized molecules to reduced
graphene oxide, glucose-based reduction serves as a capping agent and stabilizes the particles for
subsequent uses in aqueous solution. The reduction of graphene oxide was accomplished in this study,

and zeta potential measurement showed that both GO and RGO were stable in water for a week
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Abstract — Fluid injection and gas injection are the most common methods of secondary exploitation. The
share of water injection processes in Romania is high when it comes to increasing the hydrocarbon recovery
factor. The deposits to which secondary exploitation is applied are those from which, during primary
exploitation, a large proportion of the reservoir energy has been removed and significant quantities of
hydrocarbons are still found and can be extracted.

There are many mentions in the specialized literature in which a larger quantity of hydrocarbons can be
extracted from deposits in secondary exploitation than in primary exploitation. This paper describted about
water injection in oil fields.
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I. INTRODUCTION

Fluid injection and gas injection are the most common methods of secondary exploitation. The share
of water injection processes in Romania is high when it comes to increasing the hydrocarbon recovery
factor. The deposits to which secondary exploitation is applied are those from which, during primary
exploitation, a large proportion of the reservoir energy has been removed and significant quantities of
hydrocarbons are still found and can be extracted.

There are many mentions in the specialized literature in which a larger quantity of hydrocarbons
can be extracted from deposits in secondary exploitation than in primary exploitation. This is shown by the
production data: only a small fraction of the original oil is recovered through primary exploitation, examples
being the deposits in Texas (USA)-Permian Basin, in China- Daqing, Saudi Arabia- Ghawar, etc. The
application of secondary exploitation methods based on new technologies and scientific research can lead
to doubling or even tripling the oil fraction [1].

The success of the secondary exploitation process depends to a large extent on the appropriate
choice of the driving method on the reservoir, as well as on the choice of the displacement agent. This
statement is based on the fact that most failures in exploitation are due to inappropriate choices of the
driving method and the displacement agent. In order to make appropriate choices on the two factors, a
detailed investigation of the state of the reservoir is necessary, the first thing being the determination of the
form of the reservoir energy.

Other mentions in the specialized literature related to secondary exploitation that deserve attention
are [2]:

-the properties of the reservoir are not of particular importance in choosing the driving methods;

-favorable for secondary exploitation methods are deposits that have low recovery factors (0.15-
0.3), namely worked in the form of the reservoir energy of dissolved gases;
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-the organization of injection and extraction wells, namely the location and distance between them,
had a major impact on the secondary exploitation process;

- it was possible to use reservoir waters, sea waters, lake or river waters as a displacement agent;
related to the use of well gases, gas supply is a source that is found in a smaller percentage; on the other
hand, water sources are easier to find, but here the quality of the water is also very relevant. Water needs
to contain as few mechanical impurities as possible and mineral salts to be removed so as not to clog the
pores;

The form of reservoir energy corresponds to the percentage of saturation in oil, a percentage relevant
for the entire secondary exploitation process. The average oil saturation in the reservoir chosen for
secondary exploitation must be a minimum of 35-40% at the beginning of exploitation.

The dissolved gas regime has the advantageous characteristics for secondary exploitation, namely
reduced recovery factors in primary exploitation.

The deposits with this regime turned out to be the most suitable due to the low recovery factors,
then there are the deposits with the gas exit regime from the solution, these have the form of mixed energy.
In proportion to the efficiency of the marginal waters are the recovery factors in oil, so if the efficiency of
the waters increases, then the recovery factors in primary exploitation also increase, so the deposits become
unfavorable for secondary exploitation.

Hydrocarbon deposits in which the form of the deposit is by pushing marginal waters are excluded
from secondary exploitation, this being a successful form of deposit in primary exploitation, also those with
a gravitational regime are bypassed because there are no quantities of hydrocarbons left that are relevant
from an economic point of view. All this information is relevant because it is necessary to know whether
the hydrocarbon reserve in the field is sufficient to be able to proceed with the choice of an artificial flooding
method [3].

For the most correct choice of the displacement agent, an important characteristic in the success of
the secondary exploitation process, it is necessary to know, as well as possible, the saturation in oil, water
and gas.

It is known from the specialized literature that a low consumption of displacement agent
corresponds to a low saturation in oil, water, gas at different stages of exploration, namely the consumption
of displacement agent is proportional to the respective saturations depending on the moment of exploration.
The water-oil, oil-gas ratios are closely related to the saturation in oil, water and gas, this connection being
the consequence of the phase permeability.

Using some experimental data, specific for sandy permeable media, and with the help of research
on some projects that were successful in artificial flooding, it was concluded that in secondary exploitation
by water injection the most suitable layers were those with reduced saturation in water, but high saturation
in oil.

According to research from practical applications of various projects carried out for the purpose of
exploiting deposits, the properties of the deposits are not a determining element when making decisions
related to the choice of secondary exploitation methods, either artificial flooding or gas injection.

If there is a high amount of clay minerals in the deposit, it is necessary to pay increased attention, because
these minerals can undergo swelling processes that will reduce the quality of the filtration process of the
collective layer [4].

II. METODS

The use of one of the two types of injection depends on certain factors: the angle of inclination of
the layer, the spatial distribution of production wells, the existence or not of production wells, the action of
marginal waters, the shape of the productive zone, the mobility of fluids, the width of the productive zones.
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If the inclination angle of the layer is high, then it is preferable to apply the extracontour injection
method, because the high inclination can prevent the injection agent from being distributed evenly [5].

a. The secondary recovery process can be negatively affected as a result of the reduced contact
efficiency between the crude oil and the displacement agent given by the high inclination angles;

b. If the reservoir has a uniform well network with respect to the accumulation area and the water-oil
contact line, the implementation of an extracontour injection structure can be justified, i.e. marginal
production wells can be transformed into injection wells;

c. If there are unexploited areas or if the reservoir has not been fully explored, it is desired to exploit
the possible remaining resource by drilling several wells using a uniform intracontour injection
scheme.

d. This injection case can be opted for only if there is low water permeability in the strata and therefore
the injection wells do not have a large radius of influence, but the effective permeability of the crude
oil must not be compromised by the existence of clay content in the reservoir.

e. Also, the wells must produce crude oil with a percentage of water as low as possible (maximum
20%) and the saturation in the crude oil must be greater than 35-40%;

f. Ifthe action of the natural marginal water system is not developed or is poorly developed and does
not have the power to maintain the reservoir pressure, thus prematurely weakening the reservoir
energy, an extracontour injection obtained by placing marginal wells that will increase the energy
input from the natural aquifer resulting in a restoration of the layer pressure is preferred;

g. If'the reservoir has an irregular surface, the extracontour injection will not be able to fulfill its role
due to the impossibility of uniform displacement of the contact between water and oil;

h. Ifthe fluids have high mobility, a suitable width of the productive zone, but also the marginal waters
are present and slightly active, the use of extracontour injection of water is preferred, but if the
fluids present in the collectors have low mobility, intracontour injection will be used.

111. DISCUSSION

The injection of water into the reservoir is based on physical and chemical parameters related either
to the injected water itself or to the proper course of the injection.

The relevant factors in this process are: the properties of the reservoir water and oil, molecular-
surface phenomena, the amount of interstitial water and therefore the structure of the pore space, the
viscosity of the oil, the existence and percentage of impurities in the water.

Among these parameters are the injection flow rate and the injection pressure.

These two parameters are basic and the effectiveness of the injection process depends on them.

For this, they must be monitored and determined continuously: from the beginning to the end of the
process.

According to the practice on the construction site, the best effects were given by injecting water into
the reservoir naturally, without rushing the injection process; by forcing the process, the displacement agent
can slip and will reduce the efficiency of the injection process.

Because of this characteristic, clear results cannot be obtained to find the water flow rate using the
steady-state flow relations. In the context of artificially flooded oil fields, the moment when water enters
the extraction wells is the dividing stage between the steady flow and the unsteady flow, the steady-state
regime being established after the water front reaches the extraction wells.

Until the moment of water entering the wells, the injection is carried out through an unsteady flow
due to the excess of the extracted oil flow rates by the injected water flow rates, which fills the pores of the
exploited area. The water-oil ratio will increase significantly only after the water enters the extraction wells,
then the decrease in cumulative oil production will be felt.
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An indispensable condition for the injection process is the accurate determination of the required
amount of water for injection, namely the sizing of the water supply sources. To fulfill this condition, it is
necessary to formulate an operational, fast and clear method.

$IY

\\\\11‘\:\1\/

Fig. 1 Sketch of the radial distribution of water injected into the reservoir

If it is considered that by injecting water a radially symmetrical distribution is obtained around the
injection well, a determination of the decrease in hydrocarbon saturation and thus the generation of a wave
of crude oil in the form of a concentric ring (fig. 1).

It is also considered that the permeability of the layer does not change and that the injected water is
free of mechanical impurities and that no chemical reactions can occur with the reservoir water or the rock.
Although the viscosity of the oil and the effective permeability are not constant, they will be considered
invariable in order to simplify the problem [6].

The volume of water injected into the layer will be:

V = h*m* m(ri+r?) (1)

Where: r; — radius of the flooded well

m- effective porosity for the injected water
We assume that the instantaneous injection flow rate corresponds to the equation of stationary planar

radial motion
anah(Pan —Pc)

Q= 2
Maln_s
Combining the first two equations will result in:
T[h:’/nrz _ 4-1T(Pian—PC)hka (3)
s Ha

Equation (3) tells us that the logarithm of the cumulative volume of injected water will vary
linearly with the reciprocal of the injection flow rate Q.

If we work with a constant injection pressure, using equation (3) we can determine how the
volume of injected water and the flow rate vary over time.

This equation can also be rewritten as:
14 Q _ 4mApk,
[ln nhmrsz] r2mhm  rimhmpyg 4)
If the cumulative volume is denoted by V.4, it can be expressed dimensionlessly with the

formula:
14
Vaa = hmnr? ®)
Continuing with the derivative of volume V" with respect to time which is Q, we arrive at:
A
(InVoq) 52t = 57 6

l«lars

If we separate the variables and integrate, the equation below will result, with 7. being a
dimensionless time:
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1+ Vad(anad - 1) =

If we write the dimensionless flow rate asQ,:

——t =tgq (7

_ QUq
Qad - 4ukghAp (8)

And if, we continue to take into account (5), then (3) can be rewritten as:

1
InVaq = 5~ €))
Adding the value of Vs from equation e into r, it will result:
1
— (1 4kqApt
1+ e%d (Q—ad -1)= el = taas (10)

The interference period begins after the inflow funnels meet and at this moment the radial water
movement of the injected water ends. At the beginning of the interference period the cumulative
volume of injected water can be calculated with the relationship:

V;=0,785*d? x h*m (11)
d-distance between injection wells.

The flow to the extraction wells, further after the moment of interference onset, is difficult
to calculate when it comes to a quantitative solution.

The method can be applied to all possible well locations, but will be analyzed only in the
case of the “five-point” well location.

Even though the calculation of the quantitative analysis during the interference period is
more complex, an approximate solution can still be reached if we assume that during this period
until the start of the stationary flow period the injection flow rate decreases linearly in time.

For the case of stationary movement at five-point placement, the flow rate has the following
formula:

__0,0115%kqh*Ap
Qo=—"—""7 — (12)
Ha(log;-—0,42)

The injection flow rate follows a decreasing linear variation in accordance with the extension
of the cumulative volume curve of the injected water, until the network element is flooded by the
injected water.

This volume can be found by the relationship:

Vo=d?**hxm (13)

The cumulative volume curve will have a constant slope after the moment of flooding, a

slope that will be proportional to the injection flow rate during the period when the movement is
stationary.

The interference period will be able to occur in the time interval according to the formula:
tig = Zgos? (14)

where:

ti-0) - represents the time of the interference period,

Vo — cumulative volume since the beginning of the interference,

Vi - cumulative volume since the beginning of the stationary motion,

Qo — characteristic flow rate in stationary motion,

Q: — characteristic flow rate at the beginning of the interference.
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IV.RESULTS

A diagram can be made showing the dependence between pQ/khAp and kApt/ur2sm according to
equation (10) because all quantities, except Q and t, are constant in this example.

It is also possible to make a dependence V/hm as a function of kApt/ ur2sm being a complex time. In
hydrodynamic analysis it is common to make this diagram w for the unit layer thickness 1 m.

The conclusions drawn after analyzing are [7]:

-in the first 30 days the injection flow rate Q is in a sudden decrease, a decrease given by the filling of
the pores saturated with gases with liquid,

-the curve begins to flatten and reaches the beginning of the interference period after 148.4 days from
the start of the injection,

-with the help of a curve, during the interference period, the flow rate variation was sketched,

-the curve drawn during the interference period divided the sector into two equal areas,

-although linear variation was involved, the flow rate variation was made on the premise of reality which
shows that the variation of Q is smoother during the given period,

-it is seen how the interval of the accentuated flow rate variation is reduced, approximately 13% of the
time period until the interference.

In practice, thanks to this observation, we can appreciate that after this period is exceeded the state of
the injection flow will become constant.
Having said this we can calculate Q;,; as the arithmetic mean between the value at the beginning of
the interference interval and the value at the end of the period just mentioned by "13%".
The displacement of the oil by the injected water takes place at a constant pressure which makes it
possible to use the following model accordingly [8].

It 1s found, following the production data, that after a certain threshold of water saturation the
parameter kp/k, , although the parameter is represented by a fairly wide range of saturation values, will vary
linearly.

The kp/ka ratio in this range will be represented in analytical form in the following way [9]:

kp/ka = a x e~P%a (15)
Where: a is the intercept at the origin,
b is the slope of the line.

In relation to water saturation and using the k,/k, relationships it is possible to anticipate the future
behavior of the hydrocarbon reservoir, accepting a constant total liquid flow rate on each well.

The conclusions obtained indicated that the average oil saturation has a variation that depends on
the cumulative oil extracted and which, being related to the pore volume, can be calculated relatively
accurately by the equation:

SPm=N-—-Mx*In(V —a) (16)
M=the value of the slope of the line,

V=the cumulative displacement fluid and oil at reservoir conditions as a function of the pore volume.
AN+A4w
V=

Vp

(17)
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v. CONCLUSION

The critical physical factor in the application of artificial flooding of reservoirs is the injection pressure.
The correct determination of its value is given the particularities of each reservoir, through investigations
specific to each case.

Depending on the degree of uniformity and consolidation of the reservoirs, we can have the following

Casces:
a.

For consolidated reservoirs and those that present a higher degree of uniformity, the administration
of injection pressures with high values is proposed. These high values are advisable because by
obtaining high flow rates as soon as the action on the strata begins, the peak of production is reached
much earlier. Thus, a long time is not required for the exploitation of the horizon.

For poorly consolidated reservoirs and those with a low degree of uniformity, the application of
injection pressures with high values is not proposed. In this case, the working agent can easily slip
through the strata without hydraulic resistance.

Another factor that greatly influences the final recovery factor is given by the flushing properties of the
injection waters. These properties are directly dependent on the speed of oil replacement by water or
pressure gradients.

C.

If the speed of oil replacement by water is high then under representations of small droplets
detached from the base mass of oil, the film tightens after the contact passes into the pores of larger
diameters. These droplets cannot move so a high speed of replacement is not recommended.

If the speed of oil replacement by water is low and the water has good flushing properties then the
chances that the oil will yield are higher, the above-mentioned droplets becoming movable. Oil
production is increasing if there is a high number of small diameter pores.

Important to know for a good recovery factor is that the speed of oil replacement by water must not be
higher than the capillary penetration speed of water in short cores.
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Abstract — Technological risk assessment is a complex study, which is based on a series of qualitative and
quantitative analysis methods, through which the probability and severity of technological accidents are
estimated and the need for accident prevention measures is established. The technological risk assessment
process can be divided into four major stages, namely: hazard identification, hazard assessment, risk
analysis and risk assessment. This article described risk assessment of the separation installation of the
rich gas.

Keywords —Rich gas, risk assement, qualitative and quantitative analysis methods

I. INTRODUCTION

This paper presents the technologies for degasification of well gases with direct application to the
treatment of well gases in the Black Sea.

The C3+ fraction can be recovered from natural gas or can result from crude oil refining
processes. The C3+ fraction recovered from well gases is practically free of unsaturated hydrocarbons
(propylene and butylene) and results from one of the following extraction methods: turboexpander,
absorption, compression and adsorption. The choice of process depends on the gas composition and the
degree of recovery of ethane and C3+ fraction.

The C3+ fraction recovery facility at Midia is designed to process gases from the Central Platform
located offshore the Black Sea.

The LPG produced (mainly C3 and C4) will be stored in the tank farm. LPG can be used as
household fuel, automotive fuel or feedstock for various petrochemical processes. The resulting lean gas
will be compressed and shipped on the main export pipeline.

In the study conducted by me, I studied all types of installations used for the separation of rich
gases, the technology for recovering lean gases by turboexpansion (cryogenics).

I also introduced a study related to the risk assessment based on the event tree in the operation of
these installations, which are particularly useful in the oil industry.

II. MATERIALS AND METHOD

Each of these stages contains a series of methods recognized and successfully used worldwide, with
which existing hazards can be identified and technological risk can be estimated.

Qualitative analysis involves the use of qualitative criteria, using different categories to separate
parameters, with qualitative definitions that establish the scale for each category.
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Qualitative decisions are also made, based on expertise in the field, to classify elements into
categories. This approach is subjective, but allows a higher degree of generalization, being less restrictive
[1].

Quantitative analysis includes the use of numerical or quantitative data and provides quantitative
results. This approach is much more objective and precise. It should be noted that quantitative results can
be greatly affected by the precision and validity of the input parameters. For this reason, quantitative
results in the case of risk analyses should not be considered as exact numbers, but as estimates with a
variable scale that depends on the quality of the data.

The methods and techniques for identifying technological hazards and analyzing risks are as follows:
a) Qualitative methods for identifying hazards and estimating risk:

- Analysis of the properties of hazardous substances;

- Checklist method,;

- "What If?" analysis method;

- "Preliminary Hazard Analysis" method (PHA);

- "Failure Modes and Effects Analysis" method (FMEA);

- "Hazard and Operability Study" method HAZOP;

- Risk assessment method using the DOW index;

- Determination of probability using Historical Analysis;

b) Quantitative methods for risk analysis:

- Evaluation of the frequency of peak events. Fault Tree;

- Evaluation of the frequency of accident scenarios. Event Tree;

- Analysis of effects and consequences using mathematical modeling and simulation of technological
accidents.

I11. RESULTS

The sources of risk for the population and the environment, when a contaminating leak of liquefied
petroleum gases occurs, which is the basis for the possible origin of accidental consequences, such as
fires, explosions or toxic clouds, are generated by the occurrence of accidents, as a result of possible
scenarios.

Quantifying the risk for each of the possible scenarios is a technique derived from Quantitative Risk
Analysis (QRA), developed for risk assessment in industrial facilities [2].
According to the QRA method, risk is determined by two factors:

- the consequences of an undesirable event;

- the probability of these consequences occurring.

The frequency of accidents and the analysis of undesirable consequences in the case of industrial

facilities is obtained from the “Safety Reports” that are prepared in order to establish the fault tree, as well
as to assess the dimensions of the risk areas, in particular, to establish safety distances or distances where
the consequences of the accident are insignificant [3].
According to the IAEA-TECDOC-727 Method of the International Atomic Energy Agency, for the five
categories of hazardous substances — flammable gases and liquids, explosives and toxic gases or liquids —
in the case of classifying the effects according to the maximum distance from the effect and the affected
area, there are three typical categories of effects (Figure 1):

- category I — the case of explosive detonations affecting a circular surface (Figure 1 a);

- category II — the case of a heavy cloud of flammable gas and/or a cloud caused by the
evaporation of a large pool affecting a semicircular surface (Figure 1 b);

- category III — the case of an elongated cloud caused by the dispersion of a large amount of toxic
gases (Figure 1 c).
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The process of obtaining the risk parameters, required for the assessment of the risk area, requires
the study of individual and local risk curves, F-N curves and I-N histograms in order to analyze the source
of risk at each stage of the study, preceded by the calculation of vulnerability with Probit equations and
the determination of risk depending on the direction and speed of the wind and/or the presence of
obstacles.

In order to address the assessment of the level of consequences and the associated level of
probability, for the situation of fixed installations, the risk is classified into four categories:

- risk due to toxic dispersion;

- risk due to overpressure;

- risk due to thermal radiation;

- risk due to the projectile effect (comparison with the effect produced by trinitrotoluene).

The risk comparison criteria, from a technical point of view, in terms of the degree of exposure of
the population is presented in Table 1.

a b N

Fig. 1. Representation of typical categories of effects [4].

Table 1. Exposure risk criteria

Effects studied Criterion  corresponding to 1% | Criterion  corresponding to  the
probability of occurrence of an event occurrence of the first irreversible
effect

Toxic dispersion Based on the lethal concentration LC | Based on the irreversible effects (first
1% and the exposure time (passage | victim) and the exposure time (passage
through the gas cloud) through the gas cloud)

Overpressure 140 mbar 50 mbar

Thermal radiation 5 kW/m? (if exposure is >1 min) or the | 3 kW/m? ((if exposure is 1 min) or the
thermal load is 1000 [(kW/m?)**]'s in | thermal load is 600 [(kW/m?)*3]-s (if
the case of a short-term exposure duratd | exposure is 1 min) or the thermal load
is exposure

The QRA method consists of identifying accidental events and combining their frequency of
occurrence with the possible consequences that define the proper measure of risk.

The difference between the ART Methods [5,6] and QRA lies in the uncertainty between the
occurrence of accidental events and the possible location; for industrial installations, the risk sources and
environmental conditions represent a set of already known data, while for transport activities, accidents
can occur at any place and under any conditions along the route. The essential data consist of territorial
information, such as the accident rate, meteorological conditions, environmental conditions, population
risk, which are necessary to establish the frequency of accidents and their consequences. In this regard, an
analysis of the route divided into portions is required in accordance with the accuracy and reliability of
the data available for the divided portions, reported to the entire route.The risk value can be obtained by
combining the frequencies of occurrence for each case with extension to the relevant impact areas,
estimated in terms of the analysis of the consequences.
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In the case of ART, the risk measure is generally given by the use of F-N (frequency-number of events)
curves.

Following a study developed at the University of Queensland, Australia, the risk assessment is
made according to a matrix of the form presented in Table 2.

Table 2 Simple risk assessment matrix.

Probability Severity of consequences
of injury Fatalitatey | Permanent | Hospitalization | Outpatient First aid
injury treatment
Frequent Very high | Very high High Medium Low
Ocazionala | Very high High Medium Low Low
Indepirtata High Medium Low Low Very low
Improbabila Medium Medium Low Very low | Negligible

A simplified calculation of the risk associated with hazardous chemicals can be derived from the
following equations:

Risk = Injury Frequency x Injury Severity, where:

Injury Frequency = Load Frequency x Exposure Probability (where each load is assumed) and
noting:

Exposure Probability = Controlled Fall Probability.

Risk = Load Frequency x Controlled Fall Probability or

Risk = Load Frequency x Injury Severity, with the following possible interpretation of the risk:

- Very High/High: the operation cannot be continued until measures are taken to reduce the risk to
an acceptable level;

- Medium/Low: the operation is carried out under control as a priority;

- Very Low/Negligible: the risk is insignificant.

Table 3. Stability classes.

Pasquill Turner Atmospheric Probability of Level of Difusion
Index index stability fire occurrence wind
oscillation Vertical Lateral
for more
than 2 hours
A 1 Very unstable Unexpected more 135° Very Very
heavy heavy
B 2 Moderately Intense 105° —135° heavy heavy
unstable
C 3 Slightly Normal 75° - 105° Moderate | Moderate
unstable heavy heavy
D 4 Neutral Normal 45° —175° Moderate | Moderate
heavy heavy
E 5 Slightly Normal 15°—45° Light Light
stable
F 6 Moderately Low Below 15° Very light Very
stable or very low, light
rapid and
slight
variation,
variation
below 30°
G 7 Extremely Low Below 15° Very light Very
stable or very low, light
rapid and
slight
variation,
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variation
below 30°

The present study also presents another way of assessing risk based on a nomogram, correlated
with territorial information (meteorological conditions, wind direction — Pasquill (Turner) stability class
and implicitly the dispersion index with variations from day to night, environmental characteristics —
built-up area, soil nature, etc.), population density, etc.

The stability class is very important in firefighting actions and is given by the Pasquill (Turner)
index [7,8,9] characteristic for the 7 classes defined according to Table 3.

In a plastic vision, the Pasquill dispersion index is used as in the case of the spread of a snowflake,
accepted equations being established for determining the floating distance of the snowflake in relation to
the wind characteristics.

According to Table 4, stability classes A, B and C are characteristic of the day, and classes E and
F are characteristic of the night; class D is neutral and is characteristic of both day and night. Stability
classes are characterized by meteorological conditions such as: wind speed measured at 10 m above the
ground and solar radiation during the day or night, as a percentage of the area covered by clouds.

Table 4. Characterization of stability classes.

Wind Solar radiation received during the day Cloud cover during the
speed, m/s night
Hight Medium Light > 50% <50%
<2 A A-B B E F
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
> D D D D D
Note: Class D applies in heavily overcast conditions, day and night at any wind speed.

The smoke dispersion index, Dispn Index, is the measure of the dilution power of the atmosphere,
and the description and interpretation of the range of smoke dispersion values is given in Table 5.

Table 5. Interpretation of the smoke dispersion index

Dispersion index Interpretation

> 100 Very good (may indirectly indicate hazardous conditions; indicates
controllable fire weather)

61100 Good (typical of values indicating favorable burning weather)

41 -60 Generally good (afternoon climatological values in most forested areas of the
US)

21-40 Moderate (stagnation may be accompanied by persistent low wind speed)

13-20 Generally low; persistent stagnation (otherwise better than the situation of
nighttime values)

7-12 Low; stagnation characteristic of the day (but close to or the same as
nighttime)

1-6 Very low (very common at night; represents most nights in most locations)

The VSBY index represents the risk index produced by the lowest visibility — Low Visibility
Occurrence Risk Index (LVORI), was implemented in Florida, USA, and is based on a report on
automobile accidents when fog/smoke was the weather-related factor [10].
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It has values from 1 to 10, where 1 represents the chance of no low visibility, and 10 the chance of
low visibility.

In Europe (France), the VSBY index is called ATMO Index — intended to provide synthetic
information on air quality (smog) in large agglomerations — it falls at recommended values between 3 and
7, on a scale (giraffe scale) between 1 and 10, on which 1 represents a good index, and 10 the index of
maximum pollution.

The pollution level for the ATMO index 3 — 7 is prescribed at 180 pg/m3/h for ozone, 200
ng/m3/h for nitrogen dioxide and 300 pg/m3/h for sulfur dioxide.

IV.DISCUTION

The Event Tree is an important tool in consequence analysis. It is used to support the analysis of the
probabilities of the various consequences that have been identified during a safety study. Starting from
the event that initiates any accident sequence, usually a significant leak, the operation and failure of the
safety subsystems are analyzed using a progression logic [11]. This results in a tree-like structure with
branches developed from left to right. By establishing a probability for each branch, the probabilities of
each possible consequence that follows the initial event can be determined [12].

A particular construction is adopted involving extended branches.
Occasionally, the branches are drawn in any combination that occurs, as is the case with cause-effect
diagrams.

The steps in Event Tree Analysis are as follows:

1. Identify the initial event. Typically, this is a breakdown corresponding to the loss of a
hazardous substance.

2. Identify the course of the incident. This step considers attempts to control the situation and
reduce the effects.

3. Build the event tree

* The event tree 1s built from left to right.

* At each node, alternative events are presented that can physically affect the consequences.

» Event titles are indicated above the node. A response of the type “success yes, or it happened” on
the tree branches upward; a response of the type “failure yes, or it did not happen” branches downward.

Each title is labeled with a letter so that each sequence can be identified by a combination of a
single letter. A line above the letter indicates a response to the title of the type “failure yes, or it did not
happen”.

4. Classify the consequences of the incident. The Event Tree has been developed until the purpose
of the analysis is achieved. It is reasonable to build the tree no later than a major incident.

5. Estimate the probability for each branch in the tree. Each heading in the Event Tree, other than
the initiating event, corresponds to a probability of a certain consequence if the preceding event has
occurred. Therefore, the probabilities associated with each branch should sum to 1.0.

6. Quantify the consequences and review their accuracy. The frequency of each consequence is
determined by multiplying the frequency of the initiating event by the conditional probabilities along each
path leading to that consequence. The calculations assume that there is no dependency between events or
partial success or failure. The results are checked against the frequencies of occurrence of events in the
historical record.

The Event Tree in Figure 2 represents the consequence of a LPG tank leak.

The section where flames affect an LPG tank and are likely to produce a BLEVE explosion has
been grossly simplified because many factors are involved [13]. What happens at the source after a flash
fire has occurred needs to be described in more detail. The consequences can also be affected by weather.
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For example, for a given location and degree of partial tightness, a flash fire is more likely to occur than a
vapour cloud explosion under weather conditions involving moderate atmospheric turbulence than under
conditions of low atmospheric turbulence.

In general human error analysis , in the event of major accidents, decisions are made under time
pressure, a very high anxiety and a dynamic evolution of all factors create rapid changes in the situation.
Under the effect of fear, natural for humans in these conditions, unexpected changes in behavior may
occur, which ultimately create crisis conditions.

Psychologists assure that surprises that occur under time pressure in such a crisis are produced by:

- hostile actions;

- floods;

- strong storms — typhoons;

- chemical dispersion;

- deliberate actions — terrorism.

In crisis conditions, a lucid and experienced analysis must include:

- configuration of the situation;

- assessment of the crisis situation;

- configuration of alternative courses of action;

- development and completion of the action plan;

- implementation of the action plan.

Complex engineering systems require systematic modeling and assessment of knowledge and/or
its complements, such as ignorance.

T T T 1 |

immediate delayed Incidente
LEEKLPG  ignition  ignition explosion fire to reservoir
A % C D E
‘W BLEVE
Da (0,1) ‘ .
Nu (0,8) fire
1x10"/an »
Da (0.5 # VCE
Da (0,9) W BLEVE
Nu (0,5)
Nu (0.9) Nu (0.8) =  Flash fire
= Dispersie
Nu (0,1)
consequence route frequency/year
BLEVE ABE 2x10°
FIRE ABE 8x10°
VCE ABCD 4,1x 1073
BLEVE ABCDE 8x10°
Flash fire ABCDE 3,2x 103
Dispersion ABC 9x10°
Total consequences (egal whith A) 1x10*

Fig. 2. Event Tree for LPG leaks.
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v. CONCLUSION

The safety assessment of a complex system is typically based on the variation of subsystems and their
components, which contribute to the achievement of certain or uncertain performances and which modify
the criticality of the system.

The adaptation and development of quantitative models and the measures that lead to changes in terms of
the various uncertainties are taken into account in the prediction and basic decision-making in the design
of complex engineering systems.

The analytical modeling and simulation of engineering systems involves, according to Oberkampf's
opinion presented in 1999 at the Forum of Non-deterministic Approaches in Richmond, USA, several
typical phases: conceptual modeling of the real system, mathematical modeling of the conceptual model,
discretization and algorithm selection, computer programming, numerical solution and finally
representation of the numerical solution.

The verification and validation model involves, according to Ayyub, the request for expert opinion,
defined as a heuristic process of gathering information and answers to the questions or problems of
Interest.

The process of requesting expert opinion represents a variety of techniques or scenario analyses (Delphi
technique, Fuzzy theory, scenarios based on uncertainty models) with completion in understanding the
relationship between knowledge and ignorance.

Analytical modeling and simulation of engineering systems involves several phases that are usually the
following:

- conceptual modeling of the real system;

- mathematical modeling of conceptual models;

- algorithm discretization and selection;

- computer programming of the model;

- identification of numerical solutions;

- representation of numerical solutions.

The aspect of the relationship between knowledge and ignorance must be examined, modeled and
measured in different stages/phases, in this context being very important the expert's position towards the
relative position of ignorance towards the absolute truth.
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Ozet — Bu calisma, Peter Kropotkin’in anarsist diisiincesini, modern devlet ve kapitalist sistem elestirisi
baglaminda kapsamli bir bigimde ele almaktadir. Kropotkin, anarsizmi yalnizca devlete yonelik bir karsi
durusla smirli tutmaz ayni zamanda kapitalizmin tretim iliskileri, 6zel miilkiyet yapisi ve sinifsal
tahakkiim bicimlerine kars1 da kokli bir elestiri gelistirir. Ona gore, devlet ile kapitalizm arasindaki
yapisal ittifak hem ekonomik somiirii mekanizmalarin1 hem de toplumsal esitsizlikleri kurumsallastirir.
Bu baglamda Kropotkin, liretim araglarinin 6zel miilkiyetine dayali kapitalist sistemin yerine kolektif
miilkiyete dayali, yerel diizeyde orgiitlenmis, dogrudan katilima ag¢ik komiinal yapilar 6nermektedir.

Kropotkin’e gore kapitalizm, iiretim araclarinin 6zel miilkiyet temelinde belirli bir smnifin denetimine
birakilmasiyla toplumsal kaynaklarin tekellesmesine, sinifsal ayricaliklarin pekismesine ve yapisal
esitsizliklerin derinlesmesine yol agan bir sistemdir. Bu yapi, yalnizca ekonomik degil ayn1 zamanda
siyasal ve ideolojik tahakkiim mekanizmalariyla da stirdiiriiliir. Kropotkin, kapitalist sistemin, devleti bir
baski araci olarak kullanarak miilkiyet iliskilerini mesrulastirdigini ve korudugunu savunur. Kropotkin’e
gore bu yapisal somiirli, toplumsal dayanismayi zayiflatir; bireyleri rekabete, giivensizlige ve
yabancilagmaya iter.

Kropotkin’in kapitalizme kars1 onerdigi modelin temelinde goniilliiliik, dogrudan demokrasi, esitlik ve
karsilikl1 yardimlasma ilkeleri yer almaktadir. Oyle ki giiniimiizde ¢evreci hareketler, yatay drgiitlenmeler
ve ekolojik anarsizm yaklasimlari, Kropotkin’in karsilikli yardimlasma ve is birligi temelli anlayisindan
acik bir sekilde etkilendigi goriilmektedir. Dolayisiyla Kropotkin’in anarsist kurami, giiniimiiziin sosyal
adaletsizlikleri ve otoriterlesme egilimleri karsisinda hala gecerliligini koruyan gii¢lii bir teorik cergeve
sunmaktadir.

Anahtar Kelimeler — Kropotkin, Anarsizm, Devlet, Kapitalizm ve Goniillii Toplum

Giris

19. ylizyilin sonlar ile 20. yiizyilin baslarinda anarsist diislincenin kurucu figiirlerinden biri olarak one
cikan Kropotkin, yalnizca devlete yonelik bir karsitlikla sinirli kalmayan, kapitalizmle dogrudan
hesaplagsmay1 da iceren kapsamli bir siyasal kuram gelistirmistir. Kropotkin’in anarsizm anlayisinin
merkezinde, devletin merkeziyetci ve baskici yapisinin bireysel Ozgiirliikleri kisitlamanin &tesinde,
egemen smiflarin ¢ikarlarin1 mesrulagtirarak toplumsal esitsizligi derinlestiren bir ara¢ olarak islev
gordiigii diisiincesi yer alir (Kropotkin, 1902).

Kapitalizmin tiretim araglarinin 6zel miilkiyetine dayali yapisi, Kropotkin’e gore toplumsal kaynaklarin
tekellesmesine, simifsal ayricaliklarin  pekigsmesine ve emek-sermaye arasindaki dengesizligin
derinlesmesine yol acar. Bu nedenle devlet ve kapitalizm, i¢ ice ge¢mis yapilariyla yalnizca siyasal degil,
aynit zamanda ekonomik somiiriiniin de kurumsal temellerini olusturur. Kropotkin, bu yapinin yerine
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tretim araglarinin kolektif miilkiyetine dayanan, yerel Olgekte oOrgilitlenmis, 6zerk ve hiyerarsiden
arindirilmis komiinal yapilar 6nermektedir (Kropotkin, 1899).

Kropotkin’in 6nerdigi alternatif toplumsal model, teorik oldugu kadar pratik yonleriyle de dikkat ¢eker.
Yerel diizeyde 6z-yonetime dayali federatif sistem Onerisi, merkezi otoriteye ve temsili demokrasiye kars1
dogrudan katilimi esas alir. Bu model, sadece devletin ortadan kaldirilmasini degil, ayn1 zamanda esitlik¢i
ve Ozgilirliik¢ii bir toplumsal diizenin insasin1 hedefler (Kropotkin, 1887).

Kropotkin’in diisiincesi, 20. yiizy1l boyunca bir¢ok anarsist ve sosyalist kuramci tarafindan gelistirilmis;
onun devlet, kapitalizm ve toplumsal esitsizliklere iliskin elestirileri, giiniimiiz anarsist kuramlarinin
sekillenmesinde temel referanslardan biri olmay1 siirdiirmiistiir. Bu baglamda Kropotkin’in anarsizmi,
sadece tarihsel bir diisiinsel miras degil, ¢agdas toplumsal ve siyasal doniisiim arayislarinda da canliligini
koruyan gii¢lii bir kuramsal ¢erceve sunmaktadir.

Kropotkin’in Anarsizm Anlayisi

Kropotkin’in anarsist kuraminin temel bilesenlerinden biri hem doga hem de toplum diizeyinde karsilikli
yardimlasma ve is birliginin merkezi roliine yaptigir vurgudur. Kropotkin, Mutual Aid: A Factor of
Evolution adli eserinde, evrimsel siireclerin yalnizca rekabete degil, aksine tiirlerin hayatta kalmasinda
kolektif dayanigmanin belirleyici olduguna isaret eder. Bu gozlemden hareketle, insan toplumlarinda da
dayanigmanin, sosyal diizenin temel belirleyeni olmasi gerektigini savunur. Kropotkin’e gore,
yardimlasma egilimi insan dogasinda ickin bir potansiyeldir ve toplumsal iligkiler bu potansiyel
dogrultusunda orgiitlenmelidir (Kropotkin, 1902).

Anarsizmi, yalnizca devletin ortadan kaldirilmasi olarak gérmeyen Kropotkin, bu boslugun yerine
gecebilecek alternatif toplumsal modeller de oOnerir. Dogrudan katilima ve karsilikli rizaya dayanan,
hiyerarsiden arindirilmis komiinal yapilar, onun modelinde uygulanabilir bir donilisim projesi olarak
sunulmaktadir. Bu model, bireylerin 6z-yonetimi temelinde, esitlik¢i ve dayanigmaci ilkelerle sekillenen
bir toplumsal diizenin miimkiin oldugunu ileri stirer (Kropotkin, 1902).

Kropotkin’in anarsist kurami, bireysel 6zgiirliigli merkeze almakla birlikte, bu 6zgiirliigiin ancak esitlik¢i
bir toplumsal yapinmn varligiyla siirdiiriilebilir olacagini ileri siirer (Kropotkin, 1967). Ozgiirliigiin,
toplumdaki yapisal esitsizlikler ve tahakkiim big¢imleriyle miicadele edilmeden ger¢ek anlamda hayata
gecirilemeyecegi diisiincesi, onun anarsizmini normatif bir ahlaki durusun 6tesine tasiyarak kapsamli bir
toplumsal teoriye doniistiiriir.

Kropotkin’in anarsist diislincesinin ¢agdas toplumsal teorilerle de etkilesimde oldugu sdylenebilir.
Gilintimiizde ozellikle c¢evreci hareketler ve ekolojik anarsizm yaklasimlari, Kropotkin’in dogaya ve
karsilikli bagimliliga iliskin fikirlerini yeniden yorumlayarak siirdiiriilebilir, yatay ve esitlik¢i toplum
modelleri gelistirme yoniinde kullanmaktadir. Ekosistemlerin isleyisinde goriilen karsilikli bagimlilik ve
simbiyotik iligkiler, Kropotkin’in toplumsal organizasyon anlayisiyla gii¢lii paralellikler géstermekte ve
onun fikirlerinin giincel sosyal, ekonomik ve ¢evresel meselelerde hala gecerliligini korudugunu ortaya
koymaktadir.

Kropotkin’in Devlet Elestirisi

Kropotkin’in anarsist kuramindaki en temel unsurlardan biri, devlet kurumuna yonelik kapsamli
elestirisidir. Bu elestiri yalnizca bir otorite karsithigr ile siirli olmayip, devletin toplumsal iligkileri
bicimlendirme giicline ve bu iliskilerde esitsizligi kurumsallastiran roliine yonelik derinlemesine bir

325



¢Oziimleme sunar. Kropotkin’e gore devletin 6zii, otoriteye ve hiyerarsiye dayanir; bu yap1 ise bireylerin
0zerk bicimde kendilerini yonetme yetilerini koreltir (Kropotkin, 1892; Torun, 2007).

Devletin ayn1 zamanda kapitalist {iretim iliskilerini destekleyen bir yap1 oldugunu vurgulayan Kropotkin,
bu agidan devlet ile kapitalizm arasindaki karsilikli bagimlilig1 da elestirir. Kapitalist siniflarin, devlet
aygitin1 kullanarak ekonomik kaynaklar ve iiretim araglari iizerinde egemenlik kurduklarini savunur. Bu
egemenlik bi¢imi, sadece miilkiyetin degil, ayn1 zamanda toplumsal yasamin tiim boyutlarinin sinifsal
cikarlar dogrultusunda diizenlenmesine neden olur. Boylece devlet, kapitalizmin yeniden iiretiminde
islevsel bir rol iistlenerek, esitsizligi ve somiiriiyli kurumsallastirir (Kropotkin, 1887).

Kropotkin’e gore, devletin en biiylik tehdidi, hiyerarsik iliskiler araciligiyla bireyler arasinda esitligi
imkansiz hale getirmesidir. Devletin varlig1, bireylerin birbirleriyle yatay ve esit iligskiler kurmasina engel
olur; bunun yerine, toplum egemen—ezilen ikilikleri temelinde yeniden insa edilir. Bu yapi, adaletin dniine
gecer ve toplumsal dayanismayi zayiflatir. Kropotkin, bu soruna karsi, merkeziyetci otoritelerden
arindirilmis, yerel diizeyde 6zerk isleyise sahip komiinler ve federasyonlar 6nerir. Bu yapilar, karar alma
siireglerine halkin dogrudan katilimini esas alarak, hiyerarsik tahakkiimii ortadan kaldirmayi1 amaglar
(Kropotkin, 1902).

Kropotkin, devletin egitim, hukuk ve medya gibi araglarla diisiinsel hegemonya kurduguna isaret etmeye
calisir. Bu baglamda devlet, yalnizca kamusal alan1 diizenlemekle kalmaz ayni zamanda bireylerin
diinyay1 algilama bi¢imlerini de belirler. Dolayisiyla Kropotkin’in elestirisi, devletin goriiniir bask1
mekanizmalarinin 6tesine gecerek, diisiinsel bagimsizlig1 zedeleyen ideolojik aygitlarina da yonelir. Ona
gore, devletin bu hegemonik etkisi, bireyler arasi giiveni ve is birligini de zayiflatarak, toplumu rekabetci
ve bireyct iligki bi¢cimlerine yonlendirir (Kropotkin, 1892).

Kropotkin’in sundugu alternatif yap1 Onerileri, teorik bir i{itopyadan ziyade, uygulanabilir toplumsal
orgiitlenme bicimlerini icermektedir. Bu yapilarin temelinde, goniilliiliik, esitlik ve dogrudan demokrasi
ilkeleri yer almaktadir. Federasyonlar ve 6zyonetim esasina dayali komiinler, bireylerin birlikte karar
aldig1, kaynaklarn ortaklastirdigi ve karsilikli yardimlagmaya dayali yasam alanlaridir. Bu yoniiyle
Kropotkin’in yaklagimi, yeni bir toplumun nasil insa edilebilecegine dair somut yonelimler icermektedir
(Kropotkin, 1902).

Kropotkin’in Kapitalizm Elestirisi

Kropotkin, devletin toplumsal yapilar1 nasil doniistiirdiigline dair yaptig1 elestirinin yan1 sira, ekonomiyi
de kapsamli bir sekilde sorgular. Kropotkin, devletin kapitalizmi destekleyen, toplumsal esitsizligi
derinlestiren bir yap1 olarak isledigini vurgular. Bu baglamda, Kropotkin’in ekonomik elestirisi yalnizca
tiretim iligkilerinin adaletsizligini ele almakla kalmaz, ayni zamanda devletin bu iliskilerin adaletsiz
dogasini nasil mesrulagtirdigini da agikliga kavusturur. Kropotkin’e gore, kapitalizm ve devlet arasindaki
iliski, toplumu egemen siniflarin ¢ikarlarina hizmet eden bir diizene sokarken, halkin 6zgiirliigiinii ve
esitligini siirekli olarak engellemektedir (Kropotkin, 1887; Kropotkin, 1902).

Kropotkin’in ekonomik elestirisinin merkezinde, iiretim araglarinin 6zel miilkiyeti yer alir. Kapitalist
ekonomide tretim araglarimin belirli bir smifin kontroliinde olmasi, toplumsal kaynaklarin adaletsiz
dagilimma ve emegin sistematik olarak sOmiiriilmesine neden olur. Bu sistem, emekg¢ilerin ve genel
olarak halkin, kendi {iretimleri {izerindeki denetimini kaybetmesine yol agar. Kropotkin, devletin bu
diizende yalnizca hakem ya da diizenleyici bir rol oynamadigini; bilakis egemen smiflarin ¢ikarlarim
koruyan ve kapitalist miilkiyet iliskilerini giivence altina alan aktif bir ara¢ oldugunu savunur (Graeber,
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2004). Bu nedenle, devletin mesruiyeti, kapitalist esitsizliklerin devamliligin1 saglamadaki isleviyle
dogrudan iligkilidir.

Bu elestirinin en 6nemli yonlerinden biri, kapitalizmin dogasinda bulunan rekabetin toplumsal
dayanismay1 zayiflatmasidir. Kropotkin, dogadaki karsilikli yardimlagsma oOrneklerinden hareketle,
toplumsal evrimin temelinde is birliginin yattigimm1 6ne siirer. Oysa kapitalist sistem, bireyler arasinda
stirekli bir ¢ikar ¢atismasi yaratir; rekabeti yliceltirken dayanigma ve ortak fayda ilkelerini marjinallestirir.
Bu baglamda, Kropotkin’e gore, devlet yalnizca bu rekabet ortamini diizenlemekle kalmaz ayn1 zamanda
onu tesvik eder; boylece bireyler arasindaki yabancilasma ve toplumsal boliinme daha da derinlesir
(Kropotkin, 1902).

Kapitalizm ve devlet arasindaki karsilikli bagimlilik, Kropotkin’in sistem elestirisinin temel tasidir.
Kapitalist piyasa yapisi, servet birikimini belirli bir sinifin elinde yogunlastirirken, devlet bu yapinin
korunmasini saglayan bir semsiye gorevi goriir. Bu durum, yalnizca ekonomik adaletsizligi pekistirmekle
kalmaz ayni zamanda halkin 6zgiirliik ve esitlik taleplerinin bastirilmasina da zemin hazirlar. Kropotkin’e
gbre, bu yapmin siirdiiriilebilirligi, devletin otoritesi ile kapitalist sermaye arasinda kurulan yapisal
ittifaka dayanir (Kropotkin, 1887; Graeber, 2004). Dolayisiyla devletin ve kapitalizmin toplumda yarattig1
esitsizlikleri ortadan kaldirmak ig¢in, iiretim araglarinin toplumsal miilkiyetine dayali bir diizenin
kurulmas1 gerektigini savunur. Bu diizenin, 6zel miilkiyetin ortadan kaldirilmasiyla miimkiin olacagina
inanir. Uretim araglari, toplumun ortak mali haline getirilmelidir ve bu iiretim siirecleri, insanlarmn ortak
yararina, esitlik¢i bir sekilde islenmelidir (Kropotkin, 1892). Bu doniisiim, halkin kendi islerini kendisinin
yonettigi, esitlik¢i bir iiretim sistemi kurmasina olanak tanir.

Kropotkin’in Onerdigi Toplumsal Modeller

Kropotkin’in 6nerdigi toplumsal modeller, merkeziyetcilik ve zorlayici otoriteye karsi, yerel diizeyde
Ozyonetimi esas alan komiinler {izerine insa edilmistir. Bu modeller, bireylerin dogrudan katilimiyla
isleyen, karar alma siireglerinde esit s6z hakki taniyan ve kolektif yasamin ihtiyaclarint karsilikli
yardimlagsma yoluyla karsilayan bir toplumsal oOrgiitlenme bi¢imini temsil eder. Yerel komiinler,
bireylerin 6zgiir iradeleriyle yonettikleri, hiyerarsiden arindirilmis mikro topluluklar olarak, devletin
yerine gecebilecek demokratik ve katilimci yapilar olarak tasarlanmistir. Bu baglamda komiinler, yalnizca
kiiciik Olgekli yonetim birimleri degil, ayn1 zamanda Ozgiirliik¢ii bir toplumun temel yap1 taslardir.
Kropotkin’e gore, insanlar dogalar1 geregi is birligine ve dayanismaya yatkindir. Dolayisiyla, toplumsal
iliskilerin bu egilimler iizerine kurulmasi, baskiya ve zorlamaya dayali yapilardan daha siirdiiriilebilir ve
adil bir diizenin ortaya ¢ikmasini saglar (Kropotkin, 1902).

Kropotkin’in toplumsal modelinde komiinler tek basina degil, birbirleriyle dayanisma icinde calisan
federasyonlar araciliiyla biitiinsel bir yap1 olusturur. Federasyonlar, yerel komiinlerin ortak hedefler
dogrultusunda is birligi yapmalarin1 saglayan yatay oOrgiitlenme bigimleridir. Bu yapi, merkezi bir
otoriteye ihtiyag duymadan, farkli topluluklarin ortak karar alma siireglerine katilabildigi demokratik bir
cergeve sunar. Federatif model, her komiiniin 6zerkligini korurken, ayni zamanda daha genis Olcekte
kolektif eylemi miimkiin kilar. Bu sistem, devletin hiyerarsik ve tektiplestirici dogasina karsi,
cogulculuga, yerel 6zerklige ve esitlige dayali bir alternatifi temsil etmektedir (Kropotkin, 1889).

Kropotkin’in devlet karsiti toplumsal modelinde, ekonomik yasamin merkezi denetim yerine yerel

komiinler tarafindan yonetilmesi, bireylerin dogrudan fiiretim ve paylasim siireclerine katilmasiyla

saglanacaktir. Boylece iiretim ve tiiketim iligkileri, adil kaynak dagilimini miimkiin kilacak sekilde

yapilandirilacaktir. Kropotkin’in tasavvur ettigi bu kolektif ekonomik model, toplumsal esitsizliklerin ve
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siifsal ayricaliklarin ortadan kaldirilmasini hedefler. Toplumsal miilkiyete dayali liretim bigimleri hem
ekonomik hem de siyasal anlamda bireylerin 6zgiirlesmesini saglayacak temel araglardan biridir.

Kropotkin’in ortaya koydugu komiinler, federasyonlar ve toplumsal miilkiyet Onerileri, devlete ve
kapitalizme kars1 gii¢lii bir alternatif olusturmanin yollarini sunar. Bu Onerilerin pratige dokiilmesi,
yalnizca devleti ve kapitalizmi ortadan kaldirmay1 degil, ayn1 zamanda bu sistemlerin neden oldugu
adaletsizlikleri ve baski bigimlerini asmay1 da amaglamaktadir. Kropotkin’in alternatif yapilar {izerine
gelistirdigi model, ¢cagdas toplumsal adalet miicadelelerine 151k tutmakta ve 6zgiirliik¢ii politik vizyonlara
tarihsel bir derinlik kazandirmaktadir (Kropotkin, 1902).

Sonu¢ Yerine: Kropotkin’in Mirasi ve Anarsizmin Gelecegi

Kropotkin’in devlete ve kapitalist diizene yonelttigi elestiriler, mevcut yapilarla hesaplagsmanin Otesine
gecerek, toplumsal yasamin nasil doniistiiriilebilecegine dair kapsamli bir vizyon sunar. Devletin baskict
mekanizmalaria ve kapitalizmin yarattig1 esitsizliklere kars1 ¢ikan Kropotkin, bu yapilarin tasfiyesiyle
birlikte alternatif bir toplumsal diizenin insa edilmesi gerektigini savunmustur. Onun diislincesinde
anarsizm, salt bir karsi ¢ikis degil, halkin dogrudan katilimina, karsilikli yardimlagmaya ve esitlige dayal
bir yasam bi¢iminin kurucu ilkesi olarak ele alinir.

Kropotkin’in 6nerdigi komiinal orgiitlenmeler ve yerel federasyonlar, merkeziyetciligi reddederken
bireylerin karar alma stireclerine dogrudan dahil oldugu 6zerk bir toplum diizenini hedefler. Bu yapilarin
isleyisi, hiyerarsik iligkiler yerine yatay ve katilimer bir yapilanmaya dayanir. Toplumsal dayanigsma,
kolektif tiretim ve kaynaklarin adil paylagimi gibi ilkeler, bu diizenin siirdiiriilebilirligini saglayan temel
dinamikler olarak 6ne cikar.

Gilintimiiziin kiiresel dl¢ekte yasadig yapisal krizler — ekonomik esitsizlik, ekolojik yikim, otoriterlesme
ve toplumsal yabancilasma — Kropotkin’in diisiinsel c¢ergevesini yeniden degerlendirmeyi gerekli
kilmaktadir. Neoliberal politikalarin derinlestirdigi sosyal adaletsizlikler karsisinda ortaya c¢ikan
dayanigsma aglari, yerel inisiyatifler ve yatay orgiitlenmeler, anarsist ilkelerin ¢agdas yansimalar1 olarak
degerlendirilebilir. Bu baglamda, Kropotkin’in ortaya koydugu kuramsal zemin, yalnizca tarihsel bir
onem tagimakla kalmaz ayni1 zamanda mevcut toplumsal miicadelelere yon verebilecek giincel bir kaynak
niteligi de tasir.

Anarsizmin gelecegi, devletsiz bir toplum tahayyiiliiniin 6tesinde, 6zgiirliikk¢ii ve esitlik¢i bir yasamin
nasil miimkiin olabilecegine dair somut bir yol haritasi sunar. Yerel demokrasi, kolektif liretim ve
dogrudan katilim gibi ilkeler, giderek artan sosyal adaletsizliklere karsi alternatif bir model olusturma
potansiyeline sahiptir. Bu agidan bakildiginda, Kropotkin’in anarsizmi, giinlimiiziin toplumsal doniisiim
arayislarina teorik derinlik ve pratik ilham kazandirabilecek gli¢lii bir zemin sunmaktadir.
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