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Arastirma Makalesi Research Article

MUZ VE PiRINC KABUGU TOZLARININ POLiPROPILENIN FiZIKSEL, TERMAL VE
TRIBOLOJiK OZELLIKLERINE ETKISI

Elif ULUTASY, Miinir TASDEMIR!

1 Marmara Universitesi, Teknoloji Fakiiltesi, Metaliirji ve Malzeme Miithendisligi Béliimii, istanbul, Tiirkiye

Anahtar Kelimeler 0z

Polipropilen, Son yillarda, geleneksel seramik, metal ve polimerlerin yerini alabilecek {istiin
Polimer Kompozit, ozelliklere sahip ve ekonomik a¢idan avantajli malzemelere yonelik ilgi 6nemli
Muz Kabugu, 6lciide artmistir. Bu durum, malzeme bilimi ve miihendisligi alanindaki
Piring Kabugu, arastirmacilarin dikkatlerini kompozit malzemelere yonlendirmesine neden
Organik Atik. olmustur. Ozellikle cevre dostu ve siirdiiriilebilir 6zelliklere sahip biyo-bazh

kompozitler, bu alandaki ¢alismalarin odak noktasi haline gelmistir. Bu arastirma
calismasinda, toz formda kullanilan muz kabugu (MK) ve piring kabugu (PK)
oranlarinin polimer kompozitler lizerindeki fiziksel, termal ve tribolojik etkileri
incelenmistir. Polimer kompozit lretiminde, atik kazanimina katkida bulunmasi
amaciyla geri donistiiriilmiis polipropilen (R-PP) tercih edilmistir. Calisma
kapsaminda yapilan deney sonuglari, organik atiklarin R-PP’nin termal direncini
artirdigini ortaya koymustur. Agirlikca %30 konsantrasyonunda takviye ilavesiyle,
1s1l ¢arpilma sicaklign (HDT) ve vicat yumusama sicakhigi sirasiyla %5 ve %4
oraninda artis gostermistir. MK/PK oraninin artmasi yogunlugu artirirken, asinma
oraninin da artmasina neden olmustur. Organik katki maddelerinin yapisindaki
hidrofilik bolgelerin nem ¢ekme 6zelligi nedeniyle, maksimum takviye oraniyla
polimer kompozitlerin nem emme orani %36 artmistir.

THE EFFECT OF BANANA AND RICE HUSK POWDERS ON THE PHYSICAL,
THERMAL, AND TRIBOLOGICAL PROPERTIES OF POLYPROPYLENE

Keywords Abstract

Polypropylene, In recent years, there has been a significant increase in interest in materials with
Polymer Composite, superior properties and economic advantages that can replace traditional ceramics,
Banana Peel, metals, and polymers. This shift has led researchers in the field of materials science
Rice Husk, and engineering to focus on composite materials. Particularly, bio-based composites
Natural Waste. with environmentally friendly and sustainable attributes have become the focal

point of studies in this domain. This research study investigated the effects of
banana peel (BP) and rice husk (RH) powders, used in particulate form, on the
physical, thermal, and tribological properties of polymer composites. Recycled
polypropylene (R-PP) was chosen for the production of polymer composites due to
its contribution to waste recovery. Experimental results indicated that organic
waste materials enhance the thermal resistance of R-PP. With the addition of 30
wt% reinforcement, the heat deflection temperature (HDT) and Vicat softening
temperature increased by 5% and 4%, respectively. An increase in the BP/RH ratio
led to a higher density and an increase in wear rate. Due to the moisture-absorbing
nature of the hydrophilic regions within the organic additives, the moisture
absorption rate of the polymer composites increased by 36% at the maximum
reinforcement level.
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THE EFFECT OF BANANA AND RICE HUSK POWDERS ON THE PHYSICAL,
THERMAL, AND TRIBOLOGICAL PROPERTIES OF POLYPROPYLENE

Elif Ulutas!t, Miinir Tasdemir?

1 Marmara Universitesi, Teknoloji Fakiiltesi, Metaliirji ve Malzeme Miithendisligi Bolimij, istanbul, Tirkiye

Highlights (At least 3 and maxium 4 sentences)

e Composites containing natural additives were prepared by extrusion.
e The effect of reinforcement ratio on physical properties was examined.
e The behavior of MK/PK powders in the matrix was examined by microstructural analysis.

Purpose and Scope

Within the scope of the study, the usability of organic wastes in polymer composites and their effects on physical
properties were examined. It is aimed to improve the physical properties of cheap and easily processable PP with
natural additive reinforcement. Another issue in the development of polymer composites is the recovery of waste
without using synthetic additives.

Design/methodology/approach

Thermoplastic composites containing various amounts of organic fillers are materials with a low environmental
impact. It is of great interest because it does not adversely affect the environment when disposed of, is
economically suitable, and has advanced features. The extrusion system is widely used in the processing of
particle-reinforced polymer composites. R-PP/MK/PK polymer composites obtained within the scope of the
study were produced in a twin-screw extrusion machine. Among the methods of shaping polymer composites,
injection molding is a widely used. With this method, we can achieve high processing speeds and product
efficiency. The molding process of polymer composites was carried out in an injection machine.

Findings

With the addition of MK/PK mixture, the thermal properties of polymer composites improved and the moisture
absorption in the composite increased. While density increased with the addition of organic waste, MFI
decreased. As a result of the wear rate determination at a 40 m wear distance, the wear rate also increased as
the amount of reinforcement increased.

Research limitations/implications (if applicable)

This work provides an effective strategy to improve the thermal properties of R-PP/MK/PK polymer composites
and offers a new perspective for the utilization of organic wastes such as banana peels and rice husks. At the
same time, it is thought that increasing the efficiency between the filler and the polymer matrix will be effective
in improving the physical properties. To establish new interactions at the interface, a suitable compatibilizer
material should be preferred in future studies.

Originality

This study presents the effect of organic wastes in improving the properties of polymer composites. R-PP/MK/PK
polymer composites have become a new perspective on the development of materials in terms of waste
utilization and providing good economic returns.

t {1gili yazar / Corresponding author: elif.ulutas@marmara.edu.tr, +90 535 025 0125
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1. Giris (Introduction)

Hizla degisen diinyada artan malzeme kullanimi ve ekolojik degisiklikler, hammadde temini agisindan ciddi
tehditler olusturmaktadir. Bu durum, bilim insanlar1 ve arastirmacilar1 biyolojik olarak parcalanabilen yeni
malzemeler arayisina yonlendirmistir (Rao vd., 2021). Cevre sorunlar1 ve kaynak kithig konusundaki artan
farkindalik, biyo bazli malzemelerin cesitli uygulamalarda kullanimina olan ilgiyi artirmaktadir. Organik atik
bilesenlerinin geri kazanimi ve ikincil kullanimina ydnelik tesvikler, cevresel farkindalik, ekonomik faktorler ve
kiiresel politikalarin birlesimiyle desteklenmektedir (Vaisanen vd., 2016).

Malzeme miihendisligi alaninda dogal takviyeler, binlerce yildir ¢esitli uygulamalarda kullanilan 6nemli bir bilesen
olarak karsimiza ¢ikmaktadir. Glintimuzde bu takviyeler, 6zellikle polimer matrislerle birlestirilerek malzemelerin
mekanik 6zelliklerini artirmak ve ¢evresel etkileri azaltmak amaciyla yaygin bir sekilde kullanilmaktadir. Kenevir,
jut, muz gibi bitkisel kokenli takviyeler, yenilenebilir kaynaklardan elde edilmeleri ve biyobozunabilir olmalar1
nedeniyle 6zellikle dikkat cekmektedir (Sakthivei ve Ramesh, 2013). Organik atiklarin termoplastik veya termoset
matrise dahil edilmesi, nihai iirtinlin fiyatinin 6nemli 6l¢lide azaltilmasina ve mekanik, termo-mekanik, fiziksel ve
termal o0zelliklerinin iyilestirilmesine olanak saglar (Cavus ve Mengeloglu, 2017; Barczewski vd., 2019; Chun vd.,
2020; Boran Torun, 2021; Dubey vd., 2021).

Literatiirde, bitkilerin farkli boélgelerinden elde edilen dolgu maddelerinin arastirilmasi, malzeme bilimi ve
mithendisligi alaninda 6nemli bir arastirma konusu olarak yer almaktadir. Bu dolgu maddeleri genellikle bitkinin
saplari, kabuklari, yapraklar1 ve diger odunlasmis pargalar1 gibi ¢esitli kaynaklardan elde edilmekte ve
kullanilmaktadir (Paukszta, 2014; Kaymake1 vd., 2013; Biiyiikkaya, 2017; Arjmandi vd., 2015; Pradhan vd., 2020;
Suhotvd., 2021; Laaziz vd., 2017). Takviye malzemesi se¢imi, kullanilacak dolgu maddesinin yerel mevcudiyetine,
atik yonetimi gereksinimlerine ve nihai lrtintin 6zelliklerine bagh olarak belirlenmektedir. Dogal takviyelerin
etkinligi, sadece geometrisinden (6rnegin, lif veya partikiil formu) degil, ayn1 zamanda icerdikleri kimyasal
bilesenlerden kaynaklanmaktadir. Bu bilesenler arasinda seliiloz, hemiseliiloz, lignin, nisasta, protein ve lipitler
bulunmaktadir ve bu kimyasal bilesenler malzemenin mekanik, termal ve fiziksel 6zelliklerini belirlemede 6nemli
rol oynamaktadir (Barczewski vd., 2019; Gholampour ve Ozbakkaloglu, 2020; Vigneshwaran vd., 2020).
Polimerler tizerindeki etkilerinin arastirildig1 organik atiklara misir kogany, findik kabugu, piring kabugu, odun lifi,
pamuk lifi, aycicegi cekirdegi kabugu, muz kabugu érnek olarak verilebilir (Adeniyi ve ark., 2019; Arjmandi ve ark.,
2015; Barczewski ve ark., 2019; Demir ve Elmali, 2020; Mistik ve Merdan, 2011; Tasdemir ve Sen, 2022). Piring
kabugu, pirincin toplam agirhiginin yaklasik %20'sini olusturur ve kimyasal bilesimi genellikle su sekildedir: %50
seltiloz, %25-30 lignin, %15-20 silika ve %10-15 nem icermektedir (Singh, 2018). Muz kabugu ise kimyasal
yapisinda %60-65 seliiloz, %6-19 hemiseliloz, %5-10 lignin icermektedir (Wijianto vd., 2019).

Salasinka ve Ryszkowska'ya ait bir calismada, ay¢icegi kabugu ve findik kabugu tozlarinin polietilenin (PE) ¢ekme
dayanimi, sertlik ve darbe 6zelliklerine etkileri arastirilmistir. Dolgu tiirtiniin etkisinin incelendigi ¢alismada,
findik kabugu iceren numunelerde daha yiiksek darbe dayanimi goriiliirken, aycicegi kabugu iceren kompozitlerde
daha yiiksek sertlik degerleri kaydedilmistir. Findik kabuguna kiyasla aycicegi iceren kompozitlerde elastiklik
modiilii de daha yiiksek oranda artis gostermistir (Salasinska ve Ryszkowska, 2015).

Das ve arkadaslari, muz lifi takviyeli diisiik yogunluklu PE kompozitlerin fiziksel ve mekanik 6zelliklerini
belirlemislerdir. Deneysel analiz i¢in farkli elyaf yiiklemesine sahip numuneler (%50, 60, 70, 80 ve 90) iiretilmistir.
Mekanik ve kimyasal olarak ekstrakte edilen muz lifi takviyeli polimer kompozitin egilme ve ¢ekme
mukavemetinin, polimer igeriginin belirli bir yiizdeye kadar artmasiyla arttig1, daha sonra kademeli olarak azaldig:
bildirilmistir. Kimyasal olarak ekstrakte edilmis liflerden hazirlanan kompozitler, mekanik olarak ekstrakte
edilmis liflere sahip kompozitlere gore daha tistiin 6zellikler sergilemistir (Das vd., 2015).

Tasdemir ve Sen’e ait organik atik olarak liziim sapinin kullanildig1 bir ¢alismada PP matrisli kompozitlerin
ozellikleri incelenmistir. Enjeksiyon kaliplama ile iirettikleri kompozitlere yapilan testler sonucunda %20
oraninda liziim sap1 ilavesini kompozitlerin nem emme oranini artirdigl goriilmistiir. Ayn1 zamanda yapilan
termal testler sonucunda HDT degeri yaklasik olarak %34 oraninda artis gostermistir. Vicat yumusama sicakligi
degeri ise kayda deger bir artis géstermemistir (Tasdemir ve Sen, 2022).

Girdis ve arkadaslarina ait bir calismada; li¢ boyutlu (3D) yazicida kullanilabilecek yenilikg¢i bir mikro odun iiriint
tasarlamak amaciyla findik kabuklar1 (%0, 19, 29) ve akrilonitril biitadien stiren (ABS) plastikleri ¢esitli oranlarda
karistirilmis ve baglayici bir ajan eklenerek filamentler tiretilmistir. Cekme testinin uygulandigi numunelerde %19
findik kabugu iceren ABS filamentleri, ticari Woodfill filamentlere gore %25 daha yiiksek 6zgiil cekme mukavemeti
ve %60 daha fazla stineklik gostermistir. Findik kabugu iceren filamentler, ticari ahsap dolgu malzemesinden
%30'dan daha hafiftir. Ayrica dolgu icerigindeki yogunlukta bir azalmaya yol actig1 ayni zamanda tiim 6rnekler
icin mukavemette bir azalmaya neden oldugu bulunmustur (Girdis vd., 2017).
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Hem hammadde olarak kullanilmasi hem de atik azaltma agisindan bir¢ok atik tiiriinden organik kokenli, cevreye
ve sagliga zarar1 bulunmayan tarim atiklarinin otomotiv, insaat, gida sektoriinde kullanilabilirligi 6nem
kazanmistir (Demir ve Elmali, 2020). Bu c¢alismada organik koékenli atiklarin polimer kompozitlerde
kullanilabilirligi ve fiziksel 6zellikler tizerindeki etkileri incelenmistir. Farkli oranlarda kullanilan MK/PK karigimi
tozlari, R-PP matris igerisine ilave edilerek ekstriizyon makinesinde polimer kompozitler liretilmistir. Enjeksiyon
makinesinde kaliplanan numunelerin HDT, vicat yumusama sicakligi, erime akis indeksi (MFI), nem oran,
yogunluk ve asinma orani gibi fiziksel 6zellikleri incelenmistir. Organik kékenli atiklarin iiretim prosesinde 6nemli
bir kullanim potansiyeli oldugu ve ¢esitli cevre dostu yap1 malzemelerinin iiretilebilecegi ortaya konmustur.

2. Materyal ve Yontem (Material and Method)

Yapilan ¢alisma kapsaminda tiretilen R-PP/MK/PK polimer kompozitlerinin bilesenlerine ait karisim oranlari
Tablo 1’de verilmistir. Kompozit iiretiminde matris malzeme olarak kullanilan R-PP Lyondell Basell firmasindan
tedarik edilmis olup, polimerin yogunlugu 0,90 g/cm3 ve HDT degeri 95 °C (0,45 MPa)’dir. Katki malzemesi olarak
kullanilan MK Granny’s Waffle’dan (Kadikdy-istanbul) ve PK ise Trakya bélgesinden temin edilmistir.

Tablo 1. R-PP/MK/PK polimer kompozitlerine ait karisim oranlar (Mixing ratios of R-PP/MK/PK polymer composites)

GRUPLAR | R-PP (% Agirhkga) | MK/PK KARISIMI (% Agirlik¢a 50:50)
1 100
2 90 10
3 80 20
4 70 30

ilk olarak yiizeyinde bulunan kirlerin arindirilmasi amaciyla muz kabuklar toz formuna getirilmeden énce temiz
su ile yikanmistir. Ardindan PK ile esit miktarlarda karistirilan MK bilyeli 6giitliciide toz haline getirilmistir.
Karisimin partikiil boyutlarina ait elek analizi sonuglari Sekil 1'de verilmistir.

50 - 47,5
40
30 +
19
20 T 14,5
10,5
10 . 55 I I
! 0,5
& & & & & & &
< X X N3 < & &
) % i) Q Q
> 7 * 7 > > AP
4 A\ N\ X & <& &
‘)0’ ‘o% o ,\%Q \,/‘Q r\,qx’ bn&

Sekil 1. MK/PK karisimi tozlarinin elek analizi sonuglari (Sieve analysis results of MK/PK mixture powders)

Tablo 1'de belirtilen oranlarda hazirlanan karisimlar ¢ift vidali bir ektriizyon makinesinde (Yonca Makine,
istanbul) eriyik olarak karistirilmistir. Uygun eriyik akisin saglanabilmesi icin vida déniis hiz1 60 rpm ve calisma
sicakliglr 180-210 °C olarak belirlenmistir. Sogutma esnasinda sudan gecirilen lifler kirici yardimi ile grantil
formuna getirilmistir. Ardindan graniiller, yapisindaki nemi uzaklastirmak amaciyla 105 °C sicaklikta 24 saat
boyunca etiivde kurutulmustur. Test numunelerinin iiretimi enjeksiyon makinesinde (Mikrosan Makine A.S,
Tiirkiye) gerceklestirilmistir. Enjeksiyon c¢alisma sartlary;; 180-210 °C sicaklik, 100-110 bar basing olarak
belirlenmistir. R-PP/MK/PK polimer kompozitlerinin fiziksel 6zelliklerini incelemek i¢in HDT, vicat yumusama
sicaklifi, nem orani tayini, yogunluk, MFI, asinma testleri yapilmistir. Polimerlerin termal davranisini belirlemek
icin HDT ve vicat yumusama sicaklig1 testleri sirasiyla ISO 75 ve ISO 307 standartlarina uygun olarak icerisinde
silikon yag1 bulunduran Devotrans marka test kabininde gerceklestirilmistir. Yogunluk testi ISO 2781 test
standardina gore yapilmistir. ASTM D 6980 standardina gore Kern marka test cihaziyla yapilan nem orani tayini
ile numunelerin yapisinda bulundurdugu nem miktar1 belirlenmistir. Asinma testi; tambur dénme hiz1 40 rpm olan
Devotrans marka bir cihazda 40 m mesafede gerceklestirilmistir. Test esnasinda numuneler 10 N yiik
uygulanmistir. Takviye elemaninin matris igerisindeki dagilimini incelemek icin yapilan mikroyapi incelemesi
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Polaron marka bir SEM cihazinda gerceklestirilmistir. Goriintii alimindan 6nce sarj yiiklenmesini dnlemek icin
numunelerin darbe testi sonrasi kirik yiizeyleri altin/paladyum karisimi ile kaplanmistir.

4. Deneysel Sonuclar (Experimental Results)

R-PP/MK/PK polimer kompozitlerinin termal davranisini incelemek icin yapilan HDT ve vicat yumusama sicaklig
testlerine ait sonugclar sirasiyla Sekil 2 ve Sekil 3’te verilmistir. Benzer sekilde sonuclanan testlerde MK/PK
karisimi ilavesiyle polimer kompozitlerin termal 6zellikleri iyilesme gostermistir. Agirlikca %100 R-PP, %10 %20
ve %30 MK/PK takviyeli kompozitlere ait HDT degerleri sirasiyla 61,5, 62,85, 64,15, 64,55 °C olarak 6l¢iilmiistiir.
Vicat yumusama sicakligl degerleri ise sirasiyla 136, 138, 140,142 °C olarak o6l¢iilmistir. Agirlikca %100 R-PP
numuneleri ile kiyaslandiginda %30 konsantrasyonunda takviye ilavesiyle HDT ve vicat yumusama sicakligl
sirasiyla %5 ve %4 oraninda artis gostermistir. Ramaraj’a ait bir ¢alismada seker kamisi ilaveli PP kompozitlerin
mekanik ve termal 6zellikleri incelenmistir. Yapilan testler sonucunda agirlik¢a %0 ile %20 arasinda seker kamisi
ilavesinin kompozitlerin HDT degerini 45,5 °C’den 65,5 °C'ye ytkselttigi goriilmustir. Calismada; HDT’'deki bu
artisin polimer kompozitlerin modiiliindeki artistan kaynaklandigi rapor edilmistir (Ramaraj, 2007). Ayrica Sahoo
ve arkadaslar1 lignin bazli biyobozunur polimerlerin 6zelliklerini inceledikleri calismada lignin igeriginin
artmasiyla HDT degerinin de arttigini gézlemlemislerdir. Bu artis, saf polimerlere kiyasla biyo-kompozitlerin daha
yuksek kristalligine atfetmislerdir (Sahoo vd., 2011).
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Sekil 2. R-PP/MK/PK polimer kompozitlerinin HDT degerleri (HDT values of R-PP/MK/PK polymer composites)
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Sekil 3. R-PP/MK/PK polimer kompozitlerinin vicat yumusama sicakligi degerleri (Vicat softening temperature values of R-
PP/MK/PK polymer composites)

Sekil 4’te verilen nem orani tayini sonugclari incelendiginde MK/PK karisimi ilavesiyle polimer kompozitlerin nem
cekmesinde diizenli bir artis goriilmistiir. Agirlikca %100 R-PP numuneleri ile kiyaslandiginda maksimum oranda
takviye ilavesiyle nem orani %36 artis géstermistir. Bu durum organik katkilarin hidrofilik bolgeler icermesiyle
ile agiklanabilir. Lignoseliilozik dolgularin hidrofilik yapisi, numunelerin su emilimini ve nem ¢ekme kapasitesini
artirma egilimindedir. Bu yapilardaki seliiloz ve hemiseliilozlar, blinyesinde ¢ok sayida polar hidroksil grubu
barindirir ve bu serbest hidroksil gruplari, su molekilleriyle hidrojen bagi olusturma ozelligine sahiptir.
Dolayisiyla organik katkilarin polimerlere ilavesinde nem emiliminin artmasi beklenmektedir. Kompozitlere dolgu
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eklenmesiyle kompozitin mikro yapisinda olusan pargaciklar ve gdzenekli agregatlarin varlig1 sebebiyle su/nem
emilimi 6nemli 6l¢iide artis gosterir (Ayrilmis vd., 2013; Nik Yusuf vd., 2018). Arsene ve arkadaslari su emilimini
azaltmak i¢in yapmis olduklar1 ¢alismada muz liflerinin yiizeyini silan ile kaplamistir. Liflerin morfolojisi
degistikce gozeneklilik ve boyut artis géstermistir. Bunun sonucunda silan ilavesiyle su emilimi azalmistir (Arsene
vd., 2013).
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Sekil 4. R-PP/MK/PK polimer kompozitlerinin nem orani degerleri (Moisture content values of R-PP/MK/PK polymer
composites)

Kompozitlerin yogunluk degerlerinin yer aldig1 Sekil 5 incelendiginde MK/PK oraninin artmasi ile bu degerin
arttigr gorilmektedir. Agirlikca %100 R-PP, %10 %20 ve %30 MK/PK takviyeli kompozitlere ait yogunluk
degerleri sirasiyla 0,9077, 0,9353, 0,9625, 0,9746 g/cm?3 olarak 6l¢iilmiistiir. Agirlikca %100 R-PP numuneleri ile
kiyaslandiginda %30 konsantrasyonunda takviye ilavesiyle yogunluk %7,4 oraninda artis gostermistir.
Literatiirde verilen degerler incelendiginde genel olarak dogal katki malzemelerinin (kenevir elyaf, muz elyaf, jiit
elyaf, kenaf elyaf vb.) PP’ye kiyasla daha ytliksek yogunluga sahip oldugu gorilmiistiir (Kandemir vd., 2023). R-
PP/MK/PK polimer kompozitlerinde yogunluktaki artis dogal katki malzemelerinin polimerlere kiyasla daha
ylksek yogunluga sahip olmasi ile agiklanabilir (Muz: 1,35 g/cm3).
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Sekil 5. R-PP/MK/PK polimer kompozitlerinin yogunluk degerleri (Density values of R-PP/MK/PK polymer composites)

Endiistriyel ve imalat parcalarinin ¢ogu, uygulama esnasinda asindirici gibi bir¢ok tribolojik yiike maruz kalir. Bu
nedenle malzemelerin tribolojik performansi, mekanik parcalarin tasariminda dikkat edilmesi gereken 6nemli bir
husustur. Polimerler dogal katkilar ile giiclendirilerek asinma performansi artirilabilir fakat bu kompozitlerin
tamami ic¢in gecerli degildir (Shalwan ve Yousif, 2013). Yapilan ¢alisma kapsaminda R-PP/MK/PK polimer
kompozitlerine ait asinma orani $ekil 6’da verilmistir. Agirlikca %100 R-PP, %10 %20 ve %30 MK/PK takviyeli
kompozitlere ait asinma orani degerleri sirasiyla 0,0553, 0,0598, 0,0839, 0,1094 cm3/Nm*10'3 olarak ol¢iilmiistiir.
R-PP icerisine MK/PK karisimi ilavesiyle polimer kompozitlerin asinma oraninin arttig1 gortilmektedir. Takviye
icerigi arttikca asindirma esnasinda yiizeyden kopan parca miktari artis géstermistir. Matris ve takviye arasindaki
ara ylizey etkilesimi asinma oranini etkileyen temel faktorlerden birisidir. Ara ylizey yapismasinin az olmasi;
kayma esnasinda partikiiliin ¢ekilmesi ve yiizeyden koparak ayrilmasi ile sonuglanir. Sahin ve arkadaslari polimer
kompozitlerde asinma direncini inceledikleri ¢alismalarinda; takviye parcaciklarinin, matrisle iyi yapismasi
durumunda asindirici yiizeye karsi daha yliksek asinma direncine sahip oldugundan daha yiiksek direng
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gosterecegini belirtmislerdir (Sahin vd., 2024). Asinma direnci tizerinde bir diger 6nemli faktér kopma uzamasidir.
PP kirilmaya karsi daha fazla direng¢ sergiler ve dolayisiyla asindirici kosullar altinda gerilimi daha iyi
karsilayabilir. Chand ve Dwivedi'ye ait bir ¢alismada pargalara ayrilmis jiit lifleri kullanilarak sikistirma kaliplama
ile PP polimer kompozitler retilmistir. Uyumlastirici malzeme olarak maleik anhidrit asili PP (MAPP)
kullandiklari calisma da islem gormiis ve gormemis kompozitlerin tribolojik 6zelliklerini incelemislerdir. Yapilan
asinma testleri sonucunda Saf PP’ye kiyasla tiim kompozitlerin asinma oraninin yiiksek oldugu ve uyumlastiric
madde kullanilmasi ile asinma oraninda azalma gorilmiistiir. Asinma miktarinda; polimer kompozitlerin ara
ylizey yapismasinin etkili oldugu rapor edilmistir (Chand ve Dwivedi, 2006).
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Sekil 6. R-PP/MK/PK polimer kompozitlerinin asinma orani degerleri (Wear rate values of R-PP/MK/PK polymer
composites)

MK/PK konsantrasyonunun polimer kompozitlerin erime akis davranisi iizerindeki etkisi Sekil 7°de verilmistir.
Takviye elemaninin eklenmesiyle MFI degerinin azaldig1 goriilmistiir. Agirlik¢a %100 R-PP, %10 %20 ve %30
MK/PK takviyeli kompozitlere ait MFI degerleri sirasiyla 12,11, 10, 9 g/10 dk olarak dl¢iilmiistiir. Agirlikca %100
R-PP numuneleri ile kiyaslandiginda %30 konsantrasyonunda takviye iceren polimer kompozitlerin MFI degeri
%24 azalmistir. Kompozitlerin yapisindaki dagilmis parcaciklarin varligi akisi kisitlamaktadir. Bu kisitlama
partikiil miktarinin artmasiyla artmaktadir. Rosa ve arkadaslari c¢alismalarinda piring kabugu dolgulu PP
kompozitlerin 6zelliklerini incelemislerdir. Calisma kapsaminda kullanilan dolgu miktar1 %10, 20, 30, 40 olacak
sekilde dort ayri karisim hazirlanmistir. Kompozitlerde polimer matrise kiyasla daha diisiik MFI degerleri
bulunmustur. Ayni zamanda ¢alisma kapsaminda uyumlastiricinin akisa olan etkisi de arastirilmistir. MAPP
ilavesinin bu degerleri daha da diisiirme egilimi gosterdigi gézlenmistir. Bu davranis, dolgu maddesi ile polimer
matrisi arasinda yeni etkilesimlerin kuruldugunu ve boylece PP zincirlerinin ve piring kabugu parcaciklarinin
kaymasinin azaldigini gostermektedir (Rosa vd., 2009).
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Sekil 7. R-PP/MK/PK polimer kompozitlerinin MFI degerleri (MFI values of R-PP/MK/PK polymer composites)

Sekil 8'de ¢alisma kapsaminda iiretilen R-PP ve R-PP/MK/PK polimer kompozitlerine ait SEM goriintiileri
verilmistir. Kompozit numunelerine ait goériintiilerde oyuklar goriilmektedir. Bu bélgelerde takviye elemani matris
iceresinden kolaylikla ayrilarak bosluk olusumuna sebebiyet vermistir. Agirlikca %30 MK/PK karisimi igceren
polimer kompozite ait mikroyapi goriintiilerinde matris ve partikiil arasinda meydana gelen catlaklar ve bosluklar
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acikca gorilmektedir. Matris-takviye arasinda meydana gelen bu bosluk yapismanin iyi olmamasindan
kaynaklanmaktadir. Igyap: kusurlar gibi hareket eden bu bosluklar herhangi bir yiik atinda gerilme olusturur.
Takviye elemani bu durumda gorevini yapamaz ve matrise yik dagilimini gergeklestiremez. Bunun sonucunda
malzemede beklenenden daha erken kirilma goriiliir.

RPN TR ™

& 2 .f\‘."\

%30 MK/P

-

el

Lo

Sekil 8. R-PP/MK/PK polimer kompozitlerinin SEM goriintileri

5. Sonucg ve Tartisma (Result and Discussion)

Bu calisma, geri doniisiimlii polipropilen (R-PP) matrisine muz kabugu (MK) ve pirin¢g kabugu (PK) karisiminin
eklenmesinin polimer kompozitlerin termal 6zelliklerini iyilestirdigini ve kompozitlerin nem emilimini artirdigin
gostermektedir. Ayrica, organik atik ilavesiyle kompozitlerin yogunlugunun arttig1 ancak erime akis indeksi (MFI)
degerlerinin azaldig1 tespit edilmistir. Kompozitlerin asinma direnci iizerine yapilan ¢alismalar, takviye miktarinin
artmasiyla birlikte asinma oraninin da arttigini ortaya koymustur.

Bu bulgular, R-PP/MK/PK polimer kompozitlerinin termal performansini artirmak i¢in etkili bir strateji sunmakta
ve organik atiklarin endiistriyel uygulamalarda degerlendirilmesine yeni bir perspektif getirmektedir. MK ve PK
karisiminin polimer kompozit plakalarin fiziksel 6zelliklerini nasil etkiledigi de calismanin énemli bir baska
sonucudur. Dogal katki maddelerinin, sentetik alternatiflere gére maliyet, tiretilebilirlik ve atik geri kazanimi
acisindan avantajli oldugu belirtilmektedir. Gelecekteki ¢alismalar, kompozit malzemelerin ara yiizey 6zelliklerini
iyilestirmek i¢in uygun uyumlastirici malzemelerin gelistirilmesine odaklanmalidir.
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Anahtar Kelimeler 0z

Fotovoltaik Sistem, Bu calismada, fotovoltaik (FV) sistem entegreli ve sebekeye bagl bir elektrikli arag
Elektrikli Arag, sarj istasyonunda optimum FV kapasitesinin belirlenmesi i¢in yeni bir yaklasim
Batarya Kapasitesi, ortaya konulmustur. Gergek ortamda FV panelin lrettigi giic degerleri, MATLAB FV
Optimum Kapasite, modeli ve FV simiilatér yardimiyla elde edilen sonuglar ile karsilastirllmistir ve
Sarj Istasyonu. sonuglarin birbiri ile uyumlu oldugu gérilmistiir. Calismada 16,8 kWh kapasiteli bir

elektrik ara¢ bataryasinin sarj edilmesi i¢in gereken FV sistem kapasitesinin
optimizasyonu amaglanmistir. Bunun i¢in FV sistem optimum egim ve azimut agilar1
belirlendikten sonra FV boyutlandirmasi yapilmistir. Elektrikli ara¢ bataryasinin bir
yillik toplam enerjisinin FV sistemin bir yillik toplam iirettigi enerji ile karsilanmasi
amag fonksiyonu olarak belirlenmistir. Bu sartlar altinda MATLAB modeli yardimiyla
elde edilen sonuglar 3,35 kWp’lik FV kapasitesinin bir aracin yil boyunca ihtiyag
duydugu enerjiyi karsilayabilecegini ortaya koymustur. Bu ¢alisma, FV sistemlerin
elektrikli arac¢ sarj sistemleri icin optimum kapasitenin belirlenmesinde etkili bir
yontem sunmaktadir.

DETERMINATION OF OPTIMUM SYSTEM CAPACITY IN PHOTOVOLTAIC
SYSTEM INTEGRATED ELECTRIC VEHICLE CHARGING SYSTEMS

Keywords Abstract

Photovoltaic System, In this study, a new approach is proposed for determining the optimum photovoltaic
Electrical Vehicle, (PV) capacity in a grid-connected electric vehicle charging station with integrated PV
Battery Capacity, system. The power generated by the PV panel in real environment is compared with
Optimum Capacity, the results obtained with the help of MATLAB PV model and PV simulator and the
Charging Station. results are found to be compatible with each other. It is aimed to optimize the PV

system capacity required for charging an electric vehicle battery with a capacity of
16,8 kWh in this study. For this purpose, PV system optimum tilt and azimuth angles
are determined, and PV sizing is performed. The objective function is determined as
providing the total energy of the electric vehicle battery for one year with the total
energy produced by the PV system for one year. Under these conditions, the results
obtained with the help of the MATLAB model show that a PV capacity of 3,35 kWp can
supply the energy needs of a vehicle throughout the year. This study presents an
effective method for determining the optimum capacity of PV systems for electric
vehicle charging systems.
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DETERMINATION OF OPTIMUM CAPACITY IN PHOTOVOLTAIC SYSTEM
INTEGRATED ELECTRIC VEHICLE CHARGING SYSTEMS
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Highlights

e In this study, the optimum PV system capacity is determined for meeting the energy of an electric vehicle
battery for one year.

e [tisshown thata PV system with 3,35 kWp installed power can provide the energy of a 16,8 kWh electric
vehicle battery for one year.

e MATLAB PV model verified with experimental data is used for PV system capacity determination.

e [tis determined that the tilt and azimuth angles at which the annual total energy produced is maximum
are $=28° and y=21°, respectively.

Graphical Abstract (If applicable)
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Figure. FV integrated and grid-connected electric vehicle charging station block diagram

Purpose and Scope

In this study, the PV capacity is sized in an electric vehicle charging station connected to the grid and integrated
with a PV system. The objective function was determined as the annual total energy required to charge the
electric vehicle battery to be met by the PV system.

Design/methodology/approach

Real ambient data such as irradiance, temperature, and wind etc. of Izmir province were used. These data are
used together with the PV model created in MATLAB environment to calculate the capacity at optimum tilt and
azimuth angles.

Findings
It has been revealed that an optimum PV system installed power of 3,35 kWp can meet the one-year energy of
an electric vehicle with a battery capacity of 16,8 kWh.

Originality
This study presents a method for determining the optimum PV system capacity for electric vehicle charging
systems.
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1. Giris (Introduction)

Elektrikli araglarin hizla yayginlasmasiyla beraber sarj (Yousufvd., 2023) i¢in gerekli enerjinin (Giilkaya vd., 2021)
miktar1 da artmistir. Dolayisiyla bu enerjinin nereden ve nasil karsilanacagi problemi ortaya ¢ikmistir. Elektrikli
arag sarj istasyonlarinin gii¢leri incelendiginde 6zellikle hizl sarj 6zelligine sahip dogru akim (DA) sarj istasyonu
giicleri birka¢ 100 kW (Rangaraju vd., 2020) mertebesine ¢ikabilmektedir. Mevcut yiikler ile geleneksel sebeke
altyapisinin sinirlari zorlanirken elektrikli arag sarj istasyonu gibi yiiksek giicte ve sayida yiikiin ayni anda enerji
talebi (Mukherjee vd., 2015) sebeke altyapisinin ¢cokmesine kadar gidebilecek sonuglara sebep olabilir. Dolayisiyla
enerji talebinin artmasi bu araclarin sarj altyapisinin etkili bir sekilde yonetilmesi konularinda yeni zorluklari
beraberinde getirmistir. Bu ciddi problem i¢in farkli ¢6ziim 6nerileri sunulabilir. Bunlardan ilki enerjiye talebin az
oldugu puant saat disindaki saatlerde bu yiikleri beslemek i¢in enerji tiiketiminin yonetilmesi (Das vd., 2021) i¢cin
yeni stratejiler gelistirilebilir. Diger bir ¢6ziim ise yenilenebilir enerji kaynaklarinin (Zhang vd., 2022) sarj
istasyonlarinin yakinina veya bu istasyonlar ile entegreli (Arulvendhan vd. 2024, Muttaqi vd. 2022) olarak
yapilmas1 Onerilebilir. Mevcut literatiirde fotovoltaik sistemlerin elektrikli ara¢ sarj istasyonlarina
entegrasyonuyla ilgili sinirli calisma bulunmaktadir. Bu kapsamda, FV entegreli ve sebeke bagl sarj istasyonlary,
enerji tiikketimini siirduriilebilir ve cevre dostu bir sekilde karsilayabilme potansiyeli sunmaktadir.

Mevcut elektrikli araglarin artan sayis1 géz oniine alindiginda tiim elektrikli ara¢ sarj enerjisinin (Zhang vd., 2014)
ayni anda sebeke altyapisi tarafindan kaldirilamayacagi sorunu, FV entegreli sarj istasyonlarinin 6nemini daha da
artirmaktadir. Bu noktada, FV entegrasyonu (Heba vd. 2022, Li vd. 2024), glines panelleri araciliiyla elde edilen
enerjiyi kullanarak sebeke bagl sarj istasyonlarinin enerji ihtiyacini destekler. Boylece, geleneksel enerji
kaynaklarina olan bagimlilig1 azaltarak, elektrikli araglarin sarj stireclerini daha stirdiiriilebilir ve ekolojik agidan
uyumlu hale getirir. FV entegrasyonu, glines enerjisiyle elektrikli araglari sarj etme (Xiao vd. 2023) kapasitesine
sahip istasyonlar, sadece cevre dostu bir enerji kaynagi sunmakla kalmayip ayn1 zamanda mevcut sebeke
(Yildizhan vd., 2022) kaynaklarinin iizerindeki yiiki hafifletir (Chen vd., 2021). By, enerji talebinin yogun oldugu
saatlerde ve bolgelerde, sebeke altyapisinin (Gliner vd. 2022) daha az zorlanmasina ve enerjinin daha
stirdiirilebilir bir sekilde kullanilmasina olanak tanir.

Elektrikli arag talebinin siirekli artmasiyla birlikte, FV entegreli sarj istasyonlarinin kullanimyi, enerji verimliligini
artirabilir ve karbon ayak izini azaltabilir (John vd., 2021). FV entegreli (Mishra vd. 2022, Sekhar vd. 2023) sarj
istasyonlari, giines 15181na bagl olarak enerji iiretebilir ve bu durum, dzellikle giinesli glinlerde ekstra avantaj
saglar. Bu sistemler, geleneksel enerji kaynaklarina olan bagimhlig1 azaltarak (Prajapati vd., 2019), elektrikli
araglarin sarj siireglerini daha siirdiiriilebilir ve ekolojik agidan uyumlu hale getirir.
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Sekil 1. FV entegreli ve sebeke baglantili elektrikli arag sarj istasyonu blok diyagraml (PV integrated and grid-connected
electric vehicle charging station block diagram)

FV entegreli ve sebeke bagli sarj istasyonlari, elektrikli ara¢ endiistrisinde yenilenebilir enerji kullanimina yonelik
cevre dostu olan bir ¢6ziim sunar. Bu ¢alismada, yenilenebilir enerji kullaniminin ve ¢evre dostu teknolojilerin
yayginlastirilmasinda FV entegreli sarj istasyonlarinin potansiyeli vurgulanmaktadir. Elektrikli araclar ve sebeke
altyapisi arasindaki arz talep dengesinin korunmasina yardimci olan FV entegrasyonu enerjinin stirdiirilebilir
olarak saglanmasi icin dnemli bir strateji sunmaktadir. Bu ¢alisma Sekil 1’de verilen bir sistemin FV sistem ve
batarya kisminda boyutlandirma g¢alismasini kapsamaktadir. Sekilden goriildiigii tizere FV panelden elde edilen
enerji cift yonli gilic doniistiriiciileri ile 4 ve 1 nolu bloklar izerinden hem sebekeye hem de 4, 2 ve 3 nolu bloklar
iizerinden bataryaya aktarilabilir. Dolayisiyla FV panelden elde edilen enerji (Yiizer vd., 2023) ihtiya¢ durumuna
gore sebeke veya bataryaya aktarilabilmektedir. Batarya, FV panelden enerjisini karsilayabildigi gibi FV sistemden
gelen enerji yetersiz oldugunda 1, 2 ve 3 nolu bloklar tizerinden enerjisini sebekeden alabilmektedir. FV sistem
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boyutlandirmasi yapilirken FV sistem ve bataryanin yillik toplam enerjileri esitlenmeye ¢alisilmistir. Bir sonraki
bélimden yapilan analizlerde goriilecegi lizere bu sarta gore belirlenen FV kapasitesi yilin bazi zamanlarinda
bataryanin enerji ihtiyacini karsilayamazken bazi zamanlarda fala enerji ortaya ¢ikacaktir. Dolayisiyla fazla
enerjinin oldugu zamanlarda FV sistemin iirettigi ve batarya i¢in fazla olan enerji sebekeye aktarilirken batarya
icin yeterli enerjinin liretilmedigi zamanlarda sebekeden bataryaya enerji aktarimi saglanacaktir. Bu yillik bazda
mahsuplasma yapildiginda sebekeye verilen ve alinan enerjinin esitlenmesini saglayarak net sifir enerjinin
dengesini saglayacaktir.

Bu ¢alismadada asagidaki basliklar ve konular ele alinmistir. {lk olarak materyal ve yéntem bsliimii sunulmustur.
Bu kapsamda ilk olarak FV sistem modeli i¢cin temel matematiksel altyap: verilmistir. Analizler sirasinda 2013 y1il
icin Izmir iline ait gercek ortam verileri (1s1n1m, sicaklik, riizgar hiz1) kullamlmistir. Egimli yiizeye gelen global
151n1m verisinden analitik model kullanilarak egimli yiizeye gelen 1s1nim verisi elde edilmistir. Bu veriler MATLAB
ortaminda olusturulan FV model i¢in giris verisi olarak kullanilmistir. Model ciktilari ile ger¢ek ortam verileri
karsilastirilarak modelin dogrulanmasi gercgeklestirlimistir. Ayrica FV simiilator ile model sonuglarinin uyumlugu
oldugu da ortaya konulmustur. Farkli egim ve azimut agilar1 icin bu FV model ve gergek ortam verileri kullanilarak
azimut acisi icin -90den +90%ye ve egim acisi icin 0den 90%ye kadar analiz yapilmistir. FV modelin 6nemi
burada ortaya ¢ikmaktadir. Gergek bir sistemde bu kadar agc1 icin 6l¢limiin alinmasi hem zaman hem de ayni
kosullarda yapilabilmesi acisindan imkansizdir. FV model bu durumda kisa siirede bu sonuglari bize saglamistir.
Bu aci degerleriicin FV sistemin kapasitesini belirlemek adina farkli panel sayilar icin analizler yapilmistir. Nissan
leaf marka bir aracin 16,8 kWh’lik batarya kapasitesi goz 6ntine alinarak bir yillik enerji ihtiyacinin karsilanmasi
icin FV kapasite hesab1 yapilmistir. Son olarak sonuglar boéliimiinde ise genel degerlendirme ve sonuclar
sunulmustur.

2. Materyal ve Yontem (Material and Method)

Yapilan calismada, FV gii¢ ¢iktis1 dogrulugu kanitlanmis bir FV model tizerinden elde edilmistir (Ayaz vd., 2014).
FV modeli icin cevresel faktorler arasinda bulunan isinim, sicaklik ve riizgar hizi giris parametresi olarak
kullanilmistir. FV modelin ¢iktis1 olarak FV panelin akim ve gerilim degerleri elde edilmistir. izmir iline ait yatay
ylzeye gelen global 151n1m egimli ylizeye doniistiiriilerek FV modelde kullanilmistir.

2.1. Egimli Yiizeye Gelen Global Isinim (Global Radiation on Tilt Surface)

Yatay yiizeye gelen toplam global 1s51mim () direk 1s1nimla (/») yayinik isinimin (Ig) toplamidir (Benghanem vd.,
2011). Bu da Esitlik (1)’de verilmistir.

I(t) = 1,(t) + 14(0) (1)
Yayinik 1sinim miktari, gokyiizii aciklik indeksi olan krdegerine baglh olarak degisim gostermektedir. Global 151n11m
ve atmosfer dis1 1s1n1im (/p) arasindaki oran ise agiklik indeksi olarak ifade edilmektedir. Yayinik isinim ve agiklik

indeksi sirasiyla (2) ve (3) nolu esitlikler kullanilarak verilmistir (Duffie vd., 2013).

1—0.09%(t), kp(t) <0.22

I;(t
% =10.9511 — 0.1604k,(t) + 4.388k2(t) — 16.638k3(t) + 12.336k%(t), 0.22 < k4(t) < 0.80 @)
0.165, kp(t) > 0.80
I1(t)
kr(t) = —=

Egimli ylizeye gelen 1s1n1im farkli bilesenlerin toplamindan olusmaktadir. Bu bilesenler, yiizeye gelen direk 1sinim,
ylizey yayinik 1sinimi ve yatay diizlemden yansiyarak gelen 1sinimlardir. Egimli yiizeye gelen toplam 1sinim Esitlik
(4)’te verilmistir (Liu vd., 1963).

1- cosﬁ)

68 = b OR(EB) + 10 (“P) 4 10 (5

(4)

bu esitlikte; § yiizey egim agisiny, p yiizey yansitma katsayisini (0,2) ve Ry ise egimli ylizeydeki direk 1sinimin global
1simima oranini ifade etmektedir. Ry degerinin hesaplanmasi i¢in gereken esitlikler (5), (6) ve (7) ile verilmistir
(Duffie vd., 2013).
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R(t.B) = (cos@(t, ,B)) (5)
cos8,(t)

cos 0 (t,B) = siné (t) sin cos B — sin S (t) cos @ sin B cosy + cos 6 (t) cos ¢ cos f cos w (t)

+ cos & (t) sin @ sibf cosy cos w (t) + cos & (t) sin B siny sin w (t) (6)

cos 0,(t) =cos @ cos§(t) cos w(t) + sin @ sin §(t) (7)
Burada;

y  yuzey azimut acis1 G egimli ylizeye gelen toplam 151n1im

@ enlem I, yatay yiizeye gelen direkt 151n1im

O deklinasyon agis1 I; yatay ylizeye gelen yayinik 1sinim

w saatagisi I  yatay ylizeye gelen toplam 1s1n1m

Sabit bir agida konumlandirilmis piranometreden alinan gergek 1sinim verileri ile matematiksel olarak hesaplanan
1s1mm verileri karsilastirlmustir. ki veri icin aradaki fark 0 ile 126 W/m? arasinda degismektedir. Olgiilen ve
hesaplanan degerler i¢in hata (RMSE: Root Mean Square Error) degeri iki farkli durum i¢in hesaplanmustir. ilk
durum olciilen ve hesaplanan 113 adet verilerin tamami kullanildiginda RMSE degeri 39,65 W/m?2 hesaplanmistir.
ikinci durumda ise 1stnimin 0 (sifir) oldugu anlardaki degerler c¢ikarilarak hesaplandiginda (74 adet élgiilen ve
hesaplanan veri igin) RMSE degeri 48,99 W/m? olarak hesaplanmistir. Her iki durumda dikkate alindiginda model
ve Olgiilen degerlerin birbiri ile uyumlu oldugu goériilmektedir. FV model ve 6l¢iilen veriler kullanilarak egimli
yuzeydeki toplam 1simnim degerleri aralarindaki farklar karsilastirildiginda, model ve 6lgiilen 151n1m degerleri
arasindaki fark %0,6 olarak hesaplanmistir.

2.2. FV Model (PV Model)

FV model i¢in (Bellini vd., 2009)’de ile verilen ¢alisma g6z 6niine alinmistir. Modelin basit olarak Sekil 2’de verilen
basitlestirilmis esdeger devre modeli iizerine kurulmustur. Bu modelde FV'nin akimi gerilimin bir fonksiyonu
olarak elde edilmistir. Model i¢in 151m1m, sicaklik ve riizgar hizi giris parametrelerini olustururken, FV akimy,
gerilimi ve giicii ¢ikis parametreleri arasinda yer almaktadir.

Y<—

VW o
e Rs +
Y Vy

o

Sekil 2. Basitlestirilmis esdeger devre modeli (Simplified equivalent circuit model)

I, =Igc - [1 -K;- (e(’(z"/_'y(?c) - 1)] ©

K= (1-22) - et ©)
()
Ky =—2%—— (10)

m(1-75)

Burada K;ve K,katsayilar1 asagidaki panel parametrelerine gore degismektedir.
Isc kisa devre akimi

Iyp maksimum gii¢ noktasindaki akim

Voc acik devre gerilimi

Vyp maksimum giic noktasindaki gerilim
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Bu parametrelerin 1s1n1ma ve/veya sicakliga bagl degisimleri asagida verilmistir.

G
Isc (G, T¢) = Iges G_g 1+ a-(T;—Ts)] (11)
G
Iyp(G,T¢) = Iyps - G_s 1+a- (T, —Ts)] (12)
Voc(Te) = Vocs + B+ (Te — Ts) (13)
Vup(Te) = Viyps + B - (Tc — Ts) (14)

Iscs, Imps, Vocs ve Vups degerleri tirlin teknik dokiimaninda tretici tarafindan standart test kosullar1 altinda elde
edilen degerlerdir. G ve Tc sirasiyla 1sinim ve hiicre sicakligi olup standart test sartlari olan Gs=1000 W/m? ve Ts=25
°C altinda elde edilen degerlerdir. a akim sicaklik katsayisini ifade ederken ve 8 gerilim sicaklik katsayisini ifade
etmektedir.

Hiicre sicakligi ve dis ortam sicakligi arasinda fark bulunmaktadir. Bu nedenle 1s1mim ve riizgar verileri goz dniine
alinarak ortam sicakligindan FV hiicre sicakligi elde edilmistir ve (15)’te verilmistir.

T, =114 (T —Tg) + 0,0175 - (G — 300) — k, - w + 30 (15)

Bu formiilde T dis ortam sicakligi (°C), w riizgar hizi(m/s), k-katsayis1 her bir FV teknolojisine baglh bir katsayisidir.
Yapilan ¢alismada monokristal panel teknolojisi i¢in k=1,509 olarak alinmistir (Tamizhmani vd., 2003).

3. Deneysel Sonucglar (Experimental Results)
3.1. FV Modelin Dogrulanmasi (PV Model Validation)

Gergek ortam sartlarinda belirli bir agida konumlandirilan FV panellerin elde edilecek panel gerilimi ve akim1 15
dakika araliklarla toplamda 1695 dakika boyunca élciilmiis ve 113 adet veri kaydedilmistir. Olciilen ve
matematiksel modelden elde edilen gii¢ degerlerinin degisimleri karsilastirilmis ve birbirleri ile uyumluluk
gosterdigi gorilmiistiir. iki veri icin aradaki fark 0 ile 3,72 W arasinda degismektedir. Olciilen ve hesaplanan
degerler icin hata (RMSE: Root Mean Square Error) degeri iki farkli durum icin hesaplanmustir. ilk durum élgiilen
ve hesaplanan 113 adet verilerin tamami kullanildiginda RMSE degeri 0,95 W hesaplanmistir. ikinci durumda ise
1simimin 0 (sifir) oldugu anlardaki degerler ¢ikarilarak hesaplandiginda (74 adet 6l¢iilen ve hesaplanan veri igin)
RMSE degeri 1,17 W olarak hesaplanmistir. Her iki durumda dikkate alindiginda model ve 6lgiilen degerlerin
birbiri ile uyumlu oldugu goriilmektedir. FV model ve olgiilen veriler kullanilarak toplam enerji ¢iktilar:
aralarindaki farklar karsilastirildiginda, model ve olciilen enerji degerleri arasindaki fark %3,3 olarak
hesaplanmistir. Ayrica Chroma FV simiilatérden elde edilen gii¢ degerleri de 6lgiilen degerlerle karsilastirilmis ve
fark %4,7 olarak hesaplanmigtir. Olciilen FV degerleri ile FV model ve Chroma FV simiilatérden elde edilen giic
degerleri Sekil 3’te verilmistir.

45 T T T T T T T T
————— Olgiilen

40F Model T

35b Chroma i

0 200 400 600 800 1000 1200 1400 1600
Zaman (dakika)
Sekil 3. Ol¢iilen, model ve FV simiilatér ciktilar1 (Measured, model and FV simulator outputs)
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3.2. Optimum Egim ve Azimut Ac¢illarinin Belirlenmesi (Determination of Optimum Tilt and Azimuth
Angles)

Dogrulanmis 1s1nim ve FV panel modelleri, optimum egim ve azimut acilarinin hesaplanmasinda kullanilmistir.
Modellerin giris degerleri (1s1nim, sicaklik, riizgar hizi, vb.) Ege Universitesi Giines Enerjisi Enstitiisii’'nden temin
edilmistir. Model giris degerleri Sekil 4’te verilmistir. Yatay ylizeye gelen global 1simim (Sekil 4a) yaklasik
900 W/m? degerlerine ¢iktig1 gorilmiistiir. Sicaklik verilerine (Sekil 4b) bakildiginda ise -100C ile 40°C arasinda
degistigi, rizgar hizi ise (Sekil 4c) maksimum 12 m/s’ye ulastig1 goriilmektedir. Genel olarak degerlendirildiginde
1511, sicaklik ve riizgar hiz1 verileri yilin farkli zamanlarinda farkli degerler almistir. Bu nedenle hesaplamalar

yapilirken yilin sadece bir kismina bakarak degerlendirme yapmak hatali sonuglara neden olabilir.
1000 T T T T T T T T

800

600

Global Isinim (W/m 2)

0 1000 2000 3000 4000 5000 6000 7000 80008760
Zaman (saat)

a)

50 14 T T T T T T T T

40 12f

30F ~10f
OA E
< 20} = st
= =
< 10 g 6
3] e
% S

of & 4

2 I m ”

N S N R N N R . bbb sl bl
0 1000 2000 3000 4000 5000 6000 7000 80008760 0 1000 2000 3000 4000 5000 6000 7000 80008760
Zaman (saat) Zaman (saat)
b) c)

Sekil 4. izmir’e ait yillik veriler a) global 1s1n1m, b) sicaklik ve c) riizgar hizi (Annual data for Izmir a) global radiation, b)
temperature and c) wind speed)

Optimum egim ve azimut ac¢ilarinin tespiti icin iki farkh yol izlenmistir. ilk olarak FV panel yiizeyine diisen yillik
toplam 1s1nimin maksimum oldugu egim ve azimut agilari optimum konumlandirma agilari olarak secilmistir. Bu
degerlerin tespiti icin panel egim acis1 1°er adimlarla minimum ve maksimum degerleri arasinda degisimi
(0<B<90) ve panel yiizey azimut acisinin 1°er adimlarla minimum ve maksimum degerleri arasinda degisimi
(-90<y<90) yapilarak panel yiizeyine diisen yillik toplam 1s1mim degerleri tespit edilmistir. FV panel ylizeyine

diisen yillik toplam 1sinim degerlerinin farkli degerdeki egim ve azimut agilarina gore degisimi Sekil 5’te
verilmistir.
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Sekil 5. Yillik toplam 1s1n1ma gére optimum agilar (Optimum angles based on total annual radiation)

40 60 80

Yillik toplam 1sinimin maksimum oldugu egim agis1 $=29° ve azimut agisi ise y=21° olarak tespit edilmistir.
Optimum egim ve azimut acis1 icin egimli yiizeye diisen toplam 1sinim degeri ise 1846000 Wh/m?2 olarak
hesaplanmistir.

Optimum egim ve azimut acilarinin tespiti i¢in kullanilan ilk yontemin, gercek ortam sartlar1 ve FV panellerin
sicaklik ve diger ortam degiskenlerine gore gii¢ ciktilarinin degistigi diisiiniildiigliinde optimum egim ve azimut
acilarinin tespitinde yetersiz oldugu gériilmektedir. ikinci ve ilkine gére daha dogru bir yol olarak FV panel yillik
enerji iiretiminin maksimum oldugu egim ve azimut agilari optimum konumlandirma agilari olarak secilmistir. Bu
degerlerin tespiti icin panel egim acis1 1°er adimlarla minimum ve maksimum degerleri arasinda degisimi
(0=B<90) ve panel yiizey azimut acisinin 1°er adimlarla minimum ve maksimum degerleri arasinda degisimi
(-90<y=<90) yapilarak panel yillik toplam enerji degerleri tespit edilmistir. FV panel yillik toplam enerji
degerlerinin farkl degerdeki egim ve azimut acilarina gore degisimi Sekil 6’da verilmistir.
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Azimut Agist, 7°
Sekil 6. Yillik toplam enerji degerine gére optimum agilar (Optimum angles based on total annual energy)

Yillik toplam enerji degerinin maksimum oldugu egim agis1 3=28° ve azimut agis1 ise y=21° olarak tespit edilmistir.
Optimum egim ve azimut acis1 FV panelin toplam enerji degeri ise 92550 Wh olarak hesaplanmistir.

3.3. FV Sistem Boyutlandirmasi (PV System Sizing)

Ticari olarak tiretilen elektrikli ara¢ bataryalar: incelendiginde 16.5 kWh ve 90kWh araliginda (Anon vd., 2020)
batarya kapasiteleri bulunmaktadir (Bacherif vd., 2011). Proje kapsaminda kullanilacak olan elektrikli arag
batarya kapasitesi 16,8 kWh olarak secilmistir. FV sistem i¢cin optimum egim ve azimut agilar1 belirlendikten sonra
FV boyutlandirmasi yapilmistir. Optimum egim ve azimut ($=28°, y=21°) aglarinda konumlandirilmis FV sistemin
16,8 kWh kapasiteye sahip EV bataryasini sarj etme durumuna gore boyutlandirma yapilmistir. EV bataryasinin
glin icerisinde sarj edildigi diisiinlilmiistiir. EV bataryasini sarj etmek icin sebeke ve FV olmak tizere iki alternatif
bulunmaktadir. Proje kapsaminda 10 kW cat1 FV sistemi ve sebekenin EV bataryasini sarj etme durumu
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planlanmistir. Ancak FV sistemler dis ortam sartlarina bagh olarak nominal giiciinde gii¢ ¢iktisini giin boyu
verememektedir. FV boyutlandirmasi icin iki alternatif dikkate alinmistir. ilk durum EV bataryasinin giin
icerisinde olabildigince FV sistem ile sarj olmasidir. ikinci durum ise yillik toplam EV sarj ihtiyacinin FV sistemden
karsilanmasidir. ikinci durumda FV sistem yillik enerji iiretiminin batarya ihtiyacina esit olacak bir boyutlandirma
yapilmistir. Her iki durumu da dikkate almak i¢in 10 kW (200 adet FV panel) FV kurulu giiciinden baslanarak
kademeli olarak kurulu gii¢ azaltilarak 7,5 kW (150 adet FV panel), 5 kW (100 adet FV panel), 3,75 kW (75 adet
FV panel) ve 2,5 kW (50 adet FV panel) FV sistem i¢in sonuglar alinmistir. Farkli kurulu giice sahip FV sistemler
icin glin icerisinde EV bataryasini sarj etme durumlari ve bir yillik siirecte batarya sarij1 i¢in gerekli olan enerji
ihtiyacini karsilama durumlari degerlendirilerek sonugclar Sekil 7°de verilmistir. Asagida grafiklerden goriildigi
tizere 16,8kW hedef gii¢ degerinin karsilanma durumu hem kurulu giice hem de yilin hangi giiniinde oldugunuza

bagli olarak degismektedir. Ornegin, yilin ilk ve son giinlerinde fazla kapasite degeri sifir veya sifira yakin deger
almistir.
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Sekil 7. a) 2,5kWp b) 3,75kWp c) 5kWp d) 7.5kWp ve e) 10kWp farkh FV kurulu giiciine sahip sistemlerin enerji tiretimi,
fazla enerji ve batarya kapasitesi (a) 2,5kWp b) 3.75kWp b) 5kWp c) 7.5kWp ve d)10kWp energy production, excess energy
and battery capacity of systems with different PV installed power)
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Her bir FV kurulu giicline ait y1llik toplam enerji, EV batarya yillik enerji ihtiyaci ve fazla enerji miktarlarini veren
detaylar Tablo 1'de verilmistir.

Tablo 1. FV kurulu giiciine gore yillik enerji degerleri (Annual energy according to PV installed power)

FV kurulu Yillik FV EV batarya enerji Fazla enerji

giicii [kW] enerjisi [kWh] ihtiyaci [kWh] [KWh]
10,00 18515,037 12383,037
7,50 13886,278 7754,278
5,00 9257,518 6132 3125,518
3,75 6943,139 811,139
2,50 4628,760 -1503,240

FV sistem boyutlarina gore batarya yillik enerji ihtiyacim1 karsilamada 2,5 kW FV sistem haricindeki diger
boyutlandirmalar yeterli olmaktadir. Batarya yillik enerji ihtiyacin1 karsilama durumu dikkate alindiginda FV
kapasitesinin 2,5 kW ile 3,75 kW araliginda degistirilmesi durumunda 3,35 kW FV sistemin (67 adet FV panel)
batarya yillik enerji ihtiyacini karsilayacak boyuta sahip oldugu goriilmektedir. Sekil 8'de 3,35 kW FV sistem i¢in

enerji iiretimi, fazla enerji ve batarya kapasitesi degerleri verilmistir. Yilin giinlerine bagl olarak fazla kapasite
olustugu gorilmektedir.
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Sekil 8. 3,35 kW FV kurulu giicline sahip sistem i¢in FV enerji iiretimi, fazla enerji ve batarya kapasitesi (Energy production,
excess energy and battery capacity for a system with 3,35 kW PV installed power)

3,35 kW FV sistemin yillik enerji tiretimi 6202,538 kWh'tir. Batarya yillik enerji ihtiyaci ise 6132 kWh'’tir. Dolayisi
ile 3,35 kW’lik FV sistem enerji iiretiminin %1,137’lik kism1 EA bataryasina aktarilamamaktadir.

EV bataryasinin giin icerisinde sarj olmasi durumu i¢in yukarida verilen sonuclar degerlendirildiginde, FV sistem
boyutunun kii¢iilmesi EV bataryasinin giin icerisinde sarj edilemedigi giin sayisin1 artirmaktadir. FV sistem
boyutuna gore EV bataryasinin sarj edilemedigi giin sayilar1 Tablo 2’'de verilmistir.

Tablo 2. FV kurulu giiciine gére EV bataryasinin sarj edilemedigi giin sayilar1 (Number of days EV battery cannot be charged
according to PV installed power)

FV kurulu EV bataryasinin sarj
giicii [kW] edilemedigi giin sayisi

10,00 23

7,50 46

5,00 93

3,75 141

3,35 167

2,50 293

FV sistem boyutunun 10 kW olmasi durumunda ocak ve aralik aylarinda toplam 23 giin EV bataryasi giin icerisinde
sarj edilememektedir. FV sistem boyutunun azalmasi durumlarinda ise giin igerisinde EV bataryasinin sarj
edilemedigi giinler kasim ve subat aylarina da kaymaktadir. FV sistem boyutunun daha diisiiriilmesi durumlarinda
ise sonbahar ve ilkbahar mevsimlerinde de EV bataryasinin sarj edilmedigi gériilmektedir. FV sistem boyutunun
2,5 kW’a diisiiriilmesi durumunda ise yilin biiyiik cogunlugunda EV bataryasi giin icerisinde sarj edilememektedir.
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EV bataryasinin FV sistem tarafindan sarj edilemedigi durumlarda sebeke devreye girmekte ve EV bataryasi
sebeke iizerinden sarj olmaktadir. ilk durum i¢in EV bataryasinin giin icerisinde y1l boyunca sarj edilebilmesi i¢cin
FV sistem boyunun 10 kW’in iizerine ¢ikmasi gerektigi goriilmektedir. Ancak bu durum sistemde kullanilacak gii¢
elektronigi doniistiiriiciilerinin gii¢lerinin artmasina sebep oldugu i¢cin hem FV sistem a¢isindan hem de devreler
acisindan sistem maliyetini arttiracaktir. Dolayisi ile ilk durum icin yil icerisinde, 6zellikle kis aylarinda EV
bataryasinin giin igerisinde sarj olmasi durumu ihmal edilebilir olarak disiiniiliirse, FV sistem boyutunun 5 kW
seviyelerinde tutulmas yeterlidir. [kinci durum i¢in ise EV bataryasinin yillik sarj ihtiyacinin FV sistem tarafindan
karsilanmasi durumu icin (sebeke ile yilsonu mahsuplasma) 3,35 kW’lik bir FV sistem boyutu yeterli olacaktir.

4. Sonug ve Tartisma (Result and Discussion)

Elektrikli araglarin kullanimina paralel olarak sarj icin gerekli enerjinin karsilanmasi icin kaynak arayisi da giderek
artmaktadir. Bu konuda yenilenebilir enerji kaynaklar1 ¢éziim olarak ortaya cikmaktadir. Ozellikle kurulum
kolaylig1 ve diisiik maliyetli altyap: gereksinimlerinden dolay1 FV sistemler yaygin olarak kullanilan yenilenebilir
enerji kaynaklarindan bir tanesidir. FV sistemin ihtiyaci karsilayabilmesi i¢in kurulumu yapilmadan énce bazi
fizibilite calismalari yapilmalidir. Bu kapsamda gerg¢ek ortam kosularina ait sicaklik, riizgar hizi ve 1isimim degerleri
goz oOniine alinarak bazi hesaplamalar yapilmalidir. Bu hesaplamalar farkli paket programlar kullanilarak
yapilabilmektedir. Bu calismada, FV sistem entegreli ve sebekeye bagl bir elektrikli ara¢ sarj istasyonunda
optimum FV kapasitesinin belirlenmesi amaciyla yeni bir yaklasim gelistirmistir. Gercek ortam kosullar altinda
MATLAB ortaminda olusturulan bir FV model kullanilarak ayni sartlar altinda farkli agilar i¢in hesaplamalar
yapilmis ve {zmir ili icin optimum egim ve azimut acgilar1 belirlenmistir. Calismanin odak noktasi, 16,8 kWh
kapasiteli bir elektrikli ara¢ bataryasinin bir yillik toplam enerjisi icin gereken FV sistem kapasitesinin
optimizasyonunu saglamaktir. Matematiksel modelleme ve simiilasyonlar yardimiyla elde edilen sonuclar,
onerilen 3,35 kWp’lik FV kapasitesinin bir elektrikli aracin yil boyunca ihtiya¢ duydugu enerjiyi karsilayabilecegini
gostermektedir. Bu durum, FV sistemlerin elektrikli arag sarj sistemleri i¢in optimum kapasitenin belirlenmesinde
etkili bir yontem sunmaktadir. Bu sonuglar, fotovoltaik sistemlerin elektrikli ara¢ sarj istasyonlarinda kullaniminin
enerji maliyetlerini azaltabilecegini ve cevresel siirdiiriilebilirlige katkida bulunabilecegini gostermektedir. Sonug
olarak, bu calisma, stirdiiriilebilir enerji kaynaklarinin kullanimini tesvik etmek ve elektrikli araglar icin etkin sarj
altyapisi gelistirmek isteyen arastirmacilar ve endiistri paydaslari icin 6nemli bir kilavuz niteligi tasimaktadir.
Gelecekteki c¢alismalar kapsaminda, farkli cografi bolgelerde ve farkli elektrikli ara¢ modelleri i¢in benzer
optimizasyon stratejileri incelenerek sarj enerjisinin karsilanmasinda FV sistem entegrasyonu ve kullanilan devre
topolojileri konusundaki bilgi birikimi genisletilebilir.
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Keywords Abstract

Artificial Intelligence, Due to the morphological similarity between immature lymphoblasts (cancerous
Machine Learning, cells) to lymphocytes (non-cancerous cells), detecting Acute Lymphoblastic
Cancer Detection. Leukemia poses a significant challenge for pathologists. These cells, which exhibit a

similar pattern, can lead to various errors during the diagnosis of the disease. In this
study, the cancerous and non-cancerous cells were classified using 3 different
artificial intelligence approaches. In the first approach, the classification process
was carried out by training Convolutional Neural Networks in 4 different
architectures. In the second approach, a hybrid approach was proposed by
combining the convolution layer of the CNN model as the feature extractor with the
Support Vector Machine, Naive Bayes and Random Forest algorithms as the
classifier. The classification processes were carried out by training the proposed
second approach. In the third approach, the classification process was performed
using transfer learning process and ResNet50 and VGG16 networks. In all
experiments, the effects of hyper-parameter and dataset changes on model
performance were also examined. The results obtained by these three approaches
were compared using the Accuracy, Precision, Recall, F-score, and AUC performance
measures. It was determined that the most successful results were obtained with
the 1st approach using the Dataset3.

AKUT LENFOBLASTIK LOSEMi HUCRELERININ YAPAY ZEKA iLE SINIFLANDIRILMASI

Anahtar Kelimeler 0z

Yapay Zeka, Olgunlasmamis lenfoblastlarin (kanserli hiicreler) lenfositlere (kanserli olmayan
Makine Ogrenimi, hiicreler) morfolojik benzerligi Akut Lenfoblastik Losemi kanserinin tespitinde
Kanser Tespiti. patologlar icin zorlu bir problemdir. Benzer bir desene sahip olan bu hiicreler,

hastaligin teghisi sirasinda ¢esitli hatalara neden olabilmektedir. Bu sebepten
calisma kapsaminda kanserli ve kanserli olmayan hiicreler 3 farkli yapay zeka
yaklasimi kullanilarak tespit edilmistir. ilk yaklasimda Evrisimsel Sinir Aglar1 4
farklh mimaride egitilerek simiflandirma islemi gergeklestirilmistir. ikinci
yaklasimda, 6zellik ¢ikarici olarak CNN modelinin evrisim katmani, siniflandirici
olarak ise Destek Vektor Makinesi, Naive Bayes ve Rastgele Orman algoritmalar:
birlestirilerek hibrit bir yaklasim sunulmustur. Onerilen ikinci yaklasim egitilerek
simiflandirma islemleri gerceklestirilmistir. Ugiincii yaklasimda ise transfer
6grenme siireci ile ResNet50 ve VGG16 aglar1 kullanilarak siniflandirma islemi
gerceklestirilmistir. Tim deneylerde modellerdeki hiperparametre ve veri setleri
degisikliklerinin performans tizerindeki etkileri incelenmistir. Bu li¢ yaklasimla elde
edilen sonuclar Dogruluk, Kesinlik, Geri Cagirma, F-skor ve AUC performans o6l¢iileri
kullanilarak karsilastirilmis ve en basarili sonuglarin Dataset3 kullanilarak
Yaklasim1 ile elde edildigi tespit edilmistir.
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Highlights
e Detection of cancer cells,

e Hybrid model proposal and comparison with other approaches
e Effects of different hyper-parameters on the models

Purpose and Scope

The purpose of the paper is to analyze the impact of hyper-parameters in different approaches on the result and
to propose a helpful system for pathologists. The scope is the detection of ALL cancer with pathology images.

Design/methodology/approach

In the study, similar studies were analyzed through a literature review. A hybrid model is proposed by
combining the convolution layers of CNN architecture with classical machine learning algorithms. Then, the
performances of CNN architecture, hybrid model and transfer learning approaches are tested and compared for
different hyper-parameters.

Findings
The performance of 3 approaches with different hyper-parameters on low quality data is analyzed. Accordingly,
the proposed hybrid model (Approach 2) was found to perform better than the others. When the effect of
different size datasets on the models is analyzed, it is seen that the dataset with synthetic and original data
produces better results than the others. It is also observed that our model performs well even on low quality
datasets.

Originality

The classification of cancerous cells with the proposed hybrid model (Approach 2) has not been previously
observed in the literature. The performance of this approach is analyzed and compared with others, and it is
shown that it can produce remarkable results for classification processes in healthcare and similar fields.
Therefore, it is thought that the proposed model can be used as an auxiliary system for pathologists.

1. Introduction

Acute Lymphoblastic Leukemia (ALL) is a blood cancer where the uncontrolled growth of immature lymphoblast
cells eventually leads to the accumulation of deadly numbers of leukemia cells. This type of cancer is usually seen
in children. As shown in Figure 1, according to the research conducted by World Health Organization (WHO) in
2022, leukemia was detected in 31.9% of children with cancer aged 0-14 years (Global Cancer Observation, 2024;
Uzunhan and Karakas, 2012). This disease generally seen in children between the ages of 2 and 5, occurs as aresult
of overproduction of the white blood cells (lymphocytes) in the form of lymphoblast in the bone marrow, and can
lead to rapid death if it is not detected and not treated (Pediatric Treatment Editorial Board, 2021; Inaba et al,,
2013). Therefore, the detection of ALL is crucial. During the detection of the disease, various tests such as physical
examination, blood count, chest X-Ray, chemical blood study, and bone marrow biopsy are performed. Apart from
these tests, morphological examination method is also used. However, during detection carried out with this
method, some difficulties are encountered. This is due to the fact that immature blood cells (lymphoblasts) and
normal blood cells (lymphocytes) are morphologically similar.

To fulfill this challenging task, pathologists try to diagnose the diseased area using traditional methods. Samples
taken from the disease site are examined under the microscope by pathologists to detect the molecular basis of
the disease, and then the most appropriate diagnosis is determined and treatment begins (Madabhushi, 2009).
However, undesired human-related errors may occur during the diagnosis because the procedures are performed
by humans (Sipes & Li, 2018). In recent years, several digital systems have been developed to prevent such
possible errors and help pathologists. These developments have gained momentum with the digitization of data.
The data previously diagnosed by pathologists were digitized and the concept of "digital pathology" emerged.
Thus, with the development of digital pathology, the number of artificial intelligence-based studies has increased

" Corresponding author: ismail.iseri@omu.edu.tr, +90-362-312-1919
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in recent years. To achieve better results than existing conventional disease diagnosis methods, digital pathology
images are provided as input to various artificial intelligence models. These models are trained and then digital
pathology images are classified and analyzed using Machine Learning (ML) algorithms (Madabhushi, 2009;
Heffner et al, 2021). Therefore, with the artificial intelligence models developed, it is aimed to analyze the data
obtained from patients more objectively and quickly.

Leukaemia
64 566 (319%)

Others
70 306 (34.8%)

Liver
4 642(23%)

. Brain CNS
Hodgkin lymphoma 24 677 (12.2%)
7853 (39%)
Kidney
12 505 (6.2%) NHL

17 615 (87%)
Total : 202164

Figure 1. Cancer statistics of children between the ages of 0-14 in the World shared by WHO in 2022

In a study conducted by Selguk and Ozen (2015), 130 cancerous and 130 non-cancerous ALL cells were used. The
researchers used image processing techniques on these data and classified the cells as cancerous or non-cancerous
only with the Support Vector Machine (SVM) algorithm. In some other studies (Sipes & Li, 2018; Kumar et al, 2018;
Bhuiyan et al, 2019), performance comparisons were carried out using multiple algorithms on ALL data. The
common feature of the datasets they used was that the data were pre-classified as cancerous and non-cancerous.
However, image scales and dataset size were different in each of these three studies. In the study conducted by
Sipes and Li (2018), ALL-IDB and Cella Vision datasets were combined to classify all cancer types, and images were
classified in Red Green Blue (RGB) color space with K-Nearest Neighbor (K-NN), Neural Network (NN), and
Convolutional Neural Networks (CNN) algorithms. By separating the dataset, they used as 60% education, 20%
validation, and 20% test, they assessed their performances. They achieved the best result by the CNN model with
a 92% (% 3) accuracy rate. Similarly, K-NN and Naive Bayes (NB) algorithms were applied in the study carried out
by Kumar et al. (2018), but their images were used in gray level color space. In this way, they observed that K-NN
and NB produced 92.8% and 79% accuracy values, respectively. Bhuiyan et al. (2019) used microscopic images of
resized 108 white blood cells and evaluated the classification performance by using Random Forest (RF), SVM,
Logistics Regression (LR), and Decision Tree (DT) machine learning algorithms. Results showed that with an
accuracy rate of 99.05%, the SVM algorithm was more successful than other algorithms. In another study using
the ALL dataset (Duggal et al, 2017), to obtain alarge dataset, the image data was subjected to 180 degrees random
and vertical rotation during the training phase and performance evaluations were carried out using AlexNet and
T-CNN algorithms. However, the change of the hyper-parameters was not observed. In addition, this study also
compared the performances of AlexNet and T-CNN algorithms by adding the SD layer, which analyzed the pixel
density developed in the study, to these algorithms. As a result of this process, it was revealed that with 95.5%
accuracy and 95.4% F-scoring rate, the best values were achieved with T-CNN-SD.

In the study of Zhao et al (2017), where different pathology data were used, scholars utilized CNN and RF
algorithms to detect 5 types of white blood cells. Jiang et al. (2018), examined 3 types of lymphoma and classified
them with the SVM algorithm. In that study, the average accuracy performance value was calculated as 97.96%. In
another study (Banik et al, 2019), on the other hand, as in the study of Zhao et al. (2017), different blood cells
were classified separately from each other. However, in this study (Banik et al, 2019), scholars used data in RGB
color space and benefited from the CNN algorithm. They similarly balanced the different unbalanced dataset by
using a random data return method to eliminate unstable data, and they determined that the classification
accuracy was over 90%. Perlberg & Kramer (2019) and Oliveira & Dantas (2021) used the same dataset as in this
study. Perlberg & Kramer (2019) used ResNeXt to differentiate ALL-type cancerous cells from non-cancerous cells
and used the Squeeze-and-Excitation module, which improves the channel dependencies of CNN models with
almost no computation. This module was used by Hu et al. (2018) in the ImageNet competition, helping to improve
the 2016 best result by approximately 25%. They performed an effective classification using the ResNeXt
convolutional neural network with the Squeeze-and-Excitation module, and thus obtained an F1 score of 88.91%.
Oliveira and Dantas (2021) classified cancerous and non-cancerous cells using the VGG16/VGG19 and Xception
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model. By augmentation the data and running iton VGG16/VGG19 and Xception models, they obtained an F1-score
value of 92.60% with the parameters they determined.

As observed in the literature, several machine learning studies have been examined for ALL cancer detection in
biopsy images. In this study, different artificial intelligent approaches were examined. In the first approach, the
performance of CNN models with different number of layers were analyzed. In the second approach, well-known
machine learning methods (SVM, NB, RF) were used as classifiers instead of NN, and the convolutional feature
extraction from the first approach was used as a feature extractor. In the third approach, the transfer learning-
based study was carried out using the VGG16 and ResNet50 models. Briefly, the classification of the disease was
carried out using digital pathology data and by artificial intelligence methods. Additionally, performances of the
approaches under different hyper-parameters were examined and evaluated using experimental methods.

2. Materials and Methods
2.1.Description of The Problem

Leukemia occurs as a result of the decay of white blood cells in the maturation process. Figure2 shows the
functioning of normal white blood production in a body. Lymphoid stem cells produced from stem cells form
lymphoblasts. With the maturation of these lymphoblasts, white blood cells, which are called B lymphocytes and
T lymphocytes, are formed. However, during ALL disease, due to an unknown reason in the blood formation
process, the lymphoblast stage hesitates and shows an uncontrolled increase here. Lymphoblasts, which
accumulate in the blood, tissues, and bone marrow, inhibit the production of normal bone marrow cells. This
inhibition leads to a deficiency of red blood cells, thrombocytes, and normal white blood cells, ultimately causing
cancer (Uzunhan & Karakas, 2012). Although this situation is detected by pathologists, the obtained results vary
according to the skill of the pathologist and the quality of the blood sample. Therefore, it is aimed to design
assistive systems for pathologists by detecting ALL cancer with artificial intelligence approaches. To detect ALL
cancer using artificial intelligence applications, it is necessary to differentiate between lymphocytes and
lymphoblasts. However, as shown in Figure 2, it is known that it is difficult to distinguish between lymphoblasts
and lymphocytes due to the morphological similarities of the cells.

Stem cell

Lymphoid stem cell

Lymphoid blast

ALL develops
from this cell

€

B lymphocyte T lymphocyte

Figure 2. Formation diagram of white blood cells (Anonymous, 2023)

For this reason, it is essential to identify the types of cancerous cells. According to the FAB (French - American -
British) classification technique, which is frequently used in the morphological differentiation of ALL, there are 3
types of disease forms consisting of L1, L2, and L3 whose explanations are given in Table 1. In this study, the
classification was made using the data of L1 and L2 forms, which are the childhood types of ALL disease.

As it seems that, it is quite difficult to separate lymphoblasts in L1 form from lymphocytes. While lymphocytes
have formally smooth edges and a single nucleus, lymphoblasts have similar sizes, small diameter homogeneous

structure, few nucleoli, and narrow cytoplasm structure. Distinguishing between these two cell types by eye and

detecting them objectively is a very challenging process. In this study, we aim to separate and successfully classify
lymphocytes from immature lymphoblasts.
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Table 1. ALL disease types

Disease Type

The diameters of cells are small, they are homogeneous, have narrow cytoplasm, and
nucleole is too small to be seen. It is the type of ALL seen in children. It accounts for 85%
of all ALL patients.

z
3’3 @

i

Disease Type

The diameters of cells are different, they are heterogeneous, and have prominent
cytoplasm and nucleolus. It is the type of ALL seen in adults. It constitutes 14% of all ALL
patients.

Disease Type

The diameters of cells are large, they are homogeneous, similar to Burkitt lymphoma and
are caused by B lymphocytes. It is also known as the "starry sky" because of the points on
it, and it accounts for 1% of ALL patients.

2.2. Dataset Preparation

An open-source dataset of ALL cancer type, prepared by the Cancer Imaging Archive was used in this study (Duggal
etal,2017; Clark et al, 2013; Duggal et. al, 2016a; Duggal et. al, 2016b; Karlik & Olgac, 2011; Mourya et al, 2019).
The selected dataset contains the pathology images of the most common cancer type diagnosed in childhood. This
dataset consists of 10.661 labeled images at a resolution of 450x450 pixels in RGB format. Among these 3389
instances (Figure 3a) were labeled as non-cancerous and 7272 instances (Figure 3b) were labeled as cancerous
cells.

In the machine learning phase, 3 different datasets containing samples with equal number of cancerous and non-
cancerous labels were prepared by using the original data. In the first of these datasets, there were a total of 2532
samples (1266 cancerous and 1266 non-cancerous). In the second dataset there were a total of 5646 samples
(2823 cancerous and 2823 non-cancerous). In the third dataset, there were a total of 12.140 samples (6070
cancerous and 6070 non-cancerous). While creating the third dataset, the data augmentation process described in
section 2.3 was used, and this dataset contained both real and synthetic data. In addition to the different dataset
sizes, the dimensions of the images used were also resized. The first set of images was reduced to 48x48 (Figure
3cand Figure 3d) and the second set of images was reduced to 32x32 (Figure 3e and Figure 3f). For the model, the
obtained datasets were separated randomly as 70% training, 15% validation, and 15% test. In this way, the
performance of the change in image sizes and different dataset sizes was also observed.

2.3.Data Augmentation

In the literature, various data augmentation processes are applied to increase the generalization ability of the
models especially in deep learning and some machine learning studies. For this reason, considering that it would
have a positive effect in our study, the data in the dataset was augmented by image processing methods and 12.140
sets were created. This augmented dataset contains both synthetic and real data and includes 6070 cancerous and
6070 non-cancerous samples.

During the data augmentation process, the total dataset was increased to 12.140 units by applying rotating,
shearing, and polishing operations on the original images. New sample parts produced from the original image
data because of the magnification process are shown in Figure 4. The parameters and values applied during the
data augmentation process are as follow:

e rotation_range=30

e shear_range=0.2

e brightness_range=[0.1,1.0]
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Figure 3. Cancerous (a) and non-cancerous (b) cells at 450x450 scale. Cancerous (c) and non-cancerous (d) cells at 32x32
scale. Cancerous (e) and non-cancerous (f) cells at 48x48 scale

(a)

(a) (b) (c)
Figure 4. Increased view of cancerous cell Images of 450 x 450 scale. Original image (a), synthetic data (b), (c), (d)

2.4. Used Platforms and Libraries

In the experiments, a hardware with 12 GB RAM, 311 GB disk, and Tesla K80 GPU features was used on the Google
Colab platform. Applications developed using Python language were stored by Google Drive. Within the scope of
this study, the following libraries were utilized:

Keras and TensorFlow for deep learning,

Scikit-learn for machine learning,

Matplotlib for data visualization,

NumPy for mathematical operations,

OpenCV for image processing and image augmentation

2.5. Hyper-parameters
2.5.1. Activation Function
The main task of the activation function is to map a processed value to a specific range by limiting the output value

of the neuron. If the learning of the network is carried out without the use of the activation function, it will have
carried out limited learning (Karlik & Olgac, 2011). In this study, Rectified Linear Unit (ReLU) activation functions

493



VAROL MALKOCOGLU and ISERI 10.21923 /jesd. 1466823

were used in the outputs of the convolution layers and in the hidden layers of the fully connected layer. Sigmoid
activation function was used in the output layer of the fully connected layer.

ReLU: 1t is an activation function that performs a thresholding operation for each input value (Eq. 1). It works
faster than Sigmoid and Hyperbolic Tangent by reducing the cost of calculation. It is generally preferred in
multilayer networks. However, when the majority of inputs consist of negative values, a lot of information is lost
because their return will produce a value of zero, which prevents the network from learning (Si et al, 2018; Strusa
& Dolezel, 2019). This function is generally preferred in the convolution layer due to its low-cost load.

x if x=0

f(x)z{o if x<0 &)

Sigmoid: 1t is an activation function (Eq. 2) that produces positive y output values between 0 and 1 values. It is

commonly used in backpropagation algorithms (Sibi et al, 2019). This function is preferred in the output layer
and is particularly useful for binary classification tasks, where the result is either 0 or 1.

1
1+e™*

fx) = (2)

2.5.2. Optimization Function

Optimization functions are used to find the most suitable solution for nonlinear problems. In this study, Adaptive
Moment Estimation (ADAM), Stochastic Gradient Descent (SGD) and Root Mean Square Error Probability
(RMSProp) were used. The features of these selected optimization functions are as follows:

ADAM: 1t is a stochastic-purpose optimization function that is a primary gradient of its functions and needs little
memory. This function was created by combining the advantages of AdaGrad, which works well for sparse
parameters, and RMSProp, which is effective for non-stationary objectives. The difference of it from the RMSProp
function is that it directly estimates the parameter updates by calculating the first and second moment averages
of the m:in Eq. 3 and j, v:gradients in Eq. 4. (Kingma & Ba, 2014). This dual moment estimation helps in achieving
a more balanced and adaptive learning rate (Eq. 5.).

my = 1Bt (3)
Vi

Ve = 1_;2t (4)

Oy =6 — . (5)

m
Vote t

SGD: 1t is an optimization method that minimizes the cost function during parameter updates by employing the
gradient descent technique. Initially, randomly determined parameters are updated in the opposite direction of
the gradient each time. This update occurs for each individual training sample, allowing SGD to potentially reach

the local minimum faster and work more efficiently than other methods (Yazan & Talu, 2017). In Equation 6, x
and represent the features and labels of the samples, respectively. The learning rate is denoted by n and O refers
to the parameter applied for the entire training set.

0 = 6 —nVyJ(6; x5 yY) (6)

RMSProp: It produces parameter updates using a scaled-up degree of momentum.
It prevents the rapid decline of the learning rate in AdaGrad function, as with the AdaDelta function. Thanks to this
function, by reducing oscillations, the algorithm is accelerated, and more accurate results are produced (Ruder,
2016). In this method, the learning rate is denoted by n. The sum of the squares of the previous gradients,
represented as (E[g?]:), is calculated to adaptively adjust the learning rate for each parameter.

n
041 =6, — T Yt (7)
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2.6. Approaches
2.6.1. Approach1: Convolutional Neural Network

CNNs are basically a special artificial neural network model that consist of convolution, pooling, flattening and
fully connected layers. In recent years, it has come to the forefront with its classification successes especially on
large datasets (Si et al, 2018). This study aims to enhance the classification performance of models by different
hyper-parameters used in the layer numbers, filter sizes, and training of CNN models. To achieve this goal, 4
different CNN models were designed within the scope of this study. In the designed CNN models, ReLU activation
function was used in the convolution layers and Sigmoid activation function was used in the output layers. The
general structure of the designed CNN models was transferred to the convolutional layer as shown in Figure5 and
the feature map was resized by sending it to the pooling layer. The resized feature map was converted to one-
dimensional vector in the flattening layer and transferred to the fully connected layer for classification. There were
4 different CNN models created in this approach. These models consisted of 3, 6, 9 and 10 convolution layers and
were called CNN-1, CNN-2, CNN-3, and CNN-4, respectively. Each CNN model used filters of different sizes and
different step numbers. With these models, the effect of the increase in the number of layers on performance was
measured.

Cancer or
Non-cancer

Ll 0

Inpul Data \\ [
I~ ] n
- .
.
Convolution Pooling Layer Convalution Flatten Fully Connection and
\ Layer + RELU Layer + RELLI Layer A Classification Layer J
Feature Extraction Classification

Figure 5. The structure of the convolutional neural network model
2.6.2. Approach2: Convolutional Feature Extraction and Machine Learning

Machine learning is an approach that can learn and predict using data and mathematical techniques. Feature
extraction is made from data with the help of different mathematical techniques (Strusa and Dolezel, 2019).
Classification, clustering or regression can be done by using these features obtained from data in various
algorithms. In this approach, feature extraction was made using the convolution process and NB, RF and SVM
classification algorithms were used instead of the fully connected layer. Feature vectors from the CNN-1, CNN-2,
CNN-3, and CNN-4 models designed on Approachl were used by NB, RF, and SVM classifiers for training and
testing. The new feature extraction models were called Feature Extraction Model-1 (FEM-1), Feature Extraction
Model-2 (FEM-2), Feature Extraction Model-3 (FEM-3), and Feature Extraction Model-4 (FEM-4), respectively. The
vectors obtained from the created feature extraction models were given as inputs to NB (Sibi et al, 2013), RF
(Kingma & Ba, 2014) and SVM (Yazan & Talu, 2017) algorithms. With this approach, feature vectors were classified
by other machine learning algorithms instead of NN algorithm. By comparing the performance results of these
hybrid models, a comparison was made between the 4 models used for feature inference and the 3 classifiers. The

basic structure of the established classification network is shown in Figure 6.
o Cancer or
Mon-cancer
[ /
Cancer or
Ml D‘““ |:| A [ I a . Mor-cancer

[~
ARNS ~
Cancer or
Flatten Man-cancer

Comvolution Focling Layer | ayer
\‘ Layer + RELU ‘Jl }I

Feature Extraction Classification
Figure 6. Classification of data extracted with CNN models with ML algorithms
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2.6.3. Approach3: Transfer Learning

Transfer Learning (TL) is known as the ability of the system to transfer information learned from previous tasks
to new tasks. It aims to reuse information from one or more sources for a new given task. Unlike traditional
learning techniques, which start to learn things from scratch every time, it performs its learning by storing
information (Ruder, 2016).

In this study, VGG16 and ResNet50 models, which are well-known classic deep learning models, were used for

feature extraction through transfer learning. The VGG16 model is a model with 13 convolution layers, 5 maximum
pooling layers and 3 full connection layers, resulting from improvements to the AlexNet model. [t uses 11x11, 5x5,
3x3, and 1x1 filters in the convolution layers. The ResNet50 model, on the other hand, features a structure that
feeds the values to the nextlayer. The first convolution layer consists of a 7x7 filter. After the 3x3 maximum pooling
layer that follows, it has a structure known as learning now, consisting of 3 blocks and convolution layers with
1x1, 3x3, 1x1 filter, respectively. The convolution layers of the VGG16 and ResNet50 models with the specified
structures were connected to the classification layer designed in the first approach. For the classification process,
2 fully connected layers and classifier layers with sigmoid function was used. This method used in the study is
shown in Figure?7.

:

Cancer or
Men-cancer

ResNet50 / VGG16
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I |
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Figure 7. Combining the classification layer of CNN model created with the features obtained from VGG16 and ResNet50
models

.

3. Experimental Results

3 different approaches have been proposed to predict cancerous cells, and within each approach, models with
different hyper-parameters have been developed. A series of extensive experiments were conducted to evaluate
the performance of these models. This section is organized as follows:

e Description of our implementation details in all experiments conducted in this section.

¢ Each of the developed approaches was trained and tested with different hyperparameters.

¢ Performance analysis and comparison of the models included in the proposed approaches.

e Identifying the model that produces the best result.

¢ Performance analysis of the proposed model against recent studies done.
In this study, 3 different datasets containing labeled pathology images were used. Each dataset was randomly split,
70% for training, 15% for validation, and 15% for testing. The models trained sequentially with these datasets
were compared using 2 different image scales in 32x32 and 48x48 sizes, 3 different optimization functions
including Adam, SGD and RMSProp, and 3 different epochs as 25, 50, 100 values. In addition, the use of different
classification algorithms within the approaches increased, the diversity in the experiments. In this way, when the
determined hyper-parameters were applied to all the designed models, 324 different training-test processes were
carried out. The results of the experiments carried out with 3 approaches and various hyper-parameters designed
within the scope of the study are presented in the tables. Tables contain only the results of test data. These test
results were evaluated using Accuracy, Precision, Recall, and F-score metrics. As seen in Table 2, training and
testing processes were carried out with different hipper parameters using Dataset1. In experiments performed
with this dataset, it was generally seen that more successful results were produced with the SGD function.
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Table 2. Performance metrics of Approachl and Approach2 on Dataset 1 containing 2352 data

Approachl Approach2
Models pal:g'lf]‘:;rs NN (CNN) RF NB SVM
Opt. Func. SGD SGD Adam SGD
Image size 32x32 32x32 32x32 32x32
Epoch 50 50 100 100
FEM 1 Accuracy 0.817 0.690 0.790 0.815
Precision 0.840 0.74 0.850 0.830
Recall 0.820 0.690 0.790 0.820
F-Score 0.810 0.670 0.780 0.810
Opt. Func. SGD SGD SGD SGD
Image size 32x32 48X48 48X48 48X48
Epoch 100 50 25 50
FEM 2 Accuracy 0.818 0.656 0.741 0.803
Precision 0.840 0.800 0.830 0.810
Recall 0.820 0.660 0.740 0.800
F-Score 0.820 0.610 0.720 0.800
Opt. Func. SGD Adam SGD SGD
Image size 32x32 32x32 32x32 32x32
Epoch 100 25 100 100
FEM 3 Accuracy 0.812 0.630 0.781 0.821/2
Precision 0.840 0.73 0.850 0.850
Recall 0.810 0.63 0.780 0.820
F-Score 0.810 0.59 0.770 0.820
Opt. Func. RMSProp Adam RMSProp RMSProp
Image size 48x48 32x32 48x48 48x48
Epoch 25 100 25 25
FEM 4 Accuracy 0.798 0.683 0.744 0.789
Precision 0.860 0.780 0.830 0.850
Recall 0.800 0.690 0.740 0.790
F-Score 0.790 0.610 0.730 0.780

The symbol () in the tables represents the highest accuracy value in each approach.

Training and testing processes were carried out with different hipperparameters using Dataset2, as shown in
Table 3 and Dataset3, as shown in Table 4. Experiments conducted with both datasets generally produce more
successful results with the Adam and RMSProp optimization function. The best results produced by the
experiments carried out with the third approach are shown in Table 5. Models developed with this approach were
trained and tested with all datasets, similar to the other approaches.
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Table 3. Performance metrics of Approach1 and Approach2 on Dataset 2 containing 5646 data

Approachl Approach2
Models pafg'lflgérs NN (CNN) RF NB SVM
Opt. Func. RMSProp RMSProp Adam Adam
Image size 48x48 48x48 32x32 48x48
Epoch 50 50 100 25
FEM 1 Accuracy 0.827 0.690 0.820 0.838
Precision 0.86 0.700 0.860 0.870
Recall 0.83 0.650 0.820 0.840
F-Score 0.82 0.670 0.820 0.830
Opt. Func. Adam Adam Adam SGD
Image size 32x32 48X48 32x32 48X48
Epoch 25 50 50 25
FEM 2 Accuracy 0.810 0.626 0.741 0.794
Precision 0.750 0.680 0.660 0.850
Recall 0.940 0.630 0.740 0.790
F-Score 0.830 0.600 0.790 0.790
Opt. Func. Adam SGD Adam SGD
Image size 32x32 32x32 32x32 32x32
FEM 3 Epoch 25 100 25 50
Accuracy 0.780 0.652 0.730 0.810
Precision 0.850 0.700 0.790 0.860
Recall 0.780 0.650 0.730 0.810
F-Score 0.770 0.630 0.710 0.800
Opt. Func. RMSProp Adam RMSProp RMSProp
Image size 32x32 48x48 32x32 32x32
Epoch 25 25 25 25
FEM 4 Accuracy 0.843 0.780 0.828 0.849/
Precision 0.870 0.810 0.870 0.860
Recall 0.840 0.780 0.830 0.850
F-Score 0.840 0.780 0.820 0.850
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Table 4. Performance metrics of Approachl and Approach2 on Dataset 3 containing 12140 data

Approach1 Approach2
Models pal:g'lﬂg;rs NN (CNN) RF NB SVM
Opt. Func. SGD Adam Adam Adam
Image size 48x48 32x32 32x32 32x32
Epoch 50 50 25 25
FEM 1 Accuracy 0.842 0.717 0.840 0.846
Precision 0.870 0.720 0.870 0.870
Recall 0.840 0.720 0.840 0.850
F-Score 0.840 0.720 0.840 0.840
Opt. Func. RMSProp Adam Adam Adam
Image size 48x48 32x32 32x32 32x32
Epoch 25 25 25 25
FEM 2 Accuracy 0.841 0.702 0.839 0.806
Precision 0.860 0.640 0.770 0.850
Recall 0.840 0.620 0.970 0.810
F-Score 0.840 0.760 0.860 0.800
Opt. Func. Adam Adam Adam Adam
Image size 32x32 32x32 32x32 32x32
Epoch 50 50 50 50
FEM 3 Accuracy 0.8702 0.747 0.851 0.859
Precision 0.870 0.750 0.850 0.860
Recall 0.870 0.750 0.850 0.860
F-Score 0.870 0.750 0.850 0.860
Opt. Func. Adam RMSProp RMSProp RMSProp
Image size 32x32 32x32 32x32 32x32
Epoch 50 25 50 25
FEM 4 Accuracy 0.854 0.834 0.829 0.845
Precision 0.850 0.850 0.850 0.850
Recall 0.850 0.830 0.830 0.800
F-Score 0.850 0.830 0.830 0.790

499



VAROL MALKOCOGLU and ISERI 10.21923/jesd.1466823
Table 5. Performance metrics of Approach3 on all Dataset
Approach3
Models Hyper-parameters 2352 5646 12140
Opt. Func. Adam Adam SGD
Image size 48x48 32x32 32x32
Epoch 100 25 100
ResNET50 Accuracy 0.786 0.794 0.819~2
Precision 0.830 0.830 0.860
Recall 0.790 0.790 0.820
F-Score 0.77 0.790 0.810
Opt. Func. RMSProp RMSProp SGD
Image size 48x48 48x48 32x32
Epoch 100 100 25
VGG16 Accuracy 0.815~2 0.8127 0.791
Precision 0.840 0.830 0.840
Recall 0.820 0.810 0.790
F-Score 0.810 0.810 0.780

When the experimental results obtained are examined:

o The experimental results obtained in the third approach were lower compared to those in the first and second
approaches. In contrast, there were common inferences.

¢ Considering all approaches, the best result was obtained with the dataset containing 12.140 pieces.

¢ In addition, it was seen that the decrease in image sizes did not adversely affect the test results. This situation,
cost and time savings were ensured.

e Clear information could not be obtained with the optimization function and the number of epochs. However,
when looking at the overall success, it can be stated that the Adam and RMSProp functions are more in the
tables, so that good results can be produced with these optimization functions.

The best results produced by these 3 approaches were also evaluated in terms of other calculated metrics.
Accordingly, it was determined that the Precision metric was around 85% for the best results in all 3 approaches.
This value shows that models successfully perform accurate positive classifications. In other words, it

demonstrates how reliable the data classified as cancerous cells is. When the Recall metric was examined, it was
observed that the result produced in the first table was lower than the others. Although these results, which should
not be underestimated, they indicate how many of the positive classes the model is able to capture accurately.
While this situation is similar to the Precision metric, the Recall metric does not calculate whether negative
samples are classified as positive incorrectly. When ensuring that an image is classified as positive, the results
obtained from the Precision metric must be considered. The harmonic mean of these two metrics is obtained with
the F-score metric. For the best Precision and Recall, the F-score metric is expected to converge to 1. It is seen that
the values obtained in this study are very close to 1. The cost and running time of the models are as important as
their performance. When looking at the vector lengths, which are one of the most important factors affecting these
values, it is seen that the vector lengths produced by 4 different CNN / FEM (vector lengths are equal because of
the same feature extraction) models vary by the image scale. This affects the different vector lengths in the
convolution and image scale layers, as shown in Table 6. The vector length decreases as the image scale decreases
and the number of layers increases. The reduction in vector length reduces model running time and saves time.
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Table 6. Vector length in flattening layer of models in different convolution layers

Models Conv. Layers Image Scale Vector lengths

1 3 32x32 1x50176
48x48 1x123904

2 6 32x32 1x73728
48x48 1x204800

3 9 32x32 1x1024
48x48 1x4096
32x32 1x64

4 10 48x48 1x576

Finally, these models were also evaluated in terms of AUC metrics. The ROC curve and AUC value of each approach
that produces the best values for the 3 datasets are shown in Figure 8. Although the produced values were close
to each other, the test results performed with the Dataset3, which contained synthetic and original data, were
more successful. In general, it was observed that data augmentation in deep learning models positively affected
the results of the model. As a result of the experiments, it was observed that the test performed with Dataset3 and
Approachl produced the most successful results. It was seen that with this model, cancerous cells were detected
better than others. It was also understood through the result produced by the AUC metric that cancerous and non-
cancerous cells were successfully separated from each other.

In the study, three different approaches were trained and tested with various hyper-parameters. The best result
was obtained with the Approachl trained with Dataset3. It was observed that the 32x32 scaled data used in this
experiment and the Adam optimization function positively affected the results. Looking at the approaches in
general, it was observed that data augmentation positively affected the performance and Approach1 performed
better than other approaches. In addition, it was observed that the increase in the convolution layer in Approach1
decreased the vector size and thus saved the training time.
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Figure 8. ROC curve and AUC value all approach. (a) for Dataset 1. (b) for Dataset 2. (c) for Dataset3

The results obtained from this study were compared with similar studies in the literature (Table 7). The dataset
used in the study was previously developed by Duggal et al. (2017) using 2 different CNN models and they found
that the stain layer they developed was close to the results obtained in this study. Oliveira and Dantas (2021)
successfully predicted cancerous cells by improving the VGG16/VGG19 model with the same data set. However, in
both studies, the quality of the images is quite high, which is far from reality. In our study, however, the image
quality was deliberately reduced and the training-test success of a data in this situation was observed in different
models.

Similarly, Perlberg and Kramer (2019) aimed to predict ALL cancer types with different datasets, and for this, they
performed an effective classification using the Squeeze-and-Excitation module and the ResNeXt convolutional
neural network. Although this module was not used in our study, an F1-score of 87.0% was obtained. This result
is very close to the work of Perlberg and Kramer, although no extra optimization was used. When looking at other
studies focusing on the same disease but using different datasets, it was seen that in Selcuk and Ozen (2015), an
accuracy rate of 93.91% was reached as a result of the training and testing process done with the SVM algorithm.
Sipes et al. (2018) showed that by comparing the performance of different algorithms, as in this study, the most
successful result was obtained with the CNN model. In Kumar et al. (2018), the performance of K-NN and NB
models were compared and the K-NN algorithm was found to be more successful. In Bhuiyan et al. (2019), RF,
SVM, LR, and DT models were compared and it was found that SVM algorithm was more successful. Additionlly, in
another study by Banik et al, (2019), it was shown that augmented data yielded successful results, as in this study.
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Table 7. Classification of pathology data to the leukemia cancer

Studies Work ML Model Success Rate
(Accuracy)
Selcuk & Ozen Classification of ALL cells SVM %93,91
Sipes & Li Classification of ALL cancer and comparison of KI\II\II\II\I zﬁgégg%
performance CNN 9%492(+3)
Kumar et al. Categorization of ALL data extracted by image KNN %92,8
segmentation with K-NN and NB NB %78-79
I . RF %98
Classification performance comparison of ALL SVM %99 05
Bhuiyan et al. blood cells with RF, SVM, LR and DT ’
algorithms LR %97,18
DT %98,18
Increasing the dataset of ALL cell and adding AlexNet %387,9
Duggal et al SD layer that determines the pixel density of T-CNN %92,4
’ AlexNet and T-CNN models and comparing the AlexNet+SD %88
success rate T-CNN+SD (SVD) %95,5
Automatic recognition system for automatic
Zhao et al. detection and classification of WBCs CNN i
Jiang et al. Classification of CLL, FL and MCL lymph types SVM %97,96
Neutrophil 90,55
Banik et al Classification of 4 different white blood cells CNN Eosinophil 96,12
’ with 8-layer CNN model Monocyte 95,33
Lymphocyte 99,8
ResNeXt to differentiate ALL-type cancerous
cells from non-cancerous cells and used the
Perlberg & Kramer Squeeze-and-Excitation modiile with same ResNeXt i
dataset
Classified cancerous and non-cancerous cells
A . - VGG16 %92,48
Oliveira & Dantas using the VGG16/VGG19 model with same VGG19 %9159
dataset
Varol Malkocoglu & Classification and performance comparison of Accuracy %87,0
iseri ALL cells using 3 approaches and different Approach1 (CNN-3) and AUC: %87,8

parameters

(with Dataset3)

The contributions of this study to the literature are as follows:

o The performance of models with different hyper-parameters on low-quality data was analyzed.

o The classification of cancerous cells by the proposed Approach2 has not been previously observed in the
literature. The performance of this approach was examined and compared with others, and it was observed
that it could produce remarkable results for classification processes in health and similar fields.

o The effect of data sets of different sizes on the models was examined. Accordingly, the data set with synthetic
and original data produced more successful results than the others.

o [t has been observed that our model performs well even on low-quality datasets. In low-quality datasets, the
image scale is small, thus reducing the vector length. The reduction in vector length reduces model run time

and saves time.

e Comparing with other studies were made, similarities differences are discussed.
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4. Conclusion

In this study, applied research was conducted on the classification of digital pathology images related to ALL
disease with deep learning, machine learning, and transfer learning approaches. Experimental studies were

carried out on the Google Colab platform using a digital pathology images that contain patient information. These

studies were performed on a dataset consisting of 10,661 previously labeled ALL images. After making the selected
dataset more balanced compared to the lesser class (3389 non-cancerous), a new dataset containing 12.140 data
was created by applying rotation to the images. In addition to this dataset, two more clusters consisting of 2352
and 5646 data were created with only the original data. 70% of each dataset was devoted to training, 15% to
validation, and 15% to testing. On the created datasets, two different image scales with 32x32 and 48x48
dimensions were resized. Batch size value was determined as 32 and iteration values were determined as 25, 50,
and 100. In addition, 4 different models were obtained by gradually increasing the number of layers. These models
had 3, 6, 9, and 10 convolution layers, respectively. The ReLU activation function was used in hidden and fully
connected layers, while the Sigmoid activation function was used in the output layer. The two fully connected
layers used in the model consisted of 256 and 128 neurons, respectively.

When the results obtained with these developed approaches were examined, it was determined that using the
dataset consisting of both synthetic and real data affected the success of the model positively. It was observed that
the increase in convolution layers used for feature extraction and the Adam or RMSProp optimization functions
used during the training of models positively affected the success of the model. The results produced by both the
first approach and the second approach were quite close to each other and significant. However, when looking at
the third approach in which the transfer learning method was used, it was found that the performance values were
lower than the other two approaches.

When we look at similar studies in the literature, it is seen that different models and datasets are used. Although
the models in this study were trained with low resolution pathology images, the model results were found to
perform as well as the existing studies. This shows that similar performance can be achieved by designing more
compact models. In this way, successful systems can be designed to save costs and profit from speed.

Consequently, when the performance values of the artificial intelligence approaches are taken into consideration,
it can be said that, in terms of digital pathology, artificial intelligence-based methods can be used at the pathology
departments of hospitals especially in the diagnosis phase. The use of a system to assist pathologists during cancer
diagnosis is crucial in terms of time, diagnostic accuracy and workload. With this model, human error can be
reduced and time can be saved, reducing the workload of pathologists. Additionally, this study measured the effect
of changes in hyperparameters on the performance of the model. It is believed that the results of this evaluation
will guide researchers in their hyperparameter choices. In the future, by using the holistic form of pathology data,
regions of interest (Rol) will be detected and classified with our best approach.
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Convolutional Since deep learning models have been successfully used in many fields, they have
Neural Network, been used to identify sick and healthy people in X-ray or Computed Tomography
Covid-19 Detection, (CT) chest radiology images. In this study, Covid-19 and pneumonia classification is
CT and X-ray Chest Image, ~ performed on both X-ray and CT images using the robust Convolutional Neural
Pneumonia. Network (CNN). BGR, HSV, and CIE LAB color space transformations are applied to

X-ray and CT images to show that the model performs a successful classification
independent of dataset characteristics. The binary classification accuracy rates of
Covid-19 and pneumonia for X-ray images and CT images are 98.7% and 98.4%,
97.6% and 99.4%, respectively. Precision, Recall, Specificity, F1 score, and Mean
Squared Error metrics are calculated for each X-ray and CT dataset. In addition, 5-
fold cross-validation proved accuracy of the model. Although X-ray and CT chest
radiology images are transformed into different color spaces, the proposed model
performed a successful classification. Thus, even if the image characteristics of the
radiology device brands change, the computer-based system will be able to make
successful disease diagnoses at low cost where expert personnel are insufficient.

FARKLI RENK UZAYLARINDAKI X-RAY VE BT GORUNTULERININ GUCLU ESA ILE

SINIFLANDIRILMASI
Anahtar Kelimeler 0z
Evrisimli Sinir Ag, Derin 6grenme modelleri bircok alanda basariyla kullanildigindan beri, X-ray veya
Covid-19 Tespiti, Bilgisayarli Tomografi gégiis radyolojisi goriintiilerinde hasta ve saglkl Kkisileri
BT and Réntgen tanilamak icin kullanilmaktadir. Bu ¢alismada, gii¢lii Evrisimsel Sinir Ag1 (ESA)
Gégiis Gortintiist, kullanilarak hem X-ray hem de BT goriintiileri iizerinde Covid-19 ve zatlirre
Zatiirre. hastalig1 siniflandirmasi gergeklestirilmektedir. BGR, HSV ve CIE LAB renk uzayi

doniistimleri; modelin veri kiimesi ozelliklerinden bagimsiz olarak basarili bir
smiflandirma gercgeklestirdigini gostermek icin X-ray ve BT goriintiilerine
uygulanmistir. Rontgen ve BT goriintiilerinin i¢in Covid-19 ve zatiirre olmak iizere
ikili siniflandirma dogruluk oranlari sirasiyla %98,7 ve %98,4, %97,6 ve %99,4'tiir.
Her X-ray ve BT veri seti i¢in Kesinlik, Geri Cagirma, Ozgiilliik, F1 puani ve Ortalama
Karesel Hata metrikleri hesaplanmistir. Ayrica, 5 kat ¢apraz dogrulama modelin
dogrulugunu kanitlamistir. X-ray ve BT gogiis radyolojisi goriintiileri farkli renk
uzaylarina dontstiirilmesine ragmen, onerilen model basarili bir siniflandirma
gerceklestirmistir. Boylece radyoloji cihazi markalarinin goriintii 6zellikleri degisse
bile bilgisayar tabanli sistem, uzman personelin yetersiz oldugu yerlerde diisiik
maliyetle basarili hastalik teshisleri yapabilecektir.
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Highlights

» The robust CNN model classifies both X-ray and CT chest radiology images in different color spaces
as Covid-19 or pneumonia disease.

» Itcan be used as an auxiliary expert system for diagnosis in regions where the number of patients is
high, and the number of physicians is low.

» This model is suitable for different medical imaging devices in any hospital.

Graphical Abstract

L J L
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Figure. Architecture design of the proposed model.

Purpose and Scope

The motivation of this study is the rapid diagnosis of chest diseases with X-ray and CT images, the
differences in features between X-ray and CT images, and different brands of imaging devices produce
images with different image properties.

Design/methodology/approach

In this study, we aim to accurately classify four separate chest radiology image datasets created with
different imaging techniques and color spaces with a single deep learning model CNN which has shown
successful results in image-based applications. The success of this robust model is demonstrated by
classifying both X-ray and CT chest radiology images as Covid-19 and pneumonia disease with a high
success rate in BGR, HSV, and CIE LAB color spaces.

Findings

A low-cost computer-aided expert system is proposed according to the cost of RT-PCR testing. X-ray and
CT image features can vary depending on the device model. In this study, original images, device-
dependent BGR and HSV color space and device-independent CIE LAB color space transformations are
performed, and it is shown that a model can perform successful classification using CNN even if the device
feature and color space change.

Originality

The robust model with well-chosen learning rate, batch size, and epoch number produces better results
than a combined model. Moreover, the model proposed in this study outperforms other works in the
literature as it can achieve good results for both X-ray and CT images in different color spaces. The success
of the study motivates the following study. It is aimed to realize a mobile application with a CNN-based
transfer learning algorithm. Thus, a user-friendly system will be created with successful classification.

" Corresponding author: nesrinaydin@karabuk.edu.tr, 0538-414-2745
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1. Introduction

Covid-19 virus emerged in 2019 as a new strain of severe acute respiratory syndrome (SARS). The highly
contagious Covid-19 virus has spread rapidly among humans, causing many deaths (COVID Live, 2023). Diagnosis
of the Covid-19 virus is often confused with pneumonia because of symptoms such as chest pain, shortness of
breath, cough, and inflammation of the lung lobes (Togagar et al., 2009). Although medical images are used in the
diagnosis of Covid-19 virus, the Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) test is accepted as
the first (Yan et al., 2020). Reasons such as the lack of a high success rate of the RT-PCR test method, the time
required for the test result, the supply of test kits, and the inability to evaluate the test kits in every hospital have
led researchers to different diagnosis studies. Scientists propose various deep learning models to support doctors
in the diagnosis and treatment of Covid-19 and pneumonia (Bozkurt, F. 2022; Mishra et al., 2020; Islam et al., 2020;
Serener and Serte, 2020; Foysal et al., 2020; Polsinelli et al.,, 2020; Nayak et al.,, 2021). As seen in these studies,
imaging techniques such as X-ray and Computer Tomography (CT), which are currently used in hospitals, have a
complementary role in the diagnosis of lung diseases. X-ray imaging uses tiny doses of ionizing radiation to create
a black-and-white image. CT is an imaging method that uses special x-ray beams to create detailed pictures or
scans of areas inside the body. It scans the relevant parts of the body in more detail than the X-ray imaging
technique, creating a detailed and layered picture.

In this study, we aim to accurately classify four separate chest radiology image datasets created with different
imaging techniques and color spaces with a single deep learning model Convolutional Neural Network (CNN)
which has shown successful results in image-based applications (Tasdelen and Sen, 2021; Somuncu and Aydin
Atasoy, 2021; Banerjee et al., 2022; Gilanie et al., 2021). The success of this robust model is demonstrated by
classifying both X-ray and CT chest radiology images as Covid-19 and pneumonia disease with a high success rate
in BGR, HSV, and CIE LAB color spaces. Thus, a low-cost expert system is proposed with a robust model
independent of dataset differences, which saves the time needed to finalize the RT-PCR test for patients, reduces
the cost spent on testing, and is independent of dataset differences. The contributions of this paper are as follows:

»  With the proposed approach, a powerful model suitable for different medical imaging devices in hospitals
is proposed.

» It can be used as an auxiliary expert system for diagnosis in areas with many patients and few doctors, as
it successfully classifies Covid-19 and pneumonia disease using CNN despite different image features.

»  Unlike similar works using the strengths of CNN architecture, classification is performed with a single
network architecture on both X-ray and CT chest radiology images in different color spaces.

The following parts of the study are as follows: In Chapter 2, current literature studies on Covid-19 and pneumonia
disease are examined. In Chapter 3, information about dataset properties, color spaces, and the CNN is given. In
Chapter 4, the evaluation of the proposed model on the dataset and the success criteria of the model are examined.
In Chapter 5, the results of the study are compared with other studies and future works are discussed.

2. Related Works

Deep learning algorithms are used in many fields, such as face recognition systems, the health sector (Kaya et al,,
2019; Oguz and Yaganoglu, 2021; Aydin Atasoy, N., Faris Abdulla Al Rahhawi, A.,, 2024), voice recognition studies
(Atasoy and Eltanashi, 2020), autonomous systems, image processing (Yildiz, 2019), prediction applications
(Elhagaggagi, 2021), natural language processing, text, and character recognition studies (Somuncu and Aydin
Atasoy, 2021), defense and security, object recognition, classification (Metin and Karasulu, 2021) and they produce
successful results.

Polsinelli et al. (Polsinelli et al., 2020) propose a modified SqueezeNet model for detecting Covid-19 disease using
a dataset (Yang et al., 2023) and Italian (COVID-19 DATABASE, 2023). They performed a study with Matlab Tools
with nearly 2000 images in two different datasets. The modified model outperforms the plain SqueezeNet as it
creates features better in the training phase. Hyperparameters are determined using a Bayesian approach. With
the CNN-based modified model, an accuracy of 85.03% is achieved, and the classification time is sufficiently low.
This study shows that CNN can analyze images even with limited hardware resources.

Nayak et al. (Nayak et al., 2021) propose a deep learning-based approach using X-ray chest images for early
diagnosis of Covid-19 disease. They varied the parameters of batch size, learning rate, number of epochs, and type
of optimizers to find the best model among AlexNet, VGG-16, GoogleNet, MobileNet-V2, SqueezeNet, ResNet-34,
ResNet-50 and Inception-V3 deep learning models based on CNN architecture. Thus, they aim to realize an
automatic system that classifies as Covid-19 or healthy. 286 images were used for training, and 120 images were
used for testing. Among these models, ResNet-34 showed the best performance with a 98.33% accuracy rate.
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However, according to the classification success of deep learning models, the dataset of this study needs to be
bigger. Therefore, the success rates of the selected models are very close to each other.

Karim et al. (Karim et al., 2022) propose a computer-aided diagnosis system for Covid-19 disease detection. They
combine CNN with Ant Lion Optimization Algorithm and Softmax, Support Vector Machines, K-Nearest Neighbours
and Decision Tree, and Multiclass Naive Bayes Classifier to classify lung X-ray images as sick and healthy. The study
aims to determine the best classification algorithm compatible with CNN. They have used well-known datasets
(COVID-19 Radiography Database, 2023; Cohen et al. 2020) for evaluating the performance of the proposed model.
They have used AlexNet for data resize and feature extraction, Ant Lion Optimization Algorithm for feature
selection, and Bayes Naive classifier, which is the best model for classification. The accuracy, precision, and F1-
score of the proposed model are respectively 98.31%, 100%, and 98.25%. Thus, they achieved very good
classification performance. Similarly, Oguz and Yaganoglu (Oguz C., Yaganoglu M., 2022) propose a decision
support system for Covid-19 disease diagnosis with Support Vector Machine (SVM), k Nearest Neighbor (kNN),
Random Forest (RF), Decision Trees (DT), Naive Bayes (NB) classification methods after extracting features from
1345 CT images with different models such as ResNet-50, ResNet-101, AlexNet, Vgg-16, Vgg-19, GoogLeNet,
SqueezeNet, Xception. While this system shortens the decision-making time of doctors, the best diagnosis model
can be determined according to the success performances of different network models. Thus, unnecessary tests
are prevented, and diagnosis is accelerated.

Thakur and Kumar (Thakur and Kumar,2021) performed binary classification (BC) and multi-classification (MC)
with different CNN models using X-ray and CT images. They classified Covid-19 and healthy for BC and Covid-19,
healthy and pneumonia for multi classification. BC accuracy rate was 99,64%, and multi-classification accuracy
rate was 98.28%. For both models, they used Stochastic Gradient Descent (SGD) as the optimizer method and a
fixed learning rate of 0.02. The authors stated that they converted the original input dataset to the grayscale image
in the first pre-processing step. However, X-ray and CT images are grayscale according to the way they are
generated (CT scan, 2023; X-Ray, 2023). The original dataset characteristics and the reason for this conversion are
not specified in the study. Another study that cares about feature selection, Rahimzadeh et al. (Rahimzadeh et al.,
2021) propose a computer-based diagnostic system to detect Covid-19 disease from CT images. They used 15589
Covid-19 images and 48260 healthy images of 282 healthy persons and 95 Covid-19 patients. To reduce the time
and false detection process, they first detected the infected regions in CT images using the Grad-Cam algorithm.
They performed BC for Covid-19 disease detection with ResNet50V2, Xception, and their proposed model. Their
proposed model performed the best classification with a 98.49% accuracy rate. The study yields successful results
Grad-Cam is a technique used in deep learning, especially with CNN, to understand which regions of an input image
are important for the network’s prediction of a particular class.

Unlike studies that emphasize feature extraction such as SGD and Grad-Cam algorithm, Islam et al. (Islam et
al,2020) preferred a model that can learn long-term dependencies within the network propose a model for
detecting Covid-19 disease by combining CNN and Long Short-Term Memory (LSTM) models using X-ray images.
They used 1525 X-ray datasets balanced as Covid-19, healthy, and pneumonia. In this study, CNN is used for deep
feature extraction, and LSTM is used for classification using the extracted feature. The proposed model classifies
lung X-ray images as Covid-19, pneumonia, and healthy. Accuracy, AUC, specificity, sensitivity, and F1-Score values
of the proposed model are 99.4%, 99.9%, 99.2%, 99.3%, and 98.9%, respectively. In this study, it is seen that the
success of LSTM and CNN has increased compared to studies that attach importance to feature extraction.

Serener et al. (Serener and Serte, 2020) aim to reduce the diagnostic difficulty of Covid-19, mycoplasma
pneumonia and typical viral pneumonia diseases. They performed BC with seven different architectures: ResNet-
50, ResNet-18, MobileNet-V2, VGG, SqueezeNet, AlexNet, and DenseNet-121. ResNet-18 and MobileNet-v2 showed
the best performance results. The dataset consists of 325 original and 1005 enhanced 224x224 CT chest images.
The classification success of these deep learning models is 89% for Mycoplasma Pneumonia and Covid-19
detection and 76% for Mycoplasma Pneumonia and Typical Viral Pneumonia detection. The study needed to
achieve more success compared to other studies in the literature. Increasing the dataset too much and inadequate
model training significantly affect the success of the model. Unlike Serener et al. (Serener and Serte, 2020), Bozkurt
(Bozkurt,2021) obtained high accuracy as 97.17% using DenseNet121 model. This is because he implemented the
DenseNet121 model architecture with the regularization effect of dense connectivity, considering its ability to
reduce overlearning in training on not very large data.

As seen in the literature, many studies based on CNN have been successfully performed with small and large
datasets using X-ray and CT chest images, and the success of the classification models is increased by combining
several models. In this study, both X-ray and CT chest radiology images in different color spaces are classified as
Covid-19 or pneumonia using single CNN architecture.
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3. Material and Method

In this study, Covid-19 and pneumonia disease classification is performed with X-ray and CT chest radiology
images indifferent color spaces using four different datasets. The procedures performed for a successful
classification are shown in Figure 1, which shows the application steps for the successful classification of different
chest radiology datasets from various imaging devices.

D=

3.1. Dataset

—>
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BGR - HSV color
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BGR - CIE LAB color
space

Implementation of the
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Figure 1. General scheme of the study

This study is carried out with four different chest radiology datasets containing X-ray and CT images, as shown in
Table 1. Due to the different image sizes in the datasets, all grayscale images are resized to 150 x 150 as the first
pre-processing step. In Figure 2, sample images from the dataset are created by applying reflection, rotation, and
scaling data augmentation operations.

Table 1. Dataset attributes

Dataset name Covid-19 Pneumonia Original
image count image count image dimensions
X-Ray1 576 4273 1982 x 1482, 2000 x 2000,
(Chest X-ray, 2022) 2563 x1148,951x 727,907
x 689
X-Ray2 980 4239 256x256,331x331, 1980
(Pneumonia & COVID-19 Image Dataset, 2022) x2004,1024 x1024,416x
341
CT1 2035 3390 512x512
(COVID-19&Normal&Pneumonia_CT_Images,
2022)
CT2 41841 2700 512x 512,380 x 380
(Yan, 2020; Yan, 2020)
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Figure 2. Original chest radiology images from each dataset

X-ray images are created by coloring them according to the retention of X-rays by tissue as they pass through air
and gas, soft tissue, adipose tissue, and bone in the body. In air-containing formations such as the lung, the lung
tissue appears black due to the low intensity of the beam, while bone and soft tissues of the same thickness appear
whiter. In CT images, tissues are colored white, black, and gray according to the Hounsfield scale. Grayscale is the
intensity information of each pixel value representing some amount of light. Therefore, the input data are grayscale
images. Although X-ray and CT images are widely used in the diagnosis of chest diseases, the level of lesion
detection in X-ray images is lower than in CT images (Giirsoy et al,2022). In CT images, the body is visualized in
thin slices, and the x-ray uptake rates of the tissues are directly measured. However, since not all healthcare
facilities have CT imaging devices, the same model is used in this study to classify both X-ray and CT radiology
images. However, since not all healthcare facilities have CT imaging devices, the same model is used in this study
to classify both X-ray and CT radiology images.

The original grayscale images of each dataset are first converted to BGR color space (OpenCV reads images as BGR

image format by default) and then to BGR-HSV, BGR-CIE LAB, and BGR-CIE LAB- HSV-BGR, color spaces. The input
dataset created by completing the color space transformations after the dimensioning pre-processing is shown in

Figure 3.

(a) X-Ray1 Pneumonia (b) X-Ray2 Pneumonia (c) CT1 Pneumonia (d) CT2 Pneumonia

(e) X-Ray1 Covid-19 (f) X-Ray2 Covid-19 (g) CT1 Covid-19 (h) CT2 Covid-19

Figure 3. Sample input images with BGR-CIE LAB- HSV-BGR color space transformations
for each dataset
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The concept of color space emerged because of the need to group colors in a standard way due to the high color
diversity in images. Color spaces are classified as device-dependent and device-independent (Bello-Cerezo et
al,, 2016). X-ray and CT image features may vary depending on the device model. In this study, original images,
device-dependent BGR and HSV color space, and device-independent CIE LAB color space transformations are
performed to show that a model performs successful classification even if the device feature and color space
change.

3.2. Robust CNN Model

CNN, which is one of the most popular deep learning models used successfully in different problems (Liu et al.,
2022; Steiniger et al., 2022), consists of three parts: convolution, pooling, and fully connected layers (Lecun et
al,,2015). Since CNN produces successful results by detecting basic features with its layered structure, CNN is
preferred in this study for classifying diseased chest radiology images.

An input layer, multiple hidden layers, and an output CNN, which is a multilayer artificial neural network
consisting of two layers, basically includes two basic operations: convolution and pooling. CNN include hidden
layers, convolutional layers, activation function layers, pooling layers, fully connected layers, and normalization
layers. The convolution process using multiple filters can extract features (feature map) from the data set from
which relevant spatial information can be preserved. The pooling, also called subsampling, is used to reduce the
dimensionality of feature maps from the convolution process. Maximum pooling and average pooling are the most
common pooling operations used in CNN.

Our proposed architecture is shown in the Table 2. The convolution layer size of our proposed model is set as 32,
64,128, 128 and a kernel with a small size of 3x3 is used to avoid information loss. The activation function comes
after the convolution layers and is also known as the activation layer. In this study, it is aimed to prevent the dead
neuron problem by using the LeaklyRelu activation function. Pooling is usually placed after the activation layer.
Its main purpose is to reduce the input size for the next convolution layer. The decrease in size because of this
layer leads to information loss. Such loss is beneficial to the network for two reasons. First, it creates less
computational overhead for subsequent network layers. Secondly, it prevents the system from memorizing. Just
like the convolution process performed in the first step, certain filters are defined in the pooling layer. These filters
are moved over the image according to a certain stepping value to achieve maximum pooling of the pixels in the
image. The pooling process is performed for all images as many as the filters formed because of the convolution
layer, and the pooling layer is optional in CNN. and the optimization function Adaptive Moment Estimation (Adam)
are preferred to prevent the derivative from being zero for negative values. Because adaptive algorithms learn the
learning rate by themselves and are dynamic. Since the learning rate affects the learning performance of the model,
the choice of this hyperparameter is critical. Also, EarlyStopping is used to stop the model at the right time. In the
fully connected layers, the dropout value in the connection layer of the proposed model is chosen as 0.4 since the
dilution of nodes below a particular threshold value increases the performance. Sigmoid activation function is
preferred in the output layer of the network because it is preferred both in binary classification (Covid-19 and
pneumonia) and because it can easily update the threshold value. Sigmoid activation function was preferred in the
output layer of the network because it is preferred both in binary classification (Covid-19 and pneumonia) and
because it can easily update the threshold value.
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Table 2. Architecture layer of proposed model
Layer Type Filter Size Number of Filter Output Shape Number of parameters
to train
Input - 64 150x150x3 0
Convolution 3x3 32 148x148x32 896
Leaky ReLU - - 148x148x32 0
Max Pooling 2x2 - 74x74x32 0
Dropout - - 74x74x32 0
Convolution 3x3 64 72x72x64 18496
Leaky ReLU - - 72x72x64 0
Max Pooling 2x2 - 36x36x64 0
Convolution 3x3 64 34x34x128 73856
Leaky ReLU - - 34x34x128 0
Max Pooling 2x2 - 17x17x128 0
Convolution 3x3 128 15x15x128 147584
Leaky ReLU - - 15x15x128 0
Max Pooling 2x2 - 7x7x128 0
Flatten 6272 0
Dense - - 256 1605888
ReLU - - 256 0
Dropout - - 256 0
Dense - - 2 514
Sigmoid - - 2 0
Total Parameters: 1847314

4. Experimental Results

The computer and library information for which the model is designed are as follows: Intel Core i5-11600K 3.90

GHz CPU and Nvidia Geforce Gtx 1060 6GB Graphics Card, Spyder, TensorFlow, Keras, Numpy, Pandas, Matplotlib
and OpenCV library is used for the conversion between color spaces.

X-Ray1, X-Ray2, CT1, and CT2 datasets are determined as 80% training and 20% as validation datasets. Figure 4
shows the graphs of the model accuracy and loss values for the best 35 epoch.

(a) X-Ray1 dataset (b) X-Ray2 dataset

(c) CT1 dataset (d) CT2 dataset

Figure 4. Model accuracy and loss graphics for every dataset
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Accuracy value (Acc) is calculated using the formula in Equation 1. In the equation, the “True Positive (TP)”
prediction is correct, and the feature is correct; The “True Negative (TN)” prediction is incorrect, but the feature
is in the right place; “False Positive (FP)” means the prediction is correct but the feature is wrong, and “False
Negative (FN)” is the prediction and feature are wrong.

TP+TF
Acc = ————— (1)
TP+TF+FP+FN

The performance of the proposed model in this study is measured using Recall (R), Precision (P), Specificity (S),
and Flscore metrics. The formulas for these metrics are given for class n in Equation 2 - 5.

P() = 5o @
RO = 5o (3)
SM) = 1w ©

FlScore(n) =2 % (5)

K-fold cross-validation allows us to see if the high performance of the model is random. This method shows both
whether we are facing an overfitting problem and the quality of the model. A 5-fold cross-validation method is
used to increase the validity of the created model, and the confusion matrices shown in Figure 5 are created for
each dataset. As seen in Figure 6, the number of misclassified Covid-19 samples in the proposed model CT1 dataset
is higher than that of pneumonia. The reason for this is that the only weakness of the CT image compared to the X-
ray is the lack of anatomical integrity, as the images are cross-sectional.

Average X-Rayl Average X-Ray2
Covid-19 Prneumonia Covid-19 Pneumonia
3 Covid-19 106 10 3 Covid-19 1830 13
< Pneumonia _ 852 < Pneumonia _ 844
Predict Predict
Average CT1 Average CT2
Covid-19 Pnemmornia Covid-19 Preumoria
T Covid-19 40502 3 Covid-19 830911
< Pneumonia _ 654 < Pneumonia _ 501
Predict Predict

Figure 5. Confusion matrix for every dataset for 5-fold cross-validation

In addition, to observe the robustness of the model when subjected to noisy or exaggerated inputs, the Mean
Squared Error (MSE) loss function value is calculated using Equation 6. MSE gives a loss value between 0 and
infinity and allows the depreciation of the significant errors of the trained model by quadratic calculation. This is
because smaller values indicate better accuracy. Model performance metrics for all datasets and MSE value
calculated for all N samples are shown in Table 3.

MSE = L ZF (yect — yfreety? (6)
Table 3. Average performance results of the 5-fold cross-validation for each dataset
Acc Flscore(n) P(n) R(n) S(n) MSE
X-Ray1 0.987 0.993 0.972 0.914 0.996 0.013
X-Ray2 0.984 0.99 0.984 0.934 0.996 0.016
CT1 0.976 0.98 0,944 0.995 0.965 0.024
CT2 0.994 0.953 0.995 0.999 0.928 0.006
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When Table 3 is analysed, the highest loss value is observed in the CT1 dataset. If the image in Figure 3 (g) is
examined, it is seen that there is significant distortion in the image after the color space transformation. This is
due to both the anatomy distortion due to the slice-by-slice rendering of the original CT image and the conversion
of the grayscale image to another color space. However, when we look at the whole of Table 3, we see that
successful results are obtained.

5. Result and Discussion

The comparison of the proposed model with other studies in the literature is shown in Table 4. Different
architectures of the CNN network were used for the detection of Covid-19 and pneumonia diseases in X-ray and
CT images. They proposed CNN-based ResNet-50, MobileNet-v2, VGG, AlexNet, and LSTM architectures for image
feature extraction and classification, and the results were successful in many models using X-ray or CT images.
Thakur and Kumar achieved a 98.28% success rate for multi-classification with both X-ray and CT data. The
proposed model and Thakur and Kumar’s model and dataset type selection were similar. However, Thakur and
Kumar performed median filtering, normalization, and shuffling pre-processing steps to improve the dataset
image quality. The authors used SGD as the optimization function and a constant learning rate of 0.02. In the model
proposed in this study, the Adam function, whose optimization function is better than SGD, and adaptive
determination of the learning rate are preferred. In addition, the model shows successful results even though X-
ray and CT images are converted to other color spaces.

Table 4. Performance comparison with other studies in the literature

References Method Dataset Acc

Togacar et al. (Togacar et BC (Pneumonia

al, 2009) AlexNet X-ray and healthy): 94%
ResNet-50, ResNet-34,
Nayak et al. (Nayak et MobileNet-v2, VGG-16, : . . 0R0
al,2009) SqueezeNet, AlexNet, X-ray BC (Covid-19 and healthy): 98%
Inception-V3, GoogleNet
Foysal Haque et al.(Foysal ResNet-50, InceptionV3, : . L9770
Haque et al.,2020) Inception-ResNetV2 X-ray BC (Covid-19 and healthy): 97%
Islam et al.(Islam et i : MC (Covid-19, pneumonia and healthy):
al,2020) CNN-LSTM X-ray 99.4%
Rahimzadeh etal. Xception ResNet50V2 CT BC (Covid-19 and healthy): 98.49%

(Rahimzadeh et al.,2021)

Ozturk et al. (Ozturk et al,, BC (Covid-19 and healthy): 98.08%

2020) DarkNet X-ray BC (Covid-19, pneumonia and healthy):
87.02%
o . o
Thakur and Kumar (Thakur BC (qu1d 19 and heal.thy). 99.64%
and Kumar, 2021) CNN X-ray MC (Covid-19, pneumonia and healthy):
’ CT 98.28%
Multi-classification (Covid-19, pneumonia
Bozkurt (Bozkurt,2021) Shallow-CNN X-ray and healthy): 94.73%
X-Ray1 BC X-ray (Covid-19 and pneumonia):
X-Ray2 98.7%, 98.4%
Proposed model CNN CT1 BC CT (Covid-19 and pneumonia): 97.6%,
CT2 99.4%

Ugar et al. (2021) is the closest work in the literature as it performs color space transformation on the input
dataset. Therefore, the performance of these two studies is evaluated in Table 5. Ugar et al. propose a model that
classifies Covid-19 and pneumonia disease with X-ray images in RGB, CIE Lab, and RGB CIE color spaces. The study
aims to examine the effect of different color spaces on feature extraction and model performance. DenseNet121
and EfficientNet BO pre-trained models are used to detect the images of sick individuals. Then, using the Bi-LSTM
network and Gradient Boosting, Random Forest, and Extreme Gradient Boosting, Covid-19 and pneumonia disease
detection was performed with an accuracy of 92.489%.
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Table 5. Performance comparison with the closest study in the literature

Dataset Name Acc Flscore(n) P(n) R(n) S(n)
X-Ray1l 0.987 0.993 0.972 0.914 0.996

X-Ray2 0.984 0.99 0.984 0.934 0.996

CT1 0.976 0.98 0.944 0.995 0.965

CT2 0.994 0.953 0.995 0.999 0.928

X-Ray (Ugar et al.2021) 0.924 0.8879 0.888 0.889 0.943

As seen in Table 5, a robust model with well-chosen hyperparameters, optimization algorithm, learning rate, batch
size, and epoch number produces better results than a combined model. Moreover, the model proposed in this
study outperforms other works in the literature as it can achieve good results for both X-ray and CT images in
different color spaces.

Low-cost and rapid detection of Covid-19, which causes much damage to the body, is essential for the health of
patients, but PCR test results can be obtained within a few hours to a day. Contact of the sick individual with
different individuals until the test result is available also increases the spread. Therefore, to reduce the spread rate
with fast detection, chest imaging methods are preferred as a treatment method in hospitals. Covid-19 and
pneumonia are successfully detected with input data transformed into color spaces. Thus, it can be preferred as a
computer-based expert system in health institutions where radiology specialists are missing or insufficient. The
success of the study motivates the following study. It is aimed to realize a mobile application with a CNN-based
transfer learning algorithm. Thus, a user-friendly system will be created with successful classification.
Additionally, hybrid solutions with different deep learning techniques studies on these methods are planned.
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As a direct consequence of the unrelenting march of technological innovation, the
use of the Internet has become an unavoidable condition for the life of modern
humans. The Internet has increased both the quantity and range of situations in
which information products can be useful or non-useful. It’s no surprise that as the
number of different systems and users has grown, so have the number of different
ways to exploit those systems. A security issue has arisen with such diversity and
growth. Its diversity and increase in quantity introduce new system weaknesses and
thus new attack strategies. Methods for detecting both internal and external attacks
are suggested as a solution to this issue. The purpose of this research, a
Convolutional Neural Network was utilized to identify intrusions, also known as
attacks for the imbalanced class distribution in the NF-BoT-IoT data set, Synthetic
Minority Over Sampling Technique, Random Over Sampling and Random Under
Sampling methods were used. K-Fold Cross Validation, one of the strategies for
splitting the data set, was utilized to evaluate the performance of classification
models and to train the developed model. The model’s performance was evaluated
using the accuracy, precision, recall, and F1-score performance criteria.

DERIN OGRENME TABANLI AG SALDIRI TESPITi

Anahtar Kelimeler

Oz

Derin Ogrenme,
Evrisimsel Sinir Aglari,
Saldirt Tespiti,
NF-BoT-IoT,

Siber Giivenlik.

Teknolojik yeniliklerin amansiz ilerleyisinin dogrudan bir sonucu olarak, internet
kullanimi modern insanin yasami icin kacinilmaz bir kosul haline gelmistir. Internet,
bilgi tirtinlerinin yararl ya da yararsiz olabilecegi durumlarin hem miktarini hem de
cesitliligini artirmistir. Farkll sistemlerin ve kullanicilarin sayis1 arttikga, bu
sistemleri istismar etmenin farkl yollarinin sayisinin da artmasi sasirtici degildir.
Bu ¢esitlilik ve biiylimeyle birlikte bir glivenlik sorunu ortaya ¢ikmistir. Cesitlilik ve
miktar artisi yeni sistem zayifliklarin1 ve dolayisiyla yeni saldir1 stratejilerini
beraberinde getirmektedir. Bu soruna ¢6ziim olarak hem i¢ hem de dis saldirilari
tespit etmek icin yontemler 6nerilmektedir. Bu arastirmanin amaci, NF-BoT-IoT
veri setindeki dengesiz sinif dagilimina yonelik saldir1 olarak da bilinen izinsiz
girisleri tespit etmek icin bir Evrisimsel Sinir Ag1 kullanilmis, Sentetik Azinhk
Ornekleme Teknigi, Rastgele Asir1 Ornekleme ve Rastgele Alt Ornekleme yontemleri
kullanilmistir.  Smiflandirma modellerinin performansini degerlendirmek ve
gelistirilen modeli egitmek i¢in veri setini bélme stratejilerinden biri olan K-Fold
Cross Validation kullanilmistir. Modelin performansi dogruluk, kesinlik, duyarlilik
ve F1-skor performans Kriterleri kullanilarak degerlendirilmistir.
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Highlights

¢ Imbalanced Dataset Handling
e Investigating the influence of resampling methods and varying K values on model.
o Network threats using deep learning (DL) techniques, specifically focusing on the NF-BoT-1oT dataset.

Purpose and Scope

Due to relentless technological innovation, the Internet has become an indispensable aspect of modern human
life, expanding the scope of situations where information products are either beneficial or not. The growing
number of systems and users has led to increased vulnerabilities and various ways to exploit them. This diversity
poses security challenges, prompting the need for methods to detect internal and external attacks. The purpose
of this study is to explore the use of Convolutional Neural Network (CNN), a deep learning (DL) method, for
suggesting Intrusion Detection Systems (IDS). The study specifically focuses on utilizing the NF-BoT-1oT dataset.
The study aims to contribute to the field of intrusion detection by investigating the use of CNN with a specific
focus on the NF-BoT-IoT dataset. The exploration of re-sampling techniques and K-Fold cross validation provides
insights into the robustness and generalization capabilities of the proposed IDS approach.

Design/methodology/approach

The study employs the NF-BoT-IoT dataset, suggesting a focus on IoT related network traffic and potential botnet
activities. Before using the dataset for training a CNN model, the data undergoes preprocessing. This includes
tasks such as data cleaning, normalization, and re-sampling. Various re-sampling techniques are applied to
address potential imbalances in the dataset. The techniques mentioned include Synthetic Minority Over
Sampling Technique (SMOTE), Random Over Sampling, and Random Under Sampling. These techniques aim to
handle imbalanced class distributions, which is common in intrusion detection datasets. The CNN model is
trained using the preprocessed and resampled data. K-Fold cross validation is employed for model training. K-
Fold cross validation involves dividing the dataset into K subsets and using each subset as a testing set while the
K-1 remaining subsets are used for training. The study explores different values of K (5, 7, and 10) in this process.
The study assesses the performance of the CNN model considering the influence of both resampling techniques
and the choice of K value in the K-Fold cross validation. Performance metrics like accuracy, precision, recall, and
F1 score might be used to evaluate the effectiveness of the proposed approach.

Findings

In this study, the impact of resampling methods and different K values on model performance was examined.
The findings revealed a consistent 77% accuracy across three distinct K values for both SMOTE and Random
Over Sampling methods. For Random Under Sampling, a 77% accuracy was achieved for K values of 5 and 7,
while a 76% accuracy was observed for K value 10.

Various metrics, including accuracy, precision, recall, and F1-score, were employed to evaluate the developed
models, and it was noted that these metrics yielded identical results. A comparison was made with a prior study
on the NF-BoT-IoT dataset (Cengiz and Harman, 2022), where Random Forest (RF), K-Nearest Neighbor (KNN),
Support Vector Machines (SVM), and Artificial Neural Network (ANN) were used for binary classification. In that
research, RF achieved 99.4% accuracy, KNN achieved 82.7%, SVM achieved 96.7%, and ANN achieved 60.7%.
Notably, in this current investigation, the CNN model outperformed ANN, attaining a higher accuracy of 77%.

Originality
This study is important in terms of evaluating the results obtained by using deep learning and applying different
resampling techniques on a dataset with unbalanced class distribution.

" Corresponding author: gunes.guclu@yalova.edu.tr, +90-226-815-5336
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1. Introduction

The Internet is a communication network that enables the sending and receiving of data and information via
computers and other intelligent devices using a suitable internet protocol (TCP/IP) (Sarkar et al., 2015). Due to
the pandemic (Covid19) that began in 2020, internet usage is highly popular and continues to grow. The usage of
social networking sites, online meetings, and several applications has become an everyday occurrence. As financial
issues, such as money transfers and electronic commerce are added it has become imperative to implement
security measures in all networks that receive services over the internet network, give services over the internet
network, or contact the internet network.

The widespread adoption of internet technology has simplified many aspects of people’s life. Nonetheless, this
circumstance has resulted in major risks over time. There are developments in security technologies with the
increase in the number and types of security related threats (Mandal and Koésesoy, 2023). Its primary target is
software such as authentication and access control, which prevents an unauthorized person from getting or
altering their access information by either preventing access to the information altogether or by limiting who may
receive it.

By developing firewalls and anti virus software, material and moral damages are drastically avoided. But, when
threats increase, this software is insufficient. Intrusion Detection Systems (IDS) are real time software tools used
to safeguard device communication and detect network intrusions (Vishwakarma and Kesswani, 2022). IDS
enhances the environment’s security by monitoring network activity and analyzing network traffic for the detec-
tion of attacks and threats. IDSs are divided into two categories: Anomaly based and signature based. Anomaly
based IDS attempts to identify normal and abnormal activity on the data and alerts network management (Butun
et al, 2013). Signature based IDSs, on the other hand, attempt to detect the attack by comparing the information
collected from the incoming connection to the signature database (Otoum and Nayak, 2021).

Machine Learning (ML) and Artificial Intelligence (Al) are used a lot in IDS (Altunay and Albayrak, 2021). The
detection accuracy of IDS has been greatly enhanced by these approaches (Mijalkovic and Spognardi, 2022). Yet,
it has several drawbacks and restrictions. The processing of data, in particular, needs human interaction and
specialized expertise (Shone etal.,, 2018). Another unfavorable feature is that as network complexity rises, learning
activities decline. ML methods in IDS are typically used for applications with insufficient data (Dina and
Manivannan, 2021). With the rise in data volume, techniques like Deep Learning (DL) have been employed to
identify attacks. DL is a sub branch of ML (Priyadarshini and Barik, 2022). The primary objective of employing DL
techniques in IDS is to detect, prevent or mitigate network defined attacks (Behera et al,, 2022).

The main contributions of this study are summarized as follows:
1. Inthis study, we propose a Convolutional Neural Network (CNN) model using the NF-BoT-IoT dataset and
explore how deep learning methods can be used to detect network attacks.

2. To address data imbalance, we employed various resampling techniques (SMOTE, Random Over
Sampling, Random Under Sampling) and evaluated their impact on the performance of the CNN model.
These techniques contribute to a more effective management of imbalanced class distributions.

3. We tested the generalization capability of the model by using the K-fold cross-validation method. We
examined the impact of different K values (5, 7, and 10) on model performance and evaluated the role of
this method in improving model accuracy.

4. In this study, we compared the performance of the CNN model with other machine learning models
previously applied to the NF-BoT-IoT dataset, and demonstrated that the CNN performed better under
certain conditions. This emphasizes the effectiveness and advantages of the CNN model.

2. Literature Review

In the past few years, many studies have been done on IDSs using DL algorithms. These investigations are intended
to detect potential network or system attacks.

Altunay and Albayrak (2021) used CNN to make an attack detection application based on feature selection to
prevent cyber-attacks in their studies. The CSE-CIC- IDS2018 dataset was utilized in their research. Using SMOTE
approach to detect intrusions by generating synthetic data. The categorization success rates were 98.7% for Brute
Force, 98.5% for DoS, 98.9% for Botnet, and 99.0% for SQL Injection as determined by the research.
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Idrissi et al. (2021) employed DL techniques to identify network attacks in IoT systems using the Bot-1oT dataset
and compared them. They utilized CNN, Recurrent Neural Networks (RNN), Long Short Term Memory (LSTM) and
Gated Recurrent Unit (GRU) as DL techniques. Using CNN, they attained the greatest success rate (99.94%) for IDS.

Vishwakarma and Kesswani (2022) proposed a Deep Neural Network-based IDS (DIDS) for the IoT environment.
They used Neflow-based NIDS (NF-BoT-1oT, NF- ToN-IoT, NF-CSE CIC IDS2018, NF-UNSW NB15) datasets and the
NF-UQ NIDSdataset, which is a combination of these four datasets. They compared the performance of the
proposed DIDS model in multiclassification and binary classification. In binary classification, the highest accuracy
was obtained with 99.21% in the NF-CSE CIC IDS2018 dataset, and in multiclassification with 97.48% in the NF-
UNSW NB15 dataset.

Kim et al. (2029) the CNN and RNN DL models were utilized to detect DoS attacks. In their research, they utilized
the CSE-CIC-IDS2018 and KDD CUP99 datasets to conduct binary and multiple classifications. At the conclusion of
the study, the CNN model on the KDD CUP99 dataset obtained 99% accuracy in binary and multiclass classification,
whereas the RNN model obtained 99% accuracy in binary classification and 93% accuracy in multiclassification.
For the CSE-CIC-IDS 2018 dataset, the CNN model obtained an average accuracy of 91.5% while the RNN model
achieved an average accuracy of 65%.

Sun etal. (2020) suggested hybrid research that utilized both CNN and LSTM. They developed a model that extracts
the temporal and spatial properties of network traffic using the CICIDS 2017 dataset. This model achieved 98.67%
performance in multiclassification.

Yang and Wang (2019) developed an enhanced CNN model for the NSL-KDD data set. After feature selection
methods, they employed a total of 21 characteristics to detect four distinct types of attacks in their study. Accuracy,
True Positive Rate (TPR), and False Positive Rate (FPR) were utilized to evaluate the suggested model. By the
conclusion of the research, their accuracy was 95.36 percent.

Naveed et al. (2022) suggested a hybrid feature selection and Deep Neural Network (DNN) based classifier strategy
for IDS. Methods of Principal Component Analysis, Chi-square and Analysis of Variance (ANOVA) were employed
to produce a subset of characteristics that could be utilized for categorization The NSL-KDD dataset was utilized
for the research. The suggested technique achieved 99.73% accuracy, 99.75% precision and 99.72% F1-score.

Table 1 provides a comparison of the studies that have been published.

Table 1 Comparative analysis of literature referenced studies

Reference Dataset Method Attack Type Results
Botnet, PRE: 99.5%
SQ Injection, REC: 98.1%
Altunay ;gg 1A1bay rak  CSE-CIC-IDS2018  CNN+SMOTE
( ) Brute Force, ACC: 98.8%
DoS

CNN, CNN: 99.94%

RNN, RNN: 99.42%
Idrissi et al. (2021) Bot-IoT Botnet

LSTM, LSTM:99.74%

GRU GRU:99.43%

Binary Classification
NF-BoT-IoT

ACC:99.08%

PRE:99.039
Various types of %

DIDS IoT network REC:99.08%
attacks

Vishwakarma and
Kesswani (2022)

FSC:99.02%
NF-ToN-IoT
ACC:99.48%
PRE:99.48%
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REC:99.48%
NF-BoT-IoT, FSC: 99.48%
NF-ToN-IoT, NF-

CSE CIC IDS2018,

NF-CSE CIC IDS2018
ACC:99.21%

NF-UNSW NB15 PRE:99.21%

NF-UQ NIDS REC:99.21%
FSC: 99.20%
NF-UNSW NB15
ACC:98.72%
PRE:98.69%
REC:98.72%
FSC: 98.70%
NF-UQ NIDS
ACC:98.23%
PRE:98.23%
REC:98.23%
FSC: 98.22%
Binary Classification
KDDCUP99/CNN ACC:99%
KDD CUP99/RNN ACC:99%
Multi Classification
CSE-CIC-IDS2018, CNN, DoS, KDDCUP99/CNN ACC:99%
Kim et al. (2020)
KDD CUP99 RNN DDoS KDD CUP99/RNN ACC:93%
CSE-CIC-IDS 2018 CNN: average 91,5%
CSE-CIC-IDS 2018RNN: average 65%
FTP-Patator,
SSH-Patator,
DoS, ACC: 98.67%
Heartblee, REC:97.21%
Sun et al. (2020) CICIDS2017 CNN+LSTM
Web Attack, PRE:0.47%
Infiltration, FSC:93.32%
Botnet,
DDoS
Probe,DoS ACC:%95.36
Yang and Wang (2019) NSL-KDD CUP Improved CNN R2L PRE:%0.76
U2R REC:%95.55
ACC=%99,73
Normal PRE=%99,75
Naveed et al. (2020) NSL-KDD DNN
Anomaly REC=%99,73

FSC=%99,72

Note: ACC = Accuracy, PRE = Precision, REC = Recall, FSC = F1-Score
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3. Material and Method

3.1 Dataset

This study utilized a NetFlow based structure of the BoT-IoT dataset to create the NF-BoT-IoT dataset (Sarhan et
al,, 2020). Cisco developed NetFlow in 1996, and it has been used to describe network flows. There are 600,100
samples in all. This includes 586,241 (97.69%) attack patterns and 13,859 (2.31%) normal flow patterns (benign).

The dataset has twelve characteristics (Sarhan et al., 2020). Table 2 shows the characteristics of this data set.

Table 2 Characteristics of NF-BoT-IoT data set.

Characteristic Characteristic

Description Description

IPV4_SRC_ADDR IPv4 source address
IPV4_DST_ADDR IPv4 destination address

L4 _SRC_PORT IPv4 source port number
L4_DST_PORT IPv4 destination port number
PROTOCOL IP protocol identifier byte
TCP_FLAGS Cumulative of all TCP flags
L7_PROTO Layer 7 protocol

IN_BYTES Incoming number of bytes
OUT_BYTES Outgoing number of bytes
IN_PKTS Incoming number of packets
OUT_PKTS Outgoing number of packets
FLOW_DURATION_MILLISECONDS | Flow duration in milliseconds

3.2 Preprocessing

One of the most crucial factors determining how well DL models function is whether the data sets utilized are
valuable and presented in a certain style (Tsimenidis et al., 2022). Data preprocessing or preparation is the
transformation of data into a more usable format by employing techniques such as filling in missing values, finding,
and cleaning outliers, eliminating duplicate data, combining data, and reducing the dimension data. This data’s
preprocessing in other words data preparation consisted of three phases. These phases are data cleaning,
normalization and resampling.

Data cleaning is based on identifying missing, incorrect, or irrelevant parts of the data, and then replacing or
deleting these parts (Chu et al, 2016). During the data cleaning phase of this research, four characteristics
(Soderstrom, 2021; Wang et al., 2021) that were found ineffective for identifying network attacks were removed
from all dataset entries, namely IPV4 SRC ADDR, L4 SRC PORT, IPV4 DST ADDR, and L4 DST PORT.

The second step of preprocessing involves data normalization, which is a technique used to standardize diverse
data qualities (Aldallal, 2022). This involves rescaling the data within the range of 0 to 1. In this investigation, the
normalization process was performed using the minimum-maximum formula described in Equation 1.

X—Xmin
xg = X Emin_ 1
$ Xmax~Xmin ( )

In Equation 1, Xmax and Xxmin represent the maximum and minimum values of the variable, respectively. When x
equals the minimum value of the variable, the numerator becomes 0, so X; equals 0. On the other hand, when x
equals the maximum value of the variable, the numerator becomes equal to the denominator, resulting in Xs
equaling 1. However, if x is between the minimum and maximum values, X; takes a value between 0 and 1.

The third step of preprocessing is resampling. Class imbalance is a significant factor that affects the quality of
classification performance, but it is often overlooked (Cengiz and Harman, 2022). Many justifications for using
classification techniques only consider well balanced training sets, but this default balanced distribution may not
exist in many datasets. One class may have very few instances, while the other may have a lot, leading to possible
complications during the categorization phase. This can cause problems during the classification stage, as models
may make erroneous predictions when presented with samples that have little label information due to inadequate
training (Bedi et al., 2021). To mitigate the negative impact of training on imbalance datasets, three main methods
are commonly used. These methods are oversampling, undersampling and synthetic data generation.

Oversampling involves duplicating samples from a randomly selected portion of the data belonging to the minority
class until an even class distribution is obtained. However, this can increase the probability of overfitting because
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it copies examples from the minority class. Undersampling, on the other hand, aims to rebalance the dataset by
deleting a randomly selected portion of the samples from the majority class until the class distributions are equal.
The SMOTE method is an oversampling process that enables the production of synthetic data by generating new
minority class instances through certain operations between instances of the minority class. Synthetic samples are
produced as follows:

1. Arandom sample is selected from the minority class and its k-nearest neighbor is found.

2. The difference value between the randomly selected sample and its k-nearest neighbor from the minority
class is calculated.

The calculated difference value is multiplied by a random number (§) between 0 and 1.

4. New samples are created according to Equation 2.

w

Enew = Eo+ (E1—Eo0)x6 (2)
5. For each new data point, the first four steps are repeated.

Table 3 presents the distributions of attack and benign flow classes in the dataset before and after resampling.

Table 3 Distributions of attack and benign flow classes in the dataset

Total number of | Number of | Number of
data flows attack flows normal flows
Data distribution of the dataset 600.100 586.241 13.859
Data distribution after SMOTE 1.172.482 586,241 586,241
Data Qistribution after random over 1.172.482 586,241 586,241
sampling
Data dlstr%butlon after random 27718 13.859 13.859
undersampling

3.3 Convolutional Neural Network

Convolutional Neural Networks (CNN) are a DL method developed by LeCun in the LeNet architecture in 1998
(LeCun et al,, 1998). CNNs are commonly used for analyzing visual information, such as image recognition and
classification, natural language processing, medical image analysis, and speech analysis. The CNN model consists
of three main layers: Convolutional layer, pooling layer and fully connected layer. The convolutional layer is the
first layer in CNN algorithms. In this layer, the input data is passed through a filter to create a feature map. The
second layer after the convolutional layer is the pooling layer, which is typically applied to the feature matrices
created by the convolutional layer. Like the convolutional layer, the pooling layer aims to reduce dimensionality
(Cetiner, 2021). This reduces the required computational power and focuses on more important features by
ignoring unnecessary ones. The fully connected layer works on an input where each entry is connected to all
neurons. This layer is typically found towards the end of the CNN architecture and is used to optimize goals such
as class scores. The CNN structure used in this study is shown in Figure 1.

Fully
Connected
Convolution . O

NF-BoT-loT Pooling . s
Dataset O
ajy--.. O
o

0L

\ JA )
Y Y

Feature Extraction
Figure 1 CNN structure

Classification

The variables whose values vary depending on the nature of the problem and the dataset in question are
referred to as hyperparameters. How to construct a multi interactive Artificial Neural Network (ANN), as
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well as the hyperparameter valuesutilized in the developed or created model, is a crucial aspect to consider
when trying to find a solution to a problem using DL methods. The learning rate, number of neurons, epoch
number, batch size, dropout, activation and optimization function usage are the hyper parameters that
are often included in CNN constructions.

The hyperparameter values selected for training are given in Table 4.

Table 4 Hyper parameter values

Hyperparameter Values
Learning rate 0.001
Activation Function Relu
Optimization Method Adam
Epoch number 10
Dropout 0.5
Number of neurons 32

The recommended flowchart for this model is given in Figure 2.

o Test-set Sle|g|e 5
- | Data Cleaning | K Fold Cross | \= o 'z o| S| | =
NT BoT loT Normalization |— KVfliga;io?O — :. § § -,_g § % ﬁ g RSN §
Resampling | b i) 8 [ 8 R ala 12
H | e c )
bemena i ‘ Trainset! | § |2 | S| 2 :
Data Preprocessing 5 [ —
CNN Classification Model

Figure 2 Flow chart of the proposed model

In this flow diagram, we demonstrate the data preprocessing and classification process using a CNN model.
Initially, data were obtained from the NF BoT IoT dataset, which contains information related to IoT network
traffic. The preprocessing stage consisted of three steps: data cleaning, normalization, and resampling. Data
cleaning ensured that the dataset was free from inconsistencies or irrelevant information. With normalization, we
scaled the data to a standard range to enhance the performance and convergence of the model. Resampling
techniques were applied to address class imbalances in the dataset. After preprocessing, the dataset underwent
K-fold cross validation with K values of 5, 7, and 10. This method divides the data into K subsets, where, in each
iteration, one subset is used as the test set, and the remaining subsets are used as the training set. This allowed for
a comprehensive evaluation of the generalization ability of the model. The pre processed and validated data were
then fed into the CNN classification model. This model consists of two one dimensional convolution layers followed
by max pooling layers. These layers extract fundamental features from the data and perform downsampling. The
resulting feature maps were flattened and passed through two dense (fully connected) layers that facilitated the
learning of complex patterns and decision boundaries. The output from the dense layers classifies the network
traffic into two categories: 'Attack’ and 'Benign.’ Our study provides a classification that distinguishes between
malicious and normal network activities, aiding the identification and mitigation of potential [oT security threats.

4. Experiment

4. 1 Evaluation Metrics

The study investigates the implications of the algorithm’s performance by selecting the K value to be either
5, 7, or 10. To prevent an imbalanced distribution ofclasses within the dataset, the SMOTE, Random
Under Sampling, and Random Over Sampling approaches were utilized. The performance results were

analyzed by applying various K values to each of these approaches and comparing the outcomes. To assess
the efficacy of the classification models, a confusion matrix was used as a comparison tool between the
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estimated values of the target characteristic and the actual values. The confusion matrix is shown in Table
5.

Table 5 Confusion Matrix

Predicted
Negative Positive
Negative True Negative False Positive
Actual (TN) (FP)
Positive False Negative True Positive
(FN) (TP)

True Positive (TP): The situation where an attack instance is correctly classified as an attack.

False Positive (FP): The situation where a benign is incorrectly classified as an attack instance.

False Negative (FN): False Negative (FN): The situation where an attack instance is incorrectly classified as
benign.

True Negative (TN): The situation where a benign is correctly classified as a benign.

To evaluate the performance of the models, accuracy, sensitivity, precision, and F1-score metrics were used. These
values are calculated according to Equations [3-6].

Accuracy: The percentage of positive classified examples.

TP+TN
TP+FP+TN+FN

(3)

Accuracy =

Precision: The proportion of true positives among the samples predicted as positive.

TP
TP+FP (4)

Precision =

Recall (sensitivity): A metric that shows how many of the positive values that we should have predicted as
positive have actually been predicted as positive.

Recall = —— (5)
TP+FN
F1 score: The harmonic mean of precision and recall values.
F, = 2 « precision+recall (6)
| = 2« PEECSOnTecd

precision+recall

4.2 Experimental Results

In this section, the confusion matrix and performance results are provided and discussed. Table 6 presents the
confusion matrix obtained according to the resampling methods and K values.

525



HARMAN and CENGIZ 10.21923/jesd. 1417622

Table 6 Confusion matrix obtained according to the resampling methods and K values.

Confusion Matrix for SMOTE

Prediction Value Prediction Value Prediction Value
K=5 negative | positive K=7 negative | positive k=10 negative | positive
T‘su ¢ [ negative | 69068 48180 T':s ¢ [ negative | 49262 34486 Tzu ¢ | negative | 34087 24537
S § S § S §
< = | positive [5014 112234 < positive | 3534 80215 < positive | 2501 56123
Confusion Matrix for Random Over Sampling
Prediction Value Prediction Value Prediction Value
K=5 negative | positive K=7 negative | positive k=10 negative | positive
T'g g [ megative | 68983 48265 Té ¢ | negative | 49274 34474 'T:u @ | negative | 34438 24186
S E g § I §
< positive | 5014 112234 < positive | 3534 80215 < positive | 2501 56123
Confusion Matrix for Random Under Sampling
Prediction Value Prediction Value Prediction Value
K=5 negative | positive K=7 negative | positive k=10 negative | positive
S E negative | 1625 1146 S E negative | 1166 813 S é» negative | 799 586
gE g5 g=
< positive | 127 2645 < positive | 84 1896 < positive |71 1315

As shown in Table 6, when the SMOTE technique was applied, the TP and TN were high for K=5, K=7, and K=10.
The highest TP and TN values were obtained for K=5, indicating that the model generally performed better. For
K=7 and K=10, we observed an increase in the FP and FN values, indicating that the performance of the model
decreased slightly as the K value increased. For the random oversampling technique, the TP and TN values for K=5,
K=7, and K=10 were quite similar to those obtained with SMOTE. The highest TP and TN values were observed at
K=5, indicating that this method performed the best at K=5. We observed an increase in the FP and FN values for
K=7 and K=10, indicating that the performance of the model decreased as the K value increased. Random
undersampling reduces this imbalance by decreasing the number of examples in the majority class. The results
showed that the TP and TN values for K=5, K=7, and K=10 were quite low, indicating that the dataset was
significantly reduced and information loss occurred. Although the TP and TN values were obtained with K=5, these
values were quite low compared those with of the other methods. For K=7 and K=10, we observed a slight increase
in the FP and FN values, indicating that the performance of the model decreased further as the K value increased.
Table 7 displays the accuracy and performance metrics of the CNN method appliedto the dataset.
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Table 7 Performance metrics of the CNN method

SMOTE
K Fold Cross ..

Validation Precision Recall F1-Score | Accuracy
K=5 0.70 0.96 0.81 0.77
K=7 0.70 0.96 0.81 0.77

K=10 0.70 0.96 0.81 0.77
Random Over Sampling

K=5 0.70 0.96 0.81 0.77

K=7 0.70 0.96 0.81 0.77

K=10 0.70 0.96 0.81 0.77
Random Under Sampling

K=5 0.70 0.95 0.81 0.77

K=7 0.70 0.96 0.81 0.77

K=10 0.69 0.95 0.80 0.76

Table 7 presents the performance results obtained using K-Fold Cross-validation for SMOTE, random
oversampling, and random undersampling methods.We analyzed the precision, recall, F1-score, and accuracy for
each method with K values of 5, 7, and 10. SMOTE and random oversampling methods yielded the same results for
all three K values: a precision value of 0.70, a recall value of 0.96, an F1-score of 0.81, and an accuracy of 0.77. This
indicates that both methods work similarly and provide a balanced performance. For the random under-sampling
method, the precision value was 0.70, the recall value was 0.95 or 0.96, the F1-score was 0.81, and the accuracy
was 0.77 for K=5 and K=7. However, for K=10, the precision value dropped to 0.69, recall value was 0.95, F1-score
was 0.80, and accuracy was 0.76. These results suggest that the performance of the random undersampling
method slightly decreases for K=10. Overall, it was observed that SMOTE and Random Over Sampling methods
provide more consistent and reliable results, while the performance of the Random Under Sampling method varies
depending on the K value.

Accuracy, precision, recall, and F1-score were some of the metrics used to assess the quality of the developed
models. It was observed that these parameters produced identical outcomes. In our prior research on the NF-BoT-
[oT dataset (Cengiz and Harman,2022), using Random Forest (RF), K-Nearest Neighbor (KNN), Support Vector
Machines (SVM), and ANN binary classification was performed. In this investigation, an accuracy of 99.4 percent
was achieved with RF, 82.7 percent with KNN, 96.7 percent with SVM, and 60.7 percent with ANN. When
comparing the two experiments, it was shown that ANN had a higher accuracy. Figure 3, Figure 4 and Figure 5
shows the performance metrics of the CNN methods.
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Result of the SMOTE (%)
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Figure 3. Performance metrics of the SMOTE.
Result of the Random Over Sampling (%)
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Figure 4. Performance metrics of the Random Over Sampling.
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Figure 5. Performance metrics of the Random Under Sampling.

5. Conclusion

TCP/IP sends and receives data over the Internet for computers and other smart devices. Social media, online
meetings, and applications are common. As financial difficulties like money transfers and electronic commerce are
included all networks that receive, give, or engage the internet network must contain security. Internet technol-
ogy simplifies many parts of life. Nonetheless, this situation has created huge risks. As security risks grow, so do
security technology. Authentication and access control software stop unauthorized users from accessing or
changing their access information by restricting access or prohibiting access entirely. Firewalls and anti-virus
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software greatly reduce material and moral damages. Threats break this software. Real-time IDS protects device
connectivity and detects network attacks. Network traffic and activity alert IDS to threats. Signature and anomaly-
based IDSs exist. Anomaly based IDS informs network management. Signature-based IDS detects attacks by
compar- ing connection data to the signature database. In this particular study, the objective is to identify network
threats using the DL technique. The NF-BoT-IoT dataset has a skewed distribution of classes. To improve the
model’s performance, the imbalance ratio was decreased using SMOTE, Random Over Sampling, and Random
Under Sam- pling techniques. The K Fold Cross Validation method was used to determine the success of the
implemented procedures, with K values of 5, 7, and 10. The purpose of this research is to analyze how resampling
and K-value affects output performance. The research found that both the SMOTE and Random Over Sampling
techniques achieved accuracy within 77% across a range of K values. For K=5, 7, and 10, the Random Under
Sampling technique achieved an accuracy of 77% and 76%. The outcomes were consistent across resampling
strategies and K values. This means that as the K value for the NF-BoT-IoT dataset increases, so do the associated
costs and time requirements.
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Anahtar Kelimeler 0Oz

Hidroloji, Bu calismada, SWAT+ hidrolojik modelinin ve SWAT+ Toolbox yaziliminin Giliney Marmara
SWAT+, Havzasi'ndaki performansi arastirilmaktadir. Hidrolojik modeller, hidrolojik dongliyii ve ilgili
Marmara, stirecleri analiz etmek i¢in karmasik havza yapilarini basitlestiren, su havzalarinda etkili yonetim i¢in
Modelleme kullanilan 6nemli araclardir. Hidrolojik modeller, su yonetiminden hidrolojik arastirmalara kadar
Alim. ’ genis bir uygulama alanina sahiptir. Hidrolojik modellerin 6zellikle son yillarda kuraklik, tagkin, iklim

degisikligi ve arazi kullanim degisikligi gibi nehir akimlar1 ve diger hidrolojik parametreler
tizerindeki etkilesimini inceleyen ¢alismalarda siklikla kullanildigi goriilmektedir. Bu ¢alismada
SWAT modelinin gelismis versiyonu olan SWAT+ ve SWAT+ Toolbox Tiirkiye 6zelinde uygulanmistir;
temel SWAT modeli Tiirkiye’de yaygin olarak kullanilsa da Swat+ modeli Tiirkiye'de heniiz
uygulanmamistir. Bu arastirmanin temel amaci, SWAT+ ve SWAT+ Toolbox'in Giiney Marmara
Havzasi'ndaki performansini istatistiksel gostergeler kullanarak degerlendirmektir. Meteoroloji,
toprak 6zellikleri, topografya ve arazi kullanimi gibi havzadaki gesitli faktorler hakkinda ayrintili veri
gerektiren SWAT+ hidrolojik modeli Gliney Marmara havzasinda basariyla uygulanmistir. SWAT+
modeli, SWAT modeline gore daha gelismis ve esnek olacak sekilde tasarlanmis olup, model
dosyalarinda herhangi bir ek degisiklik yapmadan kalibrasyon isleminin entegre bir sekilde
ylritiilmesine olanak saglayan SWAT+ Toolbox'in, model kurulumunda oénemli avantajlar
sagladigini goriilmiistiir. Arastirmada, modelin performansinin hem kalibrasyon déneminde (NSE
0,596) hem de dogrulama déneminde (NSE 0,516) kabul edilebilir seviyenin iizerinde oldugunu,
PBIAS degerlerine gore ise kalibrasyon doneminde modelin hafif yliksek tahmine (PBIAS %1,74) ve
dogrulama déneminde diisiik tahmine (PBIAS %-9,64) isaret ettigini goriilmektedir. Bu ¢alisma,
Tirkiye'de SWAT+ modelinin ve SWAT+ Toolbox'in temel SWAT modeline benzer basarisini ortaya
koyan ilk ¢alismadir. SWAT+ modelinin sagladig1 esneklik ve ek islevler, Tiirkiye'deki hidrolojik
modelleme ¢alismalarina katki saglayacaktir. Bulgular, SWAT+ modelinin Tiirkiye'deki hidrolojik
calismalarda basariyla kullanilabilecegini gostermektedir.

HYDROLOGICAL MODELLING IN THE SOUTHERN MARMARA BASIN USING

SWAT+
Keywords Abstract
Hydrology, This study investigates the performance of the SWAT+ hydrological model and the SWAT+ Toolbox
SWAT+, in the South Marmara Basin. Hydrological models are crucial tools for effective management in water
Marmara, basins, simplifying complex basin structures to analyze the hydrological cycle and related processes.
Modelling, Hydrological models have application range from water resource planning to hydrological research.
Flow. Especially in recent years hydrological models are frequently used in studies examining the

interaction of drought, flood, and climate change and land use change on flow rates and other
hydrological parameters. This research investigates the application of the advanced version of the
SWAT model, SWAT+, and the SWAT+ Toolbox in Tiirkiye, despite the widespread use of the basic
SWAT model, Swat+ model has not been utilized in Tiirkiye. The primary aim of this research is to
evaluate the performance of SWAT+ and SWAT+ Toolbox in the South Marmara Basin using
performance indicators. SWAT+ hydrological model successfully implemented in the South Marmara
basin, which requires detailed data on various factors in the basin such as meteorology, soil
properties, topography, and land use. SWAT+ model is designed to be more advanced and flexible
than the SWAT model, and we found that SWAT+ Toolbox, which allows the calibration process to be
run in an integrated manner without making any additional changes in the model files, provide
significant advantages in model setup and operation. Our findings indicate that the performance of
the model is above the acceptable level in both the calibration period (NSE 0.596) and the validation
period (NSE 0.516), with PBIAS values indicating slight overestimation (PBIAS 1.74%) during
calibration and underestimation (PBIAS -9.64%) during validation. This study is the first to
demonstrate the similar success of the SWAT+ model and the SWAT+ Toolbox to the basic SWAT
model in Tirkiye. The flexibility and additional functions provided by the SWAT+ model will
contribute to hydrological modeling studies in Tiirkiye finding indicates that the SWAT+ model can
be successfully used in hydrological studies in Tiirkiye.
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Highlights

e This study uses SWAT+ and Toolbox in Tiirkiye, an advanced version of the widely used SWAT model

e The model shows satisfactory performance with a NSE higher than 0.5.

e SWAT+ and Toolbox, found to be succesful as SWAT, offer flexibility and functions for hydrological
studies in Tirkiye.

Purpose and Scope

The main aim of the research is to evaluate the performance of the SWAT+ model and the SWAT+ Toolbox in the
Southern Marmara Basin using statistical performance indicators. This research also aims to provide a
foundation for future academic studies in Tiirkiye by evaluating the SWAT+ model and the SWAT+ Toolbox.

Design/methodology/approach

The objectives are achieved by setting up the SWAT+ hydrological model for the Southern Marmara Basin. The
calibration process is performed using the SWAT+ Toolbox v0.7.6 by using the Dynamically Dimensioned Search
(DDS) algorithm. The theoretical scope of the paper involves hydrological modeling and the practical application
of the SWAT+ model and SWAT+ Toolbox.

Findings

Our findings indicate that the SWAT+ model and the SWAT+ Toolbox performed as well as the basic version of
the SWAT model. The SWAT+ model provides more flexibility and various functions that will contribute to
hydrological modeling studies in Tiirkiye. The model outputs were evaluated using statistical indicators, and it
was found that the model successfully simulated flow.

Research limitations/implications
This research is limited to the Southern Marmara Basin and utilizes available data. Future research could
potentially use novel data sources such as global reanalysis data.

Practical implications

Our research shows that the SWAT+ model and the SWAT+ Toolbox can be successfully used in Tiirkiye, given
the data availability and sufficient performance. The flexibility and additional functions provided by the SWAT+
model would enhance modeling in different scenarios. We suggest that the use of the SWAT+ model and SWAT+
Toolbox should be considered in future hydrological modeling studies in Tiirkiye.

Social Implications (if applicable)

Hydrological modeling tools could support more effective water resource management, which could potentially
improve the quality of life for people dependent on these water resources.

Originality

This research utilizes the SWAT+ model coupled with the SWAT+ Toolbox for hydrological modeling in the
Southern Marmara Basin. This is the first time that these tools have been used in Tiirkiye. The paper
demonstrates that these tools can provide results comparable to the basic version of the SWAT model, which has
been widely used in the country. Our research provides a foundation for future academic studies using the
SWAT+ model and the SWAT+ Toolbox.
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1. Giris (Introduction)

Su havzalarinda etkili bir yonetim icin toprak, su ve atmosfer arasindaki karmasik etkilesimin anlasilmasi
gerekmektedir (Fistikoglu, 1999). Hidrolojik modeller, karmasik havza yapisim1 basitlestirerek, hidrolojik
dongiiyt ve ilgili stirecleri analiz ekmekte kullanilan 6nemli araglardir (Singh ve Woolhiser, 2002). Havzalardaki
temel hidrolojik degiskenlerin analiz edilebilmesi i¢in 19. yiizyilda gelistirilen rasyonel metot; (Mulvaney, 1850)
zamanla gelisen bilgisayar teknolojisi ile, havzanin matematiksel ifadeler ile temsil edilebildigi Stanford
Watershed Model (Crawford ve Linsley, 1966) modeline bir gelisim siireci gdstermistir (Peker ve Ciiceloglu, 2022).
Glnlimiizde ise bir¢ok farkli hidrolojik modeller gelistirilmis olup, bu modeller genel ¢ercevede ii¢ ana sinifta
incelenebilir: yagis-akis iliskisinin ampirik olarak incelendigi metrik modeller, yagis-akis iliskisinin matematiksel
olarak kavramsallastirildig: ve her bir hidrolojik model biriminin bu akis iliskisine gore ayarlandig1 kavramsal
modeller ve model simiilasyonunun fizik yasalari, enerji ve su bilancosu hesaplamalarina gore yapildig: fiziksel
modeller (Duygu, 2021). Son yillardaki hidrolojik modellerdeki bu gelismeyi bilim insanlar1 “Hidrolojik Model
Bollugu (Plethora of hydrological models)” olarak tanimlamaktadir (Clark vd., 2011). Bu model ¢esitliligi dogal
sistemlerdeki heterojenliklerin 6l¢iilmesi ve temsil edilebilmesindeki zorluklara baglanabilen, havza 6l¢cegindeki
cevresel dinamiklerle ilgili yetersiz bilimsel kavrayisin bir belirtisidir (Clark vd., 2011). Modellerin bu cesitliligi,
kullanim alanlarindaki farkliliklardan ve bu kullanim alanlarindaki 6zel gereksinimlerden de kaynaklanmaktadir.
Hamalainen (2015) buna paralel olarak her ihtiyaci karsilayabilecek tek bir gecerli model olmadigim
vurgulamaktadir.

Hidrolojik modeller su kaynaklarinin planlanmasindan hidrolojik arastirmalara uzanan genis bir kullanim alanina
sahiptir. Son yillarda havzalardaki degisimlerin, kuraklik, taskin ve iklim degisikliginin akis ve diger hidrolojik
parametrelere olan etkilesiminin incelendigi calismalarda hidrolojik modeller siklikla kullanilmaktadir (Zang vd.,
2017). SWAT (Soil and Water Assessment Tool - Toprak ve Su Degerlendirme Araci) modeli, nehir havzasi
Olgeginde kullanilan fiziksel bir hidrolojik modeldir. Havzadaki meteorolojik, toprak 6zellikleri, topografya, arazi
kullanimi gibi ¢esitli faktorler hakkinda ayrintili veriler gerektiren bu model, disiplinler arasi havza modellenmesi
icin uluslararasi ve ulusal diizeyde yaygin olarak kullanilan, kabul gérmiis bir modeldir (Swalih ve Kayha, 2020;
Peker ve Ciiceloglu, 2022). Ote yandan, Peker ve Ciiceloglu’nun 2022 yilindaki ¢calismasinda SWAT modelinin, agik
kaynak yapisi, kapsamli destek kaynaklari ve CBS ortamlariyla entegrasyonu nedeniyle ilkemizdeki arastirmacilar
tarafindan yaygin olarak tercih edildigi ortaya konulmustur. SWAT modeli son yillarda detayli bir revizyon siireci
gecirmis ve SWAT+ adinda yeni bir versiyon ortaya ¢ikmistir (Biergen vd., 2016). SWAT+ su kaynaklari
yonetimindeki mevcut ve gelecekteki zorluklar1 ele almayir ve kodlamayi gelistirmeyi, veri analizini ve
gorsellestirmeyi desteklemeyi ve havzalar icind eki mekansal temsili gelistirmeyi amag¢lamaktadir. Ayni zamanda,
SWAT’a kiyasla yonetim programlarini tanimlama, bilesenleri 6teleme ve yonetilen akis sistemlerini dogal akis
agina baglama ve mekansal temsil konusunda daha fazla esneklik sunmaktadir (Biergen vd., 2016).

SWAT+ modeli, belirsizliklerin azaltilmasi ve model etkinliginin saglanmasi i¢cin gerekli olan parametre
kalibrasyonu, hassasiyet ve belirsizlik analizi gibi karmasik siiregleri igerir. Kalibrasyon stireci, gézlemlenen
verileri kullanarak parametreleri ayarlarken, dogrulama siireci bu parametreleri degistirmeden model sonuglarini
gozlemlerle karsilastirir. Bu ¢alismalar, uzmanlik ve zaman gerektirir ve manuel olarak veya optimum parametre
degerlerini bulmak i¢in optimizasyon algoritmalar1 kullanilarak otomatik olarak yapilabilir. SWAT+ ve SWAT
modellerinin kalibre edilmesi ve dogrulanmasi icin cesitli yontemler gelistirilmistir (Harifidy vd., 2024).
Giliniimiizde SWAT modelini kalibre etmek ve dogrulamak icin SWAT-CUP (Abbaspour vd., 2007), IPEAT+ (Yen
vd., 2019), R-SWAT (SWAT i¢in R ortam1) (Nguyen vd., 2022), SWAT+ Editor (Bieger vd., 2017) ve SWAT + Toolbox
(Chawanda, 2021) gibi yazilimlar ve/veya araglar gelistirilmistir.

Peker ve Ciiceloglu (2022) c¢alismalarinda, Tiirkiye’de SWAT modelinin kullanildigi ¢alismalari incelemis ve
kalibrasyon ve dogrulama sonuclarinin genellikle tatmin edici esigi astigini belirtmis (R? ve NSE degerleri 0,5’in
tistiinde) ve SWAT modelinin Tiirkiye'de incelenen havzalar icin kabul edilebilir sonuglar verdigini ortaya
koymustur. Giincel ¢alismalar incelendiginde, Tiirkiye'de SWAT modeli cesitli havzalarda basariyla uygulandigi
goriilmektedir. Orug ve digerleri (2022), Saz-Cayirova havzasinda toprak verisi kalitesinin SWAT modeli akis
tahmin performansi iizerindeki etkilerini ortaya koymustur. Keles Ozgeng (2024) ise Gala Golii Havzasi'nda arazi
kullanimi1 ve arazi ortiisii degisikliklerinin hidrolojik siirecler tizerindeki etkilerini SWAT modeli ile
degerlendirmistir. Jauma ve Dadaser-Celik, 2021 yilinda yaptiklari ¢calismada, Swat modelini yar1 kurak iklime
sahip ve akislarin lizerinde insan miidahalesi olan kapali bir havzada kullanarak SWAT modelinin tatmin edici
sonuclar verdigini degerlendirmistir. Bu ¢alismalar, SWAT modelinin Tirkiye'deki gesitli hidrolojik ve ¢evresel
stirecleri modellemede etkinligini ortaya koymaktadir. Ulkemizde SWAT modeli genel olarak basarili sonuglar elde
edilmis olsa da SWAT modelinin gelismis versiyonu olan SWAT+ modelinin yapilan literatiir aramasinda heniiz
iilkemizde uygulanmadig1 goriilmektedir. Buna ek olarak, SWAT modeli Gliney Marmara Havzasi'nda daha 6nce
uygulanmamistir. Literatiir incelendiginde SWAT+ Toolbox yaziliminin da iilkemizdeki ¢alismalarda heniiz
kullanilmadig1 gérilmistiir. Bu kapsamda bu ¢alismanin temel amaci; SWAT+ ve SWAT+ Toolbox yaziliminin
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Gliney Marmara Havzasi’'ndaki performansinin literatiirdeki performans gostergeleri kullanilarak
degerlendirilmesidir. Buna paralel olarak bu arastirmadaki ana arastirma sorusu, “Giiney Marmara Havzasi'ndaki
akarsu akisinin simiile edilmesinde SWAT+ modeli ve SWAT+ Toolbox yaziliminin performansi hangi
diizeydedir?” olarak belirlenmistir. SWAT+ modelinin SWAT modeline gére daha gelismis ve esnek olmasi ve
modelleme calismalarinin en karmasik noktalarindan biri olan kalibrasyon asamasinin SWAT+ ile tam uyumlu
SWAT+ Toolbox ile model dosyalarinda ek bir degisiklik yapilmadan biitiinlesik bir bicimde ¢alistirilabiliyor
olmasi model kurulumunda ve ¢alistirilmasinda ciddi avantajlar saglamaktadir. Bu baglamda, iilkemizde SWAT+
modelinin ve SWAT+ Toolbox yaziliminin degerlendirilmesi gelecekteki akademik ¢alismalar icin bir altlik
olusturacaktir.

2. Materyal ve Yontem (Material and Method)
2.1. Calisma Alani (Study Area)

Giiney Marmara Havzasi Tiirkiye’'nin kuzeybatisinda bulunur (Sekil 1). Havza Canakkale ve Balikesir illerinin bir
kismini kapsamaktadir. Gliney Marmara havzasindaki baslica akarsular; Gonen Cayi, Biga Cayi, Umurbey Cayi,
Canakkale Cayr’dir. Havzada aktif olarak kullanilan 40’tan fazla depolama tesisi mevcuttur. Bu depolama
tesislerinden en 6nemlileri, Bakacak Baraji, Tasoluk Baraji, Atikhisar Baraji, Umurbey Baraji, Bayramdere Baraji,
Kaynarca Baraji ve Gonen Baraji’dir. Hidrolojik modelleme ¢alismas1 5541 km?lik bir alanda ytriitilmiistir.
Havzadaki uzun yillar ortalama yagis 615 mm ve en yagish aylar Kasim, Aralik ve Ocak aylaridir.

27.60°E

40.20°N = o~
s

Sekil 1. Calisma Alani (Giiney Marmara Havzasi) (Study Area (South Marmara Basin))
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2.2. Modelin Tanimlanmasi (Model Description)

SWAT+ modeli fiziksel tabanli, yari-dagilimli bir hidrolojik modeldir. SWAT+ modelinin temel hidrolojik biitce
denklemi Denklem 1’de verilmektedir.

Depolamadaki Degisim SWAT+ = P - Surq —-Pr - Latq- ET ()]
Burada: P yagis; Surq yiizeysel akis; Pr sizma; Latq yatay akis ve ET evapotranspirasyondur.

SWAT modelinin sematik gosterimi Sekil 2’de verilmektedir. Buna gore hidrolojik siirec, yagis ile baglamaktadir.
Sematik gosterimdeki kutular depolama birimi olarak kullanilir. Yagis 6rtii katmanina ve toprak yiizeyinde diiser
ve buradan bitkiden terleme (Et) ve ortii yiizeyinden buharlasma (Ec) ile bir kismi kayip olur. Toprak nemi
deposundaki (SM) suyun bir kismi toprak yiizeyinden buharlasir (Es) diger kismi ise sizma ile (Perc) sig akifer
deposuna (SA) bosalirken diger kismi yiizeysel ve yanal akis ile toplam akisa katilir (Qs ve QI). S1g akiferdeki suyun
bir kismi1 baz akim (Qb) olarak toplam akisa katilir ve bir kismi da derin akifere (DA) gecip hidrolojik siirecten
cikar. S1g akiferdeki suyun bir diger kismi da kapiler kuvvet tarafindan ¢ekilerek buharlasmaya eklenir (Er).

Hidrolojik islem Birimi (n)

T TAE Hidrolojik islem Birimi (1)

Ad A Yagis

Es Ec+Et l

ToprakNemi Deposu

Q.
©
>
o
| >
> v
ToprakNemi Deposu Qt
Q| . Alt Havzalar
rlPerc
Qb g
Ll 2
Q
] S1g Akifer O
\J
r‘ DA_recharge Havza Cikisi
Derin Akifer

Sekil 2. SWAT Modeli Sematik Gosterimi. TAE toplam gercek evapotranspirasyon; Ec ortii ylizeyinden buharlasma, Es toprak
ylizeyinden buharlasma; Et bitkilerden terleme, Perc toprak nemi deposundan sig akifere sizma; Er-Revap sig akiferden
buharlagma; Qt toplam akis; Qb baz akim; Ql yanal akis ve Qs ylizeysel akis. (Marhaento vd. 2017’den diizenlenmistir.)
(Schematic Representation of SWAT Model TAE total actual evapotranspiration; Ec evaporation from the canopy surface, Es
evaporation from the soil surface; Et transpiration from plants; Perc infiltration from soil moisture storage to the shallow
aquifer; Er-Revap evaporation from the shallow aquifer; Qt total flow; Qb base flow; QI lateral flow and Qs surface flow.
(modified from Marhaento vd., 2017.)
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2.3 Hidrolojik islem Birimleri ve Girdi Verileri (Hydrologic Response Units and Input Data)

SWAT+ modeli su dongiisii bilesenlerini tahmin etmek i¢in gelistirilmis fiziksel tabanl yar1 dagiliml bir hidrolojik
modeldir (Arnold ve Allen, 1996; Zhang vd., 2016; Singh ve Saravanan, 2020). SWAT+ modeli dijital yiikseklik
modeli ile birlikte akarsu aglarini kullanarak havzayi olusturur. Olusturulan havza daha sonra alt havzalara ve
daha kii¢iik birimler olan hidrolojik yanit birimlerine (HRUs) ayirir (Sekil 3). Bu modelleme ¢alismasinda 66 alt
havzada toplamda 3975 HRU olusturulmustur.

26.50°E 27.00°E 27.50°E . 26.50°E 27.00°E 27.50°E .

40.50°N 40.50°N| |40.50°N 40.50°N

0 10 20 km 0 10 20 km
| | S—
.50°E 27.00°E 27.50°E 26.50°E 27.00°E 27.50°E

Sekil 3. Alt Havzalar (sol) ve Hidrolojik Yanit Birimleri (sag). (Sub Basins (left) and Hydrological Response Units (right))

HRU’lar su biitcesi denkleminden yararlanarak ve birimin toprak kullanimy, toprak tipi ve egim gibi parametreleri
hesaba katarak yiizey akisi, sizma, buharlasma gibi hidrolojik degiskenleri simiile etmek icin kullanilan en kii¢iik
birimlerdir. SWAT modelinin calisma prensibi ile ilgili ayrintili teknik bilgilere modelin teknik belgesinden
ulasilabilir (Dile vd., 2022).

Model i¢in kullanilan veriler Tablo 1’de verilmistir. SWAT+ modelinin 6nemli bir girdisi olan toprak verisi icin
Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) verileri (Fischer vd., 2008) kullamilmistir. FAO veri tabanindan
indirilen vektor bicimindeki veriler raster (geoTiff) formatina doniistiiriilmistiir. Raster formatindaki yeni veri
Oznitelikleri toprak gruplarina gore tekrar kodlanmis ve SWAT+ modeline uygun hale getirilmistir. Toprak
gruplarinin SWAT+ modeli tarafindan okunabilmesi i¢in, model veri tabaninda ilgili toprak gruplarina ait bilgilerin
bulunmasi gerekmektedir. Projedeki toprak gruplarinin 6ncelikle SWAT+ veri tabanindaki varlig: tespit edilmis,
ardindan eksik olan toprak gruplarinin 6znitelik bilgileri SWAT+ veri tabanina eklenmistir. Sekil 4’de gosterildigi
lizere ¢alisma alaninda 4 farkh biiyiik toprak grubu bulunmaktadir. Havzadaki baskin toprak gruplari Lo91-2bc-
3208 ve Be121-2bc-3014 olarak tespit edilmistir.

Tablo 1. Veriler (Data)

VERI TANIM YIL/DONEM KAPSAM / KAYNAK
COZUNURLUK

Dijital Yiikseklik Modeli EU-DEM 2011 25m x 25m https://land.copernicus.eu/en

Biiytik Toprak Gruplari HWSD v2.0 (Harmonized World | 2023 Havza dlgegi FAO-https://www.fao.org/soils-portal
Soil Database) FAO-UNESCO

Arazi Kullanimi CORINE (Coordination of | 2018 Havza olgegi https://land.copernicus.eu/pan-
Information on the Environment) european/corine-land-cover/

Meteoroloji Verileri Meteorolojik Istasyon Verileri 1980 -2021 Giinliik veri MGM-https://www.mgm.gov.tr/

Akim Verileri Dogallagtirilmig Akim Verileri 1980 -2021 Aylik Veri DSI- https://www.dsi.gov.tr/
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Sekil 4. Gliney Marmara Havzasi Toprak Gruplar1 (FAO, Harmonized world soil database, 2022) (South Marmara Basin Soil
Groups (FAO, Harmonized world soil database, 2022))

Arazi kullanimi icin CORINE 2018 verileri Avrupa Cevre Ajansi’'ndan (EEA) temin edilmistir. CORINE verilerinin
SWAT+ modeli tarafindan kullanilmasi i¢in arazilerin yeniden siniflandirilmasi gerekmektedir, bu islem QGIS
uygulamasi iizerinden kodlama yapilarak gerceklestirilmis ve araziler 8 farkli sinif olacak sekilde tekrar
simiflandirilmistir (Sekil 5).

26.500°E 27.000°E 27.500°E :

40.500°N 40.500°N

40.000°N

Arazi Kullanimi
[ senir ] orman

B Tarm [ Mera

B Bag M sulak Alan
0 10 20 km " Gayr M su
quE 27.000°E 27.500°E

Sekil 5. Gliney Marmara Havzasi Arazi Kullanimi (South Marmara Basin Land use)

Meteorolojik veriler ise Meteoroloji Genel Miidiirliigii'nden temin edilmistir. Modelleme kapsaminda veri varligi
ve kalitesi gozetilerek N17112, N17674, N17145 kodlu meteoroloji gézlem istasyonlar: kullanilmistir (Sekil 6).
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Meteorolojik veriler 1980-2021 yillar1 aralig1 i¢in giinliik; yagis, maksimum ve minimum sicaklik, bagil nem, riizgar

hiz1 verilerini kapsamaktadir.

26.40°E 27.00°E 27.60°E

40.20°N 40.20°N

J0.GON s Pl . e g - 39:60°N
26.40°F 27.00°E 27.60°F

Sekil 6.Meteoroloji istasyonlar1 (Meteorological Stations)

2.4 Model Performans Degerlendirilmesi (Model Performance Analysis)

Model performansinin degerlendirilmesi icin literatiirde bircok degisik istatistiksel gosterge bulunmaktadir. Bu
calismada, literatiirde hidrolojik model performansinin belirlenmesinde en ¢ok kullanilan géstergelerden olan
Nash Sutcliffe etkinlik katsayis1 (NSE) amag gdstergesi olarak, Kok Ortalama Kare Hatas1 (RMSE) ve Yiizde Sapma
(PBIAS) ise yardimc1 gostergeler olarak kullanilmistir.

NSE hidrolojik modellerdeki tahminlerin hatalarini hesaplamak i¢in olusturulmus istatistiksel bir gostergedir
(Nash ve Sutcliffe, 1970). NSE degeri -0 ile 1 arasinda degisir. NSE katsayis1 1 oldugunda model tahminin
miitkemmel bir uyum sagladigi ve 1’e yaklastikca modelin tahmininin iyilestigi anlamina gelmektedir. Calisma
kapsaminda NSE denklem 2 ile hesaplanmistir.

Z;z1(Xsim(1:)—Xobs(t))2

NSEx =1 — »T_ (Xobs(t)-Xobsmean)?

(2)

Denklem (2)'de Xobs: Gozlenen akimi, Xsim: Modellenen akimi (simiile akim), Xobsmean: Go6zlenen akim
ortalamasi, Xobs(t): Akimin t anindaki gozlenen degeri, Xsim(t): Modellenen akimin t anindaki degerini
gostermektedir.

Bu ¢alismada NSE temel performans gostergesi olarak kullanilmistir. Genel olarak 0 ile 1 arasindaki degerler kabul
edilebilir degerlerdir. Sifirin altindaki degerler modelin performansinin kabul edilemeyecek diizeyde oldugunu
gosterir. Ote yandan, NSE'nin tavsiye edilen degerleri incelendiginde 0.50 degeri ve altinin yetersiz, 0.50 ile 0.65
araliginin yeterli, 0.65 ile 0.75 araliginin iyi, 0.75 ile 1 araliginin miitkemmel oldugu belirtilmektedir (Moriasi vd.,
2007).

RMSE, modellenen degiskenin ortalama hatasini gosterir (Armstrong ve Collopy, 1992). Miikkemmel bir tahmin

RMSE=0 sonucunu verirken, bu deger sifira yaklastikca modelin tahmininin iyilestigi anlamina gelir. Calisma
kapsaminda RMSE Denklem 3 ile hesaplanmistir.
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RMSE = \/}z:;l(xi iy G

Denklem (3)’de x ve y karsilastirilan verileri, n verilerin sayisini géstermektedir.

PBIAS, simiile akimlarin gézlemlerden sapma miktarinin bir géstergesidir. Mitkkemmel bir tahminde PBIAS=0 olur.
Ayrica PBIAS degeri 0'a yaklasmasi modelin tahmininin iyilestigi anlamina gelir. Calisma kapsaminda PBIAS
Denklem 4 ile hesaplanmistir.

Nt=1 Xobs(t)— iy Xsim(t) 100

PBIAS = S s

(4)

Denklem (4)’de, Xobs(t): Akimin t anindaki gozlenen degeri, Xsim(t): Modellenen akimin t anindaki degerini
gostermektedir.

2.5. Kalibrasyon ve Dogrulama (Model Calibration and Validation)

SWAT+ modelinde bir¢ok parametre bulunmaktadir; dolayisi ile bu parametrelerin el ile kalibrasyonu cok
karmasik ve zaman alan bir siiregtir. Bu nedenle, bu ¢alismada SWAT+ Toolbox v0.7.6 (Chawanda, 2021)
kullanilarak Dynamically Dimensioned Search (DDS) algoritmasi yardimiyla kalibrasyon islemi tamamlanmistir.
DDS algoritmasi kalibre edilmek istenen parametreler i¢in oncelikle daha genis araliklarda degerler belirler.
Ardindan dinamik ve olasiliksal azaltma tekniklerini kullanarak degerleri bulunan en iyi deger yakinlarinda
iterasyon sayisi kadar degistirerek amag fonksiyonunu en iyi degere ¢ikartmaya c¢alisir (Tolson ve Shoemaker,
2007).

SWAT+ modelinin basaril bir sekilde ¢alisabilmesi i¢in tiim girdilerin modelin formatina uygun ve eksiksiz olarak
girilmesi gerekmektedir. Modelin kurulumu yapildiktan sonra modelin ¢alistirilmasi ve degerlendirilmesi icin,
1sinma, kalibrasyon ve dogrulama dénemlerinin belirlenmesi gerekmektedir. Bu ¢alismada 1sinma dénemi 3 y1l
(1980-1982), kalibrasyon dénemi 18 y1l (1983-2000) ve dogrulama dénemi 20 y1l (2001-2021) olarak secilmistir.
Kalibrasyon icin secilen parametreler Tablo 2’de verilmistir. Kalibrasyon siirecinde amag fonksiyonu icin NSE
gostergesinin yiikseltilmesi (1'e yaklasmasi) hedeflenmistir.

Tablo 2. Kalibrasyon Parametreleri ve Degerleri (Calibration Parameters and Values)

PARAMETRE | PARAMETRE GRUBU BIRIM KALIBRASYON DEGERI

alpha Aqu days -5.389
awc sol mm_H20/mm 7.673

bd sol mg/m**3 -16.769

bd rte mg/m**3 2.148

canmx hru mm/H20 -18.961
chd rte m 28.588

chl rte km -21.116

chw rte m 6.723

cn2 hru no unit -18.512
cn3_swf hru no unit 0.901
elev hru m -5.062
epco hru no unit 0.014
esco hru no unit 0.535

flo_min aqu mm -18.301
lat_len hru m 7.352
lat_ttime hru days 6.302
perco hru fraction 0.825
petco hru fraction 27.062
revap_co aqu no unit 0.179

slope hru m/m -17.881
snofall_tmp hru degrees 0.965
snomelt_lag hru no unit 0.337
snomelt_max hru mm/deg/c/day 2.103
snomelt_min hru mm/deg/c/day 4.727
snomelt_tmp hru degrees 2.179
usle_p hru no unit -8.395

zZ sol mm -4.288
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SWAT+ Toolbox, gelismis gorsellestirme i¢in QGIS ile entegrasyonuna sahiptir ve ayrica hassasiyet analizi ve
kalibrasyon icin kapsaml islevler sunar. Kullanici dostu bir arayiiz, ¢coklu nokta kalibrasyon destegi, cesitli
hassasiyet analizi yontemleri ve potansiyel sorunlar1 belirlemek i¢cin modelleme kontrol 6zellikleri sunar
(Chawanda, 2021). QGIS entegrasyonu, verilerin daha iyi yorumlanmasini kolaylastirarak gelismis gorsellestirme
ve kolay erisilebilirlik saglar (Harifidy ve digerleri, 2024; Pulighe ve digerleri, 2021). SWAT+ Toolbox, tek bir
platform iizerinde hassasiyet analizi, manuel ve otomatik kalibrasyon yapma yetenegine sahiptir (Harifidy vd.,
2024, Chawanda, 2021). DDS algoritmasi, karmasik kalibrasyon isleminin verimli bir sekilde yapilmasina olanak
tanir (Tolson ve Shoemaker, 2007). Ancak Harifidy ve ark. (2024), SWAT+ Toolbox'in, R-SWAT gibi alternatiflere
kiyasla daha fazla islem siiresi gerektirebilecegini ve bunun zamana duyarl calismalar icin bir sinirlama
olabilecegini belirtmistir. Ayrica SWAT+ Toolbox su anda sadece Microsoft Windows isletim sistemleriyle
uyumludur (Chawanda, 2021).

SWAT+ Toolbox, kullanici dostu arayiizii ve karmasik havzalardaki akisi simiile etmedeki iyi performansi
nedeniyle calismamiz i¢in se¢ilmistir. Ayrica SWAT+ Toolbox Tiirkiye'de hi¢ kullanilmadig1 ve arastirma sorusu
ile uyumlu oldugu i¢in bu arastirmada kullanilmistir.

4. Bulgular ve Tartisma (Results and Discussion)

Kalibrasyon dénemi icin simiile akis - gdzlenen akis grafigi Sekil 7’de verilmistir. Kalibrasyon déneminde model
performans parametrelerine bakildiginda (Tablo 3) model performansinin (NSE 0.596) tatmin edici diizeyin
lizerinde oldugu gériilmektedir. Ote yandan, PBIAS gostergesi modelin bu dénemde %1.742 diizeyinde fazla akim
lrettigini gostermektedir. PBIAS degerinin %10’dan disik olmasi durumu modelin iyi bir performans
gosterdigini belirtir (Moriasi vd., 2007).
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01/01/1983  01/01/1984  01/01/1985  01/01/1986  01/01/1987 01/01/1988  01/01/1989  01/01/1990  01/01/1991 01/01/1992 01/01/1993  01/01/1994  (01/01/1995 01/01/1996  01/01/1997 01/01/1998  01/01/1999  01/01/2000

Discharge (m3/s)
8

Sekil 7/ Figure 7. Kalibrasyon Dénemi: Gézlenen (Mavi) ve Modellenen (Turuncu) Akim iligkisi (Calibration Period:
Relationship Between Observed (Blue) and Simulated (Orange) Flow)

Dogrulama dénemi i¢in simiile akis - gozlenen akis grafigi Sekil 8’de verilmistir. Bu donemde de model performans
parametrelerine bakildiginda (Tablo 3) model performansinin (NSE 0.516) tatmin edici diizey iizerinde oldugu
gorillmektedir. Kalibrasyon dénemin aksine, dogrulama déneminde PBIAS gostergesi modelin %9.64 diizeyinde
daha az akim trettigi goriilmektedir. %10’dan diisiik olan PBIAS degerleri modelin hem kalibrasyon hem de
dogrulama dénemlerinde iyi bir performans gosterdigi goriilmektedir.
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Sekil 8 / Figure 8. Dogrulama Dénemi: Gézlenen (Mavi) ve Modellenen (Turuncu) Akim liskisi (Validation Period:
Relationship Between Observed (Blue) and Simulated (Orange) Flow)

Kalibrasyon ve dogrulama dénemlerinde hesaplanan performans gostergeleri sonuglar: (Tablo 3) modelin kabul
edilebilir diizeyin {izerinde oldugunu ortaya koymaktadir.

Tablo 3. Model Performansi (Model Performance)

NSE MSE RMSE PBIAS
Kalibrasyon Dénemi (1983-2000) 0.596 31.324 5.597 1.742
Dogrulama Dénemi (2001-2021) 0.516 54.143 7.358 -9.640

Hidrolojik veriler, hidrolojik siiregleri anlamak, modeller gelistirmek, su kaynaklari ve afet tahminleri yapmak ve
su miktari ile kalitesini izlemek icin temel girdilerdir. Ancak dogru ve kesin hidrolojik verilerin elde edilmesi, uzun
stiredir tartisilan bir zorluktur. (McMillan vd, 2018). Bolgedeki istasyon mevcudiyetinden dolay1 bu ¢alismada
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sadece 3 meteoroloji istasyonu kullanilmistir. Biiyiik 6lcekli havzalarin hidrolojik modellemesi s6z konusu
oldugunda, meteoroloji istasyonlari genellikle yetersiz kalmaktadir (Probst ve Mauser, 2022). Ote yandan, gelisen
teknoloji ile modern sistemler (uydu, radar vb) hidroloji bilimine veri saglayabilmektedir (Aksu ve Korkmaz,
2019). Ozellikle hidrolojik modelleme gibi kapsaml calismalarda, kiiresel re-analsyis gibi yiiksek ¢céziiniirliikli,
meteorolojik veri setlerine ihtiyac giderek artmaktadir (Probst ve Mauser, 2022). Bu calismada tatmin edici
sonuclar alinmis olsa da, havzanin boyutu ele alindiginda daha fazla istasyona ihtiya¢ duyuldugu soéylenebilir.

Ote yandan, model performansi arazi kullanimi ve toprak verisi gibi girdi verilerinin kalitesinden de 6nemli lciide
etkilenebilir. Avrupa’da yapilan ¢alismalar, CORINE (arazi kullanimi) verilerinin genel olarak yiiksek dogruluk
oranina sahip oldugunu gostermektedir (Aune-Lundberg ve Strand, 2021). Ancak, CORINE verilerinin Giiney
Marmara Havzasi'ndaki dogrulugu heniiz degerlendirilmemistir. Atesoglu, CORINE 2006 verilerinin dogrulugunu
Turkiye'deki bazi bolgelerde arastirmis ve dogruluklarinin diisiik oldugunu tespit etmistir (Atesoglu, 2016). Bu
calismada her ne kadar CORINE 2018 verilerini kullanilmis olsa da veri Kkalitesi konusunda bazi belirsizlikler
bulunmaktadir.

Gelecekteki arastirmalarin, SWAT+ modelinin girdi verileri kapsaminda veri kalitesinin ve beraberindeki
belirsizliklerin arastirilmasina odaklanmasi faydali olabilir. Son yillarda modelleme ¢alismalari, kiiresel re-
analysis gibi yliksek ¢6ziiniirliiklii, meteorolojik veri kiimelerini daha sik kullanmaya baslamistir (Probst ve
Mauser, 2022). Tirkiye,de gelecekteki arastirmalar i¢in, hidrolojik modellemede yiiksek ¢oziintirliikli bu veri
setlerinin kullanilmasi ve bu ¢alisma sonuglarinin degerlendirmesi 6nerilmektedir. Son olarak, SWAT+ modeli ile
diger hidrolojik modeller arasinda karsilastirmali ¢alismalar yliriitmek, bu ¢alismalarin goérece gii¢lii ve zayif
yonlerine dair degerli bilgiler saglayabilir.

5. Sonug¢ (Conclusion)

Bu ¢alismada, SWAT+ modeli ve SWAT+ Toolbox yazilimi ile birlikte Gliney Marmara Havzasi'na uygulanmistir.
Calismada, model performansinin hem kalibrasyon déneminde (NSE 0,596) hem de dogrulama déneminde (NSE
0,516) tatmin edici oldugunu bulunmustur. Sonu¢lar SWAT modelinin Tiirkiye icin kabul edilebilir sonuglar
sagladig1 yoniindeki literatiirii desteklemektedir. Buna ek olarak bu ¢alismada tilkemizde ilk defa kullanilan
SWAT+ modeli ve SWAT+ Toolbox yazilimi, SWAT modelinin temel versiyonuna benzer bir basar1 goésterdigi ilk
defa ortaya konulmustur. SWAT+ modelinin sagladig1 esneklik ve ek fonksiyonlar tlilkemizdeki hidrolojik
modelleme calismalarina katki saglayacaktir. Bu calisma ile, havzada gelecekte yapilacak calismalarda SWAT+
modelinin basarili bir sekilde kullanilabilecegi ortaya konulmustur. Sonu¢lar, SWAT+ modelinin gelismis ve esnek
ozelliklerinin model kurulumu ve calistirilmasi agisindan 6nemli avantajlar sundugunu gostermektedir.

Bu ¢alisma, SWAT+ modelinin Giiney Marmara Havzasi'ndaki uygulama ve degerlendirmesine 6nciiliik ederek bu
konuda literattire katk: saglamaktadir. SWAT+ Toolbox yazilimi kullanilarak kalibrasyon ve dogrulama yaptigimiz
SWAT+ modeli, bu karmasik Akdeniz havzasinda nehir akisini etkili ve dogru bir sekilde simiile etmistir. Bu
baglamda ¢alisma, Tiirkiye'de SWAT modeli kullanilarak yapilan diger ¢alismalarla tutarh sonuglar gostermistir.

SWAT+ Toolbox yazilimi gelismis 6zellikler sunmasina ragmen R-SWAT gibi alternatiflere kiyasla daha fazla islem
stiresi gerektirmektedir (Harifidy ve digerleri, 2024). Bu nedenle arastirmacilar, kendi 6zel arastirma amag ve
hedeflerine gore uygun SWAT yan araglarini belirlemelidir.

Ote yandan, gelecekteki calismalarin, SWAT+ ve SWAT+ Toolbox yazilimlarinin farkli havza ve iklim kosullarinda
ne kadar etkili oldugunu arastirmasi énem tasimaktadir. Ozellikle biiyiik 6lgekli veya zaman acisindan kritik
projeler icin SWAT+ Toolbox yaziliminin hesaplama verimliliginin artiritlmasi gerekmektedir. Ayrica, Tiirkiye'de
ylksek ¢cozlniirliiklii ve modern yontemlerle elde edilen meteorolojik veri setlerinin SWAT+ ile nasil entegre
edilip kullanilabilecegi konusu 6nemlidir. Bu tiir ¢calismalar, SWAT+ ve diger hidrolojik modeller arasindaki
performans farkhiliklarin1 Tiirkiye baglaminda anlamamiza yardimeci olacak ve bdylece su kaynaklar: yonetimi
stratejilerini optimize etmemizde degerli bilgiler sunacaktir.
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Anahtar Kelimeler 0z

Hidrojeokimya, Dagbeli Koyii (Antalya) gilineyindeki Kkiregtasi akiferinin hidrojeokimyasal
Yeraltisuyu, o6zelliklerinin incelendigi bu ¢alismada boélgenin jeolojik ve hidrojeolojik 6zellikleri,
Karstik Akifer, yeraltisularinin hidrojeokimyasal karakteri ve buna bagli olarak kullanilabilirlik
Antalya. durumu ortaya koyulmustur. Bolgede yiizeyleyen Beydaglari formasyonu ve

Tekkekdy tiyesi karstik akifer 6zelligi tasimaktadir. Karstik akifer ortamda agilmis
sondaj kuyulariile bolgede karstik akiferden bosalan Kirkgdz kaynaklarindan alinan
su orneklerinin analiz sonug¢larina goére sularin EC degerleri 352-730,3 uS/cm
arasinda, pH degeri 7.2-8.29 arasinda; sertligi ise 25.5-43.2 Fr? arasinda
degismektedir. Yeraltisular1 Piper ve Gibbs diyagramlarina gore Ca-HCOs3'l1 sular
fasiyesinde olup bolgede yeraltisuyu kimyasini denetleyen ana faktor kaya-su
etkilesimidir. Hidrojeokimyasal proseslere gore sularda Ca, Mg ve HCO3 varliginin
karbonat olmayan kaynaklarla iligkili oldugu ve silikat ayrismasinin baskin oldugu
sOylenebilir.  Yeraltisularmin  kalite ve  kullanilabilirlik  6zelliklerinin
degerlendirilmesi sonucunda tiim su orneklerinin icme ve sulama suyu olarak
kullanilabilir 6zellikle oldugu belirlenmistir.

HYDROGEOCHEMICAL PROPERTIES OF THE LIMESTONE AQUIFER SOUTH OF
DAGBELI VILLAGE (ANTALYA)

Keywords Abstract

Hydrogeochemistry, In this study, the hydrogeochemical properties of the limestone aquifer in the south
Groundwater, of Dagbeli Village (Antalya) were investigated and the hydrogeochemical character
Karst aquifer, of the groundwater and the availability of groundwater were revealed by examining
Antalya. the geological and hydrogeological characteristics of the region. Beydaglar:

formation and Tekkekdy member surfacing in the region have the characteristics of
karstic aquifer. According to the results of the analyses of the water samples taken
from the boreholes drilled in the karstic aquifer environment and from Kirkgoz
springs discharging from the karstic aquifer in the region, the EC values of the
waters vary between 352-730.3 uS/cm, pH value between 7.2-8.29 and hardness
between 25.5-43.2 Fr0. According to Piper and Gibbs diagrams, the groundwaters
are in the Ca-HCOs water facies and the main factor controlling the groundwater
chemistry in the region is rock-water interaction. According to hydrogeochemical
processes, it can be said that the presence of Ca, Mg and HCO3 in the waters is related
to non-carbonate sources and silicate weathering is dominant. As a result of the
evaluation of the quality and usability characteristics of the groundwaters, it was
determined that all water samples can be used as drinking and irrigation water.
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Highlights

e Beydaglari formation and Tekkekdy member are karst aquifers in the study area.
e According to the Piper diagram, groundwater is in the Ca-HCO3 water facies.
e Groundwater can be used as drinking and irrigation water.

Purpose and Scope

In this study, it was aimed to examine the geological and hydrogeological characteristics of the south of Dagbeli Village
(Antalya) and to reveal the hydrogeochemical properties of the limestone aquifer and accordingly the groundwater
quality and availability.

Design/methodology/approach

During the field studies carried out to determine the hydrogeochemical properties and water quality of the limestone
aquifer in the south of Dagbeli Village (Antalya), which was determined as the study area, the geological characteristics
of the region were first examined. In this context, the geological formations cropping outin the region, their lithological
characteristics and their relationships with each other have been revealed. By evaluating the potential of lithological
units to become aquifers, the hydrogeological situation of the region was determined and sample points were
determined. Water samples were taken from sample points determined in field studies and temperature (T), electrical
conductivity (EC) and hydrogen ion concentration (pH), dissolved oxygen (%, mg/l), Oxidation Reduction Potential
(ORP; mV) and dissolved solids in water were determined. amount (TDS; mg/1) values were measured during sample
collection using the YSI Professional Plus brand multi-parameter portable water quality measuring device. Chemical
analyzes of water samples were carried out in the laboratory of SDU, Geothermal Energy, Groundwater and Mineral
Resources Research and Application Center. In order to determine hydrogeochemical properties, major ion
concentration values of the samples were placed on Piper (1944) and Gibbs diagrams and interpreted. In addition,
(Ca+Mg)-(HCO3+S04) graph was prepared to interpret the decomposition and dissolution processes of minerals in
water.

Findings

In Dagbeli village and its surroundings, which were selected as the study area, Beydaglar1 formation belonging to
Beydaglar1 autochthonous, Tekkekdy member, Sobiitepe formation and Camlidere olistrochrome, Antalya nappes,
Yenicebogazidere formation belonging to Cataltepe nappe and Lycian nappes, Kizilcadag mélange and olystrochrome
units belonging to Marmaris ophiolite nappe are exposed. The most important aquifer units around Dagbeli Village are
limestones and alluvium. In addition, the most important water source in the south of the study area is Kirkgdz springs.
According to the Piper diagram, groundwater is in the Ca-HCOs water facies. The high Ca content detected in the waters
in the study area is related to the limestones of the Beydaglar1 formation, which outcrop in large areas in the region
and with which the waters interact. The main factor controlling groundwater chemistry in the region is rock-water
interaction. According to the evaluations made within the scope of the study, groundwater is suitable for drinking and
irrigation use.

Practical implications

In this study, the hydrogeochemical properties of the limestone aquifer located in the south of Dagbeli Village (Antayla)
were examined. Kirkg6z springs, one of the main drinking water sources of Antalya province, are located in the south
of the study area and are the most important water source examined within the scope of the study. Since Kirkgoz
springs are also used as a drinking water source in Antalya province, the data obtained as a result of the study are
useful and important especially for local administrators.

Social Implications

The groundwater in the study area can be used as irrigation and drinking water in terms of its quality and chemical
properties. Nowadays, when water resources are so important, having good quality water is a very important gain for
the people of the region.

Originality

Since the groundwater flow rate in the karst and travertine aquifers in SW Turkey is quite fast (velocity 6.1 m/s in the
travertine aquifer), pollutants spread to the Mediterranean through groundwater. For this reason, pollution in Isparta
and Burdur residential areas creates a risk for Antalya and surrounding settlements (Davraz et al., 2009). Therefore,
in the presented study, it is of great importance to determine the hydrogeochemical properties and water quality of
the limestone aquifer in the south of Dagbeli Village (Antalya). In addition, the absence of a scientific study to determine
the water chemistry and usability of groundwater in the study area makes this study scientifically original.
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545


mailto:sehnazsener@sdu.edu.tr

DAVRAZ vd. 10.21923/jesd.1520740

1. Giris (Introduction)

Yeraltisular1 evsel, tarimsal ve endiistriyel amaglarla kullanilan en énemli su kaynaklarindan biridir. Ozellikle
karstik akiferlerden alinan yeraltisulari iilkemizde oldugu gibi diinyanin bir¢ok bolgesinde birincil tatli su kaynag:
olarak kullanilmaktadir (Drew 1999). Yeraltisularinin kullanilabilirlik 6zellikleri igerdikleri anyon, katyon, iz
element ve mikrobiyolojik parametrelerle iliskili olarak degisiklik gostermektedir (Tayfur vd. 2008; Sener vd.,
2020). Yeraltisuyu kalitesindeki degisiklikler, suyun akiferlerden siiziilmesi sirasinda kaya-su etkilesimi ve
oksidasyon-rediiksiyon reaksiyonlarindan kaynaklanan jeojenik faktorler ile dogrudan baglantilidir (Egbueri
2019). Bu siireglere ek olarak, su kaynakli patojenler, toksik ve toksik olmayan kirleticiler, yeraltisuyu hareketi ile
akiferler araciligiyla beslenme alanindan desarj alanina tasinan antropojenik Kkirleticiler yeraltisuyu kalitesini
olumsuz olarak etkilemektedir (Kumar vd., 2009; Mostafa vd., 2017). Ulkemizde o&zellikle yiizey suyu
kaynaklarinin hem miktar hem de kalite bakimindan her gecen giin kullanim potansiyellerinin azalmasi nedeniyle
yeraltisuyu kaynaklar1 daha da 6nem kazanmistir. Bu ¢alismada, Dagbeli Koyii (Antalya) gilineyindeki kirecgtasi
akiferi ¢alisma alani olarak secilmistir. Akdeniz Boélgesinde bulunan Antalya ilinin igcme suyu kaynag olarak da
kullanilan Kirkgéz kaynaklarinin ve kuzeyinde bulunan calisma konusu kiregtasi akiferini temsil eden
yeraltisularinin hidrojeokimyasal 6zellikleri ayrintili olarak arastirilmistir. Bu kapsamda, ¢alisma alaninin jeolojik
ve hidrojeolojik 6zellikleri degerlendirilerek c¢alisma alanindaki yeraltisularinin mevcut durumdaki kalite
ozellikleri ve kullanim kogullari farkl esitlikler, diyagramlar ve ilgili yonetmeliklere ait limit degerler kullanilarak
belirlenmistir.

2. Kaynak Arastirmasi (Literature Survey)

Yeraltisularinin hidrojeokimyasal 6zelliklerinin ve buna baglh olarak kullanilabilirligini belirleyen kalitesinin
belirlenmesine yonelik arastirmalar bir¢cok arastirmacinin ¢alisma konusunu olusturmaktadir. Ozellikle Antalya
bolgesinde yeraltisularinin kimyasinin ve kalitesinin incelendigi ¢ok sayida ¢alisma bulunmaktadir. Bektas ve
Sener (2021) tarafindan yapilan ¢alismada, Antalya ili icme suyu kaynaklarinin hidrojeokimyasal 6zellikleri
ayrintili olarak incelenmistir. Bélgedeki sularin Ca-CO3 ve Ca-Mg-HCOs'lii sular smifinda oldugu saptanan
calismada su kalitesi bakiminda TS-266’ya gore sularin genel olarak igilebilir 6zellikte oldugu belirlenmistir.
Ancak, sular Mg, HCO3 ve TDS degerleri bakimindan WHO (2022) limit degerlerini astig1 ve icme suyu kullanimina
uygun olmadig belirtilmektedir. Davraz vd. (2009) tarafindan GB Tirkiye'deki karstik akifer sistemlerinin
hidrojeolojisi, su kalitesi ve kirlenme sorunlar1 ayrintili bir sekilde degerlendirilmistir. Arastirma alanindaki
yeraltisular1 Ca-Mg-HCO3 fasiyesindedir ve Isparta, Burdur ve Antalya yerlesim bolgelerinde tarimsal ve
endiistriyel atiklar yeraltisular1 icin 6nemli Kkirleticiler olarak belirlenmistir. Calisma kapsaminda yapilan su
analizlerine gore NO3, NO2 ve NHs konsantrasyonlar1 Diinya Saghk Orgiitii ve Tiirk Standartlar1 Enstitiisii'niin igme
suyu i¢in belirledigi limit degerleri asmaktadir. GB Turkiye'deki karstik ve traverten akiferlerinde yeraltisuyu akis
hiz1 olduk¢a hizli oldugundan (traverten akiferinde hiz 6,1 m/s) kirleticiler yeraltisular1 vasitasiyla Akdeniz'e
yayllmaktadir. Bu nedenle Isparta ve Burdur yerlesim bdlgelerindeki kirlilik Antalya ve gevre yerlesimler
acisindan risk yaratmaktadir (Davraz vd., 2009). Bu nedenle, sunulan ¢alismada Dagbeli Koyii (Antalya)
glineyindeki Kirectasi akiferinin hidrojeokimyasal 6zelliklerinin ve su Kkalitesinin belirlenmesi biiyiikk énem
tasimaktadir. Ayrica, ¢alisma alanindaki yeraltisularinin su kimyasini ve kullanilabilirligini belirlemeye yonelik
bilimsel bir ¢alisma bulunmamasi bu ¢alismay1 bilimsel agidan 6zgiin kilmaktadir.

3. Materyal ve Yontem (Material and Method)

Calisma alani olarak belirlenen Dagbeli Koyii (Antalya) gilineyindeki kirectasi akiferinin hidrojeokimyasal
ozelliklerini ve su kalitesini belirleyebilmek i¢in yapilan arazi ¢alismalar sirasinda 6ncelikle bdlgenin jeolojik
ozellikleri incelenmistir. Bu kapsamda, bélgede yiizeyleyen jeolojik formasyonlar ve bunlarin litolojik 6zellikleri
ile birbirleri ile olan iliskileri ortaya koyulmustur. Litolojik birimlerin akifer olabilme potansiyelleri
degerlendirilerek bolgenin hidrojeolojik durumu belirlenmis ve 6rnek noktalar: belirlenmistir.

18.03.2023 tarihinde yapilan arazi ¢alismalarinda belirlenen 6rnek noktalarindan su érnekleri alinmis ve sicaklik
(T), elektriksel iletkenlik (EC) ve hidrojen iyonu konsantrasyonu (pH), ¢6zlinmiis oksijen (%, mg/1), Oksidasyon
indirgeme Potansiyeli (ORP; mV) ve sudaki ¢oziinmiis kati madde miktar1 (TDS; mg/1) degerleri YSI Professional
Plus marka ¢ok parametreli portatif su kalitesi 6l¢iim cihazi kullanilarak numune alimlari sirasinda 6l¢iilmiistiir.
Sizdirmaz polietilen siselere alinan su ornekleri +4°C’de muhafaza edilerek kimyasal analizlerin yapilacagi
laboratuvara ulastirilmistir. Su érneklerinin kimyasal analizleri SDU, Jeotermal Enerji, Yeraltisuyu ve Mineral
Kaynaklar1 Arastirma ve Uygulama Merkezi laboratuvarinda yaptirilmistir. Hidrojeokimyasal 6zelliklerin
belirlenebilmesi icin 6rneklerin major iyon konantrasyon degerleri Piper (1944) ve Gibbs diyagramlarina
yerlestirilmis ve yorumlanmistir. Ayrica sularin igerisindeki minerallerin ayrisma ve ¢oziinme siireglerini
yorumlayabilmek i¢in (Ca+Mg)-(HCO3+S04) grafigi hazirlanmistir. Sularin igme suyu olarak kullanilabilirliginin
belirlenmesinde iilkemizde dikkate alinmasi gereken Insani Tiiketim Amach Sular Hakkinda Yénetmelik (ITASHY,
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2005) ile belirlenmis limit degerler dikkate alinmistir. Ayrica su 6rneklerinin analiz sonuglar1 diinya genelinde
gecerli olan Diinya Saghk Orgiiti (WHO, 2022) standartlan ile karsilastirlmistir. Sulama suyu olarak
kullanilabilirligi degerlendirmek icin ise Wilcox ve ABD tuzluluk laboratuvari diyagramlari ile Sodyum Yiizdesi
(%Na), Sodyum Adsorpsiyon Orani (SAR), Artiksal Sodyum Karbonat (RSC), Magnezyum Tehlikesi (MT),
Gecirgenlik Indeksi (PI) ve Kelly Oran1 (KR) degerleri kullanilmistir.

4. Arastirma Bulgular1 (Research Findings)
4.1. inceleme Alaninin Jeolojisi (Geology of the Study Area)

inceleme alani olarak secilen Dagbeli kéyii ve yakin cevresinde Beydaglar1 otoktonuna ait Beydaglari formasyonu,
Tekkekoy iiyesi, Sobiitepe formasyonu ve Camlidere olistrosromu, Antalya naplar1 Cataltepe napina ait
Yenicebogazidere formasyonu ve Likya naplar1 Marmaris ofiyolit napina ait Kizilcadag melanj ve olistrosromu
birimleri yiizeylemektedir (Sekil 1). Jura-Kretase yash neritik kirectaslarindan olusan Beydaglari formasyonu bej,
gri, krem renklerde, orta-kalin tabakal Kkirectaslarindan olusmaktadir (Senel, 1997). Sik erime bosluklu
formasyonda Kkarstlasma yaygin olup ¢ok sayida dolin ve diiden yapilar1 goézlenmektedir. Beydaglari
formasyonunun iist kesimlerini olusturan ince-orta tabakali globotruncanali mikritler Tekkekdy liyesi olarak
ayirtlanmistir.

Dagbeli Koyt batisinda kiiciik alanlarda gézlenen Sobiitepe formasyonu kumlu-killi kirectasi, kumtasi, kiltasi vb.
kayatiirlerinden olusmaktadir (Yal¢inkaya vd.,1986). Formasyon genel olarak farkli tabaka kalinliklarinda krem,
yesil, pembe, gri, bej vb. renklerde Kkilli-kumlu kirectasi, kiregtasi, marn, silttasi, kiltasi, kumtasi vb.
kayatiirlerinden yapilanmistir. Dagbeli Koyl giineyinde ince seritler halinde yiizeyleyen Camlidere olistrosromu
kiltasi, marn, Kkilli kiregtasi, kumtasi ve farkli boyutlu kirintilillardan olusmaktadir. Kirkgéz kaynaklar1 batisinda
kii¢lik alanda yiizeyleyen Yenicebogazidere formasyonu ¢ort, seyl, kalsitiirbidit, radyolarit ve kire¢taslarindan
olusmaktadir (Poisson, 1977). Dagbeli Koyii batisinda kii¢iik alanda gozlenen Kizilcadag melanj ve olistostromu
ise Marmaris ofiyolit napiin bir par¢asimi olusturmaktadir. Kizilcadag ofiyolitli melanji, kirmizimsi, yesilimsi,
kahverengimsi ve mavimsi renklerde alacali gériiniime sahiptir. Melanj Triyas, Jura, Kretase yash karbonatlar,
neritik kirectaslari, ¢ortli kirectasi, radyolarit- ¢ort ile bazalt, gabro, spilit, tiif, diyabaz vb. bloklar kapsar (Bilgin
vd., 1990). Dagbeli Koyt kuzeyi, Kovanlik ve Biyikli kdyleri civarinda kum, ¢akil, kil vb. birimlerden olusan aliivyon
ovalik genis alanlarda ytlizeylemektedir.

4.2. inceleme Alaninin Hidrojeolojisi (Hydrogeology of the Study Area)

Dagbeli Kéyii cevresinde en énemli akifer birimler kirectaslari ve aliivyondur. inceleme alani ¢evresinde bulunan
aliivyon, aliivyon yelpazesi ve yamag¢ molozu birimleri gézenekli akifer 6zelligi tasimaktadir. Gozenekli akiferlerde
kum ve ¢akil seviyelerinden yeraltisuyu alinmaktadir. Bu seviyelerin yayilimi ve kalinliginin artis1 oraninda énemli
miktarda yeraltisuyu elde edilebilmektedir. Bélgede aliivyon tabaninda kirectas: birimi bulunmaktadir. inceleme
alaninda genis alanlarda ytizeyleyen kirectaslarindan kirik-gatlak kesisim oranlar1 ve yogunlugu, kalinliklar1 ve
yaylhimlarinin artisi oraninda yiiksek debide yeraltisuyu elde edilebilmektedir. inceleme alaninda Beydaglar
formasyonu ve Tekkekdy lyesi karstik akifer o6zelligi tasimaktadir. Bolgede kirectaslarinda acilmis sondaj
kuyularinda yeraltisuyu seviyesi 42.3-62.8 m arasinda degismektedir.

Killi kiregtasi, marn, kiltasi, konglomera ve kumtasi ile olistolitli kirintililardan olusan Camlidere olistostromu ile
kalsitlirbidit, ¢ort, radyolarit, seyl ve kire¢taslarindan olusan Yenicebogazidere formasyonu ve Sobiitepe
formasyonu “yar1 gecirimli birim” olarak siniflandirilmistir. Bu birimler icerisinde bulunan konglomera, kumtas,
kirectasi ve kalsitiirbidit seviyeleri az miktarda yeraltisuyu icerse de bu litolojilerin ardalanmal ve kaotik yapida
bulunmasi birimlerin akifer 6zelligi tasimasini engellemektedir. Bolgede kiiclik alanlarda gozlenen Kizilcadag
melanj ve olistrosromu “gec¢irimsiz birim”dir. Kizilcadag melanj ve olistrosromu serpantinit ve serpantinit hamur
icerisindeki bulunan ofiyolitik malzemeler icerisindeki kirectaslarinda yeraltisuyu bulunabilirken genel yapi
itibariyle bu birimler yeraltisuyunu iletebilecek kapasitede degillerdir.

4.3. Su Noktalar1 (Water Points)
inceleme alaninda Camlidere olistrosromu ve Beydaglari formasyonu dokanaginda keson kuyular bulunmaktadir

(Sekil 2). Yagisa bagh olarak su alinabilen bu kuyular hayvanlarin ihtiyaclar icin kullanilmaktadir. inceleme
alaninda Beydaglari formasyonuna ait kiregtaslarinda agilmis olan sondaj kuyularindan su érnekleri alinmistir.
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Sekil 2. Keson kuyular (Caisson wells)

inceleme alani giineyinde en 6nemli su kaynag ise Kirkgoz kaynaklaridir. Kirkgdz kaynaklari, Antalya ilinin kuzey
ve kuzeybatisinda genis yayilima sahip olan Beydaglar: otoktonuna ait karstik kirectaslarindan ortalama 15 m3/s
debi ile yaklasik 1 km’lik zon boyunca bosalmaktadir. Beydaglari karbonat platformunda yeraltisuyu hareketi kiritk
sistemlerine bagh olarak gelismektedir. Kirkgéz kaynaklar1 KB-GD ve K-G dogrultulu kirik cizgilerinin kesisim
noktalarindan bosalmaktadir (Irlayici-Davraz, 1998; Davraz vd. 2009; Sekil 3). Bolgede yapilan jeolojik ve
hidrojeolojik arastirmalar, kaynagin farkl karstik kanallardan beslendigini géstermektedir (Ekmekgi, 2005). Atilla
(1996) tarafindan yapilan hidrojeokimya ve izotop degerlendirmeleri sonucunda Kirkgoz kaynaklar ile
Diidenbas1 kaynaginin Mesozoyik kirectaslarinin bir bosalimi oldugu belirtilmistir. Mesozoyik kirectaslar ise
Egirdir Goli havzasina kadar uzanan genis bir alanda ytizeylemektedir (Irlayici-Davraz, 1998; Davraz vd., 2006;
Davraz vd., 2009). Kirkg6z kaynaklar: Antalya ilinin temel igmesuyu kaynaklarindan biridir.

4.4. Hidrojeokimyasal Degerlendirmeler (Hydrogeochemical Evaluations)

Calisma kapsaminda Dagbeli Koyl glineyinde bulunan karstik akifer ortamda a¢ilmis keson kuyu ve sondaj
kuyulan ile boélgede karstik akiferden bosalan en 6nemli kaynak olan Kirkgéz kaynaklarindan 18.03.2023
tarihinde su 6rnekleri alinmistir. Su 6rneklerine ait kimyasal analiz sonuglari ve fiziksel parametreler Tablo 1’de
verilmistir. +25 °C deki 1 cm3 suyun iletkenligi (Erguvanh ve Yiizer, 1987) olarak tanimlanan 6zgiil elektriksel
iletkenlik (EC) degeri sularin kullanim 6zellikleri ve kalite degerlendirmelerinde kullanilan 6nemli
parametrelerden biridir.

Sekil 3. Kirkgoz kaynaklarindan bir goriintim (A view from Kirkgoz sources)
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Tablo 1. Su 6rneklerinin fiziksel parametre ve kimyasal analiz sonuglari
(Physical parameter and chemical analysis results of water samples)

Parametreler T1 T2 T3 T4 T5 ITASHY, WHO,
Keson Sondaj Kirkgoz Sondaj Sondaj 2005 2022
kuyu kuyusu kyn kuyusu kuyusu

pH 7.97 7.99 7.9 8.29 7.20 6.5-8.5 6.5-8.5

EC (us/cm) 352.3 634 679 476.4 730.3 2500

Coziinmiis oksijen (%) 31.6 32.5 33.89 40 69.1

Coziinmiis oksijen 4.02 4.1 4.25 5.02 6.59

(mg/1)

ORP (mV) 30.9 54.5 64.2 55.1 228.1

TDS (mg/) 193.7 348.7 373.45 262.02 401.66 1000

Sertlik (Fr9) 25.2 39.6 43.2 27.0 30.6

Na* (mg/I) 3.26 11.46 14.40 7.63 15.7 200 200

K+ (mg/]) 0.22 1.84 2.35 1.93 2.68

Ca*2(mg/I) 79.33 110.1 119.1 87.73 86 200

Mg*2 (mg/l) 1.42 19.28 23.92 14.29 22.3 150

COs2 (mg/I) - - - - <10

HCOs- (mg/I) 256.3 463.8 518.7 353.9 353

Cl- (mg/D) 6.34 12.68 14.33 9.79 17.2 250 250

S042 (mg/I) 6.19 11.32 17.36 9.46 20.1 250 250

Al (ug/D) 43.25 35.10 48.3 45.8 57.8 200 200

Br (ug/D) 0.07 0.09 0.12 0.78 0.11

Cr (ug/D <20 <20 <20 <20 <20 50 50

Cu (mg/D 10 9.2 12.1 10.8 13 2 2

Fe (ug/1) 27.6 25.6 28.2 19.8 29.9 200 300

Ni (ug/1) 9.2 8.8 7.6 8.65 10.1 20 70

Si (mg/) 1.72 2.76 2.65 1.93 -

Zn (ug/D sda sda sda sda 203

F (mg/D) 0.04 0.09 0.10 0.10 <0.1 1.5

NHa4 (mg/1) <0.06 <0.06 <0.06 <0.06 0.033

NOs (mg/I) 3.25 10.16 2.95 5.58 1.19 50 50

NO; (mg/]) sda sda sda sda <0.002 0.5 3

PO+ (mg/I) sda sda sda sda -

% Na 3.36 6.53 7.28 5.59 9.93

SAR 0.10 0.26 0.31 0.20 0.39

RSC 0.12 0.52 0.59 0.25 -0.04

MT 2.87 22.40 24.87 21.16 31.69

PI 51.96 42.96 41.49 46.56 48.06

KR 0.03 0.07 0.08 0.06 0.07

Su sinifi Ca-HCO3 Ca-HCOs3 Ca-HCOs3 Ca-HCO3 Ca-HCO3

Ca/Mg 33.90 3.47 3.02 3.73 2.16

Ca/Ca+S04 0.97 0.96 0.94 0.96 0.86

Ca+Mg/HCO3 0.97 0.93 0.93 0.96 1.23

Ca/HCO3 0.94 0.72 0.70 0.75 0.84

Na/Cl 0.79 1.39 1.55 1.20 1.16

CAI-1 (mek/I) 0.18 -0.53 -0.70 -0.38 -0.33

CAI-2 (mek/I) 0.00 -0.01 -0.02 -0.01 -0.02

Sularin EC degeri suda bulunan ¢éziinmiis iyon icerigi, sicaklik ve toplam derisim parametrelerine bagh olarak
degisiklik gosterir (Sahinci, 1991). Inceleme alanindan alinan sularin EC degerleri 352-730,3 uS/cm arasinda
degismektedir (Tablo 1). Yiikksek EC degerleri sularin iyon igeriginin artisin1 yansitir. Yine su siniflamalarinda
kullanilan 6nemli parametrelerden bir digeri olan suyun asit veya bazik 6zelligini tanimlamada kullandigimiz pH
degeri sudaki H+ ve OH- iyon iceriklerinin degisimine bagh olarak artis ve azalis gostermektedir. Inceleme
alaninda karstik akiferden alinan sularin pH degeri 7.2-8.29 arasinda ol¢iilmiistiir ve “bazik karakterli” sulari
yansitmaktadir (Tablo 1). Sularin Toplam Coziinmiis Kati Madde (TDS) degerleri 193,7-401,66 mg/l arasinda
degismekte olup suda ¢oziinmiis katilarin (tuzlar, mineraller, iz elementler vb.) toplam miktarini ifade etmektedir.
Ozellikle igme suyu siniflamalarinda énemli bir parametre olan sertlik su icerisinde bulunan sertlik verici iyonlarin
varligi ile artmaktadir. Ca ve Mg iyonlar1 dogal sularda diger major katyonlara gore daha fazla oranda
bulunduklarindan Ca-Mg-bikarbonat, Ca-Mg-siilfat ve Ca-Mg-nitrat sertligi olusturan ana bilesiklerdir. inceleme
alaninda sularin sertligi 25.5-43.2 Fr0 arasinda degismekte olup “oldukca sert-sert sular” smiflarini temsil
etmektedir.
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4.4.1. Major iyon icerikleri ve sularin siniflandirilmasi (Major ion contents and classification of waters)

Sularin major anyon ve katyon icerikleri suyun dolasim yolu iizerinde karsilastig1 jeolojik birimler ve akifer ortam
hakkinda bilgi verirken su sinifi ve hidrojeokimyasal fasiyeslerinin tanimlanmasinda kullanilan temel
parametrelerdir. inceleme alanindan alinan yeraltisularinda baskin katyon kalsiyumdur ve 79.33-119.1 mg/1
arasinda analiz edilmistir. Diger 6nemli katyon olan Mg ise 1.42-23.92 mg/] arasinda degismektedir (Tablo 1).

Sularin Na ve K degerleri ise sirasiyla 3.26-14.40 mg/l ve 0.22-2.68 mg/l arasindadir. Su 6rneklerinin HCO3
icerikleri 208-518.7 mg/l1, SO4 icerikleri 6.19-20.1 mg/1 ve Cl igerikleri 6.34-17.2 mg/] arasinda degismektedir
(Tablo 1). Sularda HCO3 anyonu baskindir. Sularin siniflandirilmasinda hidrojeokimyasal fasiyes terimi veya su
sinifit kavrami yaygin olarak kullanilmaktadir. Kayaglar i¢cindeki mineraller ile yeraltisuyu arasindaki kimyasal
stireglerin etkilerini yansitan bir kavram olarak tanimlanan hidrojeokimyasal fasiyes Back (1966) tarafindan
ortaya atilmistir. Back (1966)’e gore hidrojeokimyasal fasiyes su igerisindeki meq/1 cinsinden anyon ve katyon
degerlerinin %50’den fazla oranlarina goére tamimlanir. Inceleme alaninda su érneklerinin tamaminin Ca ve HCO3
icerikleri %50’den fazladir. Piper diyagrami sularin smiflar1 veya hidrojeokimyasal fasiyeslerinin tespitinde
yaygin olarak kullanilmaktadir. inceleme alaninda yeraltisular1 Piper diyagramina gére Ca-HCO3li sular
fasiyesinde oldugu gorilmektedir (Sekil 4). Ca soguk yeraltisularinda yiliksek miktarda bulunan katyonlardan biri
olup sudaki varlig1 kaya-su etkilesimi ile iliskilidir. Yeraltisularinda Ca en fazla kalsit, dolomit, anhidrit, aragonit
ve jips minerallerinde bulunmaktadir. Ek olarak, amfibol ve piroksen gruplari, bazi feldispatlar, apatit ve florit gibi
metamorfik ve magmatik kaya mineralleri kaynakli olarak da yeraltisularinda Ca artis1 gozlenmektedir (Sahinci,
1991). inceleme alanindaki sularda tespit edilen yiiksek Ca icerigi bélgede genis alanlarda yiizeyleyen ve sularin
etkilesim halinde oldugu Beydaglar1 formasyonuna ait kirectaslari ile iliskilidir. Yeraltisularinda HCO3, atmosfer
ve topraktaki CO2 varlig ile iliskili olarak karbonath kayaclarin erimesi ile bulunmaktadir. pH 8.2’den fazla olan
sularda bikarbonat iyonlari karbonat ve hidrojen iyonlarina ayrilir. Bu durum, pH 8.2’den daha diisiik olan sularda
HCO3'1n egemen olmasini saglar.

Sekil 4. Piper diyagrami (Piper diagram)
4.4.2. Hidrojeokimyasal prosesler (Hydrogeochemical processes)

Yeraltisularinda toplam ¢éziinmiis katilarin énemli bir bolimiinii olusturan major iyonlar akifer sisteminde
gerceklesen hidrojeokimyasal siireclere bagh olarak degisir. Yeraltisuyunun kimyasal yapisini kontrol eden olasi
hidrojeokimyasal siire¢ler ayrisma-¢oziinme (karbonat ayrismasi-silikat ayrigsmasi), iyon degisimi ve buharlasma
stirecleridir (Lakshmanan vd., 2003). Bu siiregler akifer ortam veya sularin etkilesimde olduklari kayaclarin
bilesimleri, kaya¢ ve mineraller ile karsilasma sirasi, minerallerin ¢6ziiniirliigii, sicaklik vb. bir¢ok faktére bagh
olarak degisir (Freeze ve Cherry, 1979). Sularin major iyon iceriklerini denetleyen siire¢lerin tanimlanmasinda
Gibbs diyagramindan yararlanilmaktadir. Gibbs (1970) tarafindan onerilen iki diyagram, su bilesimi ile akiferin
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litolojik 6zellikleri arasindaki iliskiyi tanimlamak icin kullanilmaktadir. Bu diyagramda suyun Na, K, Ca, Cl, HCO3
ve TDS degerleri ile belirlenen farkli oranlardan faydalanilmaktadir. Gibbs diyagramindaki (Sekil 3) veri noktalari,
“Kayag¢ Baskin” bolgede bulunmaktadir. Bu durum, bélgede yeraltisuyu kimyasini denetleyen ana faktériin kaya-

su etkilesimi oldugunu gostermektedir (Sekil 5).

100000 100000 e T1
e T2
Buharlagma Buharlasma
10000 Baskin 10000 Baskin ¥ T3
. T4
1000 =000
£ Kayac Baskin <)) ‘Kayag Baskin AS
ey o n E om
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Na/ (Na+Ca) mek/l Cl/ (CI+HCO: ) mek/I

Sekil 5. Gibbs diyagrami (Gibbs diagram)

Sularin major iyon igerikleri kullanilarak akifer sistemde gerceklesen jeokimyasal siireglerin tanimlanmasi
mimkiindiir. Tanimlamalarda farkli iyon oranlari ve grafikler kullanilmaktadir. Bu grafiklerden en ¢ok kullanilani
(Ca+Mg)-(HCO3+S04) grafigi olup minerallerin ayrisma ve ¢dziinme stireglerini tanimlamada yararlanilir. Grafikte
1:1 denge ¢izgisinin altindaki degerler silikat ayrismasiny, iistiindeki degerler ise karbonat ayrismasini gosterir
(Rajmohan ve Elango, 2004; Kuldip vd., 2011; Sener vd., 2020; Davraz ve Batur 2021; Tay, 2021). inceleme
alaninda yeraltisulari genel olarak 1:1 ¢izgisinin altinda olup silikat ayrismasinin baskin oldugunu géstermektedir
(Sekil 6). Ayrica, McLean ve Jankowski'ye (2000) gore, (HCO3+S04)-(Ca+Mg) grafiginde, 1:1 iliskisi ¢ozelti
bilesimini kontrol eden baskin siiregler olarak jips, anhidrit, kalsit ve dolomit ¢6zliinmesini gosterirken, 1:1
¢izgisinin altina diisen noktalar yeraltisuyu iyon degisimini gostermektedir, bu durumda Ca+Mg, HCO3+S04'a gore
tiikenmistir (Tay, 2021). Grafikte 6rnek noktalar1 1:1 dogrusuna yakinsa kalsit, dolomit ve jips ¢ozlintirligiintin
baskin reaksiyon oldugu diisiiniiliir (Datta ve Tyagi, 1996; Fisher ve Mulican, 1997). inceleme alanindan alinan
yeraltisuyu 6rnekleri bu grafikte 1:1 dogrusuna yakin oldugu goriilmektedir (Sekil 6). Bu durum sularda kalsit,
dolomit ve jips ¢oziiniirliigiiniin s6z konusu oldugunu yansitmaktadir.

Yeraltisuyunun Ca/Mg orani kalsit ve dolomit ¢dziinmesinin bir 6l¢iisti olarak kullanilmaktadir. Ca/Mg orani 1’e
esit ise dolomit ¢6ziinmesi baskin olarak tanimlanirken oraninin 1-2 arasinda degismesi kalsit ¢dziinmesini
yansitir (Mayo ve Loucks, 1995). Bu oranin 2’den biiyiik degerleri yeraltisuyunda Ca ve Mg iyonlarindaki artisin
silikat minerallerinin ¢éziinmesi ile iliskili oldugunu géstermektedir (Katz vd., 1998; Sener vd., 2020). inceleme
alaninda yeraltisuyu érneklerinin Ca/Mg orani 2’den biiyiik olup yeraltisuyunda tespit edilen Ca ve Mg iyonlarinin
kalsit minerallerinin ¢6zlinmesi kaynakli oldugu sdylenebilir (Tablo 1). Kirectaslar: farkl tane biytkliigiindeki
kalsit kristallerinden yapilmis ve genel olarak beyaz renkli monomineralik bir kayactir. inceleme alaninda
yeraltisuyu kiregtasi akiferinden alinmakta olup kalsit varlig: kiregtaslari ile iligkilidir. Yeraltisuyu érneklerinin
Ca/(Ca+S04) orani 0.5'den yiiksek olup bu durum yeraltisuyunda Ca iyonu varliginda jips karbonatlarin etkisinin
diisiik oldugunu gostermektedir (Subramani vd., 2010). inceleme alaninda yeraltisuyu érneklerinin Ca/HCO3
orani 0.5’den biiylik olmasi Ca ve HCO3'in kalsit ayrismasindan kaynaklandigini géstermektedir (Tablo 1).
Ca+Mg/HCO3 oranin 1'den biiytik degerleri karbonat ayrismasinin baskin oldugunu gosterirken 1’den diisiik
degerleri silikat ayrismasini isaret etmektedir (Pazant vd., 2012; Kumar Singh vd., 2012). Bolgede su 6rneklerinin
Ca+Mg/HCO3 oranmi bir 6rnek hari¢ 1'den disiiktiir. Sularda Ca, Mg ve HCO3z varliginin karbonat olmayan
kaynaklarla iliskili oldugu ve silikat ayrismasinin baskin oldugunu sdylenebilir.
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Karbonat Ayrismast
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Sekil 6. (Ca+Mg)-(HCO3+S04) grafigi ((Ca+Mg)-(HCO3+S04) graph)

Akifer malzemesinin yeralti suyu kimyasal bilesiminin evrimindeki rolii, katyonlar (CAI-1) ve anyonlar (CAI-2)
icin kloro alkali indeksleri belirlenerek incelenmistir. Schoeller (1967) tarafindan gelistirilen CAI-1 [Cl-
(Na+K)]/Cl] ve CAI-2 [CI-(Na+K)/(SO4+HCO3+CO3+NO3)] oranlari ile yeraltisuyu ve akifer ortam arasindaki iyon
degisim streci iligkilendirilmektedir. CAI-1 ve CAI-2 degerlerinin negatif olmasi, yeraltisuyundaki Ca ve Mg ile
kayactaki Na ve K iyonlar: arasinda degisimi gosterir ve bu da iyon degisimi olarak tanimlanir (Aghazadeh ve
Mogaddam, 2011; Schoeller, 1967). Pozitif indeks degerleri, yeralt: suyundaki Na ve K ile akiferdeki Ca ve Mg
arasinda bir degisim oldugunda ters iyon degisimini gdsterir. Inceleme alanindan alinan su érneklerinin kloro
alkali indeks degerleri negatif olup ¢alisma alaninda iyon degisiminin baskin oldugunu gostermektedir. Ayrica,
negatif CAI-1,2 degerleri kloroalkalin dengesizligini yansitir. Bu ortamda akifer kayaglar sudaki ¢6ziinmiis
iyonlarin birincil kaynaklaridir. Yeraltisularin Na/Cl orani 1 civarinda ve lstiinde ise suda Na iceriginin iyon
aligverisi ile iligkili olarak silikat ayrismasi kaynakli oldugu diisiiniilmektedir (Mayback, 1987, Kumar vd., 2006;
Tay, 2012). inceleme alaninda su érneklerinin Na/Cl orani bir 6rnek hari¢ 1’den biiyiiktiir (Tablo 1).

4.4.3. Kullanilabilirlik 6zellikleri ve kalite degerlendirmeleri (Usability features and quality reviews)

inceleme alan1 ve cevresinde sondaj kuyularindan alinan sular sulama suyu amach olarak kullanilmaktadir. Sularin
sulama suyu amagl kullanilabilirliginin degerlendirilmesinde Wilcox ve ABD tuzluluk laboratuvari diyagramlari
ile Sodyum Yiizdesi (%Na), Sodyum Adsorpsiyon Oram (SAR), Artiksal Sodyum Karbonat (RSC), Magnezyum
Tehlikesi (MT), Gecirgenlik indeksi (PI) ve Kelly Oram1 (KR) degerleri kullamlmistir. Bu parametrelerin
belirlenmesinde kullanilan formiiller ve degerlendirme 6lgiitleri Tablo 2’de verilmistir.

Sodyumun sulama sularinda ve topraktaki fazlalig1 toprak gecirgenligi azaltmas1 ve toprak yiizeyinde tabaka
olusturabilmesi nedeniyle olumsuz etki yaratmaktadir. Bu nedenle %Na ve SAR parametreleri sulama sulari igin
onemli olup sulama suyuna yénelik grafiklerde de kullanilmaktadir. inceleme alanindan alinan yeraltisuyu
orneklerinin %Na degeri 3.36-7.28 arasinda degismektedir (Tablo 1). Sodyum yiizdesi agisindan sular
“Mikemmel” sulama sular1 sinifindadir. Sularin SAR orani 0.10-0.31 arasinda olup “Cok iyi 6zellikte sulama sular1”
sinifindadir. RSC degeri toprakta stiziilme orani ile ilgili sorunun tahmininde kullanilan bir parametredir. RSC
degerinin negatif olmasi durumunda toprakta sodyum zarar1 olusma olasiligi bulunmadigi seklinde
yorumlanmaktadir (Eaton, 1950; Richards, 1954). Su 6rneklerinin RSC degeri -0.34 ile 0.59 arasinda degismekte
olup “cok iyi-I. simif’ sular1 temsil etmektedir (Tablo 1, 2). Pozitif RSC yeraltisularinda sodyum zarari
olusturabilecek potansiyel CO3 ve HCO3 iyonu varligini gostermektedir. Sularin PI degerleri ise %41.49-51.96
arasinda olup sulama suyu agisindan “II. simif” sular1 temsil etmektedir. Sulama suyu kullaniminda magnezyuma
bagli olumsuzluklarin tespiti i¢cin kullanilan MT degeri inceleme alanindaki sularda %2.87-31.69 degismekte olup
“Uygun” su sinifinda yeralmaktadir. KR degeri ise 0.03-0.08 arasinda olup sulama suyu agisindan “Uygun” su
sinifindadir (Tablo 1, 2).
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Tablo 2. Sulama suyu siniflamasinda kullanilan parametreler (Parameters used in irrigation water classification)

Parametre Sembol Birim Formiil ;)rranl Su sinifi :raynakl
0-20 Miikemmel
20-40 fyi .
rNa .
35(?1%22? %Na mek/l | 96Na =100+ (——r————) | 40-60 | izin verilebilir ‘1"8;%""'
rNa+rCa+rMg+r 60-80 Siipheli
>80 Uygun degil
Sodvum rNa <10 Cok iyi 6zellikte sulama sular1 | Todd,
A ds}(;rbsi on | sar mek/1 SAR = —— 10-18 | lyi ézellikte sulama sularl 1980
Oran Y rCatrMg 18- 26 Orta 6zellikte sulama sulari Richards,
2 >26 Kotii 6zellikte sulama sular1 1954
Eaton,
Artiksal ; ;'52_5 Cok iyi-1. Smif su Ili?ciloar ds
sodyum RSC mek/1 RSC = (rC03 + rHCO3) — (rCa+rMg) 2'5 Tyi-IL. Sinif su 1954 ’
karbonat ' Kullanilabilir-III. Sinif su
>2.5 Raghuna
th,1987
Magnezyum _ rMg <50 Uygun Raghuna
Tehlikesi MT mel/1 MT =100+ (ng + rCa) >50 Uygun degil th,1987
>0p25 I simif Doneen,
. . i 0, - :
F}eglrg.enllk PI mek/1 PI = 100 * M %25 II. siif 1964
indeksi r(Na + rCa +rMg) 75 Raghuna
g 1L simf
<%75 th,1987
_ rNa <1 Uygun Kelly,
Kelly orani | KR mek/l KR = e+ rig 12 Uygun degil 1963

Sulama suyu kullanilabilirligi degerlendirmelerinde ABD tuzluluk ve Wilcox diyagrami en ¢ok yararlanilan
diyagramlardir. inceleme alaninda su érneklerinin SAR, EC ve %Na degerlerine gére bu grafik iizerine
yerlestirilmistir. ABD tuzluluk diyagramina gore inceleme alanindaki sular orta ve fazla tuzluluga sahip az
sodyumlu sular1 temsil eden ‘C2S1’ sinifinda yer almaktadir (Sekil 7). Wilcox diyagraminda gore ise sular “cok iyi-
iyi kullanilabilir sular” sinifinda yeralmaktadir.
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= |o 14 L0150 - < -
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TUZLULUK _ TEHLIKESi KONDUKTIVITE MIKROMHO/cm (EC x E6) 25 C

Sekil 7. ABD tuzluluk laboratuvari ve Wilcox diyagramlari (ABD salinity laboratory and Wilcox diagrams)

Sularin igme suyu olarak kullanilabilirliginin yorumlanmasinda ise su 6rneklerinin anyon-katyon, iz element,
fiziksel parametreler ve bakteriyolojik analiz sonuglarinin iilkelerde belirlenen standart degerlere uygun olmasi
gerekmektedir. Ulkemizde Insani Tiiketim Amach Sular Hakkinda Yénetmelik (ITASHY, 2005) kullamilmaktadir.
Diinya genelinde ise Diinya Saglik Orgiitii (WHO, 2022) standartlari ile degerlendirmeler yapilmaktadir. Calisma
kapsaminda elde edilen fiziksel parametre, majér iyon ve azot tiirevi analiz sonuclar1 ITASHY (2005) ve WHO
(2022) standartlarina uygun oldugu tespit edilmistir. Ancak, sularin igcme suyu olarak kullanilmasi1 durumunda ek
analizlerin yapilmasi zorunludur.
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5. Sonug¢ ve Tartisma (Result and Discussion)

Bu calismada Dagbeli Koyl (Antalya) glineyinde bulunan kirectasi akiferinin hidrojeokimyasal o6zellikleri
incelenmistir. Ozellikle Antalya ilinin baslica icme suyu kaynaklarindan olan Kirkgéz kaynaklar: inceleme alani
gilineyinde bulunmakta olup ¢alisma kapsaminda incelenen en dnemli su kaynagidir. Dagbeli Koyii cevresinde en
o6nemli akifer birimler kirectaslar1 ve aliivyondur. Beydaglar1 formasyonu ve Tekkekdy tiyesi bolgedeki karstik
akifer 6zelligi tasimakta olan birimlerdir ve kirectaslarinda agilmis sondaj kuyularindan yiiksek debide yeraltisuyu
alinmaktadir. Calisma kapsaminda Dagbeli Koyii glineyinde bulunan kiregtasi biriminde agilmis keson kuyu,
sondaj kuyular1 ve Kkarstik akiferden bosalan Kirkgéz kaynaklarindan yeraltisularinin hidrojeokimyasal
ozelliklerini ve su kalitesini belirleyebilmek amaciyla Mart-2023 tarihinde su érnekleri alinmistir. Orneklerin
yerinde 6lciim ve kimyasal analiz sonugclari farkli grafik, diyagram ve standartlar kullanilarak degerlendirilmistir.
Elde edilen sonuclara gore sularin pH degeri 7.2-8.29 arasinda 6l¢iilmiistiir ve “bazik karakterli” sular sinifinda
oldugu belirlenmistir. Sularin sertligi 25.5-43.2 Fre arasinda degismekte olup “oldukga sert-sert sular” siniflarini
temsil etmektedir. EC degerleri 352-730,3 uS/cm arasinda; Toplam C6ziinmiis Kati Madde (TDS) degerleri 193,7-
401,66 mg/l arasinda degismekte olup suda ¢6ziinmiis katilarin (tuzlar, mineraller, iz elementler vb.) toplam
miktarini ifade etmektedir.

Incelenen yeraltisularinda baskin katyon kalsiyumdur ve 79.33-119.1 mg/I arasinda dl¢iilmiistiir. Su 6rneklerinin
baskin anyon ise HCO3 olup igerikleri 208-518.7 mg/l arasindadir. Yeraltisular: Piper diyagramina gére Ca-HCO3'lh
sular fasiyesinde yeralmaktadir ve Gibbs diyagrami bolgede yeraltisuyu kimyasini denetleyen ana faktoriin kaya-
su etkilesimi oldugunu gostermektedir. Hidrojeokimyasal siirecleri yorumlayabilmek icin hazirlanmis olan
(Ca+Mg)-(HCO3+S04) grafigine gore yeraltisularinin kimyasal gelisiminde silikat ayrismasinin baskin oldugu ve
kalsit, dolomit ve jips ¢dziiniirliigiiniin soz konusu oldugu belirlenmistir. Ayrica, sulardaki Ca ve Mg iyonlarinin
kalsit minerallerinin ¢6ziinmesi kaynakli oldugu sdylenebilir. Na iyonunun varligi ise daha ¢ok iyon alisverisi ile
iligkili olarak silikat ayrismasi kaynaklidir. Sularin sulama suyu amagl kullanilabilirliginin degerlendirilmesinde
Wilcox ve ABD tuzluluk laboratuvar: diyagramlari ile Sodyum Yiizdesi (%Na), Sodyum Adsorpsiyon Orani (SAR),
Artiksal Sodyum Karbonat (RSC), Magnezyum Tehlikesi (MT), Gegirgenlik indeksi (PI) ve Kelly Oram (KR)
degerleri kullanilmistir. Yapilan degerlendirmelere gore yeraltisulari sulama suyu olarak kullanilabilir
ozelliktedir. igmesuyu kullamilabilirligin belirlenmesi i¢in yeraltisularinin fiziksel, major iyon ve azot tiirevi analiz
sonuglar1 ITASHY ve WHO limit degerleri ile karsilastirilmis ve sézkonusu icmesuyu standartlarina uygun oldugu
tespit edilmisgtir.
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Anahtar Kelimeler Oz

Cift Bant Gegiren Filtre, Cift bantli mikrodalga bant gegiren filtreler, ¢ok bantli radyo dalgasi ve kablosuz
Baglantili Hat, uygulamalardaki talebi karsilamak icin son gelismelerde biiyiik ilgi gormistir. Bu
GOOSE algoritmast, ihtiyac1 karsilamak i¢in optimizasyon yontemlerine sik¢a bagvurulmaktadir. Burada
Meta Sezgisel karsilasilan bir diger biiyiik problem ise optimizasyonda secilecek giris veri setlerinin
Optimizasyon, deger genislik araliginin secimidir. Bu makalede, 5G kablosuz iletisim sistemleri icin
Dizi Aralik Segimi. 2,8 GHz ve 3,3 GHz i¢in spektrum bant geciren kompakt bir mikroserit bant gegiren

filtre (BGF) optimizasyon problemi lizerinden giris veri seti araliginin seciminin
optimizasyon problemi {zerindeki basarisinin katkisi sunulmaktadir. Yapilan
calismada giris parametre sayisinin yiiksekliginin yani sira segilen filtre modelinin ¢ift
bantli olmasi optimizasyon problemini oldukca zorlastirmaktadir. Bu nedenle
algoritma olarak giincel ve olduk¢a basarili bir algoritma tercih edilmistir. Tasarim
sonuglar1 MATLAB programi kullanilarak filtrenin S (dB) parametreleri simiilasyon
olarak sergilenmistir. Ayrica secilen araliklarin sonuglari tablo olarak ele alindiginda
oldukca degisken basarilar elde edildigi goriilmektedir. Buda optimizasyon
problemlerinde, giris veri setinde genislik aralik se¢imi biliyiilk 6nem arz ettigini
gostermektedir.

THE EFFECT OF SERIES RANGE SELECTION ON THE RESULT IN THE DESIGN
PROBLEM OF A COMBLINE BAND PASS FILTER WITH DUAL BAND
MICROSTRIP CONNECTION USING THE GOOSE ALGORITHM

Keywords Abstract

Dual Bandpass Filter, Dual-band microwave bandpass filters have attracted great attention in recent
Connected Line, developments to meet the demand in multiband radio wave and wireless applications.
GOOSE algorithm, Optimization methods are frequently used to meet this need. Another big problem
Metaheuristic encountered here is the selection of the value width range of the input data sets to be
Optimization, selected in optimization. In this article, the contribution of the success of the selection
Series Range Selection. of the input data set range on the optimization problem through a compact microstrip

bandpass filter (BPF) optimization problem with spectrum bandpass for 2.8 GHz and
3.3 GHz for 5G wireless communication systems is presented. In the study, the high
number of input parameters as well as the fact that the selected filter model is dual-
band makes the optimization problem very difficult. For this reason, an up-to-date
and very successful algorithm was preferred. The design results of the filter's S (dB)
parameters were simulated using the MATLAB program. In addition, when the results
of the selected intervals are considered as a table, it can be seen that quite variable
success has been achieved. This shows that in optimization problems, width range
selection in the input data set is of great importance.
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Highlights

e In the study, the difficult optimization problem of a dual-band microwave bandpass filter, which is a
challenging design and can respond to the demands in wireless applications, was used to illuminate the
selection of the optimal parameter range of the input set, which is a very new and never used in this field, by
using an updated metaheuristic algorithm.

e  The results obtained from the design are shown as simulation of the S (dB) parameters of the filter using the
MATLAB program.

e Asaresult of the study, a study that can be used as a reference for input parameter data input range selection
in future studies, just like the objective function selection study (Uluslu, 2023), has been revealed.

o After the study, the selection of the input data set range can be determined automatically at the beginning of
the algorithm with the help of Latin Hypercube and Monte Carlo sampling methods.
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Figure. Using the GOOSE algorithm in dual bandpass combined filter design: (a) Schematic view of the filter (b) S
parameter (dB) simulations [data set range (R) = 40%)]

Purpose and Scope

The main purpose of this study is to shed light on the selection of the optimal parameter range of the input set, which creates
a big question mark in the minds of designers in optimization problems.
Design/methodology/approach

Experiments have been made on the challenging optimization problem of a dual-band microwave bandpass filter, which is a
challenging design and can meet the demands in wireless applications, using an updated metaheuristic algorithm that is very
new and has never been used in this field. The results obtained are presented both as figures and tables.

Findings

As aresult of the study, a study that can be used as areference for input parameter data input range selection in future studies,
just like the objective function selection study (Uluslu, 2023), has been revealed.

Research limitations/implications

The results obtained reached a value of 40% of the data set, which is neither small nor large. Therefore, the most successful
results achieved remained within the limits of 20% and 50%. The results obtained from the design are shown as simulation
of the S (dB) parameters of the filter using the MATLAB program.

Practical implications

After the study, the selection of the input data set range can be determined automatically at the beginning of the algorithm
with the help of Latin Hypercube and Monte Carlo sampling methods.

Social Implications

Light has been shed on the selection of the optimal parameter range of the input set, which creates a big question mark in the
minds of designers.

Originality

There is no similar study in the literature. In addition, the fact that the selected algorithm and filter are up-to-date supports
the novelty of the study. The selected study topic is a reference for future studies.
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1. Giris (Introduction)

Mikroserit filtresi, gecis bandi i¢cinde istenen frekans sinyalini iletirken istenmeyen frekans sinyalini zayiflatan iki
portlu bir agdir ve frekans tepkileri kontrol edilebilir (Pozar, 2011). Genel olarak mikrodalga filtreleri, diisiik
gecisli, yiiksek gecisli, bant geciren ve bant durdurucu filtreler olmak tizere dort tipik frekans karakteristigine gére
siiflandirilabilir (Rezaei vd., 2012; Uluslu, 2021). Giinlimiizde mikrodalgalar, endiistriyel ve tibbi kullanimlarda
1s1tma, evsel mikrodalga firinlarda hizh pisirme ve cevresel uzaktan algilama icin yaygin olarak kullanilmaktadir
(Das & Das, 2010). Miihendisler, mikroserit ¢izgileri, serit cizgileri, koaksiyel cizgileri, yarik c¢izgileri, dalga
kilavuzlar1 ve mikrodalga kaynaklar1 gibi mikrodalga destekli yapilar i¢in yeni yontemler gelistirmek i¢in 6zel
mikrodalga o6zelliklerinden yararlanmilir. Mikrodalga bilesenleri, zayiflaticilar, izolatorler, sirkiilatorler, faz
degistiriciler, yon degistiriciler, karistiricilar, faz degistiriciler ve detektorler gibi dagitilmis bilesenlerden olusur
ve cihazin fiziksel kapsami boyunca voltaj veya akim fazi1 6nemli 6l¢iide degisir.

Bant geciren filtreler, frekansin belirli bir aralik icinde kalmasina izin verirken ayni1 zamanda bu aralik disinda
kalan herhangi bir sinyali reddeder. Alcak geciren filtreler ve yiiksek geciren filtreler, standart bir bant geciren
filtre olusturmak icin birlestirilebilir (Belen & Belen, 2023). Bununla birlikte, ISM bant filtresinin gelismesi
nedeniyle, mikroserit cift bantli bant geciren filtre, cok bantli antenler ve ¢ok banth filtreler gibi ek donanima
ihtiya¢ duyar (Gogen vd. 2022). Radyo frekansi enerjisinin endiistriyel, bilimsel, tibbi, evsel veya benzeri
amagclarla yerel olarak kullanilmasini saglamak icin gelistirilen ekipmanin calismasi, ISM uygulamalari tarafindan
tanimlanmaktadir.

Giliniimiizde kablosuz iletisimdeki gelismeler ve yeni sistemlerin ortaya ¢ikisi, uygun fiyath ve kiigiik ¢ift banth
mikrodalga filtrelerine olan talebin artmasina neden olmustur. Cift banth bant gegiren filtreler yapmak icin, iki
farkli bant genisliginde c¢alisan iki filtrenin birlestirilmesi veya bir genis bantli bant geciren filtre ve bir bant
durdurucu filtreden olusan bir kademenin kullanilmasi gibi bircok yontem vardir (Ragavi. vd., 2023). Sonug olarak,
mevcut filtrenin bu dezavantajlarini ele almak ve etkili bir ¢dziim elde etmek icin, filtrenin toplam boyutunu,
agirhigin1 ve maliyetini azaltabilen ve ekleme kaybini azaltabilen bir mikroserit ¢ift bantli bant geciren filtreler
onerilmistir (Gomez-Garcia & Yang, 2021; B. P. Kumar & Baskar, 2022; N. Kumar & Kumar, 2015; Malki vd., 2022;
Wan vd., 2023; Yang vd., 2024; Zhao vd., 2024).

ISM bandi genellikle kurallara uygun, lisanssiz bir radyo frekansi spektrumudur. Bununla birlikte, ISM bandi
kullanicilarinin diger kullanicilarin miidahalesine karsi glivenli bir glivence yoktur. ISM band1 uygulamalari, radyo
frekansindaki (RF) endistriyel, bilimsel ve tibbi ihtiyaclar i¢in uluslararasi olarak ayrilmistir. ISM ekipmani ayni
frekansi kullanirken elektromanyetik girisim radyo iletisimlerini kesintiye ugratir. Sonug¢ olarak, radyo bandi
yalnizca belirli frekans bantlariyla kullanilabilir. Yiiksek hizli kablosuz LAN'larda ¢alisan iki ISM frekansi olan 2,8
GHz ve 3,3 GHz bantlarinda c¢alisacak sekilde cift bantli bir mikroserit bant geciren bir filtre 6nerilmis ve
tasarlanmistir. Ayrica PCB iizerinde paralel cift mikroserit filtrelerin imalati daha kolaydir ve seri iiretim daha
ucuzdur. Kablosuz iletisimdeki son gelismeler, RF devrelerinin ¢ift banthi bant ge¢irmesini zorunlu kilmistir (Hong-
Ming Lee vd,, t.y.; Miyake vd,, t.y.; Quendo vd,, t.y.; Tsai & Hsue, 2004).

Calismada kullanilacak olan yeni bir meta sezgisel algoritma olan GOOSE algoritmasi kazin dinlenme ve yiyecek
arama sirasindaki davranisina dayanan bir yontemdir. Kaz tek ayak tizerinde durur ve siiriideki diger hayvanlari
korur. Genetik algoritma (GA), Parcacik siiriisii optimizasyonu (PSO), Yusufcuk algoritmasi (YA) ve Uygunluga
bagh optimize edici (UBO) ile karsilastirmali bir ¢alisma, GOOSE algoritmasini iyi bilinen 19 kiyaslama testi
isleviyle karsilastirilan bir ¢alismada basarisi teyit edilmistir (Hamad & Rashid, 2024). Ayrica bu ¢alismada 10
modern kiyaslama fonksiyonu iizerinde test edilmis ve elde edilen sonuglar Yusufcuk algoritmasi (YA), Balina
optimizasyon algoritmas1 (BOA) ve Salp siiriisii algoritmasi (SSA) gibi giincel ii¢ algoritmayla karsilagtirilmistir
(Hamad & Rashid, 2024). Tiim bu elde edilen bulgular miihendislik vaka calismalarinin sonuglari, 6nerilen
yaklasimin gergek diinyada ortaya ¢ikan sorunlar icin GOOSE algoritmasinin rahatlikla kullanilabilecegini
gostermektedir.

Bu fikir dogrultusunda bu yazida GOOSE algoritmasi, gelistirilmis bir amag¢ fonksiyonu destegi ile mikroserit ¢ift
bantli fitre tasariminda basariyla uygulanmaktadir. Bu algoritmay1 kullanan tasarim stireci basittir ve en énemlisi
zamandan tasarruf saglamaktadir. Similasyon sonuglari, algoritmanin geleneksel dogrudan optimizasyon
yontemine gore daha iyi bir filtre performansi saglayabilecegini gostermektedir.

Ozetle calismada dne ¢ikanlar:

o Calismada, zorlu bir tasarim olan ve kablosuz uygulamalardaki taleplere cevap verebilen cift banth
mikrodalga bant geciren filtrenin zor optimizasyon problemi, giris setinin optimal parametre araliginin
secimini aydinlatmak amaciyla kullanilmistir. Giincellenmis bir meta-sezgisel algoritma kullanan, ¢ok yeni
ve bu alanda hi¢ kullanilmayan bir algoritmadir.
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o Tasarimdan elde edilen sonuglar, filtrenin S (dB) parametrelerinin MATLAB programi kullanilarak
simiilasyonu olarak gosterilmistir.

o (Calisma sonucunda tipki amag fonksiyonu se¢imi calismasi gibi (Uluslu, 2023) gelecekteki ¢alismalarda
giris parametresi veri giris aralif1 se¢imi i¢in referans olarak kullanilabilecek bir calisma ortaya
¢ikarilmistir.

o Calismanin ardindan giris veri seti araliginin se¢imi, Latin Hypercube ve Monte Carlo 6rnekleme
yontemleri yardimiyla algoritmanin basinda otomatik olarak belirlenebilir.

2. Kaynak Arastirmasi (Literature Survey)

Literatiirde yapilmis olan ¢alismalarda mikroserit hat filtreleri icin firkete, tarak hatti, paralel bagh hat, adim
empedansi ve saplama empedansi gibi bircok farkli yapi ve teknikler énerilmistir (BELEN & MAHOUTI, 2019; Lin
vd., 2007; Maharjan & Kim, 2014; Psychogiou vd., 2018; Rajendran, 2012; Saad vd., 2008; Shaman, 2012; ULUSLU,
2022; Yi-Ming Chen vd., 2007). Bir ¢calismada, 2,40 GHz ila 2,48 GHz gecis band1 icin 0,5 dB dalgalanmali bir
Chebyshev mikroserit filtresi 6nerilmistir (Rajendran, 2012). Bir diger ¢alismada, yeni bir mikroserit baglantili hat
teknigi kullanilarak kompakt diizlemsel bant geciren filtre (BGF) gelistirilmistir (Shaman, 2012). Merkez frekansi
yaklasik 3,0 GHz olan bir filtre olusturmak icin ¢eyrek dalga boyu uzunlugunda ti¢ paralel bagh ¢izgiden olusan iki
bolim kullanilmistir. Baska bir yaklasim, diisiik sicaklikta ortak ateslemeli seramik olarak bilinen, giivenilir
elektromanyetik analiz yoluyla uygulanmasi daha uygun olan ve fiziksel boyutlar1 en aza indiren filtre yapilar
saglamaktadir (Saad vd., 2008). Diizlemsel sa¢ tokasi rezonatorler, fiziksel olarak kii¢iik bir bant geciren filtreler
kullanilmaktadir. T besleyiciler ile firkete sekli boyunca farkl bir birlestirme etkisi, firkete filtresinin yapiminda
kullanilmaktadir (Maharjan & Kim, 2014). RFID uygulamalari igin gerekli olan simiile edilmis 5,8 GHz merkez
frekansindan yaklasik 0,2 GHz daha disiik bir frekans kullanilmaktadir. Kombine filtre tasarimy, kiiciik fiziksel
boyutlar: ve diisiik kayip avantajlari nedeniyle artik ¢ok sayida uygulamada yaygin olarak kullanilmaktadir (Lin
vd., 2007; Yi-Ming Chen vd., 2007). Yapilan ¢alismada, iki kutup ve 27,6 x 5 mm2'lik bir alan iceren yeni gelistirilmis
birlestirilmis bant geciren filtrenin ¢oklu iletim sifirlari oldugu belirtilmektedir (Lin vd., 2007). 1,43 GHz merkez
frekansi, 3 dB kesirli bant genisligi yaklasik %11,51, ekleme kaybi yaklasik 2,781 dB ve gecis band1 doniis kaybi
yaklasik 18,1 dB'dir. Kademeli impedansh gelistirilmis bir birlesik bant gecisi tasarlanmis ve agiklanmistir (Yi-
Ming Chen vd., 2007). Alt tabakaya entegre dalga kilavuzu teknolojisinde kompakt, tek katmanl bir filtreleme gii¢
boliicii sunulmustur. Dagitilmis birlestirme hatt1 rezonatérleri, Chebyshev filtreleme tepkisi ile bir gii¢ boliicii
olusturmak icin etkili bir sekilde uyarlanmistir. Simiilasyon ve deneysel sonuglar iyi bir uyum igcinde olan bu
calisma ile %50'lik bir boyut kii¢tiltme ile birlikte miikemmel segicilik performansi sergilenmistir (Farahani vd.,
2021). 1,85GHz mikrodalga bant gecis uygulamalari i¢cin Yiiksek frekans yapi simiilatorii (YFYS) kullanilarak
dikdortgen dalga kilavuzu bosluklari ve Cebigev yaklasimina dayali ¢ok portlu bir tarak ¢izgisi filtresinin yeni bir
geometrik boyutlandirma ve boyutlandirma ayarlama stratejisini 6nermektedir. Gelistirilen filtre tasarimi, diger
yeni yiiksek performansli filtre topolojilerinin tasarlanmasina olanak taniyan uygulanan optimizasyon yonteminin
dogru kullanilabilirligi nedeniyle diger filtre prototiplerine kolayca uyarlanabilir (Damou vd., 2022). Eklemeli
liretim i¢in tasarlanan bu filtre, dikey olarak 3D yazdirilabilir bir geometri saglamak i¢in tiggen irisler ve bosluklar
kullanilabilir (Sirci vd., 2021). Gelismis elektriksel tepkiye sahip dalga kilavuzu birlesik bant geciren filtrelerin
tasarlanmasi icin ¢ok etkili bir prosediir sunulmaktadir. Onerilen teknik, tasarim siirecini daha basit asamalara
bolerek optimize edilecek degisken sayisini azaltan bir segmentasyon stratejisine dayanmaktadir. Ayrica, deneysel
bir dogrulama olarak, simiile edilmis ve deneysel veriler arasinda iyi bir uyum goésteren simetrik filtrenin bir
prototipi iiretilmistir (Jamshidi-Zarmehri vd., 2023).

Yapilan bagka bir calismada, 2,47 - 2,68 GHz ve 5,04 - 5,29 GHz arasindaki frekanslar i¢in ¢ift bantli bir mikroserit
bant geciren filtrenin gelistirilmesini ve optimizasyonunu sunulmustur. Filtreleme ve kablosuz iletisim alanina
kisa bir girisle baslayarak, ANSYS HFSS yazilimini kullanarak sayisal modelleme incelenerek, ardindan filtre
parametrelerinin pratik uygulamasini ve o6l¢limi takip edilmistir. Geometri, dielektrik ve baglantidaki
degisikliklerin filtre performansini nasil etkileyebilecegini ayrintilariyla anlatilmis ve simiile edilmis verileri
deneysel sonuclarla karsilastirarak sonuclar sunulmustur (Andreica vd., 2023).

Bir diger ¢alismada ise Z-domain yaklasimi kullanilarak cift bantli bant gecisli mikrodalga filtre tasarimi
tanitilmaktadir. Bu bildiride 6nerilen tasarim tekniginde, istenilen cift bant gecis filtresinin analog 6zellikleri dijital
ozelliklerine doniistliriilmiistir. Dijital filtre sifirlar1 uygun bir optimizasyon teknigi ile kaldirilmaktadir. Cift
gecisli bant filtresinin istenen filtre katsayilarini elde etmek icin genetik algoritma tabanli optimizasyon teknigini
(DSP tabanli) uygulanir. Filtre katsayilari ileri transfer sagilma matrisi (Sz1) cinsinden hesaplanmistir. Bu filtre
katsayilari, acik devre koganlarinin, kisa devre kocanlarinin ve iletim hatti béliimlerinin karakteristik
empedansinin uygun degerlerini verir. Teorik sonug cift bant gecisli mikrodalga filtresi MATLAB ve HFSS
Simiilasyon aracinda dogrulanmistir (P. Kumar, 2015).
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Bu makalede, 5G kablosuz iletisim uygulamalarina uygun, 2,8 ile 3,3 GHz frekans bandini kapsayacak sekilde
MATLAB yazilim araglar1 kullanilarak fiziksel olarak kiiciik bir ii¢iincti dereceden mikrogerit kombi hatti BGF
tasarlanmistir. Bir dielektrik substrati kullanir. Filtre tasarimi ve performansi sonraki boéliimlerde sunulmakta ve
tartisilmaktadir.

3. Materyal ve Yontem (Material and Method)
3.1. Matematiksel Model (Mathematical Model)

Kullanilan filtrenin tasarim temelinde, empedans ve frekans bakimindan normallestirilmis bir Butterworth algak
geciren filtre prototipiyle baslamaktadir. Daha sonra prototip tasarimini (BDF) istenilen frekans araligina (BGF)
dontstiirmek icin déniistimler uygulanir. Bu iki adim, toplu elemanlarin (kapasitorler ve indiiktérler) devrelerine
yol agmaktadir. Son olarak, toplu elemanlar1 mikroserit iletim hattina déniistiirmek i¢in Richards doniisiimui
kullanilir (Hong & Lancaster, 2001).

3.1.1. Filtre tasarimi (Filter design)

Diizlemsel filtre, her biri bir ucunda gecis deligi topraklamasi ve diger ucunda giris ve ¢ikis terminalleri i¢in 50Q
iletim hatti empedanslarina sahip bir kapasitor ile sonlandirilan ti¢ rezonator kullanir. Hatlar arasindaki baglanti,
liclincili dereceden bant geciren Butterworth dzellikleriyle merkez frekansta rezonansa girecek sekilde ayarlanir
(Al-Yasir vd., 2018). Onerilen birlesik filtre, 6 tanesi degisken olmak iizere toplamda 13 farkli parametre barindirir.
Bununla birlikte, MATLAB R2022B versiyonu itibari ile kullanima sunulan R2023B versiyonu kullanilarak simiile
ve optimize edilmistir. Filtre tasariminin sematigi ve tasarim parametreleri Sekil 1 ve Tablo 1'de detayl olarak
verilmigtir.

RF PCB Geometry Metal

W Feed
PortLineWidth

o Load
= PCB

ResonatorSpacing

PortLineLength

Sekil 1. Cift banth mikrogserit baglantili kombine bant geciren filtrenin sematik goériintimi
(Schematic view of dual-band microstrip junction combline bandpass filter)

Tablo 1. Kombine filtre tasarimi icin parametreler (Parameters for combline filter design)

Parametre Merkez Deger Deger Aralik Tanim
ResonatorLength 3 (mm) + %20, %30, %40, %50 Rezonatoriin uzunlugu
ResonatorWidth 1,6 (mm) + %20, %30, %40, %50 Rezonatoriin genisligi
ResonatorSpacing 0,4 (mm) + %20, %30, %40, %50 Rezonatorler arasindaki bosluk
PortLineLength 1.1 (mm) + %20, %30, %40, %50 Giris ve ¢ikis hatlarinin uzunlugu
PortLineWidth 1,3 (mm) + %20, %30, %40, %50 Giris ve ¢ikis hatlarinin genisligi
GroundPlaneWidth 5,0 (mm) + %20, %30, %40, %50 Yer diizleminin genisligi
FilterOrder 3 Sabit Filtre sirasi
ResonatorOffset 0 Sabit Her rezonatdriin Y ofseti
FeedOffset 3,00E-01 Sabit Giris ve cikis hatlar1 i¢in Y ofseti
Capacitor 1 pF Sabit Kapasitor degeri
Height 1,6 (mm) Sabit Kombine filtrenin zemin diizleminden yiiksekligi
Substrate dielektrik Sabit Dielektrik malzeme nesnesinin tiirti
Conductor Metal Sabit Katman nesnesinin iletilmesinde kullanilan metal tiirii
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Cift bantli mikroserit baglantili kombine bant geciren filtre tasarim optimizasyonu Tablo 1'de verilen
optimizasyon degiskenleri kullanilarak GOOSE algoritmasi ile yapilmistir.

3.2. Onerilen Yontem (Proposed Method)

Bu calismada, bir c¢ift banth mikroserit baglantili kombine bant geciren filtre tasariminin optimizasyon problemi
ile ¢cozerken heniiz cok yeni olan ve bu alanda kullanilmamis olan GOOSE algoritmasi kullanilarak giris veri seti
aralik seciminin optimizasyon problemi lizerindeki etkisi 6l¢iilecektir. Segilen algoritma literatlir taramasinda
bulunan calismada farkli problemler icin diger algoritmalar karsinda oldukga basarili sonuglar vermistir (Hamad
& Rashid, 2024). Giris veri seti deger araliklar1 Tablo 1’de belirtildigi gibi degisken olan 6 parametre i¢cin merkez
degeri (varsayilan) baz alinarak +%20, +%30, +%40 ve +%50 olacak sekilde test edilecektir. Her bir sonug ayr1
ayr1 ele alinip elde edilen veriler sonuglar kisminda detayli olarak belirtilecektir. Calismanin en sonunda ise en
diisiik maliyet fonksiyonuna sahip sonuclar tasarim sonucu olarak simiile edilerek sonuglari sunulur. Asagidaki alt
boélimlerde GOOSE optimizasyon algoritmasi kisaca 6zetlenerek bu optimizasyonda kullanilacak olan amag ve
maliyet fonksiyonlar1 hakkinda detayli bilgi verilecektir.

3.2.1. GOOSE algoritmasi (GOOSE algorithms)

GOOSE algoritmasi ilk olarak popiilasyonu, yani X matrisini baslatir. X, bir kazin konumunu temsil eder.
Popiilasyon baslatildiktan sonra, arama alani disina ¢ikan arama ajanlari yani kazlar geri dondiiriiliir. Her
yineleme i¢in her arama ajaninin uygunlugu standart test fonksiyonlar1 araciligiyla belirlenir. Aramadaki her
ajanin (X matrisindeki her satir) uygunluk degeri dl¢tlerek en iyi uygunluk (BestFitness) ve en iyi konum (BestX)
degerlerini bulmak icin diger ajanlarin (diger satirlar) uygunluk degerleriyle karsilastirilir. BestFitness ve BestX,
her bir mevcut satirin uygunlugunu (fitness;+1) bir 6nceki satirin uygunluguyla (fitness;) karsilastiran islemlerdir.
Sonraki adimlarda, kesif ve kullanim asamalar bir kosul ve rastgele bir degisken kullanilarak dengelenir. Bu
degisken, yineleme sayisina goére asamalar: esit olarak dagitmayr amaglamaktadir. "rnd" olarak adlandirilan
rastgele degisken kullanilarak kazda kesif veya kullanim i¢in %50 olasilik verilir. Kosullu bir ifade ile yinelemeler

» o«

kesif ve kullanim arasinda esit olarak béliiniir. Ayrica, “pro”, “rnd” ve “coe” gibi rastgele degerler alan baska
degiskenler de vardir. “Pro”, “rnd” ve “coe” degiskenlerinin degerleri 0 ile 1 arasinda bulunur. “Coe” degerinin
0,17'den kiiciik veya esit olup olmadigini kontrol etmek i¢in bir kosul belirlenir; aksi takdirde, deger 0,17'ye
esitlenir. “Pro” degiskeninin islevi, hangi denklemin ¢alisacagini belirlemektir. Ayrica, kazin ayagiyla tasidig1 tasin
agirhgin temsil eden degisken de bulunur. Kesif ve kullanim asamalar ileri kisimlarda ayrintili olarak

tartisilacaktir (Hamad & Rashid, 2024).
3.2.1.1 Kullanim asamasi (Usage phase)

Bolim 3.2.1'de agiklandigi gibi, gruplar: koruma olasiligi, kullanim asamasi i¢in sahip oldugumuz bir 6n kosuldur.
Hedef kazin ayaginda tuttugu tasin agirligini bulmaktir. Bu agirhgin 5 ile 25 kg arasinda oldugu tahmin
edilmektedir. Denklem (1) aracilifiyla, herhangi bir yineleme i¢in tasin agirhigini rastgele bulunur. Bu degisken,
yineleme sayisini gosterir.

Stone_Weighti=randi([5,25],1,1) (D

"li

Daha sonra, Denklem (2)'de, tas diistiiglinde yere ulasmasi icin gereken siire olan “Time_of Arrive_Objecti
bulunmalidir. Bu siire, dongiideki her yineleme icin 1 ile boyut sayisi arasinda rastgele bir degerdir.

Time_of Arrive_Objecti=rand(1, dim) (2)

Denklem (3)'te, nesne yere carptiginda ve bir ses ¢ikarip siiriideki bireysel kaza iletildiginde gecen siire olan
“Time_of Arrive_Sound;:”"i bulunur.

Time_of Arrive_Soundi=rand(1, dim) 3)
Bir sonraki denklemde, yinelemeler boyunca sesin yayilmasi ve siiriideki bireysel kaza ulasmasi i¢in gereken

toplam stire kesfedilir. Denklem (4)'te gosterildigi gibi, toplam siire boyut sayisina boliniir. Gerekli ortalama
slireyi elde etmek i¢in toplam siire 2'ye boliiniir. Denklem (5) adimlari agiklayan kisimdir.

Total. time:Z(Time_o f_A?jrive_Soundit) (4)
dim
Total Avarage= M (5)
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Onceki béliimlerde gésterildigi gibi, kullanim ve kesif asamalarinin dagilimindan sorumlu rastgele bir degisken
olan "rnd" mevcuttur. "pro" degiskeninin degeri [0, 1] araligindan rastgele bir deger secilir. "pro" degiskeninin
degerinin 0,2'den biiyiik ve "Stone_Weighti" (tas agirhig1) degerinin 12'den biyiik veya esit oldugu varsayilir.
Denklem (6)'da, "Time_of Arrive_Objectic" (nesnenin yere ulasma siiresi), nesnenin 9,81 m/s*'lik ivmesine béliinen
"Stone_Weighti" (tas agirlig1) degerinin karekokii ile carpilmaktadir. Gruptaki bireyi korumak ve uyandirmak i¢in
bu denklemler ¢oziilmelidir.

2[Stone_Weightit (6)

Free_Fall_Speed=Time_of Arrive_Objectit* 5ol

Denklem (7)'de, sesin kat ettigi mesafeyi (Distance_S_Traveli) bulmak icin, havadaki ses hiz1 (Speed_Sound) ile
sesin seyahat siiresi (Time_of Arrive_Sound;:) ¢arpilmaktadir. Havadaki ses hizi 343,2 metre/saniyedir. Sekil 2,
sesin kat ettigi mesafeyi agiklamaktadir (Hamad & Rashid, 2024).

Distance_S_Travelis =Speed_Sound * Time_of Arrive_Soundit (7)

Yansima Dalga

-
/ Alici
< B
<%

Sekil 2. Havadaki sesin kat ettigi mesafe (Distance traveled by sound in air)

Bu adimda, nobetci kaz ile dinlenen veya beslenen diger kaz arasindaki mesafe (Distance_ Goosei) bulunur.
Denklem (8)'de, sesin kat ettigi mesafeyi (Distance_S_Travelit) 0,5 ile ¢arpilir ¢linkii sesin geri doniis siiresine degil
sadece sesin gitme siiresine ihtiya¢ vardir.

Distance_Goosei: = 0,5 * Distance_S_Travelit (8)

Popiilasyonda yeni bir X degeri belirlemek, yani siiriideki bireyi uyandirmak icin, Denklem (9)'da gosterildigi gibi
bir BestXi: (en iyi konum) degeri bulunmalidir. Bu denklem, diisen nesnenin hizi1 (Free_Fall Speed) ile kazin
mesafesinin (Distance_Goosei;) ¢arpiminin, ortalama siirenin karesi (Timel Avarage?) ile toplamindan olusur.

Xit+1) = Free_Fall_Speed + Distance_Goosei: * Timel_Avarage? 9

Aksine, eger hem tasin agirhigi (Stone_Weighti) 12'den kiiciik ve hem de "pro" degiskeni 0,2'den kii¢iik veya esitse,
yeni X degerini asagidaki Denklem (11)'de gosterildigi gibi bulunur. Diisen bir nesnenin hizin1 (Free_Fall_Speed)
elde etmek icin veya nesneye ulasmak icin gecen silire (Time of Arrive_Objecti) ile tasin agirliginin
(Stone_Weighti) yercekimine boliinmesiyle carpilir. Ayrica, sesin kat ettigi mesafe (Distance_S_Traveli:) ve kazin
mesafesini (Distance_Gooseit) belirlemek icin, 6nceki denklemler (7) ve (8) kullanilir.

Free_Fall_Speed=Time_of. Arrive_Objectu*% (10)

Diger bir yontemle, yeni bir matematiksel denklem kullanarak yeni bir X degeri bulunur. Bu denklemde, diisen
nesnenin hizi, kazin mesafesi, ortalama siire ve "coe" degiskeni sirasiyla ¢arpilir.

Xit+1) = Free_Fall_Speed * Distance_Goosei: * Timel_Avarage? * Coe 1y
Kullanim asamasinda, yeni bir X degeri bulmak icin iki denklem kullanilir. Ornegin Denklem (9) ve Denklem (11).

"pro" ve (Stone_Weighti) (tas agirlig1) degiskenlerinin degerleri, hangi denklemin kullanilacagini belirler (Hamad
& Rashid, 2024).
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3.2.1.2 Kesif agsamasi (Exploration)

Bu asamada, rastgele uyanma veya bireyi korumay1 diizenlemek icin, kazin simdiye kadar kesfedilen en iyi
konumu takip edilerek rastgele uyandirilir. Kaz ayaginda tas tasimiyorsa, siiriideki bireyler rastgele uyandirilir.
Siiriideki kazlardan biri uyandiginda, siiriideki tiim bireyleri korumak i¢in bagirmaya baslar. Onceki kisimlarda
bahsedildigi gibi, "rnd" degiskeninin degeri 0,5'ten kiiciikse, Denklem (3) ve Denklem (4) gibi denklemler
uygulanir. Ayrica, minimum siirenin (Minimum_Time) toplam siireden (Total_Time) biiylk olup olmadigi kontrol
edilir ve eger biiylikse, minimum siire toplam stireye esitlenir. “alpha” degiskeninin degeri 2'den 0'a kadar
degisebilir. Bu deger, dongiideki her yinelemede énemli 6l¢iide azalir. Denklem (12), arama uzayinda yeni bir X
degerinin sonucunu iyilestirmek i¢cin kullanilir.

loop (12]
alpha= 2 — Max it
2

Burada "Max_It", yapilabilecek yineleme sayisidir. Arama asamasini en uygun ¢6zliim olma olasilig1 en ytiksek olan
¢ozlime dogru kaydirmak i¢in, Minimum_Time ve alpha parametrelerini hesaplamak énemlidir.

Kazin, arama uzayindaki diger bireyleri rastgele kesfetmesini saglamak icin "randn(1, dim)" fonksiyonu kullanilir.
Bununla birlikte, Minimum_Time ve alpha degiskenleri, GOOSE'un arama yetenegini gelistirmek i¢in kullanilir.
Denklem (13)'te, minimum siire ve alpha, rastgele bir say1 ile carpilir ve ardindan arama uzayindaki en iyi konuma
eklenir.

X(t+1)= randn(1,dim) * (Minimum_Time*alpha) + Best_pos 13)

Burada "dim", problem boyutlarinin sayisin1 ve "Best_pos", arama alaninda buldugumuz en iyi X veya en iyi
konumu temsil eder.

Ozetle, kaz algoritmas popiilasyonlar: rastgele olusturarak baslar. Ardindan, ilk yinelemede, sinirlarin disindaki
degerleri diizeltmek icin siiriideki popiilasyon degerlerini gézden gecirir. Ayrica, arama sinirlari i¢indeki en iyi
puani ve en iyi konumu belirlemek i¢cin amag fonksiyonlarini uygular. Kullanim ve kesif asamalarini kontrol etmek
icin, rastgele secilen degerlere sahip "rnd" adinda bir rastgele degisken kullanilir. Rnd degeri 0,5'ten biiytik veya
esitse, kesif asamasi etkinlestirilir. Bu kosul dahilinde, "pro” ve tasin agirligi "Stone_Weight" gibi iki rastgele
degisken daha vardir. “Pro” 0,2'den biiytik ve tasin agirligi 12'den biiyiik veya esitse, (1), (2), (3), (4), (5), (6), (7),
(8) ve (9) denklemleri uygulanir. Ote yandan, “pro” 0,2'den kiiciik veya esit ve tasin agirlig1 “Stone_Weight” 12'den
kiciikse, (1), (2), (3), (4), (5), (7), (8), (10) ve (11) denklemler uygulanir. Rnd'nin 0,5'ten kii¢iik oldugu bir
senaryoda ise kesif asamasi baslatilir. Bunu gostermek icin, "Time_of Arrive_Sound", "Total_Time" ve "alpha"
degiskenleri kullanilir. Bu durumda, (3), (4), (12) ve (13) denklemleri sirayla uygulanir. Ayrica, bu algoritmada
arama uzayinda yeni bir X bulmak i¢in li¢ yéontem uyarlanmistir. Kullanim asamasinda, 6rnegin Denklem (9) ve
Denklem (11) gibi iki denklem kullanilir. Ancak, kesif asamasinda yeni bir X tespit etmek i¢cin sadece Denklem (13)
kullanilir (Hamad & Rashid, 2024).

3.2.2. Amag ve maliyet fonksiyonlar1 (Objective and cost functions)
Filtrenin tasariminda kullanilan amag¢ fonksiyonlar1 igin, belirtilen frekans (f) degerindeki sagilma

parametrelerinden Si1 (dB) ve Sz1 (dB) referans noktalari olarak belirlenerek optimizasyon islemi yapilmistir.
Bu belirlenen degerlere gore amag fonksiyonlar su sekilde tanimlanmigtir:

“ . 1

Egerf < fkesimalt ve f > fkesimﬂst lse AFl = |SlldB|2 +(|521—dB|)2 (14)
o . 1

EgET'f > fkesimalt ve f < fkesimﬁst lse AFl = |521dB|2 +(|Sll—dB|)2 (15)

burada f(GHz) mevcut hesaplanan frekans degerimi ve fkesimait, fresimist (GHz) ise filtrenin kesim veya iletim yapacagi
rezonans frekansini belirtmektedir. Amag fonksiyonlari filtrenin gecirgen kisimlarinda S11'in (dB) maksimum ve
S21'in (dB) ise minimum olacak sekilde dizayn edilmistir. Benzer bir sekilde filtrenin durduran kisimlarinda S11'in
(dB) minimum ve S21'in (dB) ise maksimum olacak sekilde dizayn edilmistir. Kullanilan algoritma tek amaglh
oldugundan dolay1 maliyet fonksiyonu ise 2 GHz - 6 GHz araliginda 0,1 basamak adimlar ile her iki amag
fonksiyonun (14)-(15) toplanmasi sonucu olusturulur.

Bu belirlenen degerlere gore maliyet fonksiyonu (16) su sekilde tanimlanmistir:
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f=6.0

Z AF, + AF,
f=2.0

Maliyet = (16)

2,8 GHz ve 3,3 GHz kesim frekanslari 6nceden tanimlanmis olup, iletim bant genisligi her bir kesim frekansina +0,1
GHz gelecek sekilde toplamda 0,2 GHz olarak belirlenmistir. Optimizasyon algoritmalar1 rastgele baslayan siirecler
oldugundan ve dolayisi ile her calistirmada farkli performanslar sergileyebilecek olduklarindan dolay1 belirlenen
ama¢ fonksiyonlarinin toplanmasi sonucu elde edilen hedef fonksiyonu ile 10 calistirma tlzerinden alinan
minimum maliyet (16) ile sonug belirlenmeye calisilmistir. Ek olarak kullanilan amag fonksiyonlari literatiirde
basarisini ispatlamis bir ¢alismada (Uluslu, 2023) en basarili olan segilerek yapilmistir.

Yapilan tiim optimizasyon siiregleri icin karar degiskenleri sirasiyla sagilma parametreleri S11 (dB) ve Sz1 (dB) dir.
Bant gegiren filtrenin performans kriterleri Tablo 2’de detayl sergilenmistir.

Tablo 2. Cift bant geciren filtrenin performans kriterleri (Performance criteria of dual bandpass filter)

fletim Bandi Durdurma Band1
Frekans (GHz) 27-29 | 32-34 0-27 | 29-32 | 34-o
S11 (dB) f<-10 f=0
S21 (dB) f=0 f<-10

4. Deneysel Sonuclar (Experimental Results)

Ana ¢alismaya baslamadan 6nce secilen algoritmanin yaygin kullanilan Diferansiyel evrim algoritmasi (DEA) ve
Pargacik siirii optimizasyonu algoritmasi (PSO) ile performans karsilastirmasi yapilmis ve sonuglar Sekil 3’te
verilmistir. Burada maksimum iterasyon 50 ve popiilasyon ise 30 olarak secilmistir. Sekilde de goriilecegi iizere
Onerilen algoritma diger rakipleri karsinda daha basarili olmustur. Ana c¢alisma kismi 3 ana kisimdan
olusmaktadir. Oncelikle belirlenen tasarim i¢in kullanilacak filtre optimizasyonunda kullanilacak olan algoritma
icin varsayilan parametreler yerine ideal parametrelerin se¢imi ile baslayacaktir. Bir sonraki kisimda segilen bu
parametreler ile belirlenen matematiksel modelden uyarlanmis olan 6zgiin amag¢ fonksiyonu kullanilarak
calismanin temelini olusturan giris veri seri araliklar1 degistirilerek bu durumun optimizasyonun basarisi
tizerindeki degisimi sergilenecektir. En son kisimda ise en basarili sonug¢lar icin 3D EM simiilasyonu ile sonuclar
sergilenecektir. Calismada kullanilan yontemler skolastik olmasi1 dolayisi her bir optimizasyon i¢in kod 10 farkli
calismadan segilen en iyi performans dikkate alinmistir. Ayrica tiim siiregler esit kosullar altinda ve sirasi ile
gerceklestirilmistir.

180

==-=--GOOSE- N=30
—%— DEA- N=30
P8O- N=30

170

Fonksiyon Degerlendirmesi (x102)

100 : : , - 19
0 10 20 30 40 50

Yineleme
Sekil 3. Kombine filtre tasariminda farkli algoritmalar i¢in 10 ¢alismadan segilen optimizasyonun en iyi performansinin
yinelemeli tipik maliyet ve FD varyasyonlar1 (Typical iterative cost and FE variations of the best performance of optimization
selected from 10 studies for different algorithms in combined filter design)

4.1. GOOSE Algoritmasi igin ideal Parametre Secimi (Ideal Parameter Selection for the GOOSE Algorithm)

Meta sezgisel algoritmalarda popiilasyon gesitliligi, optimizasyon basarisini derinden etkinligi i¢cin kritik 6neme
sahiptir. Popiilasyon tabanli bir algoritma oldugu varsayilan bir algoritmadir. Meta sezgisel algoritmalar genellikle
dogru en iyi sonuglar1 bulmamizi engeller ¢iinkii yalnizca tek bir ¢éziime yakinsamaya yatkindirlar. Tiim bu
nedenlerle, popiilasyon boyutunu dogru se¢gmek ¢ok 6nemlidir. Popiilasyon biiytikliigiiniin yliksek secilmesi hem
¢oziim siirecini uzatacak hem de kaynaklari israf edecektir. Bununla birlikte, daha diisiik se¢imler, yerel optimuma
takilma ve kiiresel optimumun bulunamamasi sonucunu dogurur (Uluslu, 2022). Sonug olarak, ii¢ farkli deger icin
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en iyi popiilasyon parametresini bulmak i¢in islem tamamlandi. Performans karsilastirmalari, 6nceki b6liimlerde
detaylandirilan amag¢ fonksiyon cifti AF;-AF2 (14, 15) kullanarak Maliyet (16) fonksiyonu tzerinden
gerceklestirildi. Optimizasyon algoritmalari rastgele baslatilmis kosullara ve siirece dayali oldugundan, algoritma
kodu, sabit maksimum yineleme ve farkli popiilasyon parametreleri i¢in diger optimizasyon sorunlarinda oldugu
gibi on kere kosturulmustur. Sekil 4'de bulunan sonuglar, on farkli calismadan en iyi performansin maliyet-
fonksiyon degerlendirme numarasi/yineleme varyasyonlar1 olarak gosterilmistir. Tablo 3'de ayrica Sekil 4'de
gosterilen maliyet ve fonksiyon degerlendirme numarasi degisimleri de gdsterilmektedir. Bu ¢alisma icin elde

edilen sonuglar, optimum poptilasyon (N) degerinin 60 oldugunu gostermektedir, bu da en uygun maliyetli sonucu
saglar.

200 T T T T 40
—-=-—-GOOSE- N=30

—— GOOSE- N=50 35
GOOQSE- N=60

150 (i

Maliyet
8

50 -

Fonksiyon Degerlendirmesi (x1 02)

Yineleme

Sekil 4. Kombine filtre tasariminda GOOSE algoritmasi i¢in popiilasyona gore 10 ¢alismadan secilen optimizasyonun en iyi
performansinin yinelemeli tipik maliyet ve FD varyasyonlar: (Typical iterative cost and FE variations of the best performance
of the optimization selected from 10 studies by population for the GOOSE algorithm in combined filter design)

Tablo 3. Kombine filtre tasariminda GOOSE algoritmasi i¢in popiilasyona goére optimizasyonun performans
degerlendirmeleri (Performance evaluations of population-based optimization for the GOOSE algorithm in combined filter

design)
Popiilasyon Ortalama Maksimum Minimum
30 Maliyet 110,52 160,39 90,43
FDN 1800 30 1680
50 Maliyet 104,91 123,52 96,28
FDN 3000 50 2800
60 Maliyet 47,89 89,57 43,57
FDN 3600 60 3600

4.2. ideal Veri Seti Giris Aralig: Secimi (Selection of the Ideal Data Set Input Range)

Tipki algoritma parametre secimi gibi bir baska derin 6nemli konuda giris veri setlerinin deger genislik
araliklarinin secimidir. Giris veri seti aralif1 sonuglar1 dogrudan etkiler. Veri seti araliginin kiiciik se¢ilmesi olasi
daha iyi sonuglar1 kagirmamizi saglarken, ¢ok genis secilmesi ise aralardaki iyi sonuclari atlamamiza neden
olabilir. Araliklarin dar se¢ilmesi veya genis se¢iminin optimizasyon problemi {izerindeki etkisi gormek agisindan
burada 6 farkl giris parametresi icin verilen merkez degerden belirlenen 4 farkli ytizde (%20, %30, %40 ve %50)
icin sonuglar sergilenecektir. Sonuc¢ olarak, dort farkl yiizde degerinde en optimum maliyeti bulmak i¢in islem
tamamlandi. Performans karsilastirmalari, tipki bir énceki kisimdaki gibi amag fonksiyon cifti AFi-AF2 (14, 15)
kullanarak Maliyet (16) fonksiyonu tizerinden gergeklestirildi. Algoritma kodu, sabit maksimum yineleme ve sabit
popiilasyon parametreleri i¢in diger optimizasyon sorunlarinda oldugu gibi on kere kosturulmustur. Sekil 5'de
bulunan sonuglar, on farkli ¢galismadan en iyi performansin maliyet-fonksiyon degerlendirme numarasi/yineleme
varyasyonlar1 olarak gosterilmistir. Tablo 4'de ayrica Sekil 5'de gosterilen maliyet ve fonksiyon degerlendirme
numarasli degisimleri de gdsterilmektedir. Bu ¢alisma icin elde edilen sonuglar, en optimum deger araliginin %40
oldugunu gostermektedir, bu da bize en uygun maliyetli sonucu saglar.
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Sekil 5. Kombine filtre tasariminda GOOSE algoritmasi i¢in veri seti araliklarina gére 10 calismadan seg¢ilen optimizasyonun
en iyi performansinin yinelemeli tipik maliyet ve FD varyasyonlar (Iterative typical cost and FE variations of the best
performance of the optimization selected from 10 studies according to data set ranges for the GOOSE algorithm in combined

Tablo 4. Kombine filtre tasariminda GOOSE algoritmasi i¢in veri seti araliklarina gére optimizasyonun performans
degerlendirmeleri (Performance evaluations of optimization according to data set ranges for the GOOSE algorithm in

filter design)

combined filter design)

Aralik Ortalama Maksimum Minimum
%20 Maliyet 104,09 114,97 79,91
FDN 3600 60 3420
%30 Maliyet 47,89 89,57 43,57
FDN 3600 60 3600
%40 Maliyet 27,57 54,40 23,94
FDN 3600 60 1500
%50 Maliyet 100,12 258,41 41,40
FDN 3600 60 3540

4.3. En Basarili Sonugclar icin S Parametrelerinin Simiilasyonu (Simulation of S Parameters for Best
Results)

Su ana kadar en optimum sonuglara ulasabilmek icin MATLAB programinda bulunan filtre ara¢ kutusu yardimui ile
farkli parametre ve veri seti giris araliklar1 kullanarak cgesitli denemeler yapilmis ve bunlara ait maliyet ve
fonksiyon degerlendirme numaralar1 ortalama, maksimum ve minimum olarak sunulmustur. Bu kisimda Tablo
4’de sunulan 4 farkl aralik icin minimum maliyete sahip sonuglara ait filtrenin sematik goriintiisii ve S (dB)
parametreleri 2 GHz ile 6 GHz arasinda olacak sekilde degisimi tipik genlik-frekans olarak verilmistir. Elde edilen
sonuglar %20, %30, %40 ve %50 veri giris araligina sahip olacak sekilde sirasi ile Sekil 6, Sekil 7, Sekil 8 ve Sekil
9 da sunulmustur. Sekil 6a’da filtrenin sematik goériiniimii yer almaktadir. Sekil 6b’de ise sekil 6a’da sematigi
verilen filtrenin tipik genlik frekans degisimi sergilenmistir. Filtreler S11 -10 dB ve alt1 gecirgenlik gosterdiginden
istenilen bant araliginda ¢alistig1 goriilmektedir. Sekil 7a’da ise %30 veri giris araligina sahip optimizasyondan
elde edilen en basarili sonug icin filtrenin sematik goriinimi gosterilmektedir. Sekil 7b’de ise Sekil 7a’daki
sematige sahip filtre icin genlik frekans degisimi gosterilmistir. Sekil 7b’de S11 parametresi bir 6nceki sekle gére
daha derinlere indigi gozlenmektedir. Akabinde %40 veri girisinden ede edilen en basarili sonu¢ Sekil 8a’da ve
%50 veri giris araligina sahip filtre sematigi ise Sekil 9a’da gosterilmistir. Bu sematiklere ait genlik frekans
degisimleri ise sirasi ile Sekil 8b ve Sekil 9b de gosterilmistir. Elde edilen sonuclardan Sekil 8b tipki maliyet
fonksiyonuna paralel bicimde en dengeli ve en derin S (dB) parametre grafigi ile en basarili sonuca sahip oldugu
goriilmektedir.
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Sekil 6. Cift bant geciren kombine filtre tasariminda GOOSE algoritmasi kullanilarak: (a) filtrenin sematik gortiniimi (b) S
(dB) parametre simiilasyonlari [veri seti araligi (R) = %20] (Using the GOOSE algorithm in dual bandpass combined filter
design: (a) Schematic view of the filter (b) S (dB) parameter simulations [data set range (R) = 20%])
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Sekil 7. Cift bant geciren kombine filtre tasariminda GOOSE algoritmasi kullanilarak: (a) filtrenin sematik gértiniimii (b) S
(dB) parametre simiilasyonlari [veri seti aralig1 (R) = %30] (Using the GOOSE algorithm in dual bandpass combined filter
design: (a) Schematic view of the filter (b) S (dB) parameter simulations [data set range (R) = 30%])
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Sekil 8. Cift bant geciren kombine filtre tasariminda GOOSE algoritmasi kullanilarak: (a) filtrenin sematik gortiniimi (b) S
(dB) parametre simiilasyonlari [veri seti aralig1 (R) = %40] (Using the GOOSE algorithm in dual bandpass combined filter
design: (a) Schematic view of the filter (b) S (dB) parameter simulations [data set range (R) = 40%])
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Sekil 9. Cift bant geciren kombine filtre tasariminda GOOSE algoritmasi kullanilarak: (a) filtrenin sematik gortiniimi (b) S
(dB) parametre simtilasyonlari [veri seti aralif1 (R) = %50] (Using the GOOSE algorithm in dual bandpass combined filter
design: (a) Schematic view of the filter (b) S (dB) parameter simulations [data set range (R) = 50%])

5. Sonug¢ ve Tartisma (Result and Discussion)

Yapilan ¢alismada, zorlu bir tasarim olan ve kablosuz uygulamalardaki taleplere yanit verebilecek ¢ift bantl bir
mikrodalga bant geciren filtrenin zorlu optimizasyon probleminde hentiz ¢ok yeni ve bu alanda hi¢ kullanilmamais
giincel bir meta sezgisel algoritma kullanilarak tasarimcilarin aklinda biiyiik soru isareti olusturan giris seti
optimal parametre aralik genisligi secimine 151k tutulmustur. Bu kapsamda algoritmanin optimum parametreleri
tespit edilmis ve daha sonra bu parametreler tizerinden denemeler yapilmistir. Optimizasyonda kullanilan amag
fonksiyonlari literatiirde basarisini ispatlamis bir ¢alismada (Uluslu, 2023) en basarili olan segilerek yapilmistir.
Problemin cift bantli olmasi optimizasyonu bir iist seviyeye tasimistir. Elde edilen sonuglar veri setinin ne kii¢iik
nede biiyiik sayilabilecek bir oran olan %40°’lik bir degere ulastirmistir. Tasarim elde edilen sonuglar MATLAB
programi kullanilarak filtrenin S (dB) parametreleri simiilasyon olarak gdsterilmistir. Ayrica segilen araliklarin
sonuclari tablo olarak ele alindiginda oldukc¢a degisken basarilar elde edildigi goriilmektedir. Yapilan ¢alisma
neticesinde tipki amag fonksiyonu se¢imi ¢alismasinda (Uluslu, 2023) oldugu gibi bundan sonraki ¢alismalarda
giris parametre veri giris aralik secimine referans gosterilebilecek bir calisma ortaya ¢ikarilmistir. Calismanin bir
sonrasinda giris veri seti araliginin seciminin Latin Hiperkiip ve Monte Carlo 6rnekleme yontemleri yardimi ile
algoritmanin basinda otomatik olarak tespit ¢calismasi yapilabilir.
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Keywords Abstract

Foam Concrete, In this study, the aim was to develop a non-combustible, economical, and entirely
Autoclaving, domestically sourced and technology-based autoclaved foam concrete thermal
Mineral Admixture, insulation material. In autoclaved foam concrete (AFC) with a density of 300 kg/m?,

Physical and Mechanical
Properties,
Thermal Properties.

which meets thermal insulation material standards, the density, capillary water
absorption coefficient, compressive and flexural strengths, ultrasonic pulse velocity,
dynamic modulus of elasticity, thermal conductivity, and the mineralogical
properties of hydration products based on XRD of some silica-based mineral
additives (fly ash, amorphous silica, and metakaolin) substituted at different ratios
(5%, 10%, and 15%) for cement were investigated. Autoclaving improved the
physico-mechanical properties of mineral-added foam concrete. Among the mineral
additives, the highest strength values were obtained in the foam concrete with 5%
metakaolin, while the lowest thermal conductivity and capillary water absorption
values were obtained in the foam concrete with 5% fly ash. The study concluded that
autoclaving is highly effective in producing a sustainable thermal insulation
material in foam concrete.

MINERAL KATKILI OTOKLAVLANMIS KOPUK BETONUN FiZIKSEL, MEKANIK VE TERMAL

OZELLIKLERINiIN INCELENMESIi

Anahtar Kelimeler

0z

Koptik Beton,

Otoklavlama,

Mineral Katki,

Fiziksel ve Mekanik Ozellikler,
Termal Ozellikler.

Bu ¢alismada, yanmaz, ekonomik ve tamamen yerli kaynaklara ve teknolojiye dayali
bir otoklavlanmis kopiik beton 1s1 yalitim malzemesi gelistirilmesi amag¢lanmistir.
Is1 yaliim malzemesi standartlarim karsilayan 300 kg/m3 yogunluklu
otoklavlanmis kopiik betonda (AFC) ¢imento ile farkli oranlarda (%5, 10 ve 15)
ikame edilen silika esasli bazi mineral katkilarin (ugucu kiil, amorf silika ve
metakaolin) yogunluk, kilcal su emme katsayisi, basing ve egilme dayanimlari,
ultrasonik darbe hizi ve dinamik elastisite modiilii, 1s1 iletkenligi, XRD esasli
hidratasyon iiriinlerinin mineralojik 6zellikleri incelenmistir. Otoklavlama, mineral
katkili képiik betonun fiziko-mekanik 6zelliklerini iyilestirmistir. Mineral katkilar
arasinda en ytiksek dayanim degerleri %5 metakaolin katkili kopiik betonda elde
edilirken, en diisiik 1s1 iletkenligi ve kapiler su emme degerleri %5 ugucu kiil katkili
kopik betonda elde edilmistir. Calismada, otoklavlamanin siirdiiriilebilir 1s1 yalitim
malzemesi kopiik beton elde edilmesinde oldukg¢a etkili oldugu sonucuna
varilmistir.
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Highlights
e The effect of autoclaving in foam concrete.
e Effect of fly ash, metakaolin and amorphous silica substituted with cement on foam concrete
properties.
e Investigation of obtaining autoclaved sustainable thermal insulation material foam concrete.
Purpose and Scope

This research aims to develop a non-combustible, economical and autoclaved foam concrete thermal insulation
material developed by fully utilising domestic resources and technology.

Design/methodology/approach

This research represents a comprehensive study to determine the effects of replacing cement with different
mineral admixtures in autoclaved foam concrete with a density of 300 kg/m?>. In this context, the production of
autoclaved foam concrete with the use of materials such as amorphous silica, metakaolin or fly ash was targeted.

Findings
The autoclaving process increased the compressive and flexural strengths of the mineral admixed foam concrete

series. Autoclaved mineral admixed foam concretes containing 5% fly ash admixture had the lowest coefficient
of thermal conductivity and conformed to the required standards.

Research limitations/implications

In this study, the effect of using three different mineral admixtures in different proportions on autoclaved foam
concrete was investigated. Future work aims to explore various mineral admixtures and to carry out further
experiments to provide more comprehensive information on the performance and properties of the samples
produced.

Practical implications

The samples obtained and the tests performed show that thermal insulation material can be produced from low
density foam concrete. It is observed that this material has more potential and usability. Therefore, it can be
foreseen that there may be developments in the future that will allow mass production of this material in an
economical and easily applicable way.

Originality

The literature on autoclaved foam concrete is limited and studies on aerated concrete have generally been more
widely carried out. However, this study can make a significant contribution to the foam concrete literature as it
involves the investigation of low-density foam concrete and the effect of mineral admixtures. The results of this
study can help us to better understand and develop the potential of autoclaved foam concrete by shedding light
on future research.

1. Introduction

Foam concrete is considered as a relatively homogeneous lightweight cellular concrete that contains a cement-based
binder, fine aggregates such as sand and foam obtained from a foaming agent to provide air recovery (Amran et al.,
2015; Jalal et al., 2017). While the fact of earthquakes, which are frequently experienced in the world and in Turkey,
reveals the need to reduce the load on buildings, the interest in foam concrete is increasing in the context of saving
energy in heating-cooling purposes. It is extremely important in terms of sustainability that the use of coarse aggregate
is not required in the production of foamed concrete and the possibility of replacing the fine aggregate partially or
completely with recycled or secondary materials (Jones and McCarthy, 2006; Awang et al.,2012).

¥ Corresponding author: nuriisildar@sdu.edu.tr, +90-246-211-8206
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Today, thermal insulation in buildings with housing and industrial functions is considered as a set of systems covering
many branches of science, requiring precision and multi-dimensional detail work from material production to
application. The most basic feature that distinguishes thermal insulation materials from each other is the heat
transmission coefficients and according to the application, density, mechanical strength, fire resistance class, water
vapor diffusion resistance, operating temperature, water absorption and dimensional stability are considered as other
features (Papadopoulos, A.M., 2005). Petroleum-derived (EPS, XPS) and mineral-based products (such as multipore,
lithapor) constitute over 70% of the insulation material sector in Turkey, but there is foreign dependency in the supply
of necessary raw materials. On the other hand, the fact that some of them are petroleum derivatives leads to a situation
that restricts their use and is questionable in terms of the environment. (Kilincarslan et al., 2023; Isildar, 2023)

Although intensive industrial efforts have been made for the production of wall and floor elements from foam concrete
in Turkey, it has not been successful in solving some technological problems, especially the drying shrinkage problem.
Likewise, the use of different additives in foam concrete in varying proportions can cause a great variability in the
mechanical and structural properties of the concrete. It is accepted that drying shrinkage is generally seen in the first
20 days after mortar pouring and occurs 4-10 times more than normal concrete depending on the aggregate type,
cement ratio, water content and mineral additives in the mixture design (Amran et al., 2015). It is known that the
addition of fiber reduces the drying shrinkage of foam concrete due to water retention and delays evaporation (Raj et
al,, 2019), and again, the increase in foam volume causes the mortar to absorb less water and reduces shrinkage
(Nambiar and Ramamurthy, 2009). On the other hand, the curing method, temperature, and time significantly
influence the hydration process of the concrete mix, leading to variations in solid-phase chemical processes and pore
structure formation. This, in turn, shapes properties such as drying shrinkage, mechanical performance, and thermal
conductivity. Wang et al. (2024) emphasized the need to adjust steam curing regimes and include certain mineral and
chemical additives to prepare high-quality steam-cured foam concrete and mitigate thermal degradation caused by
the steam curing process. Curing is mostly conducted in water and air, with varying temperature and relative humidity
levels. Additionally, different curing materials can be used, such as cellophane coating (Falliano et al., 2018; Falliano
et al,, 2022), steam (Alnkaa et al., 2018), polyethylene sheeting, wet burlap, acrylic-based, water-based or bitumen-
based, or coal tar epoxy (Maslehuddin et al., 2013).

Due to its inorganic nature, foam concrete offers a significant advantage over traditional polymer-based insulation
materials, as it is non-combustible. If the thermal conductivity of foam concrete can be reduced while maintaining its
mechanical properties, it could serve as an alternative to conventional construction materials. This study represents a
comprehensive investigation into the effects of various mineral additives replacing cement in autoclaved foam
concrete with a density of 300 kg/m?. Consequently, the aim was to produce autoclaved foam concrete using materials
such as amorphous silica, metakaolin, or fly ash.

2. Experimental
2.1. Materials

Within the scope of the study carried out at Siileyman Demirel University Natural and Industrial Building Materials
Research and Application Center; lime was obtained from Turkey-Antalya-Dirmil, micronized quartz Turkey Aydin-
Cine (Polat Mining Company), fly ash from Kiitahya-Tavsanl Celikler Tungbilek thermal power plant, metakaolin from
Faridabad (India). Other components used are Lightcon 28 synthetic foaming agent (1.03 kg/1 + 0.02 density and pH
5.0 + 1, Aydos Chemical Company), CEM-1-42.5 R type (Cimsa Company) cement.

2.2. Sample Production Process

In the production of foam concrete samples, apart from the control samples, cement, gypsum, micronized quartz, and
three different types of mineral additives were used. In the samples with mineral additives, fly ash (FA), amorphous
silica (AS), and metakaolin (MK) were substituted for cement at 5%, 10%, and 15% by weight. A slurry was prepared
by adding water to the powder mixture, foam was added to the mixture from the foam generator, and the mixing
process was continued for an additional 5 minutes. The prepared foam concrete was poured into plastic molds and
left in the molds under laboratory conditions for 1 day before being demolded. The foam concrete samples are shown
in Figure 1. Components of the control and mineral admixed foam concrete samples are given in Table 1.
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Figure 1. Fresh (left) and hardened (right) foam concrete samples

Table 1. Components of the control and mineral admixed foam concrete samples
Water/ solid = 0.60
Fly

Cement Lime Micronized

Series Ash Amorphous  Metakaolin Water Foam

(kg) (kg)  quartz (kg) (kg) silica (kg) (kg) (kg)  (dm3)

AFC 9250  23.12 185 - - - 180 710
AFCFA-5 87,87  23.12 185 48 - - 180 710
AFCFA-10 8325  23.12 185 9.6 - - 180 710
AFCFA-15 7862  23.12 185 14.4 - - 180 710
AFCMK-5 87,87  23.12 185 - - 48 180 /10
AFCMK-10 8325  23.12 185 - - 9.6 180 /10
AFCMK-15 7862  23.12 185 - - 14.4 180 /10
AFCAS-5 87,87  23.12 185 - 4.8 - 180 710
AFCAS-10 8325  23.12 185 - 9.6 - 180 710
AFCAS-15 7862  23.12 185 - 144 - 180 /10

The samples, which were cured in air, were kept at 20+5 °C at 95% relative humidity for 28 days in a climate cabinet
with adjustable temperature and humidity values (Figure 2).

A e mawa

Figure 2. Foam cocrete samples cured in climate chamber
After being kept in the mold for a day, the foam concrete samples were cut and prismatic samples with dimensions of

40x40x160 mm were obtained. Three of these samples were placed in an autoclave and autoclaved at 170 °C and 14
bar pressure for 12 hours. The autoclaved device shown in Figure 3.
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Figure 3. Autoclave device

The temperature and pressure regime of the autoclave device depending on the time was given in Figure 4.
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Figure 4. Time-dependent temperature and pressure regime of the autoclave device

The demolded samples were precisely sized using a diamond blade cutting device. Sample dimensions were measured
with the help of an electronic caliper with an accuracy of 1/100 mm.

2.3. Methods

Densities of solid components were calculated by gas pycnometer (Micromeritics Accupyc Il 1340) and their specific
surface areas were calculated using the specific surface areas given in TS EN 196-6 standard (Equation 1). The
apparent densities of foam concrete samples were determined aacording to TS EN 1602 standard.

_ K e Vi 2
S = px(l_e)xm cm?/g (D

In equality; K is the device constant, e is the porosity of the bed, t is the time (s), p is the cement density (g/cm?) and 1
is the viscosity (Pa.s) of the air at the test temperature (20 * 2 °C).

Flexural strength tests of the samples were performed on 3 prism samples of 40x40x160 mm dimensions according
to TS EN 196-1 standard and calculated using the relation given in Equation 2.

1,5xFxl
fe="20 (2)
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In equation: fc is the flexural strength (MPa), where F is the maximum applied flexural load (N), L is the distance
between the supports (mm), b and h are width and height (mm) of the samples ens under test respectively.

Compressive strength of the samples was carried out on 6 40 mm cube samples according to TS EN 196-1 standard. In
the test, the loading rate of the compression tester was selected as 2400 N/s. The compressive strengths of the samples
were calculated with the help of the relation given in Equation 3.

fe =ALC 3)

In equation: Fc is the compressive strength (MPa), F is the maximum load (N), Ac is the cross-sectional area (mm?) of
the sample in the load direction.

Ultrasonic pulse velocities (UPV) of the samples were determined according to. The sound transmission velocities (Vp)
of non-autoclaved (FC) and autoclaved foam concrete (AFC) samples were calculated according to Equation 4 and the
dynamic moduli of elasticity (Ed) were calculated according to Equation 5.

V= (4)

L
t
In equality, V is the longitudinal wave velocity (km/s), L is the sample length (m), and t is the ultrasonic sound wave
transmission time (s).

Ed =105x V2 x2 (5)
g

In equality, Ed is the dynamic modulus of elasticity (MPa), V is the longitudinal wave velocity (km/s), A is the dry
apparent density of samples (kg/dm?3) and g is the acceleration of gravity (kgf cm/s?).

Capillary water absorption tests on foam concrete samples were carried out according to TS EN 1015-18 standard and
capillary water absorption coefficients of the samples were calculated by using Equation 6.

c=01x (M, — M,) (6)

In equality, c is the capillary water absorption coefficient of the sample (kg/m2. min®3), M; is the mass of the sample
at the end of the 10th minute (g) and M: is the mass of the sample at the end of the 90th minute (g).

Thermal conductivity tests of the samples were carried out according to TS EN 12664 standard. The surfaces of the @
60 x 30 mm circular shaped samples were smoothed and dried at 105 °C in an oven with air circulation until reaching
constant mass. The dimensions of the samples were measured with an electronic caliper with an accuracy of 1/100
mm and the masses were weighed with an electronic balance with an accuracy of 0.01 g. Then, the coefficient of
thermal conductivity (A10, dry) was measured using a Lasercomp Fox 50 instrument with the difference between hot
and dry temperatures and cold plates (AT) was 10 K.

The mineralogical properties of the hydration products formed at the end of curing in foam concrete samples were
determined by XRD device at Siilleyman Demirel University Innovative Technologies Research Center. The analysis
findings of cement (Cimsa Company), micronized quartz (Polat Mining Company), fly ash and synthetic foaming agent
(Aydos Chemical Company) used in the study were obtained from the manufacturers. Metakaolin and slaked lime were
analyzed at Afyon Kocatepe University Natural Stone Laboratory. Chemical components of amorphous silica were
taken from the literature Davraz and Giindiiz (2005).

3. Results And Discussion

3.1. Features of Foam Concrete Components

Specific gravity and specific surface area values of binders and mineral additives used in foam concrete production
were given in Table 2. Among the mineral additives used in the study, fly ash had the lowest density (2.05 g/cm3) and
metakaolin had the highest density (2.72 g/cm3). Among the binders, slaked lime has a specific surface area about 4

times higher than Portland cement. When the specific surface area values of mineral additives were analyzed, fly ash
exhibited the lowest value (3305 cm?/g) and metakaolin the highest value (16661 cm?/g).
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Table 2. Specific gravity and specific surface areas of foam concrete components

Speci_fic Specific Surface
Components Gravity Area (cm?/g)
(g/cm?3)
Cement 3.123 3772
Lime 2.307 12188
Micronized quartz 2.640 4167
Fly ash 2.049 3305
Metakaolin 2.724 16661
Amorphous silica 2.446 11399

Chemical compositions of components were given in Table 3. Among the mineral additives, amorphous silica (90.84%)
had the highest silica content and metakaolin (43.97%) had the highest aluminum tri oxide content.

Table 3. Chemical compositions of foam concrete components

Chemical Mikronized Amorphous

Cement Lime . Metakaolin Fly ash
components quartz silica
SiO2 98.50 18.90 0.13 90.84 52.89 58.07
Al203 0.60 5.15 0.05 2.66 43.97 20.04
Fe203 0.06 3.36 0.05 0.15 0.49 8.96
TiO2 0.04 0.00 0.00 1.24 1.58 0.00
Ca0 0.00 63.59 70.42 0.18 0.35 2.69
MgO 0.00 1.57 0.39 0.00 0.03 3.94
SO3 0.00 2.65 0.07 0.06 0.00 0.42
Naz0 0.10 0.40 0.04 1.12 0.08 1.19
K20 0.10 0.77 0.01 0.09 0.09 1.66

3.2. Physical Properties of Autoclaved Foam Concrete
3.2.1. Apparent Density

The apparent densities of autoclaved foam concrete (AFCs) samples with mineral additives samples were given in
Table 4.

Table 4. Avarage apparent densities of foam concrete samples

Apparent Density

ARG (kg/mo)
AFC 309
AFCFA-5 285
AFCFA-10 291
AFCFA-15 280
AFCMK-5 314
AFCMK-10 301
AFCMK-15 316
AFCAS-5 305
AFCAS-10 301
AFCAS-15 305

Depending on the type of mineral admixture, there are minor differences in the density values of the autoclaved foam
concrete samples. The decrease in density of AFCFA samples was attributed to the low specific gravity of fly ash (2.05
g/cm3). In addition, the partial increase in density of AFCFA samples was attributed to the relatively high specific
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gravity of metakaolin (2.72 g/cm?3). Although the slight differences between the densities of foam concrete were due
to the types of mineral admixtures, it is theoretically possible for a density difference to occur within the same mineral
additive type depending on the selected admixture ratios. Therefore, it would be a more accurate approach to evaluate
the findings of this study in terms of acceptable levels of consistency and differences between fresh density, designed
density, and dry density, as some researchers have pointed out. (He et al., 2019; Peng et al., 2022; Yuan et al., 2022).

3.2.2. Capillary Water Absorption Coefficient

Capillary water absorption coefficients increased for all mineral additives depending on the usage rate (Figure 5). The
replacement of fly ash, one of the mineral additives, with cement at the rates of 5 and 10% decreased the capillary
water absorption coefficient compared to the control. It has been evaluated that the efficiency of amorphous silica is
lower than other mineral additives in terms of dose-capillary water absorption coefficient differences for mineral
additive types. The capillary water absorption coefficients increased from 1.32 to 1.46, from 0.7 to 1.0 for fly ash, and
from 1.0 to 1.6 for metakaolin, depending on the amorphous silica doses. As a matter of fact, It has been reported that
fly ash exhibits a variable (increasing and decreasing) characteristic within the scope of the effects of curing regime (7
and 28-day standard curing and autoclave curing) and water curing time on water absorption of foam concretes using
different foam content (0, 31 and 47%) and some mineral admixtures (fly ash and silica fume- 0, 10 and 20 % cement
substitutes) (Gokee et al.,, 2019).
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Figure 5. Capillary water absorption coefficients in mineral-added AFCs
3.3. Mechanical Properties
3.3.1. Compressive and Flexural Strengths

The compressive strengths of different mineral admixtures across all usage rates varied between 0.40-1.15 MPa
(Figure 6). Fly ash compressive strengths are lower than control, regardless of usage rate. The highest compressive
strengths are specific to metakaolin additives. The increase in the usage rate of all mineral additives led to a decrease
in the compressive strength. However, the contribution-decrease ratio relationship differs in this change. The
compressive strengths, where there is not much difference for the 5% and 10% admixtures of fly ash, are very close
to each other for 10% and 15% metakaolin admixtures this time. The flexural strengths of autoclaved mineral-added
foam concretes were found to be between 0.21-0.4 MPa (Figure 6). The flexural strengths for all mineral additives and
proportions are higher than the control, except for fly ash and 15% of amorphous silica. The activities of the mineral
additives were shaped as fly ash<amorphous silica<metakaolin. Although there were minor differences for the 5% and
10% ratios of all mineral additives, the main change was realized for the 15% ratio. The effects of fly ash, amorphous
silica and metakaolin additives substituted with cement in this study on compressive and flexural strength are in
agreement with the results of previous studies. As a matter of fact, it was stated that SEM data of river sediment and
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expanded polystyrene added low carbon ultralight foam concrete confirmed the compatibility between expanded
polystyrene particles and alkali-activated metakaolin-river sediment paste, and that the strength decreased with the
increase of the said materials in the composition (Shi et al., 2021). Again, in autoclaved cellular concrete using 75%
kaolinite clay, 25% Portland cement and 0.2-8% foaming agent (aluminum powder) by weight, lower mechanical
strength (maximum 0.62 MPa) was associated with higher aluminum content (Gugluelmi etal.,, 2010). Kim et al. (2017)
reported that as the replacement ratio of waste concrete powder with silica powder, which acts as a SiO2 source and
filler, increases during autoclave curing, the strength decreases, but meets the required strength requirement of 14
MPa for the 50% level.
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Figure 6. Compressive and flexural strengths of mineral-added AFCs
3.3.2. Ultrasonic Pulse Velocity and Dynamic Elasticity Modulus

The dynamic elasticity modulus in autoclaved mineral-added foam concretes varied between 0.344-0.369 GPa for fly
ash, 0.457- 0.502 GPa for amorphous silica, and 0.495- 0.624 GPa for metakaolin. High coefficients of determination
(R2=0.8445- 0.9958) were obtained for dynamic elasticity modulus -compressive strength relationships (Figure 7.). It
has been observed that ultrasonic pulse transmission velocity values, which vary between 1.10-1.13 km/s for fly ash,
1.21-1.27 km/s for amorphous silica, and 1.24-1.40 km/s for metakaolin, increase with the increase in compressive
strength (Figure 7). The biggest difference is between autoclaved foam concrete with 5% fly ash and 15% metakaolin.
In a study by Gencel et al. (2021), 25, 50, 75 and 100 percent of sand was replaced with recycled concrete aggregate.
It was determined that the recycled concrete aggregate increased the apparent porosity and caused higher water
absorption than the sum of the increases obtained for the other utilization rates due to the higher capillary microcrack
density for the 100% replacement rate. In addition, the recycled concrete aggregate decreased the dynamic elasticity
modulus, ultrasonic pulse velocity and thermal conductivity of foam concrete.
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Figure 7. Dynamic elasticity modulus-compressive strength and ultrasonic pulse velocity-compressive strength relationships

3.4. Thermal Properties

The thermal conductivity coefficients for foam concrete samples using different types of mineral admixtures were
given in Figure 8. The thermal conductivity coefficients (k) of the non-autoclaved foam concrete sample were
approximately 15% higher than the the values of autoclaved foam concrete samples. The thermal conductivity
coefficients of AFCFA samples (avg 0,059 W/mK) are lower than AFC values (avg 0,063 W/mK). Among the samples
produced in this study, only FA ans AS mineral doped AFC met ISO and CEN standards (<0.065 W/mK). The thermal
conductivity coefficients (avg.) of the AFC samples to which amorphous silica and metakaolin were added were
measured as 0,063 W/mK and 0,071 W/mK, respectively. Mashkin et al. (2018) mentioned that the lowest density and
thermal conductivity coefficient values of some mineral admixtures (wollastonite and diopside) in non-autoclaved
concrete are specific to the minimum admixture ratios and also the decisive role of the mineral admixture type.
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Figure 8. Thermal conductivity coefficients of AFC series with autoclaved mineral additives

3.5. Microstructure Properties

It has been evaluated that the differences in quartz peak densities for mineral additives are not really significant and
this may be related to the differences in silica content due to the Si ratios of tobermorite and anorthite minerals. In
some studies, it is observed that SEM images and XRD data provide a relatively qualitative evaluation (Abd Elrahman
etal, 2021, Alnahhal et al., 2022). Compared to FC samples, the ratio of tobermorite increased in AFC samples (12.9%
and 17.7% respectively) and the ratio of Portlandite decreased (11.3% and 4.8% respectively). Calcite mineral is
considered to originate from unburnt CaCOs in slaked lime. The highest tobermorite ratio was observed in AFC samples
containing AS (24.6%). The samples of AFCFA, AFCAS and AFCMK were found to have a decrease in SiO: ratio
compared to AFC samples. This decrease in SiO2 content indicates that reactive SiO: in the composition of micronized
quartz and mineral additives reacts with Ca(OH)z to form tobermorite (Figure 9).
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Figure 9. XRD analysis data of autoclaved foam concrete
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4. Conclusions

In this research, the effect of autoclaving on the physical, thermal, and mechanical properties of foam concrete samples
with a density of 300 kg/m?3 was investigated. Additionally, the effects of mineral additives on AFC (Autoclaved Foam
Concrete) samples were also studied.

The thermal conductivity coefficients of both mineral-added and non-added AFC samples (except AFCMK) were <
0.065 W/mK. Compared to FC samples, autoclaving reduced the thermal conductivity coefficients of the samples by
approximately 15%. Fly ash (FA) was found to be the most effective mineral additive in reducing thermal conductivity,
while metakaolin (MK) increased thermal conductivity.

The aim of this study was to improve the mechanical, physical, and thermal properties of mineral-added AFC samples.
The addition of fly ash did not significantly affect the mechanical strengths, while metakaolin showed the highest
increase in strength (1.14 MPa). Overall, the autoclaving process reduced the capillary water absorption values in foam
concrete (32%). However, due to its colloidal structure, the addition of amorphous silica increased the capillary water
absorption values in AFC samples.

The mineralogical properties of the samples were examined using XRD analysis. According to the XRD analysis results,
autoclaving reduced the amount of portlandite, a hydration product, in the foam concrete and increased the amount
of tobermorite. The increase in mechanical strength in the AFC samples was associated with this finding. The
autoclaving process did not have a significant effect on pore sizes.

Foam concrete, with its inorganic structure, has a significant advantage over traditional polymer-based insulation
materials, as it is non-flammable. If the mechanical properties of foam concrete are maintained while reducing the
thermal conductivity to some extent, it can become an alternative to traditional construction materials. Further
research can be conducted by producing foam concrete samples with different mineral additive ratios and autoclaving
them under various pressure and temperature levels to obtain different physical, thermal, and mechanical results.
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Foam concrete; It is a type of lightweight concrete that can be produced by adding
cement, water, surfactant, and if desired, sand or fine aggregate. It has high fluidity
in fresh form and low density after hardening. It can provide a thermal conductivity
of 90 mW/mK at a density of 400 kg/m3. In this study, the foam concrete samples
were produced by adding 80 g/L density foam to the mortars prepared at 300 kg/m3
cement dosage and 0.30 water/solid ratio using CEM 1 42.5 R type Portland cement,
limestone powder, polypropylene fiber, and superplasticizer additive. The
compressive strength, split tensile strength and thermal conductivity properties of
the samples produced in 12 different dry densities in the range of 300-1400 kg/m3
were tested. As the dry density values of the samples increased, the thermal
conductivity and compressive strength values increased. Equations were proposed
to estimate the compressive strength and thermal conductivity depending on the
dry density of the foam concrete with limestone powder aggregate from the
findings.

YOGUNLUGUN KOPUK BETONUN FiZIKSEL, MEKANIK VE TERMAL
OZELLIKLERI UZERINDEKI ETKILERININ ARASTIRILMASI

Anahtar Kelimeler

0z

Képiik Beton,

Kuru Yogunluk,

Isil [letkenlik Katsayisi,
Basing Dayanimi,

Yarmada Cekme Dayanimi.

Kopiik beton; ¢imento, su, strfaktan ve istenirse kum ya da ince agrega ilave
edilerek, 1s1l islemsiz olarak tiretilebilen bir hafif beton tiirtidiir. Taze halde yiiksek
akiciliga ve sertlestikten sonra diisiik yogunluga sahiptir. 400 kg/m3 yogunlukta
90mW /mK 1s1l iletkenlik katsayisini saglayabilmektedir. Bu ¢alismada CEM [ 42.5 R
tipi Portland cimentosu, kalker tozu, poliproplen elyaf ve siiper akiskanlastirici
katki maddesi kullanilarak, 300 kg/m3 c¢imento dozaj1 ve 0.30 su/kati oraninda
hazirlanan harglara 80g/L yogunlukta kopiik ilavesiyle hafif beton numuneleri
tiretilmistir. 300-1400 kg/m3 araliginda 12 farkli kuru yogunlukta iiretilen
numunelerin (28. giin) basing dayanimi, yarmada ¢ekme dayanimi ve 1s1l iletkenlik
ozellikleri test edilmistir. Elde edilen bulgulardan kalker tozu agregali kopiik
betonun kuru yogunluguna goére basin¢g dayanimi, yarmada ¢cekme dayanimi ve 1s1l
iletkenlik katsayilarinin degisimlerini tahmin etmeye yo6nelik bagintilar
Onerilmistir.
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Highlights

e Lightweight foam concrete of different dry densities without heat treatment was prepared.

e The impact of density on the mechanical properties and thermal conductivity of foam concrete was
investigated.

e Relations are proposed to predict the variations in compressive strength, splitting tensile strength, and
thermal conductivity as a function of the dry density of foam concrete

Purpose and Scope

The effects of varying dry density values on the compressive strength, splitting tensile strength, and thermal
conductivity of foam concrete were investigated.

Design/methodology/approach

12 different mix designs were prepared for dry density values ranging from 300 to 1400 kg/m>. The component
quantities for each mix design were calculated based on the theoretical densities using the volume method. In all
mixes, the cement dosage and the water-to-solid ratio (0.30) were kept constant, while the sand-to-cement ratio
varied between 0 and 3.66

Findings
Relations are proposed to predict the variations in compressive strength, splitting tensile strength, and thermal
conductivity as a function of the dry density of foam concrete

Originality

Thermal conductivity, compressive strength, and splitting tensile strength results were obtained for twelve
different foam concrete mixtures with dry density values ranging from 300 to 1400 kg/m?®. These findings
provide valuable data for engineers and practitioners.

1. Introduction

Foam concrete is a lightweight concrete variation. It's made by incorporating foam made with a foaming ingredient
into the mortar. This form of concrete is made from a mixture of aggregate, cement, and water. It comprises 75-80
percent of its volume in closed pores that are independent of one another. Foam concrete is a non-toxic,
environmentally friendly building and insulation material that can be used in the exterior and interior walls and
floors of all buildings. It contains no materials other than natural aggregate and cement, is non-toxic to humans,
and provides light, heat, and impact sound insulation. In its fresh state, foam concrete has a low density, high flow
ability, functional-sufficient strength, and low thermal conductivity. Its dry-density ranges from 400 to 1600
kg/m3, and its compressive strength is between 1 and 15 MPa. Pumping and placing foam concrete is simple. It
does not necessitate the use of compression or vibration. It offers great water and frost resistance. In enterprises,
foam concrete mortar can be molded and turned into blocks, or it can be simply transported with the help of a
pump by producing it mobile at the application site-construction site when needed. Foam concrete can be used to
make wall blocks, hollow blocks, panels, insulation leveling concrete, and prefabricated building parts, depending
on its density (Kilingarslan and Tuzlak, 2009).

Despite the fact that the first patent for foam concrete was issued in 1923, it has only lately gained popularity in
semi-load-bearing and non-load-bearing construction applications (Ramamurthy vd., 2009). Valore (1954)
published the first complete research of cellular concrete in 1954, and Rudnai (1963), Short and Kinniburgh
(1963) published detailed investigations on its composition, qualities, application, and structure in 1963. In recent
years, researchers have examined the history of foam concrete, the materials utilized, its qualities, and building
uses in a variety of projects around the world (Jones and McCarthy 2005, Jones and McCarthy 2005). While these

t Corresponding author: metindavraz@isparta.edu.tr, +90-246-214-6771
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evaluations encompass functional features including fire resistance, thermal conductivity, and acoustic properties,
there is a scarcity of information on new concrete properties, durability, and air gap systems. Many aspects
influence the creation of stable foam concrete, including the choice of foaming agent, foam preparation procedures,
material choice, additive selection for uniform air gap distribution, mix design strategies, and performance.
Scientific investigations on the components of foam concrete, mixture design, manufacture, and qualities of fresh
and hardened concrete were categorized by Ramamurthy et al. (2009). Table 1 shows the findings of the research
on mixture design, density, and compressive strength of foam concrete based on this study. Most of the studies on
normal concrete were also made for foam concrete. There are many factors affecting the properties of foam
concrete (Kearsley and Wainwright 2001, Kearsley and Wainwright 2002, Nambiar and Ramamurthy 2006,
Nambiar and Ramamurthy 2007, Just and Middendorf 2009, Jeong and Kim 2011).

Table 1. The Evaluation Of Foam Concrete Mix, Compressive Strength, And Density Range (Ramamurthy Vd., 2009, Jones And
Mccarthy 2005, Jones And Mccarthy 2005, Nambiar And Ramamurthy 2006, Nambiar And Ramamurthy 2007, Mccormick
1967, Tam Vd., 1987, Regan And Arasteh 1990, Van Deijk 1991, Hunaiti 1997, Kearsley And Booyens 1998, Durack And
Weiqing 1998, Tikalsky Vd., 2004, Aldridge And Ansell 2001)

Cement Dosage Density range CS
Author(s) and years Components s/c w/c FA/c (kg/m?) (MPa, 28g)
McCormick (1967) 335-446 0.79-2.8  0.35-0.57 800-1800 1.8-17.6
Tam vd. (1987) 390 1.58-1.73 0.6-0.8 1300-1900 1.81-16.72
Rega“&’;‘; g‘)raSteh Lightweight Aggregate 0.6 0.45-0.6 800-1200 4-16
" 0.6-10
Van Deijk (1991) Cement. Sand and FA 280-1200 (91days)
ACI523.1R-1992 Cement Paste 240-640 (DD) 0.48-3.1
Cement-Sand 400-560 (DD) 0.9-1.72
Hunaiti (1997) 3 1667 12.11
Kearsley and Booyens Cement - FA
(1998) (Change) 1000-1500 2.8-19.9
Durack and Weiqing 270-398 1.23-25  0.61-0.82 982-1185 (DD) 1-6
(1998) 137-380 0.48-0.7  1.48-2.5 541-1003 (DD) 3-15 (77days)
Aldridge (2000) Cement-Sand 400-1600 0.5-10
Kearsley and Wainwright Cement and FA 1000-1500 2-18
(2001)
Cement. 149-420 0.4-0.45 490-660 0.71-2.07
Tikalsky vd. (2004) Cem%‘;t_'ij“;d/ FA 0.5-0.57 1320-1500 0.23-1.1
Jones and McCarty 300 1.83-3.17 0.5 1000-1400 1-2
(2005) 1.11-1.56  1.22-2.11 1000-1400 3.9-7.3
Jones and McCarty 500 1.5-2.3 0.3 1400-1800 10-26
(2005) 0.65-0.83  1.15-1.77 1400-1800 20-43
Nambiar and Cement-Coarse Sand ) . 800-1350 1-7
Ramamurthy From 1 to 3 change filler /c ratio and (DD)
(2006) Cement- Sand v %0 - %100 FA change 800-1350 (DD) 2-11
Cement, Sand and FA 650-1200 (DD) 4-19

s/c:Sand/cement w/c:Water/cement FA/c:Fly Ash/cement DD : Dry density (kg/m3)
2. Material and Method

In this research, it was aimed to produce foam concrete in the density range of 300-1400 kg/m3 with cement,
limestone powder, polypropylene fiber, superplasticizer, and protein-based foaming agent, and to determine some
physical and mechanical properties. The dry density, compressive strength, splitting tensile strength, and thermal
conductivity properties of the foam concrete samples produced in the laboratory were experimentally
investigated, and the relations for the estimation of the compressive strength, tensile strength, and thermal
conductivity depending on the dry density were proposed. The density of the foam concrete samples was
controlled by the amount and density of foam obtained from the “surfactant + water + air” mixture. All sample
productions and experiments in the research were carried out at the Suleyman Demirel University Natural and
Industrial Building Materials Application and Research Center.

2.1. Materials

CEM 142.5 R class Portland cement supplied from Goéltas Cement Inc. was used as the binder. The properties of
cement are given in Table 2. In the research, -100 um limestone powder (LP) obtained from HSD Mining was used
as a very fine aggregate. In order to reduce the amount of mixing water, lignosulfonate-based superplasticizer (SP)
at the rate of 0.5% by mass of the cement amount and 6 mm polypropylene fiber (PF) at the rate of 1% to increase
the tensile strength was added to all mix series.
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Table 2. Properties Of Cement (Goltas 2020)

Chemical Properties of Clinker (%) Physical Properties of Cement
Si02 20.52 Volumetric Expansion (mm) <1
Al203 4.00 Fineness (90y, %) 0.10
Fe203 3.45 Fineness (200p, %) 1.10
Ca0 64.28 Specific Surface Area (cm?/g) 3340
MgO0 1.63 Initial Setting Time (min) 185
SOs 2.53 Final Setting Time (min) 240
Na20+K20 1.35 Specific Gravity (g/cm3) 3.12
Mechanical Properties of Cement (MPa)
7 days 5.8 39.3

Flexural Strength (MPa) Compressive Strength (MPa)

28 days 7.2 51.0

2.2. Method

12 different mixture designs were prepared in the dry density range of 300 - 1400 kg/m3. According to the
theoretical densities targeted for each mixture design, the number of components to enter the mixture was
calculated based on the volume method. Cement dosage and water/solid (w/s) ratio (0.30) were kept constant in
all mixtures, while sand/cement (S/c) ratio varied between 0-3.66. In Table 3, the targeted dry density and
component amounts for 1 m3 of the mixture were given.

Table 3. The Component Amounts Of Foam Concrete With Different Densities (For 1m3)
Pac-dry Cement LP Water SP Fiber Foam

S2mPIe (kg/m3)  (kg) (ke) ® ke ke) k) WY
1 300 300 0 89 1.48 3.0 76.55 0.30 0.00
2 400 300 96 119 1.98 3.0 70.22 0.30 0.32
3 500 300 196 149 2.48 3.0 63.85 0.30 0.65
4 600 300 296 179 2.98 3.0 57.53 0.30 0.99
5 700 300 396 209 3.48 3.0 51.16 030 1.32
6 800 300 496 239 3.98 3.0 44.84 0.30 1.65
7 900 300 596 269 4.48 3.0 38.47 030 1.99
8 1000 300 697 299 4.98 3.0 32.04 030 232
9 1100 300 797 329 5.48 3.0 25.71 030 2.66
10 1200 300 897 359 5.99 3.0 19.35 0.30 2.99
11 1300 300 997 389 6.48 3.0 12.98 030 3.32
12 1400 300 1097 419 6.99 3.0 6.65 0.30 3.66

Specific gravity of LP (p.): 2.70 g/cm3 Specific gravity of PF (prr): 1.90 g/cm3
Density of SP (psp): 1.10 g/cm3 w/s: The ratio of water /solid

S/c: The ratio of sand /cement

First of all, the mortar was prepared by mixing cement, limestone powder, fiber, superplasticizer, and water. An
average of 80 g/L density foam was added to the mixture until the theoretical fresh density value calculated for
the mixture design was reached. In each sample group, 6 samples of 150 mm cubes and 3 samples of 300x300x50
mm panels were produced. All test specimens were cured at 23+2 °C temperature and 95% relative humidity (RH)
environment until test times. The test samples of compressive and splitting tensile strengths were tested in the
air-dry condition (RH~6%). On the other hand, the test samples of thermal conductivity were dried to a constant
mass (up to 100% dry mass) in an air-circulating oven at 110 °C, and each of them were covered with a stretch film
and protected from moisture until the end of the measurement.

The dry densities of foam concrete samples were determined according to TS EN 678 standard (TSE 1995). For
each series, the compressive strengths according to TS EN 1354 and the split tensile strengths according to TS EN
12390-6 were carried out on 3 samples each of 150 mm cube (TSE 2007, 2009). In addition, the thermal
conductivity of samples were carried out with the Laser Comb Fox 314 device according to TS EN 12667 (TSE
2003).
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Fig 1. Foam Concrete Samples Produced In This Study

3. Results and Discussion

The theoretical and actual densities for fresh foam concrete and the theoretical and actual-dry densities of
hardened foam concrete samples were given in Table 4.

Table 4. The Fresh And Hardened Dry Densities Of Foam Concrete Samples (Kg/M3)

Sample Theoretical Actual

pef Pr-dry Pacf Pac-dry
1 466 300 514 333
2 590 400 703 487
3 714 500 749 535
4 838 600 928 651
5 963 700 1066 793
6 1087 800 1128 878
7 1211 900 1264 958
8 1336 1000 1395 1100
9 1460 1100 1619 1236
10 1585 1200 1713 1312
11 1709 1300 1814 1433
12 1833 1400 1973 1608

pet: Theoretical density of fresh foam concrete (kg/m3)
pac: Actual density of fresh foam concrete (kg/m3)

prdry: Theoretical dry density of foam concrete (kg/m3)
Pac-dry: Actual dry density of foam concrete (kg/m3)

The volume constancy in foam concrete depends on many factors such as the amount and type of components
included in the mixture, the density of the foam, mixing speed and time, and ambient conditions. The differences
between both theoretical and actual fresh densities of concrete and theoretical and actual dry densities of concrete
are higher in foam concrete compared to normal concrete. When Table 4 was examined, there was an average of
8% increase in pacf values in fresh concrete mixes compared to pwf values. This increase was related to the yield
(stability) of the foam used in the mixture. In other words, the volume loss occurred in fresh concrete due to the
explosion of some of the foam added to the mixture. This situation increased the pacf values by 8% on average
compared to the ptfvalues. When the ptdry values of the hardened foam concrete samples were compared with the
pac-dry values, the average increase was around 11%. The increase in pac-dary values were also associated with the
loss of stability of a part of the foam in the fresh foam concrete placed in the mold during the solidification stage.
The test results of the compressive and splitting tensile strength carried out on the foam concrete samples that
have completed the 28-day curing period were given in Table 5.
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Table 5. The Results Of Compressive And Split Tensile Strengths Of Foam Concrete Samples At 28 Days (Avg.)

pac-dry fc-28d fct-28d
Sample

(kg/m3) (MPa) (MPa)
1 364 0.85 0.10
2 510 1.93 0,19
3 563 2.15 0.32
4 715 3.66 0.65
5 837 4.41 0.79
6 851 496 0.98
7 965 5.76 1.01
8 1100 6.77 1.09
9 1272 7.51 1.22
10 1321 8.77 1.27
11 1429 9.02 1.38
12 1531 10.94 1.43

fc-28d: Average compressive strength of 3 samples

fct-28d: Average split tensile strength of 3 samples

The compressive strengths of foam concrete samples based on actual dry density were given in Fig 2 and split
tensile strengths based on actual dry density were given in Fig 3.
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Fig 2. The Relationship Between Actual Dry Density And Compressive Strength In Foam Concrete Samples
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Fig 3. The Relationship Between Actual Dry Density And Split Tensile Strength In Foam Concrete Samples
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The relations for the estimation of compressive and splitting tensile strengths on the 28t day according to the dry
densities of foam concrete with 300 kg/m3 cement dosage, w/s:0.30 ratio, and limestone powder aggregate were
given in Eq 1 and Eq 2, respectively.

fc-28d = 6x107°x pac-dr'yl'65 (r2 20-98) (l)
fCt'28d = 4x107°x pac-dry1'77 (rz :091) (2)

Where;

fc-284, is the compressive strength of foam concrete at 28d, MPa; fu-2s, is the split tensile strength of the foam
concrete at 28d, MPa; pac-ary is the actual-dry density of foam concrete, kg/m3. In addition, the relationship between
the compressive and split tensile strengths of the foam concrete samples was given in Fig 4.

1,8

\
Bp

1,4 - ‘
1,2 - ‘
1,0 A A -

0,8 - a7 ‘

0,6

Split Tensile Strength, f . x4 (MPa)

0,2 A y = 0.1319x108¢
& R?=0.955
0,0 T T T

0,0 2,0 4,0 6,0 8,0 10,0 12,0

Compressive Strength, f, 554 (MPa)

Fig 4. The Relationship Between Compressive Strength And Split Tensile Strength In Foam Concrete Samples

The equation for the estimation of the split tensile strengths according to the compressive strengths at 28d of the
foam concretes with the properties described above was also given in Eq 3.

fCt'ZSd = 0132 X (fC'ZSd)LOBL} (rz = 0.96) (3)
Thermal conductivity (A10) for each foam concrete densities group were determined by taking the average of

measurement results of 3 samples, and the average A10 values depending on the pac-dary of the samples were given
in Table 6.

Table 6. Thermal Conductivity Of Foam Concrete Samples Depending On Actual Dry Density (Avg.)
Sample  pacary (kg/m®)  Aio-ary (mW/mK)

1 333 90.98
2 487 135.00
3 535 141.90
4 651 159.10
5 793 221.90
6 878 236.50
7 958 265.30
8 1100 297.90
9 1236 323.60
10 1312 361.70
11 1433 433.80
12 1608 498.10
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The variation of the thermal conductivity depending on the actual dry density in foam concrete samples was given
in Fig 5. In addition, the relation for the estimation of foam concrete A10-ary values depending on pac-dary values were
proposed in Eq 4.
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Fig 5. The Thermal Conductivity Depending On Actual Dry Density In Foam Concrete Samples

Q10 = 0.184 (p, .. dry)1'°6° (r’=0.99) (4)

Where;

A0 is the thermal conductivity of foam concrete at 100% dry condition, mW/mK.
4. Conclusions

In this research, it was aimed to produce foam concrete samples with 12 different dry densities between 300-
1400 kg/m3, and the actual dry densities of the produced samples varied between 333-1608 kg/m3. This difference
was attributed to the change of foam stability depending on the a/c ratio and the fluctuation of the produced foam
density between 70-95 g/L.

By evaluating the findings obtained from the research, relations for estimating compressive and splitting tensile
strengths according to dry density was proposed for foam concretes with 300 kg/m3 cement dosage, w/s = 0.30
ratio, and limestone powder aggregate. Also;

- Depending on the decrease in the density of the foam concrete, the compressive strength also decreased linearly,
- For different foam concrete designs, it is possible to predict with high accuracy the compressive strength based
on the theoretical dry density, providing the cement dosage, w/c ratio, and aggregate type is constant,

- Similar approximations can be established between dry density-split tensile strength and compressive strength-
split tensile strength.

-The thermal conductivity of the foam concretes with a dry density between 333-1608 kg/m3 produced in the
study varied between 91-498 mW/mK.

-As the actual dry density values of the foam concrete samples increased, the thermal conductivity also increased
linearly.

In this study, a relation for the estimation of thermal conductivity was also proposed depending on the dry
densities of the foam concretes obtained.

However, many factors such as cement dosage, aggregate type, w/s ratio, and S/c ratio affect the thermal
conductivity of foamed concretes as well as their dry densities. In this context, the suggested equations will be
consistent for 300 kg/m3 cement dosage, use of limestone powder as aggregate, and foam concrete with a ratio of
w/s: 0.30.

For countries with limited energy resources, energy saving is of great importance. Features such as low thermal
conductivity, low density, stretchability of production according to the targeted product, and being easily
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produced based on local resources make foam concrete remarkable in many regions. However, the fact that many
factors affect the physical, structural and mechanical properties of foam concrete necessitates the continuation of
numerous and comprehensive studies in this field.
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of raw materials in the composite industry. For this reason, the research study was
expanded to examine the in- plane mechanics of 3D stitched unidirectional carbon
woven composites. In this study, the unstitched and 3D stitched unidirectional
woven carbon composites were manufactured and tested under the shear, tensile
and bending loads. While the stitching process improved the tensile and shear
modulus of composite, it could not create the significant difference in the bending
behavior. The highest module and maximum stress values were obtained in the
tensile test. The bending and shear test results follow them, respectively. Moreover,
it was proven that the fabric architecture of stitched composite layer has the
substantial effect on the tensile properties of 3D stitched composite.
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KOMPOZITLERIN MEKANIK OZELLIKLERINE ETKILERININ INCELENMESI

Anahtar Kelimeler 0z

Dikme, Dikme islemi kompozitin kalinlig1 yoniindeki darbe hasar dayanimi ya da darbe
Tek Eksenli Kumas, enerjisi emilimi gibi mekanik 6zellikleri {izerine belirlenmis etkilere sahiptir. Bu
Karbon Lifi, duruma karsin dikme isleminin kompozitin diizlemi yéniindeki mekanik 6zellikleri
Mekanik Test, lizerine etkileri hala tartisilmakta ve aydinlatilmasi ihtiyact duyulmaktadir. Onceki
Polimer Kompozit. donemlerde yapilan ¢alismalarda iki eksenli karbon dokuma kumaslarin dikilmesi

ile Uretilmis 3B kompozitin ¢ekme, diizlemsel kayma ve egilme ozellikleri
incelenmistir. Tek eksenli karbon dokuma kumaslar kompozit endiistrisinde
kullanilan ham maddelerin 6nemli bir boélimiinii temsil etmektedir. Tek eksenli
karbon dokuma kumaslarin dikilmesi ile iiretilmis olan 3B kompozitin diizlemsel
mekanik 6zelliklerinin incelenmesi amaci ile ¢alisma genisletilmistir. Bu ¢calismada,
tek eksenli karbon dokuma kumaglar ile dikilmis ve dikilmemis kompozitler
iiretilmis ve ¢ekme, diizlemsel kayma ve egilme ytkleri altinda test edilmislerdir.
Dikme islemi kompozitin gekme ve diizlemsel kayma modiillerini arttirirken egilme
davranisinda 6nemli bir fark yaratamamistir. En yiiksek modiil ve yiik degerleri
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Highlights

e The stitching improves the tensile and shear modulus of SUD composites,
e The fabric architecture of composite layer has the substantial effects on the mechanics of SUD,
e The stitching process do not have statistically meaningful effects on the maximum stress values of SUD,

Graphical Abstract
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3D Stitched Unidirectional Fabric

Figure. Investigation The Effects Of Stitching Process On The Mechanical Properties Of 3D Stitched Unidirectional
Composite

Purpose and Scope

The effects of stitching process on the in- plane mechanical properties of composites have been under discussion
and need to be elucidated for the 3D stitched unidirectional woven composites.

Design/methodology/approach
The 3D stitched unidirectional woven and traditional laminated composites were produced and tested under the
shear, tensile and bending loads.

Findings

The maximum tensile, in- plane shear, bending stress and module values of 3D stitched unidirectional woven
composites were determined. While the stitching process did not change the maximum stress values of
composites, the process improved the tensile and shear module values. In addition, the result proven that the
tensile properties of 3D stitch composite are affected by the fabric architecture of composite layer.

Originality

Several studies were carried out to elucidate the effects of stitching process on the in- plane mechanical
properties of stitched biaxial woven composites. Because of the multiple effects of stitching process, the
contradictory results were obtained from the studies. The unidirectional woven fabrics constitute the significant
part of raw materials in the composite industry. Therefore, the effects of stitching process on the 3D
unidirectional woven composites were elucidated thanks to this study. Moreover, the results were compared
with the previous studies to show the effects of fabric architecture on the composite mechanics.

t Corresponding author: mehmet.korkmaz@deu.edu.tr, +90-232-301-7707
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1. Introduction

The specific structural properties of three- dimensional (3D) textiles gain outstanding properties to the
composites. The separated fiber or yarn group, which is placed in the third direction of fabric, improves the
mechanical behaviors in their thickness. The 3D textiles can be obtained by the weaving, knitting, braiding, tufting,
stitching or non- woven production methods. Among the production methods, the stitching has special importance
thanks to its easy to apply. The 3D stitching process impart the outstanding damage tolerance and acceptable
fatigue performance to the polymer composites (Larsson, 1997).

The PRSEUS concept (The Pultruded Rod Stitched Efficient Unitized Structure), which was developed by the NASA,
Boeing and the United State Air Force, expanded the awareness and run- up the publications about 3D stitched
composites (Velicki and Jegley, 2014). The pattern of stitch, the stitch yarn linear density, the density of stitch,
pretension, the type of stitch, the twist of stitch yarn, ply orientation or the raw material of stitch yarn have been
under examination to clarify their effect on the mechanical properties of 3D stitched composites. Moreover, the
number studies have focused on the effects of stitch yarn linear density (Yalkin et al., 2015; Xu et al,, 2015; Tan et
al,, 2012) and stitch density (Tan et al, 2013; Lascoup et al,, 2010; Pingkarawat et al, 2013) because both
parameters are strongly related with the mechanical behaviors of composite (Drake et al., 2021).

Reis et al. (2024) produced 3D stitched and laminated composites to investigate their three- point bending, Charpy
impact, double cantilever beam and short beam shear properties. The obtained results show that the stitching
process improve the fracture toughness of composite. Li et al. (2021) stitched unidirectional carbon fibers with
the ultra- thin continues nanotube belts. Afterward, double beam cantilever beam, end notch flexure, tensile and
bending tests were carried out. It was concluded that while the stitching did not affect the tensile and bending
properties, the process improved mode I and mode II interlaminar toughness of composites. Kaya et al. (2022)
produced unreinforced and stitched 3D carbon composites and examined their flexural properties. Although the
stitching process reduced the flexural strength and modulus of composites, the process improved the toughness
of stitched 3D composite.

The effects of stitching process on the in- plane mechanical properties of composites are not clear and need to be
elucidated. For this reason, studies have been conducted to clarify the mechanical behaviors of 3D stitched
composites for last decade. For instance, while some studies (Aymerich et al., 2003) were concluded the stitching
improves the composites tensile properties, number of studies (Shah Khan and Mouritz, 1996) determined that
the stitching degrades the tensile properties. Moreover, the several studies (Larsson, 1997; Kang and Lee, 1994)
showed that the process does not change the composites tensile properties. It is possible to extend the
contradictory results for other mechanical properties.

The contradictory results of in- plane mechanical properties of stitched composites are originated from the
multiple effects of stitching process on the composites. This process can change the thickness of composite, local
or total fiber volume fraction of composite, in- plane yarns’ crimp ratios, in- plane yarns’ orientations or damage
the in- plane yarns. This phenomenon makes more complicate the predicting in- plane mechanical behaviors of
stitched composites and cause to obtain the contradictory results.

The unidirectional carbon woven fabrics constitute the significant part of raw materials in the composite industry.
They are especially demanded by the aerospace industry thanks to their high strength in the fiber direction and
easy to model their structure (Heidari-Rarani et al.,, 2018; Reinforcements, 2024). However, the biaxial woven
fabrics were mostly preferred (Kirmasha et al., 2020; Saboktain et al., 2022; Tarfaoui et al., 2019) to constitute the
layers of 3D stitched composites. The few numbers of studies (Abdelal and Donaldson, 2018) were conducted to
determine the mechanics of 3D stitched unidirectional carbon woven composites (SUC) and need to be elucidated.

In the previous studies (Korkmaz, 2024; Korkmaz 2023), the tensile, in- plane shear, quasi- static indentation and
bending properties of 3D stitched biaxial carbon woven composite (SBC) were investigated. As clarifying the
contradictory results in- plane mechanics of stitched composites and observe the effects of fabric architecture, the
research was extended and carried out on the SUC. The same stitching conditions, which are the stitch yarn type,
the stitch density and stitch length, were applied to obtain the SUC.

In the study, the SUC was produced and applied the shear, tensile and bending load. Moreover, the unstitched
unidirectional traditional laminated composite (UUC) was manufactured and characterized to make comparison.
Therefore, the effects of stitching process on the in- plane mechanical properties of composite could be clarified
under the diversified loads.
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2. Material and Method
2.1. 3D Stitched Unidirectional Fabric

The unidirectional woven fabric was used in the study to obtain 3D stitch unidirectional fabric. This kind of woven
fabrics include the main yarns at just warp direction. The monofilament glass yarns were placed at the weft
direction to keep together the warp yarns and give them the fabric form. Thanks to the low diameter value of
monofilament glass yarns, the warp yarns has almost the non- crimp structure. Therefore, they can transfer their
strength to the composites with the minimum loss. The unidirectional woven fabric was constituted by the 12k-
carbon yarns (800 Tex) and has 200 g/m? unit weight. The 3k- carbon yarn (200 Tex) was preferred to apply hand
stitch to four layers of fabrics. Density of stitch yarn was 2.5 yarns/ cm and length were 8 mm. Front appearance
of SUC and its schematic cross section are presented in Figure 1. In cross-section view, which was created by the
WiseTex program (WiseTex suite, 2024), stitch yarns are represented with the green and yellow lines. The weft
yarns of unidirectional fabrics, which is monofilament glass yarn, are identified with the black dots. The figure
does not include the warp yarns.

(@) (b)
Figure 1. The 3D Stitched Unidirectional Fabric (A) Front Appearance, (B) The Cross Section

2.2. Production The Composites

In the composite production stage, the VARIM method was preferred and hardener to epoxy proportion was
adjusted at 1:3. The matrix had been cured at 80°C for eight hours. Moreover, four layers unidirectional laminated
carbon composite was manufactured for comparison. The areal densities of structures are similar and have almost
900 g/m?. The thickness, density values, fiber volume fractions and surface appearances of composites are shown
with their standard deviations (S.D) in Table 1.

Table 1. Properties of Composites

Fiber
Type of volume Thickness Density
Composite fraction S.D (mm) SD (g/ cm®) S.D Photograph
(%)
Unstitched
umdlrectl_onal 5445 0.008 0.83 0.01 1.63 0.06
composite
(uuQ)
3D stitched
un1d1rect1_0nal 5737 0.008 0.94 0.01 1.51 0.05
composite
(SUQ)

2.3. Test of the Composites
2.3.1 Tensile Test

The composites were tested based on ASTM-D3039/D3039M-14. Shimadzu Autograph AG-X 100 kN testing device
was used the tests were applied for just warp direction. The five test samples were prepared for every type of
composite at 250 x 25 mm dimensions. Tensile test was carried out with the extensometer to measure
displacement values. Tensile modulus and maximum stress values were determined for both composites. Test
machine and extensometer equipment are shown in Figure 2(a) and 2(b), respectively.
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2.3.2. Bending Test

The bending test was conducted according to ASTM D790 with Shimadzu Autograph AG-X 100 kN. The dept- to-
thickness ratio was settled at 32:1. Five specimens, which has 12.5 x 65 mm dimensions, were tested for every
type of composite. The bending apparatus is presented in 2(c).

In the test, bending force and deflection values were obtained. Afterward, the bending stress, strain and modulus
values were calculated thanks to the equations 1, 2 and 3 (ASTM D790, 2017), respectively.

S; = 3PL/2bd? (1)
er = 6Dd/L? 2)
Ep = L*m/4bd? (3)

In the equations, Stis stress in the outer fibers at midpoint (MPa), P is load at a given point on the load- deflection
curve (N), L is support span (mm), b is width of beam tested (mm), d is the thickness of beam tested (mm), ef is
the strain in the outer surface (mm/ mm), D is maximum deflection of the center of the beam (mm), Eg is modulus
of elasticity in bending (MPa), and m is slope of the tangent to the initial straight-line portion of the force-deflection
curve (N/mm).

2.3.3.In- Plane Shear Test

The V-Notched Rail shear test was applied to the composites according to the ASTM-D7078/D7078M-19 standard
by the Shimadzu Autograph AG-X 100 kN test machine. The shear apparatus is presented in Figure 2(d).

A SIHIMADS
’ & SHIMADZU

(@
Figure 2. Testing Machine and Apparatus (A) Shimadzu Autograph AG-X 100 Kn, (B) Tensile Test With Using Of
Extensometer, (C) Bending Apparatus, (D) Shear Apparatus

The strain- gage was used to measure strain values in the test. For every type of composite, the five specimens
were prepared. The sizes of shear sample are shown in Figure 3. Shear strength and modulus values of composite
were calculated with the equation 4 and 5 (ASTM D7078M-19, 2020), respectively.

P

T12 =3 (4)
— T1z

Gy = 22 (5)

In the equations, 74, is shear stress (MPa), P is force (N), A is cross section area (mm?), G, is shear modulus (MPa)
and y;, is shear strain.

Figure 3. Dimensions Of Shear Test Specimen
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3. Results and Discussions
3.1. Tensile Test Results of Composites

The tensile stress- strain graphs of composites are shown in Figure 4. While the red line represents SUC, the UUC
is identified with the green line in the figure. In addition, the obtained tensile modulus and maximum tensile stress
values of composites are shown in Figure 5. Stitching did not impress maximum tensile stress values of composites.
On the other hand, the process enhanced the tensile modulus of composite. It is possible to explain this
phenomenon with that the stitching helps the yarns to do not disturb their direction in the composite production
stage.

In the previous study (Korkmaz, 2024), stitching process reduce the fiber volume fraction and degrade the tensile
module of SBC along the stitching direction. However, the opposite behavior was observed in the SUC and improve
the tensile module value. The obtained result proven that the fabric architecture of stitch composite layer has the
significant effect on tensile properties of stitched composite.

1000
= 750
o
2
A
£ 500
(p]
@
£ 250
5
= ——uuC
——suc
0
0 0,01 0,02 0,03 0,04 0,05

Strain
Figure 4. The Stress- Strain Graphs of Composites

100 1500

75
1000
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500
25 :
0 0
uuc sucC
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() ()
Figure 5. Tensile Graphs of Composites (A) Tensile Modulus Values, (B) Max. Tensile Stress Values

Tensile Modulus (GPa)
Max. Tensile Stress (MPa)

3.2. Bending Test Results of Composites

Bending modules and maximum bending stress values of composites are presented in Figure 6. The stitching
process did not create statistically significant differences in bending module and maximum stress values. In
previous study (Korkmaz, 2023), the same behavior was observed in the SBC and the stitching process did not
chance the maximum bending stress and bending module of composite.
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Figure 6. Bending Graphs of Composites (A) Bending Modulus Values, (B) Max. Bending Stress Values

3.3.In- Plane Shear Test Results of Composites

Shear modules and maximum shear stress values of composites are presented in Figure 7. Although stitching
process did not create statistically significant difference in the maximum shear stress values, the shear modulus
of composite was increased almost two times.

In the unidirectional woven fabrics, glass monofilament yarn was used as weft yarns. Therefore, unidirectional
yarns can gain fabric form and make easier the producers for composite manufacturing. The shear properties of
composites are mainly characterized by the intra and inter- layer frictions of fabric layers. Stitching process create
interlacement points between in- plane and stitching yarns. As result, the maximum shear stress was not
influenced by the process. However, the created interlacement points almost two times improved the shear
modulus of composite. In the previous study (Korkmaz, 2024), the same behavior was observed in the SBC. While
stitching process improved shear module, process did not change maximum shear stress value of composite.
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Figure 7. Shear Graphs of Composites (A) Shear Modulus Values, (B) Max. Shear Stress Values

4., Conclusions

The 3D stitched unidirectional carbon composite was manufactured and tested under the shear, tensile and
bending loads in the study. Moreover, a laminated unstitched carbon composite was manufactured and tested to
for comparison. Modulus and maximum stress values of composites were determined for every type of mechanical
test.

While stitching process did not change maximum stress values of composites, process improved tensile and shear
module values. According to the module and maximum stress values, the highest results were obtained from the
tensile test. The results of bending and shear tests follow them, respectively. Moreover, the obtained results were
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compared with the previous studies, which were carried out on the SBC with the same stitching conditions.
Although the stitching decreased the tensile module of SBC, the opposite behavior was observed in the SUC. The
result proven that tensile properties of 3D stitch composite is affected by fabric architecture of composite layer.
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