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Oz

Kontrollii salim, geleneksel tedavinin aksine, bir maddenin bir ortamdaki derigimini belirli bir siire boyunca korumak i¢in
kademeli olarak bir sistemden serbest birakilmas1 anlamina gelmektedir. ila¢ salim sistemlerinde ilacin hastalikli bélgeye
kontrollii bir sekilde salimi, tedavi ve toksisite agisindan 6nem arz etmektedir. Ozellikle 5-Fluorourasil (5-FU) gibi toksik
ozelligi fazla olan ilaglar kontrollii ilag salim teknolojisinde &zel yere sahiptir. Tedavinin basarili bir sekilde yapilabilmesi
icin 5-FU gibi antikanser ilaglarinin olasi yan etkilerini ortadan kaldirmak ve tedavi edici etkisini arttirmak i¢in kontrollii
ilag salim sistemlerinin gelistirilmesi onem kazanmaktadir. Bu ¢aligmanin amaci, 5-FU'in kontrollii salim1 i¢in biyolojik
olarak pargalanabilen ve biyouyumlu 6zgiin bir biyonanokompozit film gelistirmektir. Bu amagla bentonit yiiklii kitosan
hidroksipropil metilseliiloz biyonanokompozit filmler ¢ozeltiden dokiim ve solvent buharlastirma teknigi kullanilarak
sentezlenmistir. Biyonanokompozit filmlerin kimyasal bag yapisi, bentonit ilavesinin yapidaki amin ve hidroksil
gruplarina etkisi Fourier doniisiimli kizilétesi ile belirlenmistir. Polimerlerin ve bentonitin morfolojik 6zellikleri ve
uyumlulugu, taramali elektron mikroskobu kullanilarak karakterize edilmistir. Biyonanokompozit filmlerin sorpsiyon
derecesi sisme testleri ile degerlendirilmistir. Nanokompozit filmdeki bentonit iceriginin %5'ten %25'e artmasi ile
sorpsiyon derecesi %2.99'dan % 65.05'e artmistir. Ayrica sentezlenen biyonanokompozit filmlere bentonit ilavesinin ve
pH'in 5-FU'in yiiklenmesi ve enkapsiilasyon verimliligi iizerindeki etkileri arastirilmistir. 5-FU ytiiklenen nanokompozit
filmlerden ilacin kontrollii salim galigsmalar1 yapilmistir. Elde edilen sonuglar, nanokompozit ilag tasiyict filmlerde
bentonit kullanimimn kapstilleme verimliligini ve salim 6zelliklerini gelistirdigini gdstermistir. %35 bentonit yiiklii filmde
dort giiniin sonunda pH=7.4'te %40.12 salim degeri elde edilmistir.

Anahtar kelimeler: Bentonit, Fluorourasil, Hidroksipropil metilseliiloz, Ilag salim1, Kitosan, Nanokompozit film

Abstract

Controlled release, on the contrary traditional treatment, means the gradual release of a substance from a system in
order to maintain its concentration in a medium over a period of time. In drug release systems, the controlled release of
the drug to the diseased area has importance in terms of treatment and toxicity. Especially drugs with high toxic
properties such as 5-Fluorouracil (5-FU) have an important place in controlled drug release technology. In order to
complete the treatment successfully, it is important to develop controlled drug release systems to eliminate the possible
side effects of anticancer drugs such as 5-FU and to increase the therapeutic effect. The aim of this study is to develop a
unique biodegradable and biocompatible bionanocomposite film for the controlled release of 5-FU. For this purpose,
bentonite loaded chitosan hydroxypropyl methylcellulose bionanocomposite films were synthesized using solution casting
and solvent evaporation techniques. The chemical bond structure of the bionanocomposite films and the effect of bentonite
addition on the amine and hydroxyl groups in the structure were determined by Fourier transform infrared.
Morphological properties and compatibility of polymers and bentonite were characterized by using scanning electron
microscopy. The degree of sorption of the bionanocomposite films was evaluated by swelling tests. As the bentonite
content in the nanocomposite film increased from 5% to 25%, the sorption degree of film increased from 2.99% to 65.05%.
In addition, the effects of bentonite addition of the synthesized bionanocomposite films and pH of medium on the 5-FU
loading and encapsulation efficiency were investigated. Controlled release studies were carried out by using 5-FU loaded
nanocomposite films. The obtained results showed that the usage of bentonite in nanocomposite drug carrier films were
improved the release properties. After four days, a release value was obtained as 40.12% at pH=7.4 in the 5 wt. %
bentonite loaded films.

Keywords: Bentonite, Fluorouracil, Hydroxypropyl methylcellulose, Drug release, Chitosan, Nanocomposite film
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1. Giris
1. Introduction

[lag alaninda yapilan arastirmalarin asil amaci
tedavi edici yeni ilag molekiilleri gelistirmektir.
Ancak bu arastirmalarin uzun siireli olmasi,
sonu¢lanmasinin uzun zaman almasi, yiiksek
maliyetli olmast ve her zaman istenilen sonuca
ulasilmamasi gibi sorunlar arastirmacilar farkli
alanlara yoOnlendirmistir. Son yillarda yapilan
caligmalar ¢ogunlukla hastanmin tedavisi sirasinda
yasam kalitesini artirmak, kullanilan ilag dozunu
azaltmak, verilen ilacin doz araligini arttirmak,
hasta i¢in yan ve zararli etkileri ortadan kaldirmak
ve ilact hedef bolgeye gondermeye yonelik
olmustur. Bu beklentilere en iyi yanit veren en yeni
sistem "kontrollii salim sistemleri"dir.

Kontrollii ila¢ salim sistemlerinde kullanilacak
olan polimerin dogru secilmesi gerekir. Secilen
malzemenin belirli bir ilag etken maddesi i¢in
istenen salim hizim1 saglayacak Ozellikte olmasi,
biyouyumlu  ve  biyobozunur  polimerler
kullaniliyorsa salim bitince cerrahi islem gérmeden
viicuttan atilmas1 gerekir. Onerilen bu projede de
dogal polimerler kitosan ve hidroksipropil metil
seliiloz tercih edilmistir.

Kitosan, (1-4) -2-asetamido-2-deoksi-b-D-glukan
(Nasetil D-glukozamin) ve (1-4) -2-amino-2-
deoksi-b-Dglukan (D- glukozamin) birimlerinin
birlesmesi ile olusan dogrusal bir polisakkarittir.
Dogal bir polimer olan kitinin deasetilasyonu ile
elde edilir. Kitosan; dogal, toksik olmayan,
biyouyumlu, biyobozunur, yiiksek molekiiler
agirhikli, polikatyonik bir polimerdir. Cok
fonksiyonlu bir polimer olarak bilinir. Mukozaya
yapismasl, yara iyilestirme yetenegi ve ila¢ salimi
yetenegi gibi cesitli ozelliklere sahiptir. ilag
endiistrisinde kapsamli bir sekilde incelenmistir
(Justin & Chen, 2014; Reddy vd., 2016; Shu &
Zhu, 2002).

Hidroksipropil metilselilloz (HPMC), kontrollii
ila¢ salim sistemlerinin hazirlanmasinda kullanilan
en dnemli hidrofilik tastyict malzemelerden biridir.
En oOnemli ozelliklerinden biri, bir ilacin salim
kinetigi iizerinde 6nemli bir etkiye sahip olan
yiiksek sisebilirliktir. Su veya biyolojik siv1 ile
temas ettiginde, hacim genislemesi, polimer
Zincirinin gevsemesi ile sonuglanir. Daha sonra,
yapidaki ilag sistemden yayilir. Ayrica yiiksek
sigme  derecesinin  yaninda yiiksek yiizey
aktiviteside ilag yiikleme ozelligini
iyilestirmektedir (Siepmann &e Peppas, 2012;
Pingping vd., 2018).

Ana bilesen olarak montmorillonit (MMT) i¢eren
dogal bir silikat mineral olan bentonit, katmanlh
yapisi ile karakterize edilir. Bentonit yiiksek sisme
oranina, yiiksek adsorpsiyon ve katyonik degisim
kapasitesine ve ilag tagima kabiliyetine sahip dogal
bir kil mineralidir (Sakr vd., 2020). Farmakolojik
olarak bentonit, sulu aliimina silikat kimyasal
bilegimli kolloidal dogal bir malzemedir. Yiiksek
erisebilirlik, digik maliyet, gelecek vaat eden
reolojik ozellikler, biyolojik uyumluluk, toksik
olmayan yapisi, yiksek adsorpsiyon ve
absorpsiyon kapasiteleri, yiiksek yiizey alan1 ve
milkkemmel reaktivite gibi yliksek teknik
Ozelliklere sahiptir (Abukhadra vd., 2020). Birgok
caligma, bentonit kullamm ile elde edilen
nanokompozitlerin daha ytliksek mekanik ve termal
Ozelliklere sahip oldugunu ve ilag tastyicilart
olarak  kullamildiginda  ilag  enkapsiilasyon
verimliligini ve silirekli salim ozelliklerini
gelistirdigini ortaya koymustur (Zhang vd., 2020).

Bu calismada kitosan/hidroksipropil — metil
seliiloz/bentonit biyonanokompozitleri ilag salimi
icin ilk kez bir arada kullanilmistir. Sentezlenen bu
biyonanokompozit filmler, 5-Fluorourasil
kemoterapi ilacinin saliminda kullanilmistir.

Son ¢aligmalar, biyolojik patojenlerin, bulasici ve
bulasici olmayan hastaliklarn tedavisinin biiyiik
Olciide iyilestirildigini, ancak kanserin tedavisinin
nispeten az gelisgmis durumda  oldugunu
gostermektedir. Diinya Saglik Orgiitii tarafindan
2014 yilinda yayinlanan Diinya Kanser Raporu,
2012 yilinda diinya ¢apinda on dort milyon kisiye
kanser teshisi konuldugunu ve bu saymin 2035
yilima kadar yirmi dort milyona c¢ikacagim
belirtmektedir. Anti-kanser ilaglarinin arastirilmasi
ve gelistirilmesi, kanser tedavisinde hayati bir rol
oynamaktadir. Ancak kanser oOnleyici ilaglarin
doku ve hiicreler tizerindeki yan etkileri nedeniyle
antikanser ilaglarin gelisimi son derece smirh
kalmistir. Pek cok ilag, tiimor bolgelerinde 6nemli
Olciide 1iyilestirici bir etkinlik godstermeyerek
basarisiz olmustur. Tiimor hiicrelerini hedeflemek
ve ilaclar1 tiimor ortamina salmak icin etkili ilag
yiklemesine sahip bir ilag salim sistemi
gelistirmek bu noktada o6nemlidir (Wang vd.,
2018).

5-Fluorourasil, kolorektal kanser, mide kanseri,
meme kanseri, beyin tiimorii, karaciger kanseri,
pankreas kanserleri ve akciger kanserinin tedavisi
icin kullanilabilen etkili bir kemoterapi ilacidir. 5-
Fluorourasil, DNA replikasyonunda
deoksiriboniikleotidler i¢in gerekli olantimidilat
sentaz  aktivitesini  kisitlayarak  timidinin
tikenmesine, ardindan deoksiliridin trifosfatin
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DNA'ya dahil olarak hiicre §liimiine neden olan bir
pirimidin  tiirevidir. Bununla  birlikte, 5-
Fluorourasilin hizli metabolizmaya bagli kisa
biyolojik yarilanma o6mrii, dihidropirimidin
dehidrojenazin  metabolizmasma bagl olarak
homojen olmayan ve eksik oral absorpsiyon, kemik
iligi ve gastrointestinal sistem tizerindeki toksik
yan etkileri ve saglikli hiicrelere karst secici
olmayan etki gibi dezavantajlarn vardir. Bagarili bir
kanser tedavisi i¢in, kemik iligi tizerindeki toksik
yan etkilerin iistesinden gelmek olduk¢a 6nemlidir;
bu da, ilacin biyopolimerik sistemlerde kontrollii
salimu ile saglanabilir.

Literatiirde 5-Fluorourasilin kontrollii salimi i¢in
cogunlukla nanoparcaciklar, mikrokiireler,
miseller ve boncuklar sentezlenerek kullanilmistir
(Amini vd., 2019; Paul vd., 2000; He vd., 2020, Gu
vd., 2014). Nanokompozit filmlerin kullanildig
uygulamalar simirhidir (Reddy vd., 2016; Lei vd.,
2010).

Bu calismada, 5-Fluorourasilin kontrolli salimu
icin biyolojik olarak par¢alanabilen ve biyouyumlu
O0zglin  bir polimer kompozit gelistirmek
hedeflenmistir. Bu baglamda hem tercih edilen
biyonanokompozitlerin daha énce kullanilmamig
olmast hem de tercih edilen model ilacin bu
filmlerden salimmin incelenmemis  olmasi
caligmanin  6zglinliigiinii ortaya koymaktadir.
Hazirlanan biyonanokompozit filmlerin yiizey ve
kesit goriintiileri SEM analizi ile belirlenmistir.
Kitosan/Hidroksipropil Metilseliiloz
biyonanokompozit filmlere Bentonit ilavesinin
filmlerin kimyasal bag yapisinda meydana
getirdigi degisim FTIR ile karakterize edilmistir.
Bentonit Yikli Kitosan/Hidroksipropil
Metilselilloz  Biyonanokompozit Filmlere ilk
olarak 5-Fluorourasil yiiklenmis, ardindan zamanla
ila¢ salim performansi incelenmistir.

2. Materyal ve metot
2. Material and method

2.1. Malzemeler
2.1. Materials

flag etken maddesi 5-Fluorourasil (98%) Abcr
firmasindan satin alinmistir. Film hazirlama da
kullanilan polimerlerden Kitosan Sigma Aldrich
'den, Hidroksipropilmetilselilloz Kimetsan Kimya
firmalarindan temin edilmistir. Asetik asit (>99%)
ve aseton (> 99%) Merck'ten, capraz bag ajani
glutaraldehit (25%) ve pH=7.4'teki fosfat tampon
¢ozeltisi (1.0 M) ise Sigma Aldrich 'den tedarik
edilmistir. Bentonit ise Dolsan Madencilik'ten
saglanmistir.

2.2.
Kitosan/Hidroksipropilmetilseliiloz/Bentonit
nanokompozit film sentezi

2.2. Synthesis of Chitosan/Hydroxypropylmethyl
cellulose/Bentonite nanocomposite film

Agirlikca %1 kitosan, hacimce %1 asetik asit
iceren sulu ¢ozeltide ¢oziinmiistiir. Agirlikga %1
Hidroksipropilmetilselilloz da bir baska kapta su
igerisinde kangtirillarak  bir gece c¢Oziinmeye
brrakilmustir.  Hazirlanan  kitosan  ¢Ozeltisi
hidroksipropilmetilseliiloz  ¢ozeltisine  40°C'de
damlatilarak  eklenmis ve  karistirilmustir.
Hazirlanan ¢0zelti igerisine toplam polimer
agirh@inin %5, %15 ve %25 oraninda bentonit
eklenerek homojen karisim elde edilinceye kadar
kanstirilmistir.  Elde  edilen film  ¢6zeltisi
polimetilmetakrilat  ylizeye  dokiilerek oda
sicakliginda kurumaya birakilmigtir. Kuruyan
filmin suda ¢oziinmesini engellemek icin ¢apraz
baglama islemi gergeklestirilmistir. 2 mL capraz
bag ajam1 glutaraldehit, 2 mL katalizor gorevi
gorecek hidroklorik asit, hacimce %85 aseton ve
%15 su iceren capraz bag banyosunda 3 saat
bekletilerek capraz baglama iglemi yapilmistir. 3
saat sonunda capraz bag banyosundan g¢ikarilan
film saf su ile yikanarak kullamima hazir hale
getirilmistir (Calvo vd., 2018).

2.3. Karakterizasyon testleri
2.3. Characterization tests

Sentezlenen biyonanokompozit filmlerin
morfolojileri Taramali Elektron Mikroskopi ile
analiz edilmistir. Kimyasal bag yapilan ise FTIR
ile belirlenmistir. FTIR analizi Bursa Teknik
Universitesi Kimya Béliimii'ndeki Perkin Elmer-
Spectrum Two marka cihaz ile yapilmistir. Analiz
650-4000 cm™ araliginda 4 tarama yapilarak
gerceklestirilmistir. Filmlerin SEM analizleri Carl
Zeiss / Gemini 300 model mikroskop ile Bursa
Teknik  Universitesi Merkezi Aragtirma
Laboratuvari'nda hizmet alim ile yapilmigtir.
Omekler sivi azot ile kirlarak hazirlanmustir.
Numuneler SEM'de incelenmeden iletkenligi
saglamak amach Once karbon bant iizerine
konulmus ve altin-paladyum ile kaplanmustir.

2.4. Sisme testleri
2.4. Swelling tests

Kuru agirhig tartilmig filmler fosfat tamponu (pH
7.4) iginde oda sicakliginda 24 saat boyunca
dengeye ulagmasi ic¢in birakilmigtir. Ardindan
filmler su tutma kapasitelerini belirlemek igin
suyun igerisine birakilarak her 30 dakikada
agirliklan Olgiiliip kaydedilmistir. Filmlerin sisme
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dereceleri Esitlik 1 kullanilarak hesaplanmustir.

Q: WS_Wd

x100 1)

d

Ws sismis filmin agiligim, Wa kuru filmin
agirligini, Q ise sisme oranini gostermektedir.

2.5. 5-Fluorourasil yiikleme ve enkapsiilasyon
verimi

2.5. 5-Fluorouracil loading and encapsulation
efficiency

5-Fluorourasil filmlere sisme yontemi ile
yiiklenmistir. Filmler 5 mg 5-Fu, 8 ml aseton ve 12
ml su distile su igeren ila¢ ¢Ozeltisinde oda
sicakliginda 24 saat boyunca birakilmistir. 24 saat
sonunda film ila¢ ¢ozeltisinden alinmis ve ilagh
cozelti UV-VIS spektrofotometre  (Agilent-
Cary60) ile 266 nm'de analiz edilmistir. Boylece
film icindeki 5-Fu miktan belirlenmistir. Ilag
yiikleme yapilan filmlerin enkapsiilasyon verimi
Esitlik 2 kullanilarak hesaplanmustir.

Enkapsiilasyon verimi (%) % Gercek ylikleme
stilasyon verimi (%) = pr—
P 4 % Teorik yikleme
)
—— %25—— %15—— %5 —— Sal
(@ o
(©)
£ ((@) =
= =
@ L
oy [
! S
<] <
¥ T T T T T T »
4000 3500 3000 2500 2000 1500 1000
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2.6. 5-Fluorourasil salimi
2.6. Release of 5-Fluorouracil

5-Fluorourasil yiiklii filmlerden 5-Fluorourasilin
kontrollii salim ¢aligmalarinda bilinen agirliklarda
filmler fosfat tampon c¢ozeltisine birakilarak ilag
salim performansi incelenmistir. Belirli zaman
araliklarinda fosfat tampon ¢6zeltisinden numune
almip 266 nm'de UV ile analiz edilerek absorbans
degerleri kaydedilmistir. Kaydedilen absorbans
degerleri kalibrasyon grafigi kullanilarak salinan 5-
Fu miktar ile iligkilendirilmistir. Béylece filmlerin
ilag salim performanslar belirlenmistir.

3. Bulgular ve tartisma
3. Results and discussion

3.1. Karakterizasyon sonugclari
3.1. Characterization results

3.1.1. FTIR analizi
3.1.1. FTIR analysis

Saf kitosan/hidroksipropilmetilselilloz film ve
bentonit yiiklii kitosan/hidroksipropilmetilseliiloz
biyonanokompozit filmlerin FTIR spektrast Sekil
1’de gosterilmektedir.

—%25——%]15

G

©

1 T T T T T
4000 3500 3000 2500 2000 1500 1000

Dalga boyu (cm)

Sekil 1. FTIR analizi (a) Saf kitosan/hidroksipropilmetilseliiloz film (b) %5 Bentonit yiiklii
kitosan/hidroksipropilmetilseliloz ~ biyonanokompozit  film (c) %15 Bentonit yiikli
kitosan/hidroksipropilmetilseliloz ~ biyonanokompozit  film (d) %25  Bentonit yikli
kitosan/hidroksipropilmetilseliiloz biyonanokompozit film

Figure 1. FTIR analysis (a) Pristine chitosan/hydroxypropylmethylcellulose film (b) 5% Bentonite
loaded chitosan/hydroxypropylmethylcellulose bionanocomposite film (c) 15% Bentonite loaded
chitosan/hydroxypropylmethylcellulose  bionanocomposite film (d) 25% Bentonite loaded
chitosan/hydroxypropylmethylcellulose bionanocomposite film
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Sekil 1(a)'da 3400 cm™de goriinen giiclii ve genis
pik, kitosan/hidroksipropilmetilselillozun ~ O-H
gruplarma karsilik gelmektedir.
Kitosan/hidroksipropilmetilseliillozun blend filmin
sakkarit yapisinin karakteristik pikleri 1650 cm™ile
1400 cm™ arasinda gdzlenmektedir (Venkatesulu
vd., 2016). 1400 cm™'deki absorpsiyon pikleri -NH
gruplarinin titresimleri ile agiklanabilir. Bentonit
yiiklii kitosan/hidroksipropilmetilseliiloz
biyonanokompozit filmlerde 1700, 990 ve 550 cm
'de goriilen pikler Si—O ve OH baglarina atfedilir.
Bentonit orani arttikca -OH grubu pikleri daha

Mag= 800KX  gnr= 5004V
1 pm i
WD = 11.3mm

Signal A= SE2 Auto BC = Off
Scan Speed =7

Mag= 10.00KX  £nT= 500kv
1pm

diisiik bir frekansa kaymuistir, bu da kil ile
kitosan/hidroksipropilmetilseliiloz arasinda
meydana gelen hidrojen bagimi desteklemektedir
(Reddy vd., 2016).

3.1.2. SEM analizi
3.1.2. SEM analysis

Saf kitosan/hidroksipropilmetilseliiloz film ve
bentonit yiiklii kitosan/hidroksipropilmetilseliiloz
biyonanokompozit filmlerin kesit goriintiileri Sekil
2’de gosterilmektedir.

> 2 3
Signal A= SE2 Auto BC = Off
Scan Speed =7

WD = 13.1 mm

O r N W H 00 O N ®

Energy [keV]

Spectrum Carbon Oxygen Sodium Magnesium Aluminium Silicon

Spectrum 1 34.75 38.73 127 3.82 3.07 18.42
Sekil 2. (@) Saf  kitosan/hidroksipropilmetilseliiloz  film  (b)  Bentonit  yiikli
kitosan/hidroksipropilmetilseliiloz biyonanokompozit film (©) Bentonit yuiklii
kitosan/hidroksipropilmetilseliiloz biyonanokompozit filmin EDS analizi
Figure 2. (a) Pristine chitosan/hydroxypropylmethylcellulose film (b) Bentonite loaded

chitosan/hydroxypropylmethylcellulose bionanocomposite film (c) EDS analysis of bentonite loaded
chitosan/hydroxypropylmethylcellulose bionanocomposite film

Saf kitosan/hidroksipropilmetilseliiloz  filmlerin
kesit goriintiisiine bakildiginda iki polimerinde ¢ok
iyi kanstigini, faz aymrmmi gozlenmedigini ve
homojen bir yap1 sergiledigi goriilmistir (Sekil
2a). Bentonit yikli
kitosan/hidroksipropilmetilseliiloz

biyonanokompozit filmlerin kesit gorintiisiine
bakildiginda ise iki polimer karisimi arasinda
bentonitlerin varlig1 agikca goriilmektedir (Sekil

2b). ki farkli polimer yapisi arasina bentonitler
yerlesmistir. Ayrica polimerik film icerisindeki
bentonitin varlignt SEM-EDS analizi ile de
dogrulanmistir. Bentonitin yapisindaki elementler
Al, Mg, NA ve Si, SEM-EDS analizinde
gorilmistiir (Sekil 2c¢).
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3.2. Sisme derecesi sonuclari
3.2. Swelling degree results

Farkl oranlarda bentonit iceren
kitosan/hidroksipropilmetilseliiloz filmlerin sudaki

sisme dereceleri Sekil 3'te verilmistir.

70
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Jp— |
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Sekil 3. Sisme testi sonuglari
Figure 3. Swelling test results

Sekil 3'te bu calismada gelistirilen
biyonanokompozit filmlerin bentonit yiikleme
oraninin bir fonksiyonu olarak sisme kapasitesini
gostermektedir. Agirlikca %25 bentonit yiikli
kitosan/hidroksipropilmetilseliiloz
biyonanokompozit film, diger filmlere gore en
yiiksek sisme kapasitesini gdsterir. Bunun nedeni,
kil koridorlarindaki su molekiilleri ile kitosan-
hidroksipropilmetilseliiloz zincirlerinde bulunan —
NH2 ve —OH gruplannin elektron ¢ifti arasindaki
molekiiller arasi etkilesimi ile ilgili oldugu seklinde
yorumlanabilir. Bentonit miktan arttik¢a hidrofilite
artmms, buna bagli olarak da sudaki sisme derecesi
artig gostermistir (Reddy vd., 2016).

3.3. Bentonit yiikleme oranimin etkisi
3.3. Effect of bentonite loading ratio

3.3.1. 5-Fluorourasil yiikleme ve enkapsiilasyon
verimi sonuclari
3.3.1. 5-Fluorouracil loading and encapsulation
efficiency results

Sekil 4'te 5-Fluorourasil igeren farkli oranlarda
bentonit yiiklii kitosan/hidroksipropilmetilseliiloz
biyonanokompozit  filmlerin ilag  utuklama
(enkapsiilasyon) verimleri goriilmektedir.
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Sekil 4. Bentonit yiikli kitosan/hidroksipropilmetilseliiloz biyonanokompozit filmlerde

5-Fluorourasil yiikleme verimi
Figure 4.

5-Fluorouracil

chitosan/hydroxypropylmethylcellulose bionanocomposite films

Bentonit igerigi agirlikca %5' den %25'e arttikga
ilag tutuklama veriminin az da olsa arttig1
gbzlemlenmistir. Enkapsiilasyondaki bu kiigiik
art1s, 5-Fluorourasilin katyonik dogasinin, (suda
¢oziilirken —NH grubu —NH+'ya doniisiir) negatif
yukli bentonit ve kitosan-
hidroksipropilmetilseliilloz polimer matrisleri ile
etkilesimini artirarak kapsiilleme verimliligini
arttirmasi ile aciklanabilir (Reddy vd., 2016).
Ancak ila¢ yilikleme oranlarindaki c¢ok kiigiik
farklara bakarak, filmlere yiiklenen ilag
miktarinin, film igerisindeki bentonit oranindan
bagimsiz oldugu sonucuna varilabilir.

loading  efficiency in  bentonite  loaded
3.3.2. 5-Fluorourasil salim

3.3.2. Release of 5-Fluorouracil
Kitosan/hidroksipropilmetilseliiloz filmlerde

bentonit oraninin ila¢ salimi {izerine etkisi
incelemek i¢in 5-Fluorourasil yiiklii filmlerin ilag
salimlart  incelenmigtir.  5-Fluorourasil  yiikli
filmler pH=7.4'teki fosfat tampon ¢dzeltisinde 4
gliin  boyunca  kanstirllarak  ilag  salim
performanslar1 4 giiniin sonunda UV analizi ile
belirlenmistir. Sekil 5'te filmlerdeki bentonit
igerigine bagh olarak ilag salim yiizdeleri
gorilmektedir.
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Sekil 5. Bentonit yiiklii kitosan/hidroksipropilmetilseliiloz biyonanokompozit filmlerde
5-Fluorourasil ilag salim performansi

Figure 5. 5-Fluorouracil

drug release performance in bentonite loaded

chitosan/hydroxypropylmethylcellulose bionanocomposite films
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Bentonit igerigi arttikga ila¢ tutma veriminin
artmasi, ila¢ salimini da etkilemektedir. Ciinkii 5-
Fluorourasilin katyonik yapisi, negatif yiikli
bentonit ve kitosan-hidroksipropilmetilseliiloz
polimer matrisleri ile etkilesimini artirarak yiiksek
tutma verimi sergileyerek, ilact matris igerisinde
glicli bir sekilde tutmaktadir. Dolayisiyla ilag
salimi kil igeriginin artmasiyla azalir. Daha yavas
bir sekilde desorbe olarak kontrollii bir salim
yapmak miimkiin olmaktadir. Bu da bentonit ytiklii
kitosan/hidroksipropilmetilseliiloz ~ filmlerin ~ 5-
Fluorourasilin kontrollii salimda
kullanilabilecegini gostermektedir (Reddy vd.,
2016).

3.4. pH"1n etkisi
3.4. Effect of pH

Bentonit yiiklii kitosan/hidroksipropilmetilseliiloz
biyonanokompozit filmlerde en iyi salim
performans1 gosteren %5 bentonit yikli film
kullanilarak farkli pH degerlerinde 5-Fluorourasil
yiikleme ve salim deneyleri gerceklestirilmistir.
Caligilan pH degerleri mide sivisina benzer pH
1.2, duodenum sivisina benzer pH 5.5 ve son
olarak bagirsak sivisina benzer pH 7,4 fosfat
tamponu ortamlarinda ¢alisilarak ilag salim
performanslari incelenmistir.

3.4.1. 5-Fluorourasil yiikleme ve enkapsiilasyon
verimi sonuclari
3.4.1. 5-Fluorouracil loading and encapsulation
efficiency results

%S5 bentonit yiiklii filmlere Boliim 2.5'te belirtildigi
gibi 5-Fluorourasil yiikleme islemi
gerceklestirilmistir. 5 mg %5 bentonit yiklii g
filme ilag yiiklemesi sonucu ila¢ tutuklama verimi
sonuclar1 Tablo 1'de verilmistir. Filmlere sirastyla
numune-1, numune 2 ve numune 3 isimleri
verilmistir.

Tablo 1. Filmlerin enkapsiilasyon verimi degerleri
Table 1. Encapsulation efficiency values of films

Film Enkapsiilasyon verimi (%)
Numune-1 69.61
Numune-2 70.10
Numune-3 70.64

Aym konsantrasyondaki ila¢ ¢ozeltisi ile aym
miktarda bentonit iceren filmler temasa birakildig:
icin ilag yiikleme degerlerinin birbirine oldukca
yakm oldugu goériilmistiir. Bu deneysel kosullarin
ayni1 olmasi sebebi ile beklenen bir sonugtur.

3.4.2. 5-Fluorourasil salimi
3.4.2. Release of 5-Fluorouracil

%5 bentonit katkili
kitosan/hidroksipropilmetilseliiloz filmlerde pH'm
ilag salimi tzerine etkisini incelemek igin 5-
Fluorourasil yiiklenmis filmlerin ilag salimlar
incelenmistir. 5-Fluorourasil yiikli filmler pH=1.2,
pH=5.5 ve pH=7.4'teki fosfat tampon ¢ozeltisinde
4 gin boyunca kangtirllarak ilag salim
performanslar1 4 giiniin sonunda UV analizi ile
belirlenmistir. Sekil 6'da pH'n ilag salimina etkisi
verilmistir.
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Sekil 6. Farkli pH degerlerinde ila¢ salim performansi
Figure 6. Drug release performance at different pH values

Elde edilen salim grafiklerine bakildiginda pH
1.2°de 5-fluorourasil salimm az oldugu, pH 5.5te

salimin arttig1 en yiksek salimin pH 7.4°de
gerceklestigi goriilmiistiir. Bunun nedeni bentonit
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yiiklii kitosan/hidroksipropil metil seliiloz filmlerin
disik pH’larda daha az sismesi olarak
aciklanabilir. Yapidaki bentonit ve hidroksipropil
metil seliiloz filmin sismesine yiiksek oranda katk1
saglar (Kulkarni vd., 2000). Ayrica ilacin diisiik
pH'larda salim yiizdesinin, pH 7.4'e kiyasla 6nemli
Ol¢iide azalmasi 5-Fu'nun asidik bir ila¢ olmast ile
agiklanabilir. Alkali kosullar altinda iyonizasyon
¢Ozlnlirligli  arttirmaktadir. Ayrica, bu durum
asidik kosullar altinda filmin yiizeynde hidrasyon
tabakasi olugturan kitosanin protonlanmig amino
gruplan ile de ilgili olabilir. Bu hidrasyon
tabakasinm koruyucu etkisi, ilacin filmlerden daha
az salinmasma neden oldugu diisiiniilmektedir
(Sunvd., 2017).

4. Tartisma ve sonuclar
4. Discussion and conclusions

Bentonit yiiklii kitosan/hidroksipropilmetilseliiloz
filmler ¢ozeltiden dokiim teknigi ile hazirlanmustir.
Hazirlanan filmlerin  karakterizasyon testleri
sonucunda bentonitin
kitosan/hidroksipropilmetilseliiloz filmlere basarili
bir sekilde eklendigi sonucuna ulasilmistir.
Bentonit yiiklii kitosan/hidroksipropilmetilseliiloz
filmlerin ila¢ yiikleme verimliligi, artan kil igerigi
ile artig gostermistir. Yiiksek kil igerigi, daha diisiik
ilag salim hiz1 sergilemistir. Ayrica bagirsak
stvisina benzer pH 7.4 fosfat tamponu ortamlarinda
calisildiginda en yiiksek ilag salim performanslart
elde edildigi goriilmiistiir. Asidik pH'larda zayif
ilag salim ozelligi sergilemistir. Bu calisma 5-
Fluorourasil gibi biyolojik yarilanma 6mrii oldukga
kisa ve salimi ¢ok hizli olan ilaglar ig¢in
biyonanokompozit film gelistirmeyi amaglamigtr.
Sentezlenen bentonit yikli
kitosan/hidroksipropilmetilseliiloz ~ filmlerin 4
giinlin sonunda %41 oraninda salim gdstermesi, bu
filmlerin kontrolli ilag salimi i¢in Onemli bir
alternatif oldugunu gostermistir.
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Oz

Bu calismada, yerel olmayan elastisite teorisi kullanilarak elastik ortamda bir nano ¢ubugun eksenel titresimi ele
alinmustir. Probleme ait hareket denklemleri denge sartlar1 vasitastyla elde edilmis ve analitik olarak ¢dziilmiistiir. Iki ucu
ankastre ve bir ucu ankastre bir ucu serbest nano gubugun serbest titresim frekanslarini veren ifadeler yerel olmayan
parametre ve elastik ortam parametrelerine bagli olarak bulunmustur. Ankastre-ankastre ve ankastre-serbest sinir kogullar
icin, titresim frekanslar ile elastik ortam parametresi ve yerel olmayan parametrenin iliskileri incelenerek sonuglar
grafikler {izerinde gosterilmistir. Sayisal sonuglar icin karbon nano cubuga ait fiziksel ve malzeme ozellikleri
kullaniimigtir. Elde edilen sonuglarla serbest titresim frekanslarinin boyuta 6nemli dl¢iide bagli oldugu ve boyut etkisinin
yiiksek modlarda daha etkili oldugu goriilmiistiir. Yerel teori ile elde edilen frekans degerleri, yerel olmayan elastisite
teorisi kullanilarak elde edilenlerden ¢ok farklidir.

Anahtar kelimeler: Eksenel titresim, Nano ¢ubuk, Yerel olmayan elastisite teorisi

Abstract

In this study, axial vibration of a nano rod in an elastic media is discussed using the non-local elasticity theory. Equations
of motion of the problem are obtained by means of equilibrium conditions and solved analytically. The expressions giving
the free vibration frequencies of the fixed-fixed nanorod and fixed-free nanorod were found depending on the non-local
parameter and the elastic medium parameters. For fixed-fixed and fixed-free boundary conditions, the relationships
between vibration frequencies and elastic medium parameter and nonlocal parameter are examined and the results are
shown on graphs. Physical and material properties of the carbon nanotube were used for numerical results. With the
results, it was seen that free vibration frequencies are remarkably be subject to size and the size effect is more effective
in high modes. The frequency values which obtained using the classical elasticity theory are very distinct than obtained
using the non-local elasticity theory.
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1. Giris
1. Introduction

1991 (lijima, 1991) yilinda deneysel olarak ilk defa
karbon nanotiip yapilarin elde edilmesi nano
teknoloji siirecini baglatmis ve bu alandaki
deneysel ve kuramsal calismalari hizlandirmugtir.
Karbon nano tiipler sahip oldugu yapisal ve
mekanik o6zellikler acisindan nano Glgekteki
malzemelere en giizel 6meklerden biridir ve belki
de ilk nano teknolojiye has uygulamalar bu yapi
kullanilarak gerceklesmistir. Karbon nano tiiplerin
(KNT) mekanik ve fiziksel ozellikleri iki grup
altinda kategorize edilmektedir. Bunlarin birincisi
atomik molekiiler dinamik modellemedir. ikinci
grup ise yerel olmayan elastisite teorisi (Eringen,
1972), mikropolar teori (Eringen, 1967), modifiye
edilmis gerilme ¢ifti teorisi (Yang vd., 2002), sekil
degistirme teorisi (Aifantis, 1999) gibi birkag
boyuta bagli siirekli ortamlar teorilerine
dayanmaktadir. Eringen tarafindan onerilen yerel
olmayan elastisite teorisinde, ol¢ek etkisini hesaba
katmak icin, bir noktadaki gerilmenin siirekli
ortamdaki tiim noktalardaki deformasyonlarin bir
fonksiyonu oldugu varsayilmaktadir. Literatiirde,
nano yapilarin statik, burkulma, titresim ve dalga
yayilmm analizlerinde Eringen'in yerel olmayan
elastisite teorisini kullanan ¢ok sayida calisma
bulunmaktadir.

2003’te yapilan bir c¢alismada Euler-Bernoulli
kirisi lizerinde statik analiz yapilmis ve bunun i¢in
ilk kez yerel olmayan elastite teorisi kullanilmgtir
(Peddison vd, 2003). 2007 yilinda yapilan bir
calismada yerel olmayan elastite teorisi vasitasiyla,
Timoshenko, Levinson, Euler-Bernoulli ve Reddy
kiris teorileri yeniden ele alinarak kirislerin egilme,
burkulma ve titresimleri incelemistir (Reddy,
2007). Yine aym yil, c¢ift duvarli karbon
nanotiiplerde  titresim ve burkulma analizi
Timoshenko kiris teorisi kullanilarak incelenmis ve
diizlem igi yiiklerin dogal frekanslara etkisi
belirlenmistir (Ece & Aydogdu, 2007). Tek duvarl
karbon nano tiiplerde dogrusal olmayan serbest
titresim analizi de bir grup arastirmaci tarafindan
yaptlmistir (Yang vd, 2010). Literatiirde nano
cubuklarin ve kiriglerin titresimi iizerine yapilmis
ve yerel olmayan elastisite teorisinin kullanildigi
birgok ¢alisma mevcuttur (Arash & Ansari, 2010;
Ansari & Samani, 2011; Arash & Wang, 2012;
Aydogdu, 2009a; Aydogdu 2009b; Thai, 2012).
Bunlarin yaninda elastik ortama gomiilii nano
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Olgekli cubuklarin mekanik O6zelliklerine elastik
ortamin etkisini gdsteren ¢alismalar da mevcuttur
(Aydogdu, 2012; Yayli vd, 2015). Ayrca elastik
zemine gOémiilii nano c¢ubugun eksenel titresim
analizi yerel olmayan sekil degistirme gradyani
teorisi kullanilarak (Simsek, 2016) tarafindan
yapilmstir.

Simdiki calismada oOncelikle karbon hano
cubuklarn elastik ortamdaki eksenel titresimini
veren  hareket  denklemlerine  ulagilmaya
calisitlmigtir. Probleme ait hareket denklemleri
yerel olmayan elastisite teorisi kullanilarak elde
edilmis ve analitik olarak ¢oziilmiistiir. iki ucu
ankastre ve bir ucu ankastre bir ucu serbest nano
cubugun serbest titresim frekanslarmi veren
ifadeler yerel olmayan parametre ve elastik ortam
parametrelerine bagli olarak bulunmustur. ki ucu
ankastre ve bir ucu ankastre bir ucu serbest nano
cubugun serbest titresim frekanslarmi veren
ifadeler yerel olmayan parametre ve elastik ortam
parametrelerine bagli olarak bulunmustur. Bu
calismada cubuk malzemesi tek duvarli karbon
nanotiip (TDKNT) olarak ele alinmistir.

2. Teorik inceleme
2. Theoretical preliminaries

Mikro ve nano teknolojilerinin ve boyuta bagh
stirekli ortam teorilerinin gelismesi, kiigiik boyutlu
yapilarin ~ modellenmesinde  ve  analizinde
kullanilmasina imkan saglamistir. Klasik (Yerel)
elastisite teorisinin nano boyutlu elemanlarin
analizinde kullanilamamasi bilim adamlarini farkli
teorilerin arayisina yonlendirmistir. Ilk olarak 1983
yilinda Eringen yerel olmayan elastite teorisini
bilim diinyasina sunmustur. Yerel olmayan elastite
teorisi kisaca su sekilde agiklanabilir; klasik (yerel)
elastite teorisinde bir x noktasindaki gerilme, o x
noktasindaki sekil degistirmenin bir fonksiyonu
olarak almmakta iken, yerel olmayan elastisite
teorisinde bir noktadaki gerilme ortama ait tiim x
noktalarindaki sekil degistirmelerin bir fonksiyonu
olarak alinmaktadir. Bu calismada elastik ortam
igerisindeki nano gubugun titresim denklemi yerel
olmayan elastisite teorisi kullamilarak elde
edilmistir.
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3. Elastik ortamda nano ¢ubugun eksenel titresim denkleminin elde edilmesi
3. Obtaining of axial vibration equation of nano rod in elastic medium
Cemal Erigen nano ¢ubugun yerel olmayan bir boyutlu biinye denklemini agagidaki sekilde vermistir:

[1— (e0a)?.V?]oyy = E. &5y 1)

2
Burada V2= % bir boyutlu diferansiyel operatoriidiir.

2

O,y ,X dogrultusundaki normal gerilme bileseni , €,, eksenel sekil degistirme bileseni , eya yerel
olmayan parametre, E elastisite modiiliidiir.

epa = 0 ise (1) denklemi klasik elastisite teorisindeki biinye denklemine (gerilme-sekil degistirme
bagintisina) indirgenir. (0., = E.&,y)

L uzunlugunda homojen, izotropik bir ¢ubuk i¢in, (1) denklemi asagidaki formda yazilabilir;

2 aZGxx
Oxx — (eoa) x2 = E-Sxx (2)

Hamilton prensibi kullanilarak elastik ortam igindeki nano ¢ubugun bir boyutlu eksenel titresimini veren
hareket denklemi asagidaki gibi verilebilir;

N _ _ 0%u(x,t)
P + f(x,t) — ky.u(x, t) = pA—at2 (3)

Burada f(x,t) , x ekseni boyunca etki eden eksenel yiik , k,, elastik ortamin katsay1si, p ¢ubugun kiitle
yogunlugu, A ¢ubugun kesit alani, u(x, t) eksenel yer degistirme fonksiyonu, t zaman, N ise agagidaki
gibi ifade edilen eksenel normal kuvvettir;

N = [, 0.,dA 4)

€,y cksenel genleme bileseni, eksenel yer degistirme cinsinden

d
Exx = ﬁ (5)

olarak yazilir.

(2), (4) ve (5) denklemleri bir arada kullanilirsa,

u

3°N
N — (eoa)z Fye) = EAa (6)

elde edilir. Eksenel normal kuvvet (3) denklemi (6) denkleminde yerine yazilarak asagidaki gibi elde
edilir;

3u 6f ou
at2dx  ox U ax (")

= EA + (ea)?. [pA

(3) ve (7) denklemleri bir arada kullanildiginda elastik ortam igerisindeki nano gubugun yerel olmayan
lineer titresim denklemi

EA—+ A— [(eoa)z—u—u] + ky, [(eoa)z——u] —(eoa)z'3 f+f 0 (8)

a2’
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elde edilir. (8) denklemi 4. mertebe kismi tiirevli bir denklemdir. Coziimii i¢in dort adet sinir kosuluna
ihtiya¢ vardir. Lineer titresimin hareket denkleminin ¢6ziimii i¢in titresimin harmonik titresim oldugu
kabul edilir ve dis yiik sifir alinirsa (f = 0), degiskenlerine ayirma yontemi kullanilarak w(x,t) ¢oziimii
asagidaki sekilde yazilabilir;

u (x,t) = X7 T (6). Xn(x) )

Burada T, (t) zamana bagl bilinmeyen bir fonksiyondur. X, (x) ise L uzunlugunda ¢ubugun, frekans
parametreleri ile mod sekillerine bagli asagidaki gibi tanimlanan bir fonksiyondur. Bu ¢alismada iki ayn
siir kosulu igin inceleme yapilarak ankastre-ankastre ve ankastre-serbest sinir kosullar igin frekans
degerleri elde edilmistir. Sekil 1°de ele alman nano ¢ubugun elastik ortam igerisindeki sematik
gOriiniimii yer almaktadir.

a .. &

I-1(TUBE) SECTION

Sekil 1. Elastik ortam igerisindeki nano ¢ubugun sematik gériiniimii.
Figure 1. Schematic view of the nanorod in the elastic medium.

Ankastre-Ankastre sumir kosulu :
u0,t)=0 , u(L,t)=0
Xn(x) = sin("'LL"‘) n=123,.. (10)

T,(t) fonksiyonuda T, (t) = A,.sinw,t olarak tanimlanabilir. Burada ®w nano ¢ubugun dogal
frekansidir.

u (x,t) = Yg=q Ap.sin (n'Lﬂ).sinwnt (11)
olarak yazilabilir. Bu ¢6ziim (8) denkleminde yerine yazildiginda

[—EA. (711;—")2 + pA. (ega)?. w2. (ﬂTn)2 + pA. w3 — ky. (ega)?. (HL—H)2 — ky].sin (T”LT—'X).Ansinu)nt =0
(12)

elde edilir. (12) denkleminin sifirdan farkli bir ¢6ziime sahip olabilmesi i¢in kdseli parantezin iginin sifir
olmasi gerekir. Buradan da ankastre-ankastre bagli gubugun titresim frekansi asagidaki sekilde bulunur:

EA.(E™2
wn=j SR (13)

pA.[1+(e0a)2.(nTn) ] PA

Buradan = 1 i¢in w; frekansi nano ¢ubugun titresiminin temel frekansin1 vermektedir.
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Ankastre-Serbest stnir kosulu:

a3u(L,t)
u(O, t) =0 , W =0
Xp(x) = sinZ=DT opyr, T,(t) fonksiyonu yukaridaki gibi alinarak benzer islemler yapildigida

ankastre-serbest sinir kosullari igin nano ¢ubugun dogal frekansini veren baginti asagidaki sekilde elde
edilir:

@2n-1).m,

EA.(C————

(Dn: ( 2.L ) > + k_u (14)
pa L+ (e (P5P%) 7 PA

Sayisal sonuglar icin yerel olmayan parametrenin ve elastik ortam parametrelerinin serbest titresim
frekanslan tizerindeki etkilerini incelemek gereklidir. Daha genel sonuglar elde etmek i¢in asagidaki

boyutsuzlagtirmalar yapmak uygun olacaktir;
lga

2
Boyutsuz yerel olmayan parametre p = o boyutsuz elastik ortam parametresi K,, = kg'AL ve boyutsuz

frekans parametresi Q,, = w. L.} % olarak tanimlandiginda ankastre-ankastre ve ankastre-serbest sinir
kosullari i¢in frekanslar agagidaki gibi elde edilir:

Ankastre-Ankastre:

n2.m?
1+n?.m2. 12

Q, = + Ky (15)

Ankastre-Serbest:

(2717—1)2.,.[2
Oy = |—m=5—— 1t Ky (16)

1+(T)2‘”2‘”2

4. Sayisal inceleme
4. Numerical analysis

Bu boliimde ankastre-ankastre ve ankastre-serbest sinir kosullan igin, titresim frekanslarn ile elastik
ortam parametresi ve yerel olmayan parametrenin etkilesimi incelenmistir. Sayisal sonuglar i¢in karbon
nano ¢ubuga ait fiziksel ve malzeme 6zellikleri kullanilmistir. Bunun i¢in bazi malzeme 6zellikleri su
sekilde alnmustir; E = 10 2N/m?% A = mrg? = 3.14x(0.5x107%)? = 7.85x10"°m?; L =5 X 10~°m
;1o =0.5x10"°m ; po = 2300% . Bu degerler kullanilarak boyutsuz yerel olmayan parametre (

0 ile 1.0 araliginda) ve boyutsuz elastik ortam parametresi (0 ile 10 araliginda) bulunmus ve grafikler
de bu degerlere gore elde edilmistir.

Ankastre-Ankastre Sinir Kosulu:
Sekil 2 ve Sekil 3” de birinci titresim frekansinin yerel olmayan katsay1 ve elastik ortam parametresinin
farkli degerleri ile degisimi goriilmektedir. Bu grafiklere gore artan elastik ortam parametresi ile birinci

titresim frekansinin da artmakta oldugu, ancak artan yerel olmayan katsay1 degerleri ile azalmakta
oldugu goriilmektedir.

15



Gaygusuzoglu | GUFBD / GUJS IOCENS 21 Ek Sayis1 (2022) 11-25

- IJ-:O
— nu=0.25
p=0.5
n=1

Birinci Titresim Frekansi, Q4

e

2 4 6 8 10

Elastik Ortam Parametresi, Ku

Sekil 2. Yerel olmayan katsaymin farkli degerleri icin, birinci titresim
frekansinin elastik ortam parametresi ile degigimi.

Figure 2. Variation of the first vibration frequency with the elastic medium
parameter for different values of the nonlocal coefficient.
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Sekil 3. Elastik ortam parametresinin farkli degerleri igin, birinci titresim
frekansinin yerel olmayan katsayi ile degisimi.

Figure 3. Variation of first vibration frequency with nonlocal coefficient for
different values of elastic medium parameter.

Sekil 4 ve Sekil 5°de ikinci titresim frekansinin elastik ortam parametresi ve yerel olmayan katsayinin
farkli degerleri ile degisimi goriilmektedir. Bu grafiklere gore artan elastik ortam parametresi ile ikinci
titresim frekansmin artmakta oldugu, ancak artan yerel olmayan katsay1 degerleri ile azalmakta oldugu
goriilmiistiir.
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Sekil 4. Yerel olmayan katsaymin farkli degerleri i¢in, ikinci titresim frekansmnin
elastik ortam parametresi ile degisimi.

Figure 4. Variation of the second vibration frequency with the elastic medium
parameter for different values of the nonlocal coefficient.
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Sekil 5. FElastik ortam parametresinin farkli degerleri igin, ikinci titresim
frekansinin yerel olmayan katsayi ile degisimi.

Figure 5. Variation of second vibration frequency with nonlocal coefficient for
different values of elastic medium parameter.

Benzer sekilde iiglincii titresim frekansmin yerel olmayan katsayr ve elastik ortam katsayisi ile
degisimine bakildiginda artan elastik ortam katsayisi degerleri ile {ligiincii titresim frekansinin artmakta
oldugu, ancak artan yerel olmayan katsay1 degerleri ile azalmakta oldugu goriilmiistiir. Ugiincii titresim
frekanslariin yerel olmayan katsaymin kiiciik degerlerinde hemen hemen ayn1 degeri aldiklar ve 0.3
degerine kadar hizla azalarak gittigi, daha sonrasinda ise sabit sekilde devam ettikleri goriilmektedir.
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Sekil 6. Yerel olmayan katsayinin farkli degerleri icin, {igiincii titresim frekansinin
elastik ortam parametresi ile degisimi.

Figure 6. Variation of the third vibration frequency with the elastic medium
parameter for different values of the nonlocal coefficient.
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Sekil 7. Elastik ortam parametresinin farkli degerleri i¢in, iicilincii titresim
frekansinin yerel olmayan katsayi ile degisimi.

Figure 7. Variation of the third vibration frequency with the nonlocal coefficient
for different values of the elastic medium parameter.

Sekil 8’de yerel olmayan katsaymin 0.5 degeri i¢in birinci, ikinci ve tligilincii titresim frekanslarmnin

elastik ortam parametresi ile degisiminin grafigi ¢izilmistir. Bu grafiSe gore artan elastik ortam
parametresi degerleri ile titresim frekanslarinin artmakta oldugu goriilmiistiir.
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Sekil 8. Birinci, ikinci ve ligilincii titresim frekanslarmin elastik ortam parametresi
ile degisimi.

Figure 8. Variation of first, second and third vibration frequencies with elastic
medium parameter.
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Sekil 9. Birinci, ikinci ve tiglincii titresim frekanslarinin yerel olmayan katsayi ile
degisimi.

Figure 9. Variation of first, second and third vibration frequencies with nonlocal
coefficient.

Sekil 9°de elastik ortam parametrenin 1 degeri i¢in birinci, ikinci ve {igiincii titresim frekanslarini yerel
olmayan parametre ile degisimin grafigi ¢izilmistir. Bu grafige gore artan yerel olmayan parametre
degerleri ile titresim frekanslarimin azalmakta oldugu goriilmiistiir.

Ankastre-Serbest Stmir Kosulu:

Sekil 10 ve Sekil 11°de birinci titresim frekansinin elastik ortam parametresi ve yerel olmayan katsayinin
farkli degerleri ile degisiminin grafigi ¢izilmistir. Bu grafige gore artan elastik ortam parametresi
degerleri ile birinci titresim frekansinin artmakta oldugu, ancak artan yerel olmayan katsay1 degerleri ile
azalmakta oldugu goriilmiistiir. Ankastre-ankastre sinir kosullarina gore frekans degerlerinin birbirlerine
¢ok yakin oldugu gozlenmistir.
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Sekil 10. Yerel olmayan katsaymin farkli degerleri i¢in, birinci titresim frekansinin
elastik ortam parametresi ile degisimi.

Figure 10. Variation of the first vibration frequency with the elastic medium
parameter for different values of the nonlocal coefficient.
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Sekil 11. Elastik ortam parametresinin farkli degerleri i¢in, birinci titresim
frekansinin yerel olmayan katsayi ile degisimi.

Figure 11. Variation of first vibration frequency with nonlocal coefficient for
different values of elastic medium parameter.

Sekil 12 ve Sekil 13°de ikinci titresim frekansinin elastik ortam parametresi ve yerel olmayan katsaymin
farkli degerleri ile degisiminin grafigi cizilmistir. Bu grafige gore artan elastik ortam parametresi
degerleri ile ikinci titresim frekansmin artmakta oldugu, ancak artan yerel olmayan katsay1 degerleri ile
azalmakta oldugu gdoriilmiistiir.
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Sekil 12. Yerel olmayan katsaymin farkli degerleri i¢in, ikinci titresim frekansinin
elastik ortam parametresi ile degisimi.

Figure 12. Variation of the second vibration frequency with the elastic medium
parameter for different values of the nonlocal coefficient.
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Sekil 13. Elastik ortam parametresinin farkli degerleri icin, ikinci titresim
frekansinin yerel olmayan katsayi ile degisimi.

Figure 13. Variation of the second vibration frequency with the nonlocal coefficient
for different values of the elastic medium parameter.

Sekil 14 ve Sekil 15’de iiclincii titresim frekansmin elastik ortam parametresi ve yerel olmayan
katsaymin farkli degerleri ile degisiminin grafigi cizilmistir. Bu grafige gore artan elastik ortam
parametresi degerleri ile ticiincil titresim frekansinin artmakta oldugu, ancak artan yerel olmayan katsay1
degerleri ile azalmakta oldugu goriilmiistiir. Ankastre-serbest smir kosullar i¢in {iglincii titresim
frekansinin ankastre-ankastre sinir kosullan ile benzer bir egilim gosterdigi goriilmektedir.



Gaygusuzoglu | GUFBD / GUJS IOCENS 21 Ek Sayis1 (2022) 11-25

p=0
=025
p=025
n=l1

Uctinci: Titresim Frekansi, Qs

I I I I !
0 2 4 5 8 10

Elastik Ortam Parametresi, Ku

Sekil 14.Yerel olmayan katsayimin farkli degerleri i¢in, liglincii titresim frekansmin
elastik ortam parametresi ile degisimi.

Figure 14. Variation of the third vibration frequency with the elastic medium
parameter for different values of the nonlocal coefficient.
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Sekil 15. Elastik ortam parametresinin farkli degerleri igin, tgiincii titresim
frekansinin yerel olmayan katsayi ile degisimi.

Figure 15. Variation of the third vibration frequency with the nonlocal coefficient
for different values of the elastic medium parameter.

Sekil 16’de yerel olmayan katsayinin 0.5 degeri igin birinci, ikinci ve {iglincii titresim frekanslarinin
elastik ortam parametresi ile degisiminin grafigi ¢izilmistir. Bu grafige gore artan elastik ortam
parametresi degerleri ile titresim frekanslarin artmakta oldugu goriilmiistiir.
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Sekil 16. Birinci, ikinci ve {liglinci titresim frekanslarinin elastik ortam parametresi
ile degisimi.

Figure 16. Variation of first, second and third vibration frequencies with elastic
medium parameter.
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Sekil 17. Birinci, ikinci ve ticiincii titresim frekanslariin yerel olmayan katsay1 ile
degisimi.

Figure 17. Variation of first, second and third vibrational frequencies with nonlocal
coefficient.

Sekil 17°de elastik ortam parametrenin 1 degeri icin birinci, ikinci ve iigilincii titresim frekanslarnimi yerel
olmayan katsay1 ile degisiminin grafigi ¢izilmistir. Bu grafige gore artan yerel olmayan parametre degerleri ile
titresim frekanslariin azalmakta oldugu goriilm{istiir.

5. Genel sonuclar edilmis ve analitik olarak ¢oziilmiistiir. ki ucu
5. General results ankastre ve bir ucu ankastre bir ucu serbest nano

c¢ubugun serbest titresim frekanslarin1 veren
Bu calismada, yerel olmayan elastisite teorisi ifadeler yerel olmayan parametre ve elastik ortam
kullanilarak elastik ortamda bir nano ¢ubugun parametrelerine  bagli  olarak  bulunmustur.
eksenel titresimi ele almmustir. Probleme ait Ankastre-ankastre  ve ankastre-serbest  sinir
hareket denklemleri denge sartlari vasitasiyla elde kosullar1 i¢in, titresim frekanslar ile elastik ortam
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parametresi ve yerel olmayan parametrenin
iligkileri incelenerek sonuglar grafikler iizerinde
gosterilmistir. Sayisal sonuglar i¢in karbon nano
cubuga ait fiziksel ve malzeme oOzellikleri
kullanilmigtir.

Yukarida analiz edilen sonuglardan elde edilen en
onemli gézlemler asagidaki gibi 6zetlenebilir;

e Yerel olmayan katsaymin artmasiyla titresim
frekans degerleri azalmaktadir.

o Elastik ortam parametresi, serbest titresim
frekanslarinda 6nemli rol oynamaktadir.

e Elastik ortam parametresinin artmasiyla
titresim frekans degerleri artmaktadir.

e Ankastre-ankastre smir kosullarinda yerel
olmayan parametre ve elastik ortam
parametresinin degisimiyle goézlemledigimiz
serbest titresim frekansi degerlerinin, ankastre-
serbest sinir kosulundaki degerlerden daha fazla
oldugu gézlenmistir.

e Elde edilen sonuglarla serbest titresim
frekanslarmin boyut etkisine son derece bagl
oldugu ve boyut etkisinin yiiksek modlarda ¢ok
daha fazla 6nem kazandigi goriilmiistiir.

e Yerel teori ile elde edilen frekans degerleri,
yerel olmayan elastisite teorisi kullanilarak elde
edilenlerden ¢ok farklidir.

e Bu nedenle, yerel elastisite teorisi nano
yapilarin matematiksel davranisini analiz etmek
icin uygun degildir.

Yazar katkisi
Author contribution

Giiler Gaygusuzoglu; Metodoloji,
Yazma-inceleme ve Diizenleme.

Arastirma,

Etik beyam
Declaration of ethical code

Bu ¢alismada, Yiiksekdgretim Kurumlar Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi gerekli tiim kurallara uyuldugunu, bahsi
gecen yonergenin “Bilimsel Arastirma ve Yaymn
Etigine Aykirt Eylemler baglig1 altinda belirtilen
eylemlerden  hicbirinin  gergeklestirilmedigini
taahhiit ederim.

Cikar catismasi beyani

24

Conflicts of interest

Bu calismada ¢ikar catismasi olmadigini beyan
ederim.

Kaynaklar
References

Aifantis, E.C. (1999). Strain gradient interpretation of
size effects, International Journal of Fructure, 95,
1-4. https://doi.org/10.1007/978-94-011-4659-
3_16.

Arash, B., & Ansari, R. (2010). Evolution of nonlocal
parameter in the vibrations of single-walled
carbon nanotubes with initial strain. Physica E:
Low-dimensional Systems and Nanostructures,
42, 2058-2064.
https://doi.org/10.1016/j.physe.2010.03.028

Ansari, R., & Sahmani, S. (2011). Bending behavior and
buckling of nano beams including surface stress
effects corresponding to different beam theories.
International Journal of Engineering Science, 49,
1244-1255.
https://doi.org/10.1016/j.ijengsci.2011.01.007

Ansari, R., & Wang, Q. (2012). A review on the
application of nonlocal elastic models in
modelling of carbon nanotubes and graphenes.
Computational Materials Science, 51, 303-313.
https://doi.org/10.1016/j.commatsci.2011.07.04
0

Aydogdu, M. (2009a). Axial vibration of the nanorods
with the nonlocal cotinuum rod model. Physica
E: Low-dimensional Systems and
Nanostructures, 41(5), 861-864.
https://doi.org/10.1016/j.physe.2009.01.007

Aydogdu, M. (2009b). A general nonlocal beam theory:
Its application to nanobeam bending, buckling
and vibrition. Physica E: Low-dimensional
Systems and Nanostructures, 41(9), 1651-1655.
https://doi.org/10.1016/j.physe.2009.05.014

Aydogdu, M. (2012). Axial vibration analysis of
nanorods (carbon nanotubes) embedded in an
elastic medium wusing nonlocal elasticity,
Mechanical Reseach and Communication, 43,
34-40.
https://doi.org/10.1016/j.mechrescom.2012.02.0
01

Ece, M.C., & Aydogdu, M. (2007). Nonlocal elasticity
effect on vibration of in-plane loaded double-
walled carbon nano-tubes. Acta Mechanica, 190,
185-195.  https://doi.org/10.1007/s00707-006-
0417-5

Eringen, A.C. (1967). Theory of micropolar plates.
Zeitschrift fur Angewandte Mathematik und
Physik 18, 12-30.



Gaygusuzoglu | GUFBD / GUJS IOCENS 21 Ek Sayisi (2022) 11-25

Eringen, A.C. (1972). Nonlocal polar elastic continua.
International Journal of Engineering Science, 10,
1-16. https://doi.org/10.1016/0020-
7225(72)90070-5

Eringen, A.C. (1983). Interaction of dislocation with a
crack. Journal of Applied Physics, 54, 6811-
6817. https://doi.org/10.1063/1.332001

lijima, S. (1991). Helical microtubules of graphitic
carbon. Nature, 354, 56-58.

Peddieson, J., Buchanan, G.R., & McNitt, R.P. (2003).
Application of nonlocal continuum models to
nanotechnology, International Journal  of
Engineering  Science, 41(3-5), 305-312.
https://doi.org/10.1016/S0020-7225(02)00210-0

Reddy, J.N.N. (2007). Nonlocal theories for bending,
buckling and vibration of beams, International
Journal of Engineering Science, 45(2-8), 288-
307. https://
doi.org/10.1016/j.ijengsci.2007.04.004

Simsek, M. (2016). Axial vibration analysis of a
nanorod embedded in elastic medium using
nonlocal strain gradient theory, Cukurova
University Journal of the Faculty of Engineering
and Architecture, 31(1), 213-221. https:/
doi.org/10.21605/cukurovaummfd.317803

Peddieson, J., Buchanan, G.R., & McNitt, R.P. (2003).
Application of nonlocal continuum models to

25

nanotechnology, International Journal of
Engineering  Science, 41(3-5), 305-312.
https://doi.org/10.1016/S0020-7225(02)00210-0

Thai, H.T. (2012) A nonlocal beam theory for bending,
buckling and vibration of nanobeams.
International Journal of Engineering Science, 12,
56-64. https:/
doi.org/10.1016/j.ijengsci.2011.11.011

Yang, F., Chong, A.C.M., Lam, D.C.C., & Tong, P.
(2002). Couple stress based strain gradient theory
for elasticity, International Journal of Solids and

Structures 39, 2731-2743.
https://doi.org/10.1016/S0020-7683(02)00152-
X

Yang, J., Ke, L.L., & Kitipornchai, S. (2010). Nonlinear
free vibration of single-walled carbon nanotubes
using nonlocal Timoshenko beam theory.
Physica E: Low-dimensional Systems and
Nanostructures, 42:1727-1735. https:/
doi.org/10.1016/j.physe.2010.01.035

Yayli, M.O., Yanik, F., & Kandemir, S.Y. (2015),
Longitudinal vibration of nanorods embedded in
an elastic medium with elastic restraints at both
ends. Micro and Nano Letters, 10, 641-644.
https:// doi.org/10.1049/mnl.2014.0680



GUFBD / GUJS (2022) IOCENS’21 Ek Sayisi: 26-38
DOI: 10.17714/gumusfenbil.999763 Arastirma Makalesi / Research Article

Aydinlatma alternatiflerinin insan odakh aydinlatma acisindan
degerlendirilmesi: Biiro ornegi

Final printing layout template used in Giimiishane University Journal of Science (GUJS)

Elif ERKOC KAPLAN*'? Leyla DOKUZER OZTURK?"
Ystanbul Esenyurt Universitesi, Miihendislik ve Mimarlik Fakiiltesi, Ic Mimarlik Boliimii, 34510, Istanbul
2Yildiz Teknik Universitesi, Mimarlik Fakiiltesi, Mimarlik Boliimii, 34349, Istanbul

* Gelis tarihi / Received: 23.09.2021 * Diizeltilerek gelis tarihi / Received in revised form: 15.02.2022 » Kabul tarihi / Accepted: 10.03.2022

Oz

Isigin gorsel etkilerinin yani sira gorsel olmayan biyolojik ve davranissal etkileri de vardir. Giiniimiizde 15181n gorsel ve
gorsel olmayan etkilerini dikkate alan insan odakli aydinlatma 6nem kazanmuistir. Ancak heniiz bu baglamda isleve gore
saglanmasi uygun aydinlik diizeyi ve 15181n renk sicakligi hakkinda bir goriis birligi yoktur. Bu ¢aligmada biirolar i¢in
benimsenebilecek aydinlatma kosullarini arastirmak iizere bir deney hacminde dort statik ve bir dinamik aydinlatma
senaryosu kurgulanmistir. Aydinlik diizeyi ve renk sicakliklar1 farkli bu senaryolar anket galismasi ve aydinlatma
hesaplariyla karsilastirilmistir. Aragtirma, uzun ve kisa siireli calisma olmak tizere iki ayri kosul i¢in planlanmistir. Her
aydinlatma senaryosu uzun siireli caligsmada iki hafta, kisa siireli ¢alismada ise yirmi dakika uygulanmistir. Anket sorulart
ile katilimeilarin duygu durumlarinin yani sira aydinlatma kosullari da gesitli agilardan sorgulanmistir. Her iki ¢alisma
icin de anket verilerinin istatistiksel degerlendirmesi yapilmis ve sonuglar birbirini desteklemistir. Soguk 151k rengi ve
yiiksek aydinlik diizeyi deneklerin kendilerini daha enerjik, uyanik ve dinlenmis hissetmelerini saglanustir. Ote yandan,
her iki ¢alismada da en ¢ok 1lik renkli 11k tercih edilmistir. Aydinlik diizeyi alternatiflerinden 500 Ix diisiik, 1500 Ix ise
yiiksek olarak nitelendirilmistir. En ¢ok yeglenen aydinlatma senaryosu 1lik renkli 1s1k ile 1250 1x aydinlhigm saglandigi
secenektir. Bu aragtirmada elde edilen sonuglar ile biitiinleyici aydinlatma i¢in optimum kosullarin belirlenmesine yonelik
veriler sunulmustur.

Anahtar kelimeler: Aydinlik diizeyi, Biiro, Dinamik aydinlatma, Isigin renk sicakligi, Statik aydinlatma

Abstract

In addition to its visual effects, light also has non-visual biological and behavioural effects. Nowadays, human centric
lighting that takes into account the visual and non-visual effects of light has gained in importance. However, in this
context there is no consensus on the appropriate illuminance and colour temperature of light according to the function.
In this study, four static and one dynamic lighting scenarios were designed in a mock-up room in order to investigate the
lighting conditions applicable to offices. These scenarios with different illuminances and colour temperatures were
compared through surveys and lighting calculations. The research was planned for two separate conditions; long-term
and short-term study. Each lighting scenario was applied for two weeks in the long-term study and twenty minutes in the
short-term study. In addition to the emotional states of the participants, the lighting conditions were also questioned from
various aspects with the questionnaire. Statistical evaluation of the survey data was conducted for both studies and the
results supported each other. Cool light colour and high illuminance ensured that the subjects felt more energetic, alert
and rested. On the other hand, neutral coloured light was preferred the most in both studies. Among the illuminance
alternatives, 500 Ix was assessed as low and 1500 Ix as high. The most preferred lighting scenario was the option where
1250 Ix illumination is provided with neutral coloured light. With the results obtained in this research, data for
determining the optimum conditions for integrative lighting are presented.

Keywords: llluminance, Office, Dynamic lighting, Colour temperature, Static lighting
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1. Giris
1. Introduction

Giinlimiizdeki ¢aligsma bigimlerinin yagamim daha
cok kapali mekanlarda gegcmesini gerektirmesi
nedeniyle  insanlar  glimgiginin  biyolojik
etkilerinden yeterince yararlanamamaktadir. Bu
kosullarin 6zellikle kig aylarinda bazi insanlar
izerinde yorgunluk, isteksizlik, verimin diismesi
gibi baz1 olumsuz etkileri olabilmektedir. Isigin
gorsel etkilerinin yani sira hormonal, sirkadiyen ve
davranigsal sistemler lizerinde etkileri de oldugu
bilinmektedir. Isigin gorsel olmayan soz konusu
davranigsal ve biyolojik etkileri son yirmi bes
yildaki aragtirmalarla varligi kanitlanan gozdeki
iiciincli bir alictya dayandirilmaktadir. Goziin
retinasindaki bu alici, 6ziinde 1s18a duyarl: retinal
ganglion (ipRGCs) hiicreleridir (Berson vd., 2002;
Hattar vd., 2002). Ganglion hiicreleri 15181n gorsel
etkilerinden sorumlu olan retinadaki 6teki alicilar;
koni ve sopaciklar ile birlikte 15181n fizyolojik
etkilerinde rol oynamaktadir (Lucas, 2014; CEN,
2017). Isigin gorsel ve gorsel olmayan etkileri
dikkate alinarak yapilan aydinlatma tasarimina
yaygmn olarak ‘insan odakli aydnlatma’
denilmektedir. Bu baglamda kullanilmasi 6nerilen
bir bagka terim ‘biitiinleyici aydinlatma’dir (CIE,
2011). Insan odakl1 aydinlatmada hem aydinlatma
standartlarinda isleve gore belirtilen verilerin goz
Oniine alinmast hem de kisinin kendini giin
boyunca iyi hissetmesi, verimli olmasi ve gece iyi
uyumasi amaglanmaktadir.

Isigin gorsel olmayan etkileri temelde 1s18a gilin
icinde maruz kalinan zaman ve siiresi, aydmlik
diizeyi, 151k tayfi, 151k gegmisi, sirkadiyen faz gibi
faktorlere baglidir (CEN, 2017). Aydinlatma ile
ilgili standartlarda ve rehber kitaplarda 15181n
biyolojik etkilerinin hesaplanmasi ile ilgili tanim
ve bilgiler bulunmaktadir. Isigin gorsel olmayan
etkilerini niceliksel olarak hesaplamaya yonelik bir
yaklasim CEN/TR 16791 Avrupa Standardinda yer
almaktadir. Uluslararasi1 Aydmnlatma Komisyonu
(CIE) da aym yaklasimi benimsemis ve konuya
bakis agisini yansitan CIE S 026 numarali standardi
referans vermistir (CIE, 2019). Ancak s6z konusu
standartlar insan odakli aydmnlatma acisindan
isleve gore saglanmasi gerekli aydinlik diizeyi ve

1518iIn renk  sicakligt  konusunda  Oneriler
icermemektedir.
Aydmnlatma  kosullarinin ~ biiro  ¢alisanlar

izerindeki biyolojik etkilerini arastirmak tiizere
yapilan caligmalar ii¢ grup altinda toplanabilir.
Bunlar, renk sicakligmi sabit tutarak aydinlik
diizeyi alternatiflerinin karsilagtirildig1 (Schlangen
vd., 2015; Smolders vd., 2012), aydinlik diizeyini
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benzer tutarak renk sicakligi seceneklerinin
degerlendirildigi (Viola vd., 2008; Mills vd.,
2007), hem renk sicakligi hem aydinlik diizeyi
bakimindan farkli kosullarin dikkate alindigi
(Tonello vd., 2019) calismalardir. Bu ¢alismalarmn
ortak sonucu, yiiksek aydinlik diizeyi ve soguk 1s1k
renginin is performansim artirdigi, daha canli ve
uyanik hissetmede etkili oldugudur. Statik ve
dinamik aydmlatma kosullarmin ¢alisanlarin ruh
hali ve performans: iizerindeki olas1 etkilerini
aragtiran caligmalar da yapilmistir. Bu agidan
dinamik aydmlatmanin  statik aydmlatmaya
yeglendigini gdsteren arastirma sonuglar1 oldugu
gibi (Patania vd., 2012; Canazei vd., 2014),
istatistik agidan anlamli fark bulunmadigim rapor
eden calismalar da vardir (de Kort & Smolders,
2010).

Isigin  gorsel olmayan etkilerinin arastirildigi
kosullar 1518m gorsel etkileri bakimindan da
degerlendirilmelidir. Bir baska deyisle test edilmek
iizere tasarlanan aydmlatma senaryolan biiro
calisanlarmin  gorsel konforu, yani kendilerini
gorsel acidan iyi hissedip hissetmedikleri ve
begenileri yoniinden de sorgulanmalidir. Bu
calismanin amaci, ‘islevi biiro olan bir deney
hacminde aydinlik diizeyi ve 15181n renk sicakligi
bakimindan  birbirinden  farkli  aydinlatma
senaryolar1 olusturmak, bu senaryolar1 istatistiksel

analiz ve hesaplama yontemiyle
degerlendirmektir’. Bu makale, aydinlatma
senaryolarmin  istatistiksel  degerlendirmesini
kapsamaktadir.

2. Yontem

2. Method

Aragtirmanin yontemi, bir deney hacminde biiro
aydmlatmasma yonelik gereksinimlerin dikkate
almdig1 farkli aydmlatma senaryolari olusturmak
ve aydmlik diizeyi ile 151k rengi bakimindan
farklilagan bu senaryolan 1518 gorsel ve gorsel
olmayan etkileri bakimindan karsilastirmaktir.
Deneysel calisma, deney hacminde ¢esitli
Olemelerin gergeklestirilmesi, 6lgme sonuglarini
veri alan hesaplamalarin yapilmasi ve katilimei
izlenimlerinin anketler araciligl ile
degerlendirmesini  kapsamaktadir.  Aydmligin
niceligini ve/veya aydinligi olusturan 151 renk
sicakligin1  gorsel olmayan etkiler yoniinden
karsilastiran ¢ogu arastirmada 15181n gorsel etkileri
bakimindan igleve gore saglanmasi gereken
minimum degerler dikkate alimmamustir (Smolders
vd. 2012; Maierova vd. 2016; Mills vd. 2007). Bu
caligmada EN 12464-1 Avrupa Standardinda
biirolar igin Onerilen tiim degerler her senaryoda
saglanmistir (CEN 2019). Yontemin adimlar
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asagidaki gibi olup, dlgme ve hesaplama sonuglar
bu makalenin kapsami diginda tutulmustur:

0 Deney hacminin olusturulmasi ve modellenmesi
0 Aydinlatma senaryolarinin olusturulmasi

0 Aydinlatma senaryolarinin 6znel olarak
degerlendirmesi

o Olgme ve hesaplamalarin yapilmasi

2.1. Deney hacmi
2.1. Mock-up room

Yildiz Teknik Universitesi'nde yer alan deney
hacmi Ogretim elemanlarmin ¢alisma odasidir.
Hacmin genisligi 5.55 m, derinligi 6.23 m,
yiksekligi ise 2.60 m’dir (Sekil 1). Mevcut

aydmlatma diizeni bu c¢alisma kapsaminda
yenilenen biiro hacminde 151k akisi ve 15181n renk
sicakhigi DALI (Digital Addressable Lighting
Interface) otomasyon sistemi ile degistirilebilen
on adet LED’li aydinlatma aygit1 kullanilmistir.
Asma tavana gomiilii olan aydinlatma aygitlarmin
ozellikleri Tablo 1’de, aygit yerlesim plani Sekil
1°de mavi renk ile gosterilmistir. Deney hacminin
tavan, duvar ve dOsemesinin 1s1k yansitma
carpanlart sirastyla 0.83, 0.90 ve 0.24°tiir.
Hacimdeki dolaplarin 151k yansitma c¢arpanlar
kaym dolaplar i¢in 0.37, mavi dolaplar igin
0.18°dir. Masalarin renkleri kaym dolaplara
benzerdir.

[ ——
palleuiuliiey
L] l

| u

LI

Sekil 1. Deney hacminin DIALux programindaki modeli
Figure 1. Model of the mock-up room in the DIALux program

Tablo 1. Aydinlatma aygitinin 6zellikleri
Table 1. Features of the luminaire

Philips RC464B, Lamba: LED80S

Giic: 29 W-73 W, Boyut: 60 cmx60 cm
Benzer renk sicakligi: 2700 K-6400 K

90°

Renksel geriverim indisi: > 80
Isik akisi: 2900 1m-8000 Im

A e0°

30°

(cd/1000 Im) 0°

LO.R.=1.00

0-180° 90-270°

2.2. Aydinlatma senaryolarn
2.2. Lighting scenarios

Isigin gorsel etkileri baglaminda EN 12464-1
Avrupa standard1 biirolardaki ¢aligma alaninda en
az ortalama aydinlik diizeyi olarak 500 Ix
onermektedir (CEN, 2019). S6z konusu minimum

28

ortalama  aydinhk  diizeyine ek  olarak
gereksinimlere gore saglanmak iizere ayrica 1000
Ix Onerisi de bulunmaktadir. Teknik ¢izim yapilan
biirolara yonelik 6nerilen iki farkli aydinlik diizeyi
basamagi ise 750 Ix ve 1500 Ix’tiir. Isigin gorsel
olmayan etkilerini incelemek iizere kurgulanan
aydmnlatma senaryolarindaki aydinhk diizeyi
basamaklari standartta onerilen minimum deger
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g6z Oniinde bulundurulup 500 Ix, 1000 Ix ve 1500
Ix olarak saptanmustir. Isigin renk sicakligina
iliskin biirolarda kullanilabilen 4000 K ve 5500 K
olmak ftizere iki farkli deger secilmistir. Boylece,
500 Ix, 4000 K, 1000 Ix, 5500 K’ ve ‘1500 Ix,
5500 K’ senaryolari olusturulmustur. Calisma
kapsaminda biyolojik etki potansiyeli birbirine
yakim, fakat aydinlik diizeyi ve renk sicakliklart
birbirinden farkli olan aydinlatma senaryolar da
karsilastirilmak istenmisgtir. ‘1000 1x, 5500 K’
senaryosuna yakin biyolojik etkiler yaratacak
kosullar1 saptamak iizere goz hizasinda Olgiilen
tayfsal erkesel aydmlik degerleri aracihigr ile
melanopik esdeger glmsig1 aydinhik diizeyi
hesaplanmistir (MEDI). S6z konusu senaryoya

PR

yakin MEDI degeri ‘1250 Ix, 4000 K’ kosullarinda
elde edilmistir. Aydinlik diizeyi ve 1s1k renginin
sabit oldugu dort statik senaryoya ek olarak
aydmlik diizeyi ve 1sik renginin giin boyunca
degistigi bir dinamik aydinlatma senaryosu da ele
almmugtir. En diisiik ve en yiksek degerleri
sirastyla ‘500 Ix, 3500 K’ ve ‘1000 Ix, 5500 K’
olarak belirlenen dinamik senaryonun giin boyunca
degisimi Sekil 2°de gosterildigi gibidir. Dinamik
aydinlatmadaki  aydmhik diizeyi ve renk
sicakliginin giin boyunca degisimini en iyi yansitan
bes farkli deger secilmis ve bu degerler otomasyon
sisteminde ayrica ayarlanmistir. Ele alman dort
statik ve bir dinamik senaryonun &zellikleri
asagidaki gibidir:

Aydinlatma senaryosu 1 (ASl1s, statik): 500 Ix, 4000 K

Aydimlatma senaryosu 2 (AS2s, statik): 1000 Ix, 5500 K
Aydmlatma senaryosu 3 (AS3s, statik): 1250 Ix, 4000 K
Aydimlatma senaryosu 4 (AS4s, statik): 1500 Ix, 5500 K

Aydmlatma senaryosu 5 (ASS4, dinamik): AS54 (1): 500 Ix, 3500 K; AS54 (2): 625 Ix, 4000 K; AS5q4 (3): 750
Ix, 4500 K; AS5q4 (4): 875 Ix, 5000 K; AS5q (5): 1000 Ix, 5500K

Aydmlik diizeyi

1000 bk iooveo i

Renk sicaklif

| CT5500K
5000K
4500K
4000K

3500K

08.0009.0010.00 11.00 12.00 13.0014.00 15.00 16.00 17.00 Saat

Sekil 2. Dinamik aydinlatmadaki aydmlik diizeyi ve renk sicakligl degisimi
Figure 2. Change of illuminance and colour temperature in dynamic lighting

Aydmlatma aygitlarmin i¢ mimari diizenleme
dikkate  almarak  yerlestirilmesine  karsin
caliganlarin sayisi ve oturma diizeni tercihi, hacmin
bicim ve boyutu gibi nedenlerden o&tiirii tiim
masalann ¢aligma alanindaki aydinlik diizeyinin
esit olmasi saglanamamigtir. Buna bagli olarak,
aydinlatma senaryolarnin otomasyon sisteminde
tanimlanabilmesi i¢in bir masanin referans olarak
secilmesine gereksinme duyulmustur. Bahge
katindaki konumu ve pencere duvarinm baktigi
yondeki yogun yapay ve dogal dis engellerden
Otiiri deney hacmine giinisig1 girisi ¢ok az
olmaktadir. Hacim igindeki aydinlhiga katkisi ¢ok

29

disik de olsa giinisig niceligindeki anlik
degisimlerin otomasyon sistemi ayarlamasinda
giicliik yaratabilecegi goz 6niinde bulundurularak
pencere duvarindan uzaktaki 5 numarali masa
referans olarak segilmistir (Sekil 1). Aydinlatma
senaryolarmin kurgulanmasi sirasindaki gerekli
tiim 6l¢meler bu masanin ¢aligma alaninda ve bu
masanm kullanicisinin gozii hizasinda yapilmstir.
Hacim goriiniimleri statik senaryolar i¢in Sekil
3’te, farkli zaman dilimlerindeki dinamik senaryo
icin Sekil 4’te yer almaktadir. Dinamik senaryoya
iliskin ‘AS5q¢ (5): 1000 1x, 5500K* durumu AS2s
statik senaryo ile aynidir.
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Sekil 3. Statik senaryolarda hacmin goriiniimleri
Figure 3. Appearances of the room in the static scenarios

AS54 (3): 750 Ix, 4500 K AS5q (4): 875 Ix, 5000 K

- gt

AS5q (1): 500 Ix, 3500 K AS54 (2): 625 Ix, 4000 K

Sekil 4. Dinamik senaryoda hacmin goriiniimleri
Figure 4. Appearances of the room in the dynamic scenario

2.3. Deneklerin ozellikleri senaryonun yirmi dakika siire uygulandigi kisa
2.3. Characteristics of the subjects stireli galigmaya akademisyenler ve lisansiistii

ogrenciler katilmistir (Tablo 3). Deney hacminin
Deneysel ¢alisma, uzun siireli ve kisa siireli olmak siirekli kullanicilart olan akademisyenler ayrica
tizere iki ayrt kosul i¢in gerceklestirilmistir. Her kisa siireli ¢alismaya da katilmislardir. Her iki
senaryonun iki hafta uygulandigr uzun siireli caligmanin denekleri deneysel calismanin siiresi,
calismaya deney hacminde siirekli c¢aligan yedi kapsami ve anket sorularmin igerigi hakkinda
akademik personel katilmustir (Tablo 2). Her statik bilgilendirilmistir.

Tablo 2. Uzun siireli ¢aligmanin katilimeilar: (Masa 1-7)
Table 2. Subjects of the long-term study (Table 1-7)

Yas 26-30 41-50 51-60 Toplam
Kadin 1 1 2 4
Erkek 2 1 - 3
Toplam 3 2 2 7

Tablo 3. Kisa siireli ¢alismanin katilimcilar1 (Masa 1-8)
Table 3. Subjects of the short-term study (Table 1-8)

Yas 18-25 26-30 3140 4150 51-60 >61  Toplam
Kadin 6 8 12 5 5 1 37
Erkek 3 5 - 4 3 - 15
Toplam 9 13 12 9 8 1 52
2.4. Anket sorular (ortam atmosferi, ruh hali iizerindeki etki) iliskin
2.4. Questionnaire degerlendirmeleri saptanmak istenmistir. Buna
bagh olarak, katilimcilann 1518 gorsel olmayan
Aydinlatma senaryolarini Oznel acidan etkilerine yonelik tepkileri ve aydinlatma
degerlendirmek iizere anket calismasi yapilmistir. kosullarinin gérmeye dayali eylemler {izerindeki
Bu c¢alisma ile deneklerin duygudurumu, etkileri belirlenmis, bunlara ek olarak icinde
aydinlatma diizenine (aydinlik diizeyi, 151k rengi, yasanilan ortamm kisisel begeni bakimindan
kamagma) iligkin yargilart ve hacmin geneline yorumlanmast  olanakli  olmustur.  Anket

30
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calismasida uzun siireli ¢alismada 32, kisa siireli
calismada 27 soru sorulmustur. Statik ve dinamik
aydilatmadaki aydinlik diizeyi ve 1sik rengini
degerlendirmeye yonelik sorularin farklilagmasi
gerekmistir. Uzun siireli ¢alismada denekler isten
ayrilmadan once anket sorularini yanitlamiglar ve
‘harf rakam  eslestirme  testini  (LDST)’
yapmuslardir (Jolles, 1995; VVan der Elst vd., 2006).
LDST testinde 1-9 rakamlarinin her biri i¢in farkli
bir harf tanimlanmistir. Bu harfler, her satirda 15
adet olmak {iizere 9 satirda rastgele siralanmig
(toplam 135 harf) ve deneklerin bu harflerin
karsilig1 olan rakamlan bir dakikalik siire i¢inde
yazmalarl istenmistir. Her testte secilen harfler
degistirilmistir. Test sonucu, dogru ve yanls
eslestirme adetlerine gore degerlendirilmistir. Bu
test ile deneklerin siirekli dikkat, goérsel tarama,
bilgi isleme hiz1 gibi tepkilerinin senaryoya gore
degisimini saptamak hedeflenmistir. Giin boyunca
maruz kalmman 151k gece uykusu lizerinde etkili
olmaktadir (Figueiro vd., 2017; Hubalek vd.,
2010). Bu nedenle her senaryonun uyku iizerindeki
etkisini 6lgmek amaciyla deneklerden ayrica her
haftanin sonunda PROMIS uyku bozuklugu testini
yapmalari istenmistir (PHO, 2008-2012). Bu testte
bir hafta boyunca kisinin uyku kalitesini etkileyen
uyku sorunlarmin derecesi sorgulanmakta ve test
sonucuna gore uyku bozuklugu c¢ok hafif, hafif,
orta ve vyiksek olmak {izere dort grupta
siiflandirilmaktadir. Kisa siireli ¢aligmada yirmi
dakika siireyle uygulanan her senaryonun ardindan
anket sorular1 yanitlanmis ve LDST testi
yapimistir. Senaryolar arasindaki molalar ile
birlikte yaklasik 120 dakika siiren bu ¢alismada

ayrica degerlendirmeye sunulan dort statik
Dinamik avdinlatma
,

e —ASS (1)
100 — ASSd (D)
E 080 — ASSd (3)

= —_— 1
“ 0.60 .".‘:-.l:ll!_l
g — ASSI (%)

&0 430 480 230 S50 G0 HEl T30 TED

nan

senaryonun genel begeni acisindan 1-10 arasindaki
sayilar ile derecelendirmeleri beklenmistir (1: en
olumsuz, 10: en olumlu). Her iki ¢alismada da
senaryolarm uygulanma sirast AS1s, AS2s, AS3sve
AS4s seklinde olmustur. Uzun siireli ¢alismada
dinamik senaryo en son uygulanmustir. Anket
sorulan 5°1i Likert tipi skala ile yanmitlanmistir (5:
en olumlu, 1: en olumsuz).

2.5. Olcmeler
2.5. Measurements

Gerek 15181in gorsel etkilerine yonelik kosullart
belirlemek gerekse 1518 biyolojik etkilerine
yonelik hesaplar1 yapabilmek i¢in aydinlik diizeyi,
15181 renk sicakligi ve tayfsal erkesel aydinligin
Olciilmesine gereksinme duyulmustur. Bu 6lgmeler
deney hacmindeki her masa i¢in yapilmistir. Goz
hizasindaki diisey aydinlik diizeyi, 1518in renk
sicakligi ve tayfsal erkesel aydinlik UPRtek
MK350S tayfsal 1smimdlcer ile dlciilmiistiir. Goz
hizasindaki diisey aydinlik diizeyi ayrica Konica
Minolta T10 aydmnlikdlger ile de saptanmustir.
Masalarin calisma alanindaki referans alinan
noktadaki yatay aydinlik diizeyi ve 1s18in renk
sicakligi Konica Minolta CL-200A renk ve
aydinlikolger ile  gerceklestirilmistir.  Statik
aydinlatma senaryolart i¢in yapilan tiim 6lgmeler
dinamik aydinlatma senaryosu i¢in secilen bes
farkli kosul icin de yinelenmistir (Sekil 2).
Referans olarak secilen 5 numarali masa i¢in géz
hizasinda dlgiilen tayfsal enerji dagilimlar dinamik
ve statik aydinlatmalar i¢in = Sekil 5’de
goriilmektedir.

Statik aydinlatmalar

ra

—ASls
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da. = o0 =
= [ = =
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Sekil 5. Dinamik ve statik aydinlatmalardaki tayfsal enerji dagilimlarn
Figure 5. Spectral energy distributions in dynamic and static lightings

3. Anket ve test sonuclari
3. Survey and test results

Anket, LDST ve PROMIS uyku bozuklugu testi
verileri uzun siireli ¢alismada Wilcoxon Isaretli

Siralar Testi, kisa siireli calismada Welch testi ile
SPSS  istatistiksel analiz  programi  ile
degerlendirilmistir.
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3.1. PROMIS uyku bozuklugu testi
3.1. PROMIS sleep disturbance test

Deneklerin her haftamin sonunda (her senaryo i¢in
iki kez) yaptignt PROMIS uyku bozuklugu testi
verileri istatistiksel olarak degerlendirilmis ve
dinamik senaryonun (AS5q4), 1000 Ix (AS2s) ve
1250 Ix (AS3s) senaryolarma gore %95 giiven
diizeyinde anlaml farklilik gdsterdigi saptanmustir.
AS4s (1500 Ix) ile AS3s (1250 Ix) ve ASS5d
(dinamik) ile AS4s (1500 Ix) arasinda goriilen
anlamli fark ise ancak %90 giiven diizeyinde
olmustur. Bu sonuglara gore uyku iizerinde olumlu
etki yaratan senaryonun dinamik senaryo oldugu
sOylenebilir. Elde edilen sonuglardan yararlanarak
aydmnlik diizeyi ve/ya da 1518m renk sicakligi ile
uyku niteligi arasinda bir iliski kurulamamustir.
Bilindigi iizere, is ve 6zel yasantidaki kosullar da
uykunun niteligini etkilemektedir.

3.2. LDST harf rakam eslestirme testi
3.2. LDST letter digit substitution test

Uzun ve kisa siireli ¢alismada en kiicik LDST
skoru aydinlik diizeyinin en diisiik oldugu ASls

(500 Ix) senaryosunda ortaya c¢ikmustir. Her iki
calismada aydinlik diizeyinin > 1000 Ix oldugu
senaryolardaki (AS2s, AS3s ve AS4s) sonuglar
daha olumlu olmustur.

3.3. Anket sonuclar
3.3. Survey results

Anket sorularn arasmdan c¢alismada ulasilan
sonuglar1 yansitan on soru secilmis, bu sorulara
iligkin istatistiksel degerlendirme bilgileri Tablo 4-
5’de sunulmustur. Secilen sorular, duygu durum (3
adet), verimlilik, aydinlik diizeyi (E) ve 15181n renk
sicakligimi (K) degerlendirme (statik aydinlatma),
masada okuma yazma gibi ¢alisma kosullarini ve
ortam atmosferini degerlendirme ile ilgilidir.
Tablolarda her soruya verilen 1-5 arasindaki
puanlarin ortalamas1 (p) ve senaryolarn ikili
birlesimleri arasindaki anlamlilik diizeyi (p)
verilmigstir. Senaryolar uzun siireli ¢aligmada 1-5,
kisa siireli calismada 1-4 sayilan ile belirtilmisgtir.
Uzun siireli ¢aligmada Tablo 4’te yer verilen
sorularin hi¢birinde AS54 ve AS3s (5-3) ile AS54ve
AS4s (5-4) arasinda anlaml fark saptanmamustir.

Tablo 4. Anket sorularinin istatistiksel degerlendirmesi: uzun siireli ¢alisma
Table 4. Statistical evaluation of the questionnaire: long-term study

Sorular Senaryo ortalamalari (n) Anlamlilik diizeyi (p)
AS1s AS2s AS3s AS4s AS5¢ 2-1 3-1 41 5-1 32 4-2 52 43

Mutlu-Mutsuz 340 360 380 4.00 4.06 - - - -
Uyanik-Uykulu 334 385 393 4.26 4.03 - -
Dikkatli-Dikkatsiz 3.48 397 4.01 419 4.05 - - - -
Verimli-Verimsiz 336 378 376 397 396 - - - - - -
E; Yiiksek-Diisiik 270 387 372 4.13 - - - - - -
E; Olumlu-Olumsuz 283 353 362 346 - - - - - - - -
K; Soguk-Sicak 270 411 248 4.25 - - - - -

K; Olumlu-Olumsuz 3.00 340 366 3.18 - - - - - - - -
Caligma; Olumlu-Olumsuz  2.81 3.65 3.65 3.38 3.67 - - - - - - -
Atmosfer; Dogal-Degil ~ 2.95 2.68 327 289 362 - - - - - -

Op<0.05 O p<0.10

Tablo 5. Anket sorularinin istatistiksel degerlendirmesi: kisa stireli galisma
Table 5. Statistical evaluation of the questionnaire: short-term study

Sorular Senaryo ortalamalar1 () Anlamlilik diizeyi (p)
AS1l; AS2;, AS3;, AS4, 2-1 31 41 32 4-2 4-3

Mutlu-Mutsuz 375 367 412 350 - - -
Uyanik-Uykulu 362 442 427 433 - - -
Dikkatli-Dikkatsiz 375 419 410 4.10 - - -
Verimli-Verimsiz 3.63 392 408 362 - - - -

E; Yiiksek-Diisiik 3.00 440 421 473 -

E; Olumlu-Olumsuz 340 371 400 310 - - -

K; Soguk-Sicak 292 413 244 437 -

K; Olumlu-Olumsuz 356 323 402 292 - -
Calisma; Olumlu-Olumsuz 346 360 394 338 - - - -
Atmosfer; Dogal-Degil 329 260 354 258 - -

O p<0.01 O p<0.05 O p<0.10

32
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4. Anket sonuclarinin degerlendirmesi
4. Evaluation of survey results

Anket
degerlendirme

sorularina alinan yamitlarin istatistik
sonuclart  asagidaki gibi

Ozetlenebilir (Tablo 4-5):

Mutlu-Mutsuz: Uzun siireli ¢aligmada hem
soguk hem 1lik 151k rengi i¢in aydmlk
diizeyindeki yiikselme daha mutlu
hissettirtmistir. Dinamik aydinlatmadaki (500
Ix-1000 Ix) mutlu olma hali AS1s (500 Ix)
senaryosuna gore daha fazladir (p<0.05). Bu
belirlemeler yiiksek aydinlik diizeyinde daha
mutlu hissedildigini ortaya koymustur. Kisa
sireli calismada ise, oOteki senaryolardan
anlamli sekilde farklilagarak mutlu hissedilen
senaryo AS3s (1250 Ix) olmustur.

Uyanik-Uykulu: AS4s (1500 Ix) senaryosu
uzun siireli ¢alismadaki en uyanik hissedilen
senaryodur. Her iki 151k renginde de aydinlk
diizeyinin yiikselmesi daha uyanik hissetmeyi
saglamistir. Kisa siireli ¢alismada ise 1000 Ix
(AS2s), 1250 Ix (AS3s) ve 1500 Ix (AS4s)
senaryolart en diisiik aydinligin uygulandig
500 Ix (AS1s) senaryosuna gore anlamh fark
gostermistir. Daha agik bir bagka deyisle soz
konusu ii¢ senaryo uyanik hissettirmistir. Ote
yandan, AS1s senaryosuna gore soguk renkli
1siklarla olusan AS2sve AS4s senaryolari %99,
ik renkli 15181n kullanildigr AS3s senaryosu
ise %95 giiven diizeyinde anlamh farklilik
gostermistir. Bu saptamadan, yiiksek aydinlik
diizeyinin yan1 sira soguk renkli 15181 da
uyanik hissettirmede 1ol oynadigi sonucu
cikarilabilir.

Dikkatli-Dikkatsiz: Gerek uzun gerekse kisa
stireli ¢alismada 1000 1x (AS2s), 1250 Ix
(AS3s) ve 1500 Ix (AS4s) senaryolart dikkatli
hissettirmistir.

Verimli-Verimsizz:  Bu  soruda  denegin,
aydmnlatma senaryosunun uygulandigi siire
boyunca, ne dlgiide tiretken olduguna iliskin 6z
degerlendirme yapmast beklenmistir. Uzun
stireli ~ calismada  aydmlk  diizeyinin
yiikselmesi ile daha verimli hissedildigi goriisii
olusmustur (p<0.05). Kisa siireli ¢aligmada
verimli hissedilen senaryo AS3s’tiir (p<0.05).

Aydnlik diizeyi; Yiiksek-Diisiik: Uzun siireli
caligmada 500 Ix (AS1s) aydmlik diizeyi diisiik
olarak  yargilanmistir.  Oteki  senaryolar
arasindaki fark anlamh degildir. Kisa siireli
caligmada aydmhigin niceligine yonelik
degerlendirme senaryolardaki aydinlk
diizeyleri ile uyumlu olmustur; nitekim AS1s
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en diisiik, AS4s en yiiksek aydmnlik olarak
nitelendirilmistir. AS4s (1500 Ix) senaryosu
AS3s’e (1250 1x) gore %99, AS2s’ye (1000 1x)
gore %90 giiven diizeyinde anlamli fark
gostermistir. Bir baska deyisle, soguk renkli
1s1kla olusan aydinlik 1lik renkli 1g1kla olusan
aydinliga goére daha yiiksek nicelikte
algilanmugtir. Aydinlik diizeyi
degerlendirmesinde 1s18in  rengi de etkili
olmaktadir.

Aydinlik diizeyi; Olumlu-Olumsuz: Uzun
siireli caligmada 1lik renkli 1sikla saglanan
yiiksek nicelikteki aydmhigin tercih edildigi
sOylenebilir (p<0.05). Kisa siireli ¢aligmada
AS3s (1250 Ix) senaryosu AS4s’e (1500 1x)
gore %99, ASl1s’e (500 Ix) gore %95 giiven
diizeyinde anlamli fark gostermistir (Sekil 6).
Farkli bir ifadeyle, AS3s en diisiik ve en ytiksek
aydinlik  senaryolarindan daha  olumlu
nitelendirilmistir. AS2s (1000 Ix) ise AS4s’e
gore ancak %90 giiven diizeyinde anlaml fark
gostermistir.  AS3s ve AS2s senaryolarn
arasindaki fark anlamli degildir (p>0.10). Bir
onceki sorudaki aydinlik diizeyine iliskin
degerlendirmeler de goz oniine alindiginda, iki
1lik renkli 1s1kla olusan senaryodan AS3s (1250
1x), iki soguk renkli 1sikla olusan senaryodan
AS2s (1000 Ix)  yeglenmisti. Bu
belirlemelerden, 500 Ix aydinligin diisiik, 1500
Ix aydinligin ise yiiksek bulundugu ve 1sik
rengi tercihinin 1lik renkten yana oldugu
¢ikarimi yapilabilir.

Renk sicakligi; Soguk-Sicak: Her iki calismada
katihmcilann 118 goriiniimiine  iligkin
degerlendirmeleri 1siklarin renk sicakliklari ile
uyumludur. Bununla birlikte, 1lik renkle olusan
iki senaryodan aydmlhigm yiiksek oldugu AS3s
(1250 Ix) daha sicak, soguk renkle saglanan iki
senaryodan aydinlhigin yiiksek oldugu AS4s
daha soguk yargilanmistir. Bu durum, aydinlik
diizeyi yiikseldik¢ce 1lik 151k renginin daha
sicak, soguk 1sik renginin ise tersine daha
soguk algilandigim gostermektedir.

Renk sicakligi; Olumlu-Olumsuz: Her iki
caligmada da 1lik renkli 151k ile saglanan
yikksek aydinlik diizeyinin tercih edildigi
diistiniilebilir. Kisa siireli calismada deneklerin
renk sicakligl puanlamasinin senaryolara gore
degisimi Sekil 7°de gosterilmistir.

Aydinlatma senaryosunun masada okuma-
yazma kosullarma etkisi; Olumlu-Olumsuz:
Uzun siireli ¢aligmada masada c¢alisma

sirasinda 1lik renkli 151k ile yiiksek aydinlk
diizeyinin yeglendigi soylenebilir (p<0.10). Bu
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baglamda kisa siireli calismada da AS3s (1250
1x) olumlu bulunan senaryo olmustur (p<0.10).

Hacmin atmosferi; Dogal-Dogal degil: Uzun
stireli ¢alismada dinamik aydmlatmanin (500
Ix-1000 IX) ortam atmosferi 1000 Ix
senaryosuna gore %95, 500 Ix senaryosuna
gore %90 giiven diizeyinde daha dogal
yargilanmistir. Dinamik aydinlatma ile daha
yiiksek aydinliklarin s6z konusu oldugu 6teki
iki statik aydinlatma arasinda anlamli fark
goriilmemistir (p>0.10). Bir baska deyisle,
dinamik aydinlatma niceligi kendi aydinhk
diizeyi smnirlarinda olan statik aydinlatmalara
gore daha dogal degerlendirilmistir. Kisa siireli
caligmada 1lik 151k rengi dogal bulunmustur.
Nitekim bu 1s1k rengi ile olusan her iki senaryo
(AS1s ve AS3s) da dogal nitelendirilmistir
(p<0.01).
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Yalnizca uzun siireli calismada uygulanan dinamik
aydimnlatmaya 6zgli sorulara alman yanitlar, bu
senaryodaki aydmlik diizeyi ve 151k rengi degisimi
ile bu degisimin hizi ve zamanlamasinin olumlu
bulundugunu gdstermistir. S6z konusu sorularm 1-
5 arasindaki  degerlendirmesi  ortalamanin
iizerindedir (aydinlik diizeyi: 3.91; renk sicakligi:
3.75).

Kisa siireli c¢alismanin denekleri dort statik
senaryoyu anketteki tiim sorular1 ve yanitlarimi da
dikkate alarak genel begeni bakimmdan
derecelendirmistir (1: en olumsuz, 10: en olumlu).
Istatiksel analizde AS3s (u: 7.47) senaryosu dteki
senaryolardan anlamli farklilasmustir. Bu fark,
AS4s (u: 6.03), ASLs (u: 6.56) ve AS2s (u: 6.77)
senaryolarma gore sirastyla % 99, %95 ve %90
giiven diizeyindedir. Bu sonuca gore en begenilen
senaryo AS3s olmus, bunu sirasiyla AS2s, AS1sve
AS4s izlemistir.
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Sekil 6. Kisa siireli ¢alismada aydinlik diizeyi degerlendirmesinin senaryolara gore degisimi
Figure 6. Variation of illuminance assessment according to scenarios in the short-term study
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Sekil 7. Kisa siireli caligmada 15181 renk sicakligi degerlendirmesinin senaryolara gore degisimi
Figure 7. Variation of colour temperature assessment according to scenarios in the short-term study

5. Bulgular ve tartisma
5. Findings and discussion

Isigin gorsel olmayan biyolojik ve davranigsal
etkileri onemli Ol¢lide aydinlatan 1518 goz
hizasindaki tayfsal enerji dagilimima, dolayisiyla
151k rengine ve olusturdugu aydinlik diizeyine
baglidir. Enerji dagilimlan farkli iki 1gikla birbirine
yakm etkiler elde edebilmenin yolu bu 1siklarin
olusturduklarnt aydmliklarin niceliklerinde fark
yaratmaktir. Isik renkleri ve olusturduklar
aydinliklar birbirine yakin nicelikte melanopik
esdeger gimisign aydinligi elde edecek sekilde
ayarlanmmsg aydinlatma senaryolarina maruz
birakilan kisilerin tepkileri de birbirine yakmn m
olur? Bu soruya yanit aramak i¢in kurgulanan AS2s
ve AS3s senaryolarinda uzun siireli calisma
kapsaminda benzer tepkiler almmmstir. Bununla
birlikte, kisa siireli calismada AS3s senaryosu
cesitli  yonlerden AS2s senaryosuna tercih
edilmistir. Bu tercihte 6nemli 6l¢iide soguk renge
karsi  diisiik begeninin  belirleyici  oldugu
sOylenebilir. Bu sonug, 1lik renge gore sicak rengin
yeglendigi Tonello vd. nin ¢aligmasi ile paraleldir
(Tonello vd., 2019).

Insanlar genel olarak gerek acik gerekse kapali
mekanlarda  giimsiginin  soguk  renginden
rahatsizlik duymaz, tersine dogal 1518in varligindan
hosnut olurlar. Gilin iginde, Ozellikle sabah
saatlerinde glinisigindan yararlanmanin
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depresyonu azaltma, uyku kalitesini artirma, ruh
halini iyilestirme gibi bir¢ok olumlu etkisi vardir
(Figueiro vd., 2017). Buna karsin, insanlarin 1§1gm
renksel goriiniimii bakimindan tercihleri lamba
15181 s0z konusu oldugunda farkl olabilmektedir.

Beklendigi gibi, yiiksek aydinlik diizeyi ve soguk
151k rengi temelde dinlenmis, enerjik ve uyanik
hissetmede etkili olmustur. Calismanin bu sonucu,
yiiksek aydinlik diizeyi ve/ya da renk sicakligmnin
canliligi ve uyanikligi artirdigini belirten bagka
arastirmalar ile uyumludur (Mills vd., 2007;
Smolders vd.; 2012; Viola vd., 2008).

Katilimeilar aydinlik diizeyinin yiiksek oldugu
AS3s (1250 Ix) ve AS4s (1500 Ix) senaryolarinda
daha mutlu hissettiklerini ifade etmislerdir. Bu
sonug, 1000 Ix wve fstiindeki aydmnliklarin
insanlarm ruh hali ve sosyal iletisimine olumlu
yansidigmi rapor eden arastirmalar ile paraleldir
(aan het Rot vd., 2008).

Giinlik anket sorulart ve LDST harf rakam
eslestirme testi sonuglari en az yeglenen
aydmlatma senaryosunun AS1s (500 Ix, 4000 K)
oldugunu gostermistir. Aydmnlik diizeyinin 1000 1x
ve lizerinde oldugu senaryolarda dogru eslestirilen
harf rakam sayis1 500 Ix aydmnligin uygulandigi
AS1s senaryosundan daha fazla olmustur. Bu
sonug, aydinligin niceligindeki ylikselmenin dikkat
iizerinde olumlu etkisi oldugunu ifade eden baska
¢aligmalar ile uyumludur (Avery vd., 2001). Hem
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uzun hem kisa siireli calismada aydinligm niceligi,
15181n rengi ve masada caligma sirasindaki etkisi
bakimindan en olumlu bulunan senaryo AS3s’tiir
(1250 Ix, 4000 K). Bu yargi iizerinde sicak renkli
1518a karst begeninin de rol oynadig1 soylenebilir.
Bu sonu¢ bagka arastirmalarin bulgularn ile
paralellik gostermektedir (Tonella, 2019; Baniya
vd., 2015). Ik renkli 1sikla olusan ASls
senaryosundaki 500 1x genel olarak disiik
bulundugundan 1lik renkteki 1s13m kullamildig:
ikinci segenek olan AS3s senaryosu yeglenmistir.
Kisa siireli ¢calismada AS3s senaryosu ile birlikte
AS2s senaryosu da (1000 Ix, 5500 K) AS4s
senaryosundan (1500 Ix, 5500 K) daha fazla tercih
edilmistir. Bu belirlemelere gore, 500 1x aydmlik
diisiik, 1500 Ix aydinlik yiiksek bulunmus ve 1lik
renkli 151k soguk renkli 15182 yeglenmistir. Bu
veriler 1s181nda, yiiksek aydmlik diizeyi ve/ya da
soguk 151k rengini giin boyunca uygulamak yerine
15181 gorsel olmayan etkilerinden yararlanmak
iizere giin i¢inde gereksinim duyulan zaman ve
siirelerde uygulamak uygun bir yaklagim olabilir.
Nitekim, giin iginde simrl siirelerde 2500 Ix
aydinliga maruz birakilan biiro ¢alisanlarinin ruh
halinin iyilestigi ve daha canli hissettikleri
gozlenmistir (Partonen vd., 2000; Avery vd.,
2001). Dinamik aydmnlatmadaki (500 1x-1000 Ix)
degisken ortam atmosferi, AS1s (500 Ix) ve AS2s
(1000 1Ix) statik senaryolara gore daha dogal
bulunmustur. Dinamik aydinlatmanin segenek
olmadigi kisa siireli ¢alismada 1lik 151k renkleri ile
olusan AS1s ve AS3s senaryolari dogal olarak
yargilanmustir.

6. Sonuclar
6. Results

Glinlimiizde insan odakli aydmlatma, bir baska
deyisle biitiinleyici aydinlatma kavrami biiyiik
onem kazanmistir. Isigin insan iizerinde cesitli
duygusal ve biyolojik etkileri oldugu kabul
edilmekte ve gerek giindiiz is yerindeki verimliligi
gerekse gece uyku  kalitesini  etkiledigi
bilinmektedir. Bununla birlikte, insan merkezli
aydnlatma ile ilgili aydinlatma tasarim ilkeleri
heniiz tamimlanabilmis degildir. Uluslararasi
aydmlatma kurumlan tarafindan gesitli islev ve
etkinlik bi¢imleri i¢in uygun aydinlik diizeyi ve
15tk tayfi  hakkinda Onerilerin  yapilmasina
gereksinme vardir.

Bu aragtirmada aydinlik diizeyi ve 1s1k rengi farkli
aydinlatma  senaryolarmin  biiro  ¢alisanlar
tizerindeki etkilerini belirlemek ve galisanlarin bu
senaryolara iliskin yaptiklann degerlendirmelerden
yararlanarak ~ optimum  kosullar1  saptamak
hedeflenmistir. Aydmlatma senaryolart uzun ve
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kisa siireli olmak tizere iki farkli calisma kosulunda
anket calismasi ile karsilastirilmistir. Uzun siireli
caligmada yer alan katilimci sayisinin daha az
olmasina ve deneklerin ¢esitli akademik
etkinlikleri geregi deney hacminde gecirdikleri
stirenin de farklilik gdstermesine kargin ulagilan
sonugclar kisa siireli galigmanin sonuglarma 6nemli
Ol¢iide benzerdir.

Aydmlatma senaryolariin kisa siireli calisma
kapsaminda yapilan begeni siralamasinda AS3s
senaryosu (1250 Ix, 4000 K) otekilere gore on
plana ¢ikmis, bunu sirastyla AS2s, AS1s ve AS4s
senaryolar1 izlemistir. Her iki ¢alismada da 500 Ix
aydinlik diizeyi diisiik (AS1s), 1500 Ix aydinlik
diizeyi (AS4s) ise yiiksek olarak yargillanmistir.
Benzer sekilde her iki ¢alisma kosulunda da 1lik
renkli 151k soguk renkli 1s18a tercih edilmistir.
Soguk 151tk rengi temelde olumsuz ancak
canlandirict ve uyarict olarak degerlendirilmistir.
Is1gin biyolojik etkilerini artirmada rol oynayan iki
secenekten biri olan  ‘aydinlik  diizeyini
yiikseltmek’  enerji  korunumu  bakimindan
yeglenmeyip 6teki secenek olan ‘soguk renkli 15181
kullanmak’ daha akile1 bulunabilir. Bununla
birlikte kullanicinin 15181n gorsel ve gorsel olmayan
etkileri acisindan tercihleri birbiriyle
gelisebilmektedir. Bu  c¢alismanin  Onemli
sonuglarindan biri de 151810 renk sicakligina iliskin
kararda kullanici tercihlerinin goz ardi edilmemesi
geregidir. Bu baglamda, soguk renkli 151k ve/veya
yiiksek aydinlik diizeyini siirekli kullanmak yerine
bunlarin kullamimina giin i¢inde ¢aliganlarin daha
enerjik, uyamk  hissetmesine  gereksinim
duyuldugu zaman dilimlerinde bagvurmak enerji
etkin ve dengeli bir yaklasgimdir. Giinliimiizde
aydmnlatma otomasyon sistemleri ile aydmlik

diizeyi ve/veya 151k rengi istenildigi gibi
ayarlanabilmekte, boylece giin iginde degisen
gereksinimlerin kargilanmasi olanakli
olabilmektedir.

Bu arastirma kapsaminda 1lik renkli 1518n

uygulandig1 iki senaryo ele alinabilmistir. Renk
sicakliklart esit (4000 K) olan bu iki senaryonun
aydmlik diizeyleri (500 Ix ve 1250 Ix) arasinda
kalan farkli niceliklerdeki aydinliklarin da ayrica
degerlendirilmesi yararh olacaktir. Ilik renkli 151k
ile 750 Ix ve 1000 Ix aydinliklarin olusturuldugu
senaryolarin degerlendirildigi baska ¢aligmalar
yapilarak bu ¢alismanin genigletilmesi insan odakli
aydmnlatma igin optimum ¢dziim Onerilerinin
gelistirilmesine katki saglayacaktir.
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Abstract

With the developing world, deterioration in natural balances has occurred, leading to climate change, which is one of the
important problems for the world. Drought, which occurs as a result of climate change due to global warming in the world
and in our country, causes precipitation to fall below the long-term average values within a certain period. Turkey is
located in the semi-arid, semi-humid mid-latitude region. Therefore, drought, which is one of the devastating effects of
climate change, poses an important problem for our country, some of which is in the semi-arid climate zone. In this study,
meteorological drought analysis was performed in the province of Kahramanmarasg, which is located in the Mediterranean
region, using the Standardized Precipitation Index (SPI) method in 3, 6, 9 and 12 month time periods. The Average
Monthly Total Rainfall Amount between 1990-2020 of Afsin Elbistan, Goksun and Kahramanmaras-central
meteorological observation stations was used. As a result, an increase was found especially in drought periods of 2000
and later for 4 meteorology stations according to all time scales. While long years of dry periods were found in
Kahramanmarag-center and Goksun region according to SPI values, no significant changes were found in annual total
precipitation amount data during the dry periods in Kahramanmaras-centre. This shows that the amount of precipitation
has not changed, while the number of rainy days has decreased. It was found that the dry periods in Afsin and Elbistan
region were relatively shorter. Turkey is located in the semi-arid semi-humid middle latitude region. Therefore, drought,
which is one of the devastating effects of climate change, poses an important problem for our country, some of which is
in the semi-arid climate zone.

Keywords: Kahramanmaras, Meteorological drought, Precipitation, Standardized precipitation index

Oz

Gelisen diinya ile birlikte dogal dengelerde bozulmalar olugmus ve diinya igin dnemli sorunlardan biri olan iklim
degisikligi meydana gelmistir. Ulkemizde ve diinyada kiiresel istnmaya bagli iklim degisikliginin bir sonucu olarak ortaya
ctkan kuraklik, belli bir dénem igerisinde yagis miktarlarimn uzun yulik ortalama degerlerin altina diigmesine neden
olmaktadir. Tiirkiye yart kurak yart nemli orta enlem bélgesinde bulunmaktadir. Dolayisiyla bir kismi yary kurak iklim
kusaginda bulunan iilkemiz i¢in de iklim degisiklignin yikici etkilerinden birisi olan kuraklik Snemli bir sorun
olusturmaktadir. Bu calismada, Akdeniz bélgesinde yer alan Kahramanmaras ilinde, Standartlastirilmis Yagis Indeksi
(SPI) metodu kullanilarak 3, 6, 9 ve 12 aylik zaman periyotlarinda meteorolojik kurakhik analizi yapilmistir. Afsin
Elbistan, Goksun ve Kahramanmaras-merkez meteorolojik gozlem istasyonlarina ait 1990-2020 yillart arasindaki Aylik
Toplam Yagis Miktari Ortalamast kullanilmigtir. Sonug olarak, 4 meteoroloji istasyonu igin tiim zaman dlgeklerine gore
ozellikle 2000 yili ve sonrasinda kurak donemlerde artis oldugu belirlenmigtir. Kahramanmaras-Merkez ve Goksun
bolgesinde SPI degerlerine gore uzun yillar kurak donemler yasandigr ancak Kahramanmaras-Merkez 'de yasanan kurak
donemlerde yillik toplam yagis miktar verilerinde ise anlamly degisimler bulunmamaktadw. Bu durum yagis miktarinin
degismedigini ancak yagish giin sayisinda azalma oldugunu gostermektedir. Afsin ve Elbistan bélgesinde ise yasanan
kurak dénemlerin nispeten daha kisa zamanl oldugu belirlenmistir.
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1. Introduction
1. Giris

Increasing human activities in fields such as
industry, transportation, agriculture and energy
increase greenhouse gas emissions into the
atmosphere and strengthen the greenhouse effect.
As a result of this, an increase occurs in global
average temperatures (Dogan & Tiizer, 2011). This
global warming has affected climates and created
variability, while this problem has become a
climate crisis today. Climate crisis is defined as a
situation that requires immediate action to reduce
and stop climate variability. Temperatures
increasing with climate variability will increase the
rate of evaporation on earth and cause a decrease in
water resources. Therefore, drought, which is one
of the most devastating effects of climate change,
will occur in our country, some parts of which are
in semi-arid climate zone (Sahin & Kurnaz, 2014).

Water is one of the natural resources human beings
need to continue their lives. Water scarcity is
another disaster that will threaten the human
generation and another meaning of water scarcity
is drought at any time and any place. There are four
types of drought. These are meteorological,
agricultural, hydrological and socio-economic
drought. Meteorological drought is the amount of
precipitation in a region being less that the amount
of evaporation in that region; therefore, it is a type
of drought in which the decrease in precipitation is
taken as a criterion. Agricultural drought is when a
plant in the soil cannot find water. Hydrological
drought is the type in which a decrease occurs in
underground and surface water resources. Socio-
economic drought is the situation in which social
and economic negativities are experienced in the
society due to drought (Arslan et al., 2016). Since
the time, duration, severity and location of these
droughts cannot be predicted beforehand, they
must be constantly monitored temporally and
spatially (Keskineretal., 2016). Therefore, drought
analyses are extremely important to see the
dimensions of disasters that may occur in the
future.

Meteorological drought, which deals with the
amount of precipitation falling on earth, is an
important natural phenomenon that triggers the
occurrence of other droughts. The effects of
meteorological drought are generally first seen in
the agriculture sector, later in other water-
dependent sectors (Kapluhan, 2013).
Meteorological drought occurs in two main
phenomena in itself. One of these phenomena is the
precipitation on the ground remaining below the
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average for a long time, in other words, a decrease
in precipitation. Therefore, water resources will not
be fed by precipitation and the soil will not be able
to meet the moisture it needs. The second
phenomenon is increased evaporation due to highly
increased temperatures. Increase in evaporation
will cause water resources to dry up and even
dissolve and the soil to lose its moisture content. A
decrease in precipitation and increase in
evaporation and temperature  will  cause
meteorological drought (Sahin & Kurnaz, 2014).

Each year, 6,000,000 hectares of land becomes
desert in the world. In order to fight the problem of
desertification caused by drought, Convention to
Combat Desertification, which was initiated by the
United Nations and came into force in 1994, was
signed by 197 countries, including Turkey. The
convention recognizes that people living in arid
areas are threatened with life and aims to mitigate
the effects of drought in areas under the threat of
desertification. In our country, the National
Drought Management Strategy Document and
Action Plan (2017 - 2023) was signed and it is still
in effect. The application plans to minimize the
effects of drought with measures to be taken
before, during and after drought.

Turkey is located in the semi-arid, semi-humid
mid-latitude circle. Especially South and southeast
regions are in the semi-arid climate zone and they
are faced with the threat of desertification (Sahin &
Kurnaz, 2014). Although there are no fully arid
areas in our country, semi-arid climate zone covers
37.3% of our country’s land (Turan, 2018). Serious
meteorological droughts occurred in Turkey in
1971-1974, 1983-1984, 1989-1990, 1996, 2001,
2007-2008, 2013-2014 years (Tiirkes, 2009;
Kurnaz, 2014).

In the field of drought monitoring, drought indices
are used to determine the status of drought.
Currently, various drought indices have been
developed and used worldwide. The drought index
is a quantitative indicator of the severity of drought
and the evolution of drought (Kang and Moon,
2014). The most common of these are standard
precipitation index (SPI), Palmer drought severity
index (PDSI) and Percent of normal index (PNI).
SPI, which was developed by Mckee et al. (1993)
is calculated by taking the difference of each
precipitation value from average precipitation in a
given period of time and dividing it with standard
deviation. PDSI, which was developed by Wayne
Palmer in 1965, is found by using data on
precipitation, temperature and water holding
capacity of soil. PNI is obtained by dividing the
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amount of precipitation in a specified period of
time by average precipitation (Willeke et al., 1994).

Considering the increasing trend in global
temperatures and the impact on local climate, it has
been pointed out that climate change may alter the
frequency and severity of extreme events such as
droughts (IPCC 2013). Therefore, drought analysis
with respect to the effect of climate change has
received more attention over recent decades (Jiang
et al., 2015; Wu et al. 2016, Grillakis 2019; Mehr
et al., 2020; Beden et al., 2020). In a study
conducted by Ceylan et al. (2009) in Akgakale,
Sanlwurfa, Igdir, Tuzluca and Konya, it was found
that meteorological drought was close to limit
values according to drought indices. In a study
conducted by Fidan (2011) in Eastern
Mediterranean region, according to SPI drought
analysis, it was found that “heavy rainfall” period
was predominant in Kahramanmaras and around
between 1985 and 1990 and 1995 and 2000; while
severe droughts occurred between 2000 and 2005
and later moderate droughts occurred. Meresa et al.
(2016) showed that the temporal patterns of
drought over the Polish basins varied significantly
with the type of drought index: SPEI showed drier
conditions for the future of the basins, while SPI
showed wetter climates. Mehr et al. (2020) showed
that Ankara experienced six severe and two
extreme drought events during the reference
period, 1971-2000. However, the projections
indicated fewer drought events for the near-future
period of 2016-2040, with no potential extreme
drought events. Reis and Dutal (2015) conducted a
hydrological drought prediction analysis for
Kahramanmaras by using Markov Chain Model. In
their study, they found that “moderately dry” class
would dominate with a probability of 79% between
2015 and 2020 and stated that Kahramanmaras
province hydrological drought would not change at
least until 2020. Considering the above-mentioned
trend in drought analysis within the scope of

climate change, the main purpose of this study is to
determine the current and predicted meteorological
drought condition throughout the metropolitan city
of Kahramanmaras, Turkey. In this study,
meteorological drought analysis was made by
using precipitation data for years between 1990 and
2020 for Kahramanmaras province by using SPI.

2. Material and method
2. Materyal ve metod

2.1. Study area
2.1. Calisma alan:

Kahramanmaras (Figure 1), which is the area
where the study was conducted, is located in
Mediterranean region, it is 14,346 km? wide and it
is located between 37-38 north parallels and 36-37
east meridians (Kahramanmaras Directorate of
Environment and Urbanization, t.y). The altitude
varies between 350 m and 3090 m in
Kahramanmaras province (Gtirbiiz, 2014). 59.7%
of the land in the province is mountains, 24% is
plateaus and 16.3% is plains (Karademir et al.,
2018). Kahramanmaras is at the location where the
Mediterranean, Eastern Anatolia and South-eastern
Anatolia regions are closest to each other. Among
the three different climate types, it shows a climate
characteristics close to Mediterranean climate.
Continental climate characteristics are seen to the
North with altitude (Kahramanmaras Directorate of
Agriculture and Forestry, t.y). According to 1930 -
2019 years measurement period, annual average
temperature is 16.6° C, annual average sunshine
duration is 80.8 hours and annual total precipitation
amount is 719.7 mm in Kahramanmarag (General
Directorate of Meteorology, t.y.). Table 1 shows
information about the automatic meteorological
observation stations in Kahramanmaras region
where precipitation data for SPI drought analysis
was taken.

Karramanmarag

Hilishade
Value

%

Figure 1. Study area
Sekil 1. Calisma Alant
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Table 1. Information of the stations where drought analyses were made
Tablo 1. Kuraklik analizi yapilacak istasyonlarin bilgileri

Station Name Station No Observation year Latitude Longitude
Afsin 17868 1990 - 2020 38°14'25.8"K 36°55'08.4"D
Elbistan 17870 1990 - 2020 38°12'13.7"K 37°11'53.5"D
Goksun 17866 1990 - 2020 38°01'26.4"K 36°28'56.3"D
Kahramanmaras-Center 17255 1990 - 2020 37°34'33.6"K 36°54'54.0"D

2.2. Standardized precipitation index
2.2. Standartlagtirilmig yagis indeksi

SPI method, which was developed by McKee et al.
(1993), is one of the widely used methods to
monitor meteorological drought. Analysis can be
made for different time periods. It is a
dimensionless drought index. Precipitation data
index is first applied into an appropriate probability
distribution. After probability density function is
determined, the cumulative probability of an
observed precipitation amount is calculated. Next,
Gauss function is applied to cumulative
probability.

SP1 is obtained by dividing the difference from the
mean of the precipitation over the specified period
of time by standard deviation (Equation 1) (McKee
et al., 1993; Tsakiris & Vangelis, 2004). In this
study, meteorological drought analysis of
Kahramanmaras region was performed by using
SPI method. In standardized precipitation index
analysis, precipitation data of the region between

1990 and 2020 years were used. Meteorological
drought analysis was made by using Rstudio
program in time periods of 3, 6, 9 and 12 months.
In addition, the Levene homogeneity test was
applied to the precipitation data of all stations and
it was seen that the data were homogeneous.

Xi — Xort
SPl = ——— 1
~ ™
SPI:  Standardized precipitation index, Xi
Observed precipitation (mm), Xor: Mean

precipitation of the data set and o: standard
deviation of the series. It is possible to classify SPI
values (Table 2). In a drought assessment made by
taking SPI values into account, the time period
when the index is continually negative is defined as
the dry period. While the month when the index
first falls below zero is considered as the beginning
of drought, the month when the index rises to a
positive value is evaluated as the end of drought
(McKee et al., 1995).

Table 2. SPI Drought Classification (Karadas & Imamoglu, 2019)
Tablo 2. SPI Kuraklik siniflandirmasi (Karadas & Imamoglu, 2019)

SPI value Drought severity
>2 Exceptionally wet
1.60-1.99 Extremely wet
1.30-1.59 Severely wet
0.80-1.29 Moderately wet
0.5-0.79 Mildly wet
0.50 - -0.50 Near normal
-0.51--0.79 Mildly dry
-0.80 - -1.29 Moderately dry
-1.30 - -1.59 Severely dry
-1.60 —-1.99 Extremely dry
<-20 Exceptionally dry
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3. Results
3. Sonuclar

3.1. Temporal distribution of long years average
rainfall amount

3.1. Uzun yilar ortalama yags miktarinin
zamansal dagilimi

Table 3 shows long years monthly average total
amount of precipitation and seasonal averages of
Kahramanmaras-centre, Afsin, Elbistan, G6ksun
automatic meteorological observation stations
between 1990 and 2020 for each station. According
to the mean total precipitation amount, while the
least precipitation (1%) was observed in July and
August in Afsin, Elbistan, Goksun districts, no
precipitation was observed in Kahramanmaras-
centre in July and August. The highest amount of
precipitation was observed with a rate of 15% in

December in Afsin and Goksun, with 14% in April
in Elbistan and with 18% in January in
Kahramanmaras-centre.

Seasonal average of precipitation was found for
each station between 1990 and 2020 (Table 3).
According to precipitation amount normal value,
the lowest precipitation occurred with a rate of 5%
in summer in Afsin and Goksun, with a rate of 7%
in Elbistan in summer and with a rate of 2% in
summer in Kahramanmaras-centre. The lowest
precipitation occurred with a rate of 39% in winter
in Afsin and Goksun, with a rate of 50% in winter
in Kahramanmaras-centre and with a rate of 37%
in spring in Elbistan. According to seasonal
average, the highest amount of precipitation was
recorded in Kahramanmaras with 58,9 mm, while
the lowest amount was recorded in Elbistan with
31.8 mm.

Table 3. Long years monthly average total amount of precipitation and seasonal averages (mm)
Tablo 3. Uzun yillar aylik toplam yagis miktart ortalamasi ve mevsimsel ortalamasi (mm)

Time Afsin Elbistan Goksun Kahramanmaras
-Center
January 52.3 39.0 724 128.0
February 48.8 37.9 61.7 109.9
March 49.1 442 67.8 91.3
April 52.8 51.2 60.2 71.8
May 48.0 45,3 55.1 40.3
June 147 194 174 8.0
July 35 5.3 5.9 1.2
August 2.8 2.4 6.4 1.0
September 114 133 15.0 13.0
October 32.2 38.6 41.1 40.5
November 41.7 419 60.1 79.8
December 63.4 40.1 78.9 117.6
Winter 54.6 39.0 70.8 118.5
Spring 50.0 46.9 61.0 67.8
Summer 7.3 9.6 10.0 3.8
Autumn 28.8 317 39.6 455
Average total
amount of 35.1 31.8 45.3 58.9

precipitation (mm)

Temporal distribution of annual total precipitation
data for all stations is shown in Figure 2. According
to annual total precipitation data of 1990-2019
years, maximum annual total precipitation amount
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took place as 1169 mm in Kahramanmaras-centre
station in 1996, while the minimum annual total
precipitation amount took place as 181,6 mm in
Goksun station in 2013.
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Figure 2. Annual total precipitation amounts

Sekil 2. Yillik toplam yagis miktarlar

3.2. Standardized precipitation index
3.2. Standartlagtiridmis yagus indeksi

SPI time series analyses were made for 3, 6, 9 and
12 month periods in Kahramanmaras, Afsin,
Elbistan and Goksun stations between 1990 and
2020 (Figure 3-Figure 6). Percentage distributions
of 3, 6, 9 and 12 month SPI values of 4
meteorological stations in Kahramanmaras region
were calculated according to drought classification
(Table 4-Table 7). According to the 12-month SPI
values of the stations, it was found that Afsin was
in highest wet (34.44%) and highest dry (31.67%)
class when compared with the other stations.
However, these drought index values are
predominantly within mild and moderate dry
classes in Afsin. Goksun was found to have severe,
extreme and exceptional drought index values
(10.56%).

Annual total precipitaion

Annual total precipitation (mm)
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According to 3, 6, 9 and 12 months all SPI values,
Goksun and Kahramanmarag-centre are severely,
extremely and exceptionally wet, while Afsin and
Elbistan are moderately and mildly wet (Table 4-
Table 7). It was also found that Afsin and Elbistan
were mildly and moderately wet, while Gksun and
Kahramanmaras were severely, extremely and
exceptionally dry. The result that both severely wet
and severely dry classes were prevalent in Goksun
and Kahramanmarag SPI data shows the
irregularity of precipitation in these regions. For
Afsin and Elbistan districts, which received less
precipitation than these stations, SPI data showed
that moderately wet, normal and moderately dry
classes were predominant in these regions and that
they received relatively more regular precipitation.
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Figure 4. SPI time series for 6-month period
Sekil 4. 6 aylik donem icin SPI zaman serisi
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Figure 6. SPI time series for 12-month period
Sekil 6. 12 aylik donem icin SPI zaman serisi
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Table 4. Percentage distribution of 3-month SPI values according to drought classification
Tablo 4. 3 aylik SPI degerlerinin kuraklik siniflandirmasina gore yiizdelik dagilimlar

SPI Drought Afsin  Elbistan Goksun Kahramanmaras-
Classification Center
Exceptionally wet ~ 1.90 1.90 1.90 1.63
Extremely wet 4.07 2.98 2.44 3.25
Severely wet 2.71 3.25 4.88 4.88
Moderately wet 11.38 13.01 13.82 11.38
Mildly wet 13.01 10.84 8.94 11.11
Near normal 36.86 34.69 37.67 39.57
Mildly dry 10.30 12.74 9.76 8.40
Moderately dry 9.49 12.47 10.57 8.40
Severely dry 4.07 2.71 4.61 5.15
Extremely dry 3.79 2.44 2.44 3.52
Exceptionally dry  2.44 2.98 2.98 2.71

Table 5. Percentage distribution of 6-month SPI values according to drought classification
Tablo 5. 6 aylik SPI degerlerinin kuraklik simiflandirmasina gére yiizdelik dagilimi

SPI Drought Afsin  Elbistan Goksun Kahramanmaras-
Classification Center
Exceptionally wet ~ 0.55 2.19 0.27 0.00
Extremely wet 4.10 3.28 4.37 4.10
Severely wet 3.55 4.37 5.74 5.74
Moderately wet 15.03 11.48 10.93 13.39
Mildly wet 9.56 8.47 11.48 11.20
Near normal 37.98 38.80 38.25 36.61
Mildly dry 10.66 11.20 9.29 8.20
Moderately dry 9.84 12.02 10.38 10.66
Severely dry 3.01 2.46 2.73 2.46
Extremely dry 2.46 2.46 2.46 2.73
Exceptionally dry ~ 3.28 3.28 4.10 4.92

Table 6. Percentage distribution of 9-month SPI values according to drought classification
Tablo 6. 9 aylik SPI degerlerinin kuraklik smiflandirmasina gore yiizdelik dagilumi

SPI Drought Afsin  Elbistan Goksun Kahramanmaras-

Classification Center
Exceptionally wet ~ 0.83 1.93 0.83 1.10
Extremely wet 2.20 1.93 1.65 2.20
Severely wet 4.68 5.51 6.06 6.06
Moderately wet 16.25 10.47 13.22 12.40
Mildly wet 11.02 12.12 11.02 9.92

Near normal 34.16 37.19 39.67 39.67
Mildly dry 9.64 9.09 7.99 9.37
Moderately dry 12.67 12.12 9.64 9.64
Severely dry 2.48 4.41 1.65 1.38
Extremely dry 2.75 2.75 3.86 2.20
Exceptionally dry  3.31 2.48 441 6.06
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Table 7. Percentage distribution of 12-month SPI values according to drought

classification

Tablo 7. 12 aylik SPI degerlerinin kuraklk siniflandirmasina gore yiizdelik dagilim

SPI1 Drought Afsin  Elbistan Goksun Kahramanmarag-

Classification Center
Exceptionally wet ~ 0.56 2.22 0.56 0.83
Extremely wet 1.67 2.22 1.39 2.22
Severely wet 5.83 3.89 7.50 4.72
Moderately wet 13.61 11.67 11.39 15.28
Mildly wet 12.78 8.33 13.33 10.28

Near normal 33.89 42.78 38.61 37.22
Mildly dry 11.11 6.39 8.06 10.00
Moderately dry 11.39 13.33 8.61 9.44
Severely dry 2.78 3.61 1.67 1.94
Extremely dry 1.94 3.06 3.61 2.50
Exceptionally dry  4.44 2.50 5.28 5.56

3.3. Dry periods and their duration
3.3. Kurak donemler ve siireleri

It was found that SPI values were constantly
negative (dry periods) for all stations in periods of
3, 6, 9, 12 months between 1990 and 2020 (Table
8). According to SPI index values, the least
negative values (dry) were for 12 months. In this
study, the longest dry period was found in Goksun
and Kahramanmaras-centre. According to 9 and 12
month SPI values, the longest dry period was 58
months between years 2010 and 2014, while
according to 12 month SPI values, the longest dry
period was 34 months in Kahramanmaras-centre
between years 2016 and 2018.

Although there are fluctuations in annual total
precipitation amount in Kahramanmaras region, no
large slope is seen in the annual total precipitation
curve. However, according to SPI values, while dry
periods increased especially after 2000, their
duration also began to get longer. It can be seen that
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there was a dry period of 31 months between 2004
and 2006 and a dry period of 28 months between
2012 and 2014 in Afsin (Table 8). In Elbistan, both
total annual amount of precipitation (Figure 2) and
drought according to SPI are highly variable. In
this region, the longest drought was 24 months
between 2016 and 2018 according to 12-month SPI
values. A 58-month very long period of drought
took place in Goksun between 2010 and 2014 in a
time period of 9 and 12 months. The minimum total
amount of precipitation (181.6 mm) was in 2013 in
Goksun and a short period of increase was found to
occur in precipitation in the following years
(Figure 2). In Kahramanmaras-centre, a dry period
of 38 months was observed between 2016 and 2018
in a period of 12 months. However, this situation
did not cause an obvious change in total annual
amount of precipitation (Figure 2). The reason for
this may be the decrease in the total number of wet
days, although the amount of precipitation did not
change.
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Table 8. Dry periods according to SPI values
Tablo 8. SPI degerlerine gore kurak donemler

Period Dry period Drought Duration
(months)
Afsin
3 1990 - 1991 12
2012 - 2013 12
2012 - 2013 12
6 2013 - 2014 12
2015 - 2017 20
1997 — 1998 15
2000 - 2001 13
9 2004 — 2006 31
2008 — 2009 14
2012 - 2013 13
2015 - 2017 23
1997 — 1998 13
2001 12
12 2005 — 2007 24
2008 — 2009 12
2012 - 2014 28
2015 — 2017 25
Elbistan
3 - -
6 2000 — 2002 19
2013 - 2014 12
2000 — 2002 16
9 2003 - 2004 14
2006 — 2007 12
2015 - 2017 23
1992 — 1993 14
2001 - 2002 14
12 2006 — 2008 15
2013 - 2014 13
2016 — 2018 24
2019 - 2020 13
Goksun
3 2012 - 2013 13
2009 - 2011 20
6 2011 - 2014 36
2015 - 2017 19
2000 - 2001 13
9 2010 - 2014 58
2015 - 2017 22
2006 — 2007 12
12 2010 - 2014 58
2016 — 2017 23
Kahramanmaras-Center
3 2015 - 2016 12
1999 - 2000 13
6 2000 - 2001 15
2012 - 2013 12
2015 - 2017 21
1990 — 1991 13
1993 - 1994 12
9 1999 - 2000 13
2000 - 2001 14
2008 — 2009 13
2015 - 2017 23
1999 - 2001 28
12 2006 — 2007 13
2013 - 2015 25
2016 — 2018 34
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4. Discussion
4. Tartisma

Drought is obviously one of the more damaging yet
hardly determined natural disasters among others.
Drought monitoring using drought indices often
serves as an important base. Drought indices
computed from forecasted rainfall gives a better
outlook of potential risk that may be inflicted upon
the region. In this study, meteorological drought
analysis was made and evaluated for long years
(1990 -2020) in Kahramanmaras region. According
to the results found, it can be seen that total mean
amount of precipitation was higher in
Kahramanmaras-centre and Goksun regions than
the total mean amount of precipitation in Elbistan
and Afsin regions. However, depending on the total
annual amount of precipitation, irregular
precipitation was observed in Goksun region
according to SPI data. In this region, 58-month
long meteorological drought was observed
between the years 2010 and 2014.
Kahramanmaras-centre shows severely wet and
severely dry characteristics according to SPI index
due to irregular precipitation. In addition, the
longest dry period was found to last for 34 months
between 2016 and 2018 in Kahramanmarag-centre.
Although there are irregular rains in Afsin, it has
been determined that although there are many dry
periods, the droughts are relatively short. Elbistan
is the region with the least rainfall. However,
shorter dry periods are seen compared to Goksun
and Kahramanmaras-Center. Although more
irregular precipitation and drought periods were
observed in Afsin, drought was found to last
relatively shorter. Elbistan is the region with the
lowest amount of precipitation. However, shorter
dry periods are observed in Elbistan compared to
GoOksun and Kahramanmarag-center. As a result, it
was found that there were long periods of
meteorological  drought in  Goéksun and
Kahramanmaras-centre  and  meteorological
drought was more severe in this region. On the
other Kahramanmaras-centre and Goksun district
have both the highest average values of total
precipitation and long drought periods in various
periods compared to other districts. This shows that
erratic and sudden precipitation, which is one ofthe
consequences of climate change, may also occur.

Since SPI, which has been mainly used for drought
analysis, is calculated only by considering
precipitation, there is a limit to applying SPI to the
establishment of drought adaptation measures that
reflect the effects of global warming. In the journey
of climate change adaptation policy to drought to
gain public confidence, there is a need for studies
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on alternatives to complement the problems
exposed in SPI. In light of these needs, the
development of new drought indices that reflect
various future climate variables, including
precipitation, or the development of combined
drought indices that can incorporate various
currently used drought indices based on different
meteorological variables will be a prerequisite for
establishing climate change drought adaptation
measures
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Oz

Karmasik jeolojik ortamlarda gelisen yapisal ve stratigrafik hidrokarbon (petrol, gaz) kapanlari, tektonik deformasyona
maruz kalan bolgelerde veya yanal yonde gegirimsiz kayaglarin bulundugu yerlerde olusurlar ve 6nemli miktarlarda
hidrokarbon biriktirirler. Bu tiir kapanlarin oldugu ortamlarda, yansimalar olduk¢a karmasik davramig gosterirler.
Dolayisiyla, bu tiir karmasgik jeolojik ortamlarda sismik dalga yayilimini anlamak, yorumlama asamasinda 6nemli katkilar
saglar. Bu calismada, yapisal ve stratigrafik hidrokarbon kapanlarinin modellemesi patlayan yansitici (PY) teknigi ile
gerceklestirilmistir. Yontemin en onemli avantajlari sismik kaynagin yansitict ara yiizeylerine konulmasi ve tek yol
seyahat zamanu ile yiizeydeki alicilarda kaydedilmesidir. Dolayisiyla, hesaplama sonucunda dogrudan sifir ofset kesitler
elde edilmistir. Kaynaktan yayilan sismik dalgalarinin sayisal hesaplamasi istege bagli farkli 6zelliklerde giris modelleri
secebilme yetenegi ve dalga yayilim problemlerine dogrudan ¢6ziim saglamasi nedeniyle oldukca kullanigli olan sonlu
farklar yontemi (SFY) ile yapilmistir. Béylece, patlayan yansitici teknigine dayali olarak SFY ile tam dalga alanin ¢6ziimii
sayesinde hidrokarbon aragtirmalarinda siklikla karsilasilan kanal, antiklinal, senklinal, normal fay tipi kapanlarin sismik
modelleri kolay ve hizli bir sekilde hesaplanmigtir. Sonug olarak, PY teknigi ile sifir ofset kesitlerinin (y1igma kesitleri)
elde edilmesi, pratik olarak ger¢ek sismik verilerin yorumlanmasinda yorumcuya Onemli katkilar saglayacagi
gosterilmistir.

Anahtar kelimeler: Hidrokarbon kapani, Patlayan yansitici, Sismik modelleme, Sonlu farklar yontemi

Abstract

Structural and stratigraphic hydrocarbon (oil, gas) traps that develop in complex geological environments are formed in
regions subjected to tectonically deformation or where there are impermeable rocks in the lateral direction and
accumulate significant amounts of hydrocarbons. Reflections from the subsurface media including such traps indicate
highly complex behaviour. Therefore, understanding seismic wave propagation in such environments provide important
contributions to the interpretation stage. In this study, the modeling of structural and stratigraphic hydrocarbon traps
was carried out with exploding reflector (ER) technique. The most important advantages of the method is that the seismic
source is located at the reflective interfaces and recorded by the receivers at the surface with the one way travel time.
Therefore, as a result of the calculation, directly zero offset sections could be obtained. Numerical calculation of the
seismic waves propagated from the source was made by the finite difference method (FDM) which is very useful due to
the ability to choose arbitrary input models with different features and provide direct solutions to wave propagation
problems. Thus, seismic models of channel, anticline, syncline, normal fault type traps which are frequently encountered
in hydrocarbon explorations were calculated easily and quickly by means of the solution of the full wave field with FDM
based on the exploding reflector technique. As a result, it has been shown that obtaining zero offset sections (stacked
sections) with the ER technique will practically make important contributions to the interpreter during the interpretation
of real seismic data.

Keywords: Hydrocarbon trap, Exploding reflector, Seismic modelling, Finite difference method
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1. Giris
1. Introduction

Karmagik jeolojik ortamlarda gelisen hidrokarbon
kapanlari, yapisal, stratigrafik veya bunlarm
bilesimi  seklinde  olusmaktadir ve  bu
karmasikliklarindan dolayr sismik kesitlerde
yiiksek ayrimli  goriintiilenmeleri  ¢ogunlukla
zorlasmaktadir (Fagin, 1991). Ciinkii, karmasik
Ozelliklere  sahip  kapanlarmin  bulundugu
ortamlarda sismik dalga yayilim1 olduk¢a karmagik
davranmis  gostermektedir.  Dolayisiyla, bu
kapanlarin sismik tepkilerinin nasil olacagmin
anlasilmasi 6nem arz etmektedir.

Sifir ofset sismik kesitlerin modellenmesi igin
yapay sismogramlarin hesaplanmasit patlayan
yansitict  (PY) tekniginin  kullanmmim  ile
gerceklestirilebilir ~ (Loewenthal  vd.,  1976;
Carcione vd., 1994). Bununla birlikte, yontemde
yeraltindaki yansiticilardan ylizeydeki alicilara
dogrudan dalga yayilimini i¢erdiginden PY teknigi
yansima olmayan dalga denklemi (non-reflecting
wave equation) olarak da isimlendirilmistir (Baysal
vd., 1984). PY teknigi sismik veriye benzerlik
gosteren yer radar verilerinin modellemesinde de
basarili sekilde uygulanmustir (Carcione vd., 2002)
ve bu teknik ile iki yol zamam igeren yansima
modellemesinin aksine sa¢ilma ve yansima
olaylarnin ~ dogru  seyahat  zamanlarmnin
hesaplanabilecegini belirtmislerdir. Cooper vd.
(2010) yiiksek hizli kama modelinin geometrisini
ve hizini kullanarak patlayan yansitici yontemi ile
sayisal modelini hesaplamislardir ve elde edilen
modelde tekrarlilarin olustugunu, ancak sonlu fark
algoritmasinin  akustik olmasmdan dolayr mod
doniistimlerinin  olugmayacagini belirtmislerdir.
Dolayistyla, patlayan yansitici yontemi ile model
izerindeki olaylarmn daha kolay
yorumlanabilecegini ifade etmislerdir. Nejati and
Hashemi (2012) PY teknigini farkli yer
ortamlarinin  sismik modellerini ve gdciinii
hesaplamak i¢in kullanmiglardir. Zhu & Huang
(2015) patlayan yansitict kavramini kullanarak sifir
ofset veriler i¢in Ters Zaman Go¢ (Reverse Time
Migration-RTM) probleminin ¢oziimiinde Yee
(1966)  tarafindan  gelistirilen  algoritmay1
uygulayarak akustik dalga denkleminin bir
¢Oziimiinii gerceklestirmislerdir ve algoritmalarini
kum tepesi iceren bir stratigrafik yer modeli
tizerinde test etmistir. Franco vd. (2018) CREWES
tarafindan gelistirilen kodlar1 kullanilarak patlayan
yansitict yaklagimi ile jeotermal bir sahada belirli
bir hat boyunca yapay sismik yansima
modellemesini  gergeklestirmis ve jeotermal
rezervuar modellemesine iliskin jeolojik ve
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jeofizik  varsayimlarin  dogrulugunu  test
etmislerdir.

Patlayan  yansitict  yonteminde, karmagik
hidrokarbon kapanlarmin herhangi bir

noktasindaki yer degistirmesini hesaplayabilmek
igin sismik dalga denklemine uygulanabilen ve
diferansiyel denklemleri ¢6zebilen Sonlu Fark
Yontemi  (SFY) ile basanhi bir sekilde
yapilabilmektedir. Sismik dalga alani, sonlu fark
formiilleri ile dalga denkleminin tiirevlerini
yaklasik olarak degerlendirerek ve sonuglanan fark
denklemini yinelemeli olarak ¢6zerek her bir grid
noktasinda hesaplamaktadir. Sonlu fark yontemi,
gegmis zamanlardaki dalga alanmi kullanarak
simdiki ve gelecek zamanlardaki dalga alanim
belirlemede son derece basarilh  sekilde
uygulanmaktadir (Marfurt, 1984; Carcione vd.,
2002; Margrave, 2003; Moczo vd., 2007).

Bu calismada kanal, antiklinal, senklinal ve normal
fay tipi kapan modelleri i¢in patlayan yansitici
teknigine dayali olarak SFY ile dogrudan sifir ofset
sismik modelleri Youzwishen ve Margrave (1999)
hesaplanmistir. Bu jeolojik yapilarin uzaysal
konumlar1 ve sismik dalga yayilimina tepkileri
degerlendirilmistir.

2. Yontem
2. Method

2.1. Patlayan yansitici1 yontemi
2.1. Exploding reflector method

Sismik veri elde edilitken hem alicilar hem de
kaynak noktalar yeryiiziine yerlestirilir. Bu islem,
iki yonlii seyahat zamanini gerektirir. Bununla
birlikte, sifir ofset kesit, tek bir kaynak ve tek bir
alic1 ile aralarinda ayrim olmaksizin hat boyunca
hareket ettirilerek  kaydedilir  (Sekil 1a).
Kaydedilen enerji, yansitici ara yiizeylerinden
normal gelis acis1 olan 15 yollarmi takip
etmektedir.

Aym sismik kesiti {ireten alternatif bir geometri ise
Sekil (1b)’de verilmistir. Yansitici ara yiizeyler
boyunca yerlestirilmis olan patlayan kaynaklarin
ve hat boyunca her ortak orta nokta (OON)
konumunda yiizeyde alicilarm oldugu
varsayllmaktadir ~ (Loewenthal  vd.,  1976).
Kaynaklar birlikte patlar ve yukar1 dogru ylizeyde
yerlestirilmig alicilara dogru yayilan dalgalar
gonderir. Patlayan yansiticidan yansiyan dalga,
OON kesitinde kaydedilenlerin tam olarak yarisina
esit zamanlarda yer ylizeyine ulagacaktir. Boylece
elde edilen yer modeli, patlayan yansitici modeli
olarak adlandirilmaktadir (Loewenthal, 1996).
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Patlayan yansitict modelinden elde edilen sismik
kesit, bliyiik olgilide sifir ofset kesitine esdegerdir.
Ayrica, eger sacilma liretecek siireksizlikler yok ve
ara yiizeyler yatay ya da yataya yakin ise yigma
sonrasi go¢ kesitlerini de temsil ederler. Sifir ofset
kesiti iki yoOnli seyahat zamani olarak
kaydedilirken (kaynaktan yansima noktasindan

alictya), patlayan yansitict modeli tek yonlii
seyahat zamam olarak kaydedilir (kaynagin
yansima noktasma yerlestirildigi yerden aliciya).
Sifir ofset kesit ile patlayan yansitict modeli
arasmndaki  esdegerlik, Ozellikle yanal hiz
degisimlerinin varliginda tam olarak kesin degildir
(Kjartansson & Rocca, 1979).

S,g2
Y

(@)

Sss s S
(b)

Sekil 1. (a) Sifir ofset kaydinin geometrisi ve (b) patlayan yansitici sifir ofset kaydinin
varsayimsal modelleme geometrisi. Burada s kaynagi, g alicilant ve v ortam hizin1 temsil
etmektedir (Claerbout, 1985).

Figure 2. (a) The geometry of the zero offset records and (b) hypothetical modeling geometry
of the exploding reflective zero offset records. Here s is the source, g is the receivers and v is
the media velocity of the medium (Claerbout, 1985)

hesaplanmaktadir. iki boyutlu (2B) skaler dalga
denklemi asagidaki denklem (1) ile verilmistir.

Patlayan yansitict modellemesinde, sonlu fark
yaklagimi kullanilarak belirli bir hiz modeli igin iki
boyutlu (2B) bir dalga alan1 zaman ortaminda

82\P(x,z,t)+82\P_ 1 0%w(x,z,t)
Ox? oz*  Vvi(x,z) ot

V2W(X,z,1) = (@)

Sonlu farklar (Kelly vd., 1976), sonlu eleman
(Malfurt,  1984) ve  Fourier ortaminda
uygulanabilen yapma spektral yontemler (Kosloff
& Baysal, 1982) gibi gesitli sayisal yontemler
gelistirilmistir.

Sabit yogunluklu, akustik ortamdaki ¥ dalga
potansiyelini, t zamani (saniye-s), v hizi

(metre/saniye-m/s), V? Laplace operatoriinii ve (x,
z) uzaysal koordinatlar1 temsil etmektedir. Ancak,
dalga denkleminin analitik  (¢c6zlimlemeli)
¢Ozlimlerinin sayist ¢ok azdir ve dalga alam
modellemelerini gergeklestirmek icin genellikle
yaklagik bir ¢ozim yontemi kullanilmaktadir.

Dalga alaninin hesaplanmasi i¢in denklem (2)
asagidaki gibi yazilabilir.

W(X,z,t+At) =[2+ AtV? (X, 2)V’]F(X, Z,t) — (X, Z,t — At) @)

Denklem (2), denklem (1)’in ikinci dereceden V. At

merkezi sonlu fark yaklagimmin sonucudur. Hiz % <+/3/8 (€))
X

modeli ve dalga alam tve t— Atzamam
kullanilarak hesaplanabilir. Coziimdeki kararlilik
kosulu denklem (3) ile asagidaki gibi Burada; V., maksimum hizi (metre/saniye-m/s),

verilmektedir. AXve Atsirasiyla uzaysal ve zamansal

ornekleme araligimi géstermektedir.
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modeli olusturulmustur. Modellemede kullanilan
kaynak fonksiyonu, wuzaysal ve zamansal
hesaplama parametrelerine ait bilgiler Tablo 1'de
verilmistir. Modelleme icin gerekli olan yansitict
ara ylizeyler, derinlik ve uzaysal konum bilgileri
sayisallagtirilarak elde edilmistir.

3. Yapay sismik modeller
3. Synthetic seismic models

Yapay modelleme icin sirasiyla kanal, antiklinal,
senklinal ve normal fay kapam olan dort farkli hiz

Tablo 1. Patlayan yansitici modellemesinde kullanilan parametreler
Table 1. Parameters used in exploding reflector modeling

Patlayan Yansitict Modellemesinde Kullanilan Parametreler

Profil Maks. Maks. Min. Hesaplama Ornekleme Kayit Kaynak
uzunlugu derinlik iz hiz zaman Zzamani uzunlugu dalgacig
(m) (m) (m/s) (m/s) adimi (ms) (ms) (ms) (Hz)
Kanal 2500 1000 4000 1500 0.05 4 1500 30
Antiklinal 2000 1000 4000 2000 0.05 4 1500 30
Senklinal 2500 1000 4000 1500 0.05 4 1500 30
Normal
Fay 2500 1000 4000 1000 0.05 4 1500 30
Kapan

Bu dort farkli modelin sismik kesitini olusturmak
icin grid aralig1 5 m ve kaynak dalgacig1 =30 Hz
minimum fazli Ricker dalgacigr kullanilmistir.
Hesaplamada grid araliginin se¢imi 6nemli bir yer
tutmaktadir. Bu ¢alismada S5m'den daha biiyiik grid
araliklarinin  kullamilmasi1 ardigik  yansimalarin
(Reverberasyon) olusmasina neden olurken, daha
ince bir grid araligi kullandiginda ardisik
yansimalar olusmamig ancak, hesaplama zamani
artmustir. Bununla birlikte grid dispersiyonunu
Onlemek igin birkag farkli testten sonra uygun olan
=30 Hz kaynak dalgacigi kullanmilmstir. Boylece,
sonlu fark yontemi ile dogru modelleme igin en
uygun parametreler segilerek, PY sifir ofset
kesitleri hesaplanmistir.

3.1. Kanal modeli
3.1. Channel model

Son yillarda, kanal yapilar hidrokarbon arastirma
acisndan O6nemli olan bir kapan yapisi olarak
degerlendirilmektedir ~ (Shuxin  vd., 2017).
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Diinyadaki ¢ok sayida petrol ve gaz sahasinin kanal
ortamlarinda biriktigi tespit edilmistir (Mohebian,
vd., 2018). Kanal modelleri genellikle, 5-40 km
uzunlugunda, 100-900 m genisliginde olup daha az
kivriml yapilar olarak karakterize edilmektedir.
Bu nedenle, kanal sistemleri, hidrokarbon igerme
olasiligi ~ yiiksek  olan  kapanlar  olarak
degerlendirilmektedir. Bazen kanallar
uyumsuzluklarla kesilmekle birlikte, gézenekli ve
gecirgen Ozellikte olduklarindan, bu kanallar
hidrokarbon ile dolabilir ve yiiksek kaliteli
rezervuarlar olusabilir. Sekil (2a), tabakali bir
ortamdaki kanal hiz modelini temsil etmektedir.
Kanal modeli, 550 m genisliginde ve 100 m
kalinliginda diizgiin dikdortgen bir yapidadir.
Kanal model i¢in yapay sismogram hesaplama
parametreleri Tablo 1°de verilmistir. Sekil (2b)’de
patlayan yansitict teknigi yaklagimi ile SFY
kullanilarak elde edilen yapay sismik kesit
goriilmektedir. Kanal yapisi, her tarafindaki
stireksizliklerden dolay1 sagilma enerjisine neden
olmustur.
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Sekil 2. (a) Yeralt1 derinlik-hiz modelini ve (b) kapan yapisinin patlayan yansitici modelini gostermektedir.
Figure 2. (a) Subsurface depth-velocity model including channel trap and (b) shows the exploding reflector
model of the trap structure.

3.2. Antiklinal modeli

3.2. Anticlinal model Sekil (3a)’da ii¢ tabakali bir ortamdaki antiklinal
hiz derinlik modeli verilmistir. Sekil (3b)’de ise,
Antiklinal yapilart Diinya’da en yaygm goriilen patlayan  yansitict  sismik  model  kesiti
petrol-gaz kapanlaridir ve yer kabugunun ag¢ilmis gorlilmektedir. Patlayan yansitict kesitindeki, 1800
havzalarin tabaninda biriken tortullarmn, levhalarm m/sn hiza sahip olan antiklinalin tepe noktasinda
birbirine dogru hareket etmesi ile kivrilip yansima genliginde artis ve i¢biikey yukart kisimda
yiikselmesi sonucunda olusmus alanlardir (Sefiing, ise yansima genliginde bir azalma olusmaktadir.
2017). Cukur alanlarda biriken petrol antiklinalin Bununla birlikte, gaz ve petrol rezervuarmin kalin
tepesine dogru goc etmektedir ve burada ve hizm oldukga diisik olmasi, antiklinal
birikmektedir. Kapanin en alt kismi genellikle kapanlarda siklikla karsilasilan hiz itmesi problemi
diizlemseldir ve petrol-su dokanagi ile sinirhidir. nedeniyle yansimalar disa dogru biikiilmiistiir.

2580 m/s

Derinlik (m)
Tek Yol Zamani (s)

1000 2000 5 1000
Mesafe (m) Mesafe ()

Sekil 3. (a) Antiklinal derinlik-hiz modelini ve (b) antiklinal yapisinin patlayan yansitict modelini
gostermektedir.

Figure 3. (a) Subsurface depth-velocity model including anticlinal trap and (b) shows the exploding reflector
model of the anticline structure.
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3.3. Senklinal modeli ¢ok sayida yansima gozlemlenmektedir. Bu olusan
3.3. Syncline model yansima benzerliginden dolay1 papyon-kravat

(bow-tie) olarak isimlendirilir ve sismik kesitlerde
Senklinal yapisi tabakalarin havza veya vadi sekilli goriilen bu tlir yansimalar senklinal yapilarin
kivrimlanmasi ile olusmaktadir. Bu yapilarda iist varligini gosterir. Sekil (4a)’da senklinal hiz
tabaka alt tabakadan daha geng olup genelde eksen derinlik modeli ve Sekil (4b)’de ise patlayan
diizlemine ters yapilidirlar. Yeraltinda senklinal yansitict modeli goriilmektedir.

tiirii bir ¢okelti varsa, birbirinden farkli zamanlarda

2
g
~ 400 g
i— N
3 500 3
- -
Q 600 &
700 3500 m/s
800
900
1000 : : :
500 1000 1500 2000 2500 : 1000 1500
Mesafe (m) Mesafe (m)

Sekil 4. (a) Senklinal derinlik-hiz modeli ve (b) senklinal yapisinin patlayan yansitict modelini gostermektedir.
Figure 4. (a) Subsurface depth-velocity model including syncline trap and (b) shows the exploding reflector
model of the syncline structure.

3.4. Normal fay kapam modeli normal fay kapanlari olusmaktadir. Olusan bu
3.4. Normal fault trap model kapanlar iki fayin veya bir¢ok fayin kesismesi ile
meydana gelmektedir. Sekil (5a) ve Sekil (5b)
Normal faylar, dogrudan veya dolayli olarak sirastyla model yapisinin hiz-derinlik modelini ve
hidrokarbonlarin ~ go¢iini  ve  birikmesini patlayan yansitict modelini gostermektedir. Sekil
saglamaktadir (Hardman & Booth, 1991). (5b)’de fayin altindan gelen yansimalarin yansitici
Dolayisiyla normal faylanmaya bagli olarak derinligi arttikca bozuldugu gézlemlenmistir.

0.2

o
W

Tek Yol Zaman (s)
&

Derinlik (m)
(= h
=3 =
=1 <

=
n

700

800

=
N

900

e
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1000 1500 2000 2500

Sekil 5. (a) Normal fay kapani derinlik-hiz modeli ve (b) normal fay kapani yapisinin patlayan yansitici
modelini gostermektedir.

Figure 5. (a) Subsurface depth-velocity model including normal fault trap and (b) shows the exploding
reflector model of the normal fault trap structure.
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4. Sonuclar
4. Conclusions

Bu caligmada, karmasgik jeolojik ortamlarda olusan
kanal, antiklinal, senklinal ve normal fay kapani
tipi hidrokarbon kapanlarnnin sifir ofset kesitlerinin
hesaplanmasi patlayan yansitici teknigi yaklagim
ile akustik dalga denkleminin SFY sayisal ¢oziimii
sayesinde yapilmistir.  Boylece, dalga alam
yayilimi  hizli  ve dogru  bir sekilde
modellenebilmistir. Ayrica grid boyutunun uygun
boyutlarda secildiginde ardistk yansimalarin
olugmasmin onlendigi ve hesaplama zamanmin
azaldigi  Dbelirlenmistir. ~ Patlayan  yansitic
tekniginden elde edilen sismik kesitlerin, agik
olarak standart veri islem ile elde edilen sifir ofset
kesitleri temsil ettigi goriilmiistiir. Dolayisiyla,
egimli tabakalar, fay, bindirme, resif, tuz domu,
kanallar, antiklinal, senklinal vb. gibi karmagik
yeralti jeolojik yeralt1 yapilarinin patlayan yansitict
teknigi ile sismik modellerinin hesaplanmasi, bu
yapilarin sismik kesitlerde daha iyi
tanimlanmasinda ve uzaysal konumlarinin dogru
belirlenmesinde yorumculara yardimci ve yol
gosterici olacaktir.
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Abstract

In this study, the drinking water quality of the Senkale stream was researched. Firstly, water samples were taken from
Senkale stream every month in 2016, 2017, and 2018. The water quality parameters such as temperature, pH, color,
electrical conductivity (EC), dissolved oxygen (DO), chemical oxygen demand (COD), total organic carbon (TOC),
biochemical oxygen demand (BODs), suspended solid matter (SSM), nitrogen group, anion groups, phosphorus group,
oil and grease, cation groups, methylene blue active matter (MBAM), hydrocarbons, cyanide (CN-), phenols, polycyclic
aromatic hydrocarbons (PAH), heavy metals and total pesticides were analyzed under the international standards. Hazen's
statistical method was used in the analysis of the data. The water quality of Senkale stream was classified by the
Regulation on the Quality and Purification of Drinking Water Supply (RQPDWS) and Regulation Amending the
Regulation on Surface Water Quality (RARSWQ). According to RQPDWS; PAH and Fe are in the A2 quality class. NO-
3, F,S0472, Cl, 0-PO43 CN-, Pesticide, Al, Mn, Se, Cu, Zn, B, Co, Ni, As, Cd, Cr, Pb, Hg and Ba are in the Al quality
class. According to RARSWQ; TKN and 0-PO4 are in between I.-11. quality class standards. NO3, F-, Mn and Se are in
I. quality class. CN", PAH, Pesticide, Zn, B, Co, Ni, As, Cd, Pb, Hg and Ba are in the below the maximum environmental
quality system value. Al, Fe and Cu are in the above the maximum environmental quality system value.

Keywords: Bahgecik dam, Giimiishane, Hazen method, Senkale stream, Water resources

Oz

Bu ¢alismada Senkale deresi i¢me suyu kalitesi arastrilmistir. Ilk olarak 2016, 2017 ve 2018 yilarinda Senkale
deresinden her ay su numuneleri alinmistiv. Uluslararast standartlar altinda Sicaklik, pH, renk, elektriksel iletkenlik
(EC), ¢oziinmiis oksijen (DO), kimyasal oksijen ihtiyaci (COD), toplam organik karbon (TOC), biyokimyasal oksijen
ihtiyact (BODs), askida kati madde (SSM), azot grubu, anyon gruplart, fosfor grubu, yag ve gres, katyon gruplari, metilen
mavisi aktif madde (MBAM), hidrokarbonlar, siyaniir CN°, fenoller, polisiklik aromatik hidrokarbonlar (PAH), agir
metaller ve toplam pestisit analizleri yapumistir. Veri analizinde Hazen istatistiksel yontemi kullanimistir. Senkale
deresinin su kalitesi, Icme Suyu Temin Edilen Sularin Kalitesi Ve Aritilmasi Hakkinda Yéonetmelik (RQPDWS) ve Yeriistii
Su Kalitesi Yonetmeliginde Degisiklik Yapilmasina Dair Yonetmelik (RARSWQ) ile siniflandirilmistir. ROPDWS'ye gore;
PAH ve Fe, A2 kalite sinifindadir. NO3, F-, SO42, Cl-, 0-PO4, CN-, Pestisit, Al, Mn, Se, Cu, Zn, B, C, Ni, As, Cd, Cr,
Pb, Hg ve Ba, Al kalite simifindadir. RARSWQ' ya gére; TKN ve 0-PO43, I-1I kalite simifi standartlar: arasindadir. NO3,
F, Mn ve Se I. kalite sinifindadir. CN", PAH, Pestisit, Zn, B, Co, Ni, As, Cd, Pb, Hg ve Ba, maksimum ¢evresel kalite
sistem degerinin altinda bulunmaktadir. Al, Fe ve Cu, maksimum ¢evresel kalite sistem degerinin tizerindedir.
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1. Introduction
1. Giris

Water is a colorless, flavourless and odourless
molecule ensuring all organisms' biological life
and activities. While 97,5% of the water found on
earth is salty water, 2,5 % comprises fresh water
(Giirti & Yalgin, 2010). Of this freshwater, 90% is
held at the poles and as groundwater, indicating
just the low amount of quality water available (T.C.
Kalkinma Bakanligi, 2012). Water is vital for food
and drinks to sustain human life and suitable living
conditions. However, one of the most significant
problems in the next century is predicted to be
water scarcity. Water scarcity is related to the ratio
between usable water and the population
(Rijsberman, 2006).

It can be said that all water resources on earth are
not pure. The clean water that comes out of its
natural source is directly or indirectly affected by
the effects of the pollutants they encounter. Water
is vital to the existence and survival of all living
organisms (Organization, 2017). Natural water
bodies such as rivers, streams, lakes and reservoirs
are among the natural resources that provide
drinking and utility water to the people of
developed and developing countries (Kiziloglu et
al., 2007). However, this valuable resource is
increasingly affected by pollution (Hynes et al.,
2020). Pollution can be caused by nature or by
human anthropogenic activities (Kuslu et al.,
2005). Although the chemical properties of water
define its quality, it differs according to the water
source from which it is taken. Water characteristics
also vary from region to region, depending on the
climate and geological structure. Being an
underground and surface source of the location
where the water is supplied significantly affects the
water quality, and the characteristics of the
geological structures from which it is taken also
affect the chemical contents of the water (Duru et
al., 2013; Kolawole et al., 2011; Korkut et al.,
2021).

The water issue has been on the agenda of the
world public opinion and many international and
national organizations, including the United
Nations, in recent years. This situation is the
difficulties caused by the needs that cannot be met
due to the increasing need for water, and it is
thought that a water crisis will occur in many
countries after the next 2050s. Since the quality of
water used by people is among the factors that
ensure the protection of life, it is important to
determine the quality of underground and surface
water resources and to inform users (Manache &
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Melching, 2004). Although it is in a continuous
cycle, it is consumed before completing its cycle
due to reasons such as population growth,
environmental pollution, cost, unconscious water
consumption, change in climatic conditions. Today
and in the future, water scarcity is one of the
biggest problems for mankind. Finding new water
resources for countries has become increasingly
difficult (Organization, 2017).

The Falkenmark indicator, an identifier of water
scarcity, is the most widely used indicator that
considers regions in terms of water potential. This
indicator classifies regions according to water
status and uses rations as those without water
distress, with water distress, arid and excessively
arid. When the annual renewable water
requirements per person fall below 1700 m®, water
stress is experienced. At values below 1000 m?,
water scarcity is experienced, and at 500 m?,
absolute scarcity is experienced (Falkenmark et al.,
1989).

When the current status of water resources in
Turkey is assessed, the available water amount per
person is 1519 m®. The Turkish Statistical Institute
(TUIK) states that when the population reaches 100
million, the amount of water per person will fall to
1120 m®/year, and Turkey will become water-poor
(Oktem & Aksoy, 2014).

Currently, the management of water resources has
become more comprehensive. In previous times,
the location and amount of water resources were
considered. In contrast, now the investigation of
water quality has come to the agenda, and it is
unavoidable to consider this in an integrated way
(Rehber, 2012). The 2000/60/EC  Water
Framework Directive (WFD) followed by
European Union (EU) countries appears to be
essential for our country to manage water resources
with higher quality and more reliability (Rehber,
2012). As a result, the Surficial Water Quality
Management Regulation published in 2012 takes
precautions in determining and classifying
resources integrated with water guality, examines
amounts, determines water use purposes, and
access the status of good and quality water. This
regulation was changed to the ‘Regulation
Amending the Regulation on Surface Water
Quality (RARSWQ)’ in 2021. According to
general chemical and physicochemical parameters,
there are quality criteria for continental surface
water resources (Tarim ve Orman Bakanligi,
2021). Accordingly, water is categorized as very
good, good, moderate and poor. Additionally, as a
result of analyses according to the Regulation on
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the Quality and Purification of Drinking Water
Supply (RQPDWS), resources are divided into Al,
A2 and A3 water quality classes (Tarim ve Orman
Bakanligi, 2021).

In a study, Bayram et al. investigated how the
municipality of Giimiishane, located in the Black
Sea region of Turkey, affects the Harsit River, from
which municipal wastewater is discharged, in
terms of surface water quality. Monitoring and
sampling studies were carried out from three
different regions every 15 days from March 2009
to February 2010. As a result of the analyzes made,
it was determined that t, pH, DO and EC values
showed less variation compared to other parameter
values (Bayram et al., 2013). In another study, a
long-term study was conducted over a period of 52
weeks between the spring of 2004 and the winter
of 2005 to characterize the solid waste flow in
Glimiigshane Municipality. In this study, the
percentage and specific gravity of municipal solid
waste components, composting parameters,
organic matter content, calorific value and heavy
metal concentrations (Cd, Cr, Cu, Ni) were
investigated (Nas & Bayram, 2008).

This study examined the Senkale stream to provide
drinking water in Giimiishane province. It aimed to

determine quality criteria according to class based
on general chemical and physicochemical
parameters and assess suitability in obtaining
drinking water in Turkish legislation revised
according to the WFD. With this aim, water
samples were taken from the Senkale stream each
month in 2016, 2017 and 2018 and analyzed using
standard methods with international validity. The
results were investigated in terms of Turkish
legislation and regulations, and recommendations
were made to achieve better water quality (Oskay,
2019).

The project area and surroundings comprise a
transition point between Eastern Anatolia and the
Black Sea region. Bahgecik dam is located on the
Senkale stream in Kocapinar locale in Bahgecik
village in central Gilimiishane and the project
location is between 40° 27' 40" - 40° 29' 54" north
latitude. Giimiishane town is located at 1100-1200
m elevation in the narrow valley of the Harsit
River, extending 8-10 km with height not
exceeding 500 m on a sloped and rocky area. The
urban plan for the town shows a minimum
elevation of 1105 m and a maximum elevation of
1455 m. The general layout plan is shown in Fig. 1.

Figure 1. The general layout plan
Sekil 1. Genel yerlesim plani

As seen in Fig. 1, the Trabzon-Iran transit road
parallel to the Harsit River passes the river,
sometimes on the right and sometimes on the left
in a northwest-southeast direction. The settlement
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area north of the Harsit River is more extensive,
with settlements extending toward the slope. The
layout plan for Bahgecik dam is shown in Fig. 2.
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Figure 2. The layout plan for Bahgecik dam
Sekil 2. Bahgecik baraji yerlesim plani

Gilimiighane province is located in the Eastern
Black Sea region and has excellent potential for
aquaculture production in many rivers, lakes and
dams. The total surface area of dams and lakes in
the province is 745.3 hectares (Aydin, 2014).

In Bahgecik village, Kocapimar locale, 14 km from
Glmiishane town, a dam with 1463 m thalweg,
1485 m minimum water level, 1522 m average
water level and 3.04 hm?* active storage volume
with cylinder-compressed cement body was
planned on the Senkale stream. Senkale stream
forming Bahgecik dam lake is a tributary of the
Harsit River. The upstream part is called
Kazanpman stream, and the downstream region is
called Kocapinar Stream. Senkale stream rises on
the slope of Kaskara Hill with 2387 m elevation
and flows in a southerly direction. Senkale stream
comprises the upstream part of the Bahcecik dam
lake.

2. Material and method
2. Materyal ve yontem

2.1. Regulation on the quality and purification
of drinking water supply

2.1. Icme suyu temin edilen sularn kalitesi ve
aritilmasi hakkinda yonetmelik

The primary aim of this regulation, published in the
Official Gazette numbered 28338 on 29 June 2012,
was to determine the basis and quality criteria for
surface water resources where drinking water is
obtained or planned to be obtained and to identify
necessary treatment classes to be implemented to

64

use this water (Tarim ve Orman Bakanligi, 2019).
This regulation encompasses the characteristic
features, treatment classes to be implemented
according to the category of the water, sampling for
parameters that should be monitored in these
waters and the analysis frequency and quality
categories of surface water resources used to obtain
drinking water, or planned for use to obtain
drinking water.

According to mandatory and guideline values for
all parameters in the water quality standards, water
resources are divided into Al, A2, and A3. The
following treatment classes are determined for each
category

Al: Drinkable water
treatment and disinfection
A2: Drinkable water with physical treatment,
chemical treatment and disinfection.

A3: Drinkable water with physical and chemical
treatment, advanced treatment and disinfection

K: guideline value: Values that should be abided by
for surface waters providing drinking and use
water, or planned for this purpose, separately
determined for Al, A2 and A3 categories

Z: mandatory value: represents maximum
permissible values for surface waters providing
drinking and use water, or planned for this purpose,
separately determined for Al, A2 and A3
categories (Tarim ve Orman Bakanhgi, 2019).
Water quality standards according to categories are
given in Table 1.

with simple physical



Table 1.Water quality standards according to categories (Tarim ve Orman Bakanligi, 2019)
Tablo 1. Kategorilere gére su kalite standartlart (Tarim ve Orman Bakanligi, 2019)
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No Water Quality Categories Al Al A2 A2 A3 A3
Parameters K z K z K z
1 pH 6.5-8.5 5.5-9 5.5-9
2 Color (Pt-Co) 10 20 () 50 100 () 50 200(1)
3 Total suspended solid matter (SSM) (mg/L) 25
4 Temperature (°C) 22 25({0) 22 25(1) 22 25 (0)
5  Conductivity (20°C) (uS/cm) 1000 1000 1000
6 Ssmell (dilution factor at 25°C) 3 10 20
7 NOs- (mg NOs/L) 25 50 (I) 50 () 50 (I)
8 F- (mg F/L) 0.7-1 15 0.7-1.7 0.7-1.7
9 Al(mgAl/L) 0.3 0.3 1
10 Fe(mgFe/L) 0.1 0.3 1 2 1
11 Mn (mg Mn/L) 0.05 0.1 1
12 Cu(mg Cu/L) 0.02 0.05(1) 0.05 1
13 Zn(mg Zn/L) 05 3 1 5 1 5
14  B(mgBI/L) 1 1 1
15  Co (mg ColL) 0.01 0.02 0.2
16 Ni(mg Ni/L) 0.02 0.05 0.2
17 AsmgAs/L 0.01 0.05 0.05 0.05 0.1
18  Cd (mg Cd/L) 0.001 0.005 0.001 0.005 0.001 0.005
19  Total Cr (mg Cr/L) 0.05 0.05 0.05
20  Pb(mgPb/L) 0.05 0.05 0.05
21 Se(mgSe/L) 0.01 0.01 0.01
22 Hg(mgHg/L) 0.0005 0.001 0.0005 0.001 0.0005 0.001
23 Ba(mgBa/L) 0.1 1 1
24 CN-(mgCn/L) 0.05 0.05 0.05
25  S042 (mg SO4/L) 150 250 150 250 () 150 250 ()
26 Cl (mg CI/L) 200 200 200
27  Methylene Blue Active Matter (MBAM) (mg MBAM/L) 0.2 0.2 0.5
28 Reactive phosphorus (Orthophosphate and easily 04 07 07
hydrolyzable condensed phosphorus) (mgP/L) ' ' '
29  Phenols (mg CeHsOH/L) 0.001 0.001 0.005 0.01 0.1
30  Hydrocarbons (mg/L) 0.05 0.2 0.5 1
31  Polycyclic aromatic hydrocarbons (PAH) (mg/L) 0.0002 0.0002 0.001
32  Total pesticides (mg/L) 0.001 0.0025 0.005
33 Chemical oxygen demand (COD) (mg Oz2/L) 15 30 40
34  Dissolved Oxygen Saturation Ratio (%) >70 >50 >30
35  Biochemical oxygen demand (BODs) (mg O2/L) <3 <5 <7
36  Total Kjeldahl Nitrogen (TKN) (mg/L) 1 2 3
37  NHs-N (mg N/L) 0.05 1 15 2 4(D)
38  Total organic carbon (TOC) (mg C/L) 5 8 12

2.2. Percentage calculation and Hazen method in the directive

2.2. Yonetmelikteki yiizdelik deger hesabi ve Hazen yontemi

Parameters of Hazen method is shown in Table 2.
When calculating the percentage values. with
differences in formulae related to data numbers

Table 2. Parameters of Hazen method
Tablo 2. Hazen yontemi parametreleri

linked to this statistical method. The arithmetic
mean was taken for data numbering less than 10,
and the category was determined.

Method Percentage fraction Percentage value Minimum data number
r— 1 -2 50
Hazen 2 P=100| —2 |=100-= 10
= n n
n
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('r: Serial number from smallest to largest p: Percentage fraction P: Percentage value n: Data number

2.3. Process steps for the Hazen method
2.3. Hazen yonteminin basamaklar

1. List water quality data from lowest to highest
2. Percentage fraction (p) and rank number (r) are
calculated

Percentage fraction:

P=p/100 )
Rank number:
r=p*n+1/2 (2)

2.4. The supply, preservation and storage
conditions of water samples
2.4. Su numunelerinin temini,
saklama kosullar

muhafazasi ve

Sampling points from Senkale stream in the study
can be seen in Fig. 3. Water samples were taken for

l)unbv 1 ate.

!

each month in the years 2016-2017-2018 from
three different points shown in Fig. 3. These
samples were analyzed and mean values were
found. Thus, the analysis studies were carried out
within the confidence interval.

Sampling is the essential stage of the process. It is
necessary to abide by standards, procedures and
directives for the sample to represent the region. It
IS necessary to assess points where samples are
taken in terms of water quality and minimize
negative factors during sampling. Action should be
taken by evaluating factors like the suitability of
sample containers, using the same method for the
same point, and taking care accessing the sample
point by taking necessary precautions related to
weather conditions.

Google Eai

| bazat | EyeLevel

Figure 3. Sampling points from Senkale stream
Sekil 3. Senkale deresinden 6rnek alim noktalar

When sampling, the “Instructions for Control,
Acceptance, Storage and Disposal of Samples”
published by the State Hydraulic Works and
standards for parameters like use of sample
containers suitable for analysis type, the volume of
samples, preservation and storage conditions
(duration, acidity, temperature) should be met (TS
EN ISO 5667-1 2022; TS EN 1SO 5667-3, 2018).

Table 3, shows the supply, preservation and storage
conditions of water samples in this study. At the
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points where the samples were taken, maximum
attention was paid to environmental safety.
Attention has been paid to whether there is any
pollution in the environment, whether there is
human or industrial pollution. Sampling points
were determined by considering the conditions that
will affect the pollution.

The sampling points were taken from the places
where the flow is, from a certain surface and depth.
Dark-colored sample containers are made of glass
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or plastic (PE) bottles, which are protective against
losses such as adsorption or evaporation.

Parameters such as temperature, pH, DO, EC from
the samples we have taken have been checked in
situ and their instantaneous changes have been
observed.

Table 3. The supply, preservation and storage conditions of water samples in this study (Oskay, 2019; TS EN

ISO 5667-1 2022; TS EN ISO 5667-3, 2018)

Tablo 3. Su numunelerinin temini, muhafazast ve saklama kosullari (Oskay, 2019; TS EN 1SO 5667-1 2022;

TS EN ISO 5667-3, 2018)

Analysis Samp_le Sar_nple Volume per Prese!r\_/ation and Storage_
container Unit (mL) Conditions Before Analysis
Temperature - - looked at in the field environment.
pH - - looked at in the field environment.
EC - - looked at in the field environment.
DO - - looked at in the field environment.
Color _ It is stored in an Unlighted
Plastic or Glass 300 Environment at 4+2°C, preventing
contact with air.
Without light, at 1-5°C, preferably
SSM Plastic or Glass 100 4 hours, acidification with HNO3
pH 3+0.5
COD Plastic or Glass 50 Acidification of pH<2 with H2SOa
BODs Plastic or Glass 300 No Light, 4°C or below, 24 hours
Smell - - -

Nitrogen Group (TN, TKN,
Organic nitrogen, NHs-N,
NHs-N, NOs™-N, NO2"-N)

Plastic or Glass 50

TOC Plastic or Glass 50
Phosphate and Phosphorus  Glass 50
CN Plastic or Glass 50
Anions (Fluoride, Chloride, Plastic or Glass 50
Sulphate)

Oil and Grease Glass 1000
Surfactans (MMAM) Glass 50
Phenols Dark glass 1000
Hydrocarbons Dark glass 1000
PAH Dark glass 1000
Pesticides Dark glass 1000
Heavy Metals (Al, Fe, Mn,

Se, Cu, Zn, B, Co, Ni, As, Plastic 250

Cd, Cr, Pb, Hg, Ba

Acidification at 4°C, 24 hours, pH
1-2 with H2S04

Adjustment to pH approx. 2 with
HsPOq at 2-5 °C within 7 days
At 4°C, 24 hours

pH>12 with NaOH and cold and
lightless environment

No light, at 2-8°C, 24 hours

pH<2 acidification with 1:1 HCl or
1:1 H2SO4 and storage at 4°C

At 4°C, 24 hours

At 4°C, 24 hours

At 4°C, 24 hours

Acidification to pH <2 with 6N
HCl, at 4°C, 24 hours
Acidification to pH <2 with 6N
HCI, at 4°C, 24 hours
Acidification at 4°C to pH below 2
with 1:1 HNOs, 6 months storage
(1 month for Fe and Hg)

It has been preserved according to the storage
conditions of each parameter, taking into account
factors such as acidification (pH<2), preventing
contact with air, opaque environment, and time.
The samples taken were immediately analyzed at
the accredited State Hydraulic Works 22nd
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Regional Directorate, and

Laboratory Branch Office.

Quality  Control

Devices used for parameter measurements in the
study are given in Table 4.
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Table 4. Devices used for parameter measurements in the study
Tablo 4. Calismada parametrelerin lgiimleri i¢in kullanilan cihazlar

Analysis Name Devices used

Temperature, pH, EC, DO

WTW Multi 3420i Measuring Device

Color Hach Lange 5000 UV-VIS Spectrophotometer Device

SSM, COD, BODs
TN, TKN

Laboratory Equipment
lon chromatography in a spectrophotometer device

NOs, F, SO42, CI, NHs, NH;-N, lon Chromatography Device (Anyon) Metrohm 882 Compact IC Plus Brand

NHs-N
TOC Teledyne Tekmar Brand Total Organic Carbon Determination Device
0-PO, 3 Spectrophotometer Device

Oil and Grease
MBAM , (C¢HsOH)

Wilks Intracal 2 Device
Skalar Brand Autoanalyzer Device

CN- Kit test, Hach Lange LCK 315

Hydrocarbons

Agilent 7890A GC-MS

PAH Agilent 1200 Series Brand HPLC

Total Pesticides
Heavy Metals

Agilent 7890A GC-MS Gas Chromatography Mass Spectrometry
Bruker Aurora M90 ICP-MS

3. Research results
3. Arastirma sonuglar

Data for 2016, 2017 and 2018 obtained from
analyses in the laboratory for each parameter are
given in Figures 4-11. According to national water
regulations and the Hazen method, one of the
statistical methods included in these regulations,
results were assessed in the 95% confidence
interval and given as graphs.

3.1. Temperature
3.1. Sicaklik

Temperature change graph for Senkale stream in
2016, 2017 and 2018 by monthly is given in Fig. 4.
Temperature measurements were performed 3

Temperature (°C)
b—t
S
(e
o

times during sampling, and the averages were
calculated. The temperature values for the Senkale
stream were assessed monthly in 2016, 2017 and
2018, and water quality values were found using
the Hazen method and transferred to graphs. As
shown in the Senkale stream temperature graph in
Fig. 4, the water quality value (Xr=21.23 °C) was
95% of the limit value. This limit value was
exceeded in August 2017 (23.40 °C) and August
2018 (21.50 °C). Additionally, in seasonal
conditions, the temperature values were low in the
winter months and high in the summer months.
Water quality value based on the Hazen method
according to the RQPDWS was Al water quality
class. No classification assessment could be
performed according to the RARSWQ.

I
15,00 ' |
0,00 . J

Months (From January to December)

m20l6 m2017

2018

Figure 4. Temperature change graph for Senkale stream in 2016, 2017 and 2018 by

monthly
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Sekil 4. Senkale deresi i¢in 2016, 2017 ve 2018 yillarmda aylik sicaklik degisim grafigi

3.2.pH
3.2.pH

pH change graph for Senkale stream in 2016, 2017
and 2018 by monthly is given in Fig. 5. pH value
was measured 3 times for each sample, and its
average was calculated (TSE, 2012). As can be
seen on the pH graph for Senkale stream, the water

9.00

quality value (Xr=8.63) was 95% of the limit value.
In March 2018 (pH=8.84) and January 2018
(pH=8.67), this limit value was exceeded.

The water quality based on the Hazen method was
in the A2 to A3 water quality class according to the
RQPDWS and in the interval from class | to class
IV according to RARSWQ.

8.0

(=]

pH

7.0

(=]

Months (From January to December)

m2016 m2017

m2018

Figure 5. pH change graph for Senkale stream in 2016, 2017 and 2018 by monthly
Sekil 5. Senkale deresi igin 2016, 2017 ve 2018 yillarmda aylik pH degisim grafigi

3.3. Electrical conductivity (EC)
3.3. Elektiriksel iletkenlik (EC)

EC change graph for Senkale stream in 2016, 2017
and 2018 by monthly is given in Fig. 6. For each
sample, measurements were made three times, with
averages taken. The probe was washed with
distilled water and rinsed (TSE, 1996). As shown

500.00

in Fig. 6, the water quality value (Xr=456 pS/cm)
was 95% of the limit value. Values were at the limit
value in August 2017 (EC=456 uS/cm) and
October 2018 (EC=456 pS/cm) and exceeded this
value in November 2017 (EC=465 pS/cm).

Water quality value based on the Hazen method
was Al water quality class according to
RQPDWS and in the interval from class I to class
Il according to RARSWQ.
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Figure 6. EC change graph for Senkale stream in 2016, 2017 and 2018 by monthly
Sekil 6. Senkale deresi i¢in 2016, 2017 ve 2018 yillarinda aylik EC degisim grafigi
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3.4. Dissolved oxygen (DO) saturation rate
3.4. Coziinmiis oksijen doygunluk orani (DO)

DO change graph for Senkale stream in 2016, 2017
and 2018 by monthly is given in Fig. 7. Before
dipping the DO probe into the sample, it was
washed with distilled water and rinsed each time.
Measurements were made three times for each
sample, and the average was calculated (TSE,

104.00

2013). As seen in Fig. 7, the water quality value
(Xr=103.53%) was at the 95% limit value. This
limit value was exceeded in February 2017
(DO=104.10%) and October 2018 (DO=103.80%).

According to the Hazen method, water quality
value was Al class based on RQPDWS and class |
water quality according to RARSWQ.

DO (%)

102,00
100.00
©8.00
96.00
24.00
92.00
90.00

iilih

Months rom January to December)

m2016 m2017

m 2018

Figure 7. DO change graph for Senkale stream in 2016, 2017 and 2018 by monthly
Sekil 7. Senkale deresi i¢in 2016, 2017 ve 2018 yillarinda aylik DO degisim grafigi

3.5. Color
3.5. Renk

Color change graph for Senkale stream in 2016,
2017 and 2018 by monthly is given in Fig. 8 (Eaton
et al., 2005). As seen in Fig. 8, the water quality
value (Xr=18.25 Pt-Co) was at the 95% limit value.

25,00

20.00

This limit value was exceeded in November 2016
(19.00 Pt-Co) and December 2016 (25.00 Pt-Co).

Based on the Hazen method, the water quality
method was in the Al to A2 water quality class
interval according to RQPDWS, and no evaluation
with Pt-Co type could be made according to
RARSWQ.

15.00

10,00

Renk (Pt-Co)

5,0

(=]

“wbid b b

Months (From January to December)
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m2017 m2018

Figure 8. Color change graph for Senkale stream in 2016, 2017 and 2018 by monthly
Sekil 8. Senkale deresi i¢in 2016, 2017 ve 2018 yillarinda aylik renk degisim grafigi
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It is observed that the Color (Pt-Co) parameter
analysis value for December 2016 in Fig. 8.
exceeds the water quality limit value. Due to the
fact that it is winter, natural events such as rain and
snow have caused the creek to become cloudy. This
situation caused the suspended solids or particles to
be high by affecting the color parameter.

3.6 Total suspended solid matter (SSM)
3.6. Toplam askida kati madde (SSM)

SSM change graph
2017 and 2018 by

for Senkale stream in 2016,
monthly is given in Fig. 9.

.........
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Suspended solid matter tests were performed in the
laboratory according to the TS EN 872 standard
(TSE, 2007). As seen in Fig. 9, Senkale stream had
water quality (Xr=8.00 mg/L) at the 95% limit
value. In February 2016 (57.00 mg/L) and October
2018 (9.00 mg/L), this limit value was exceeded.

Based on the Hazen method's water quality limit
value was in the Al water quality class according
to RQPDWS, and no classification assessment
could be made according to RARSWQ.

‘L-llh--JJ‘ﬁ

Months (From January to December)

m2016

m 201

2018

Figure 9. SSM change graph for Senkale stream in 2016, 2017 and 2018 by monthly
Sekil 9. Senkale deresi icin 2016, 2017 ve 2018 yllarinda aylik SSM degisim grafigi

It was observed that the analysis value of the SSM
(Suspended Solids) parameter for February 2016 in
Fig. 9. exceeded the water quality limit value (Xr).
Due to the fact that it is winter, natural events such
as rain and snow have caused the creek to become
cloudy. This situation caused the suspended solids
or particles to be high by affecting the SSM
parameter.

3.7. Chemical oxygen demand (COD)
3.7. Kimyasal oksijen ihtiyact (COD)

COD change graph for Senkale stream in 2016,
2017 and 2018 by monthly is given in Fig. 10. The
lowest chemical oxygen demand limit (detection
limit) was 5.0 mg/L. Fig. 10 shows the monthly
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COD graph for Senkale stream in 2016, 2017 and
2018. As seen in Fig. 10, the water quality value
(Xr=25.00 mg/L) was at the 95% limit value.

The total limit value was observed in May, June,
July, August, September, November, and
December of 2018 (25.00 mg/L). Based on the
Hazen method, the water quality limit value was in
the Al to A2 water quality class interval according
to RQPDWS and in class | according to RARSWQ.
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Figure 10. COD change graph for Senkale stream in 2016, 2017 and 2018 by monthly
Sekil 10. Senkale deresi icin 2016, 2017 ve 2018 yullarinda aylik KOI degisim grafigi

It is observed that the analysis value of the COD
(Chemical oxygen demand) parameter for the
months of May-December 2018 in Fig. 10 does not
exceed the water quality value (Xr), but is close.

Chemical oxygen demand is the amount of
oxygen used by bacteria to chemically oxidize
organic matter during reproduction. A chemical
event occurs here. It is caused by the decay of
plants and animals in nature and mixing with
water.
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3.8. Biyokimyasal oksijen ihtiyact (BODs)

BODs change graph for Senkale stream in 2016,
2017 and 2018 by month is given in Fig. 11 (Eaton
et al., 2005). As seen in Fig. 11, the water quality
value (Xr=4.00 mg/L) was the 95% limit value. In
October, November and December 2017 and all
months in 2018, the total limit value was observed
(4.00 mg/L). Based on the Hazen method, the water
quality value was in the Al to A2 water quality
class interval according to RQPDWS and in class |
according to RARSWQ.

il

Months( From January to December)

m2016 m2017 m2018

Figure 11. BODs change graph for Senkale stream in 2016, 2017 and 2018 by month
Sekil 11. Senkale deresi icin 2016, 2017 ve 2018 yillarinda aylik BODs degisim grafigi

It is observed that the BOD parameter for the
months of May-December 2018 in Fig. 11. does not

exceed the Water quality value (Xr), but is close.
BOD, shows almost the same phenomenon as
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chemical oxygen demand. The difference shows
the oxygen they consume biologically during the
decomposition of organic materials in the aerobic
environment. Itis caused by the decay of plants and
animals in nature and mixing with water. The data
for 2016, 2017 and 2018 obtained from analyses
for nitrogen group, total organic carbon (TOC),
phosphorus group, anion groups, cation groups, oil
and grease, methylene blue active matter (MBAM),
cyanide (CN), phenols, hydrocarbons, polycyclic

aromatic hydrocarbons (PAH), total pesticides and
heavy metals (Mn, Fe, Se, Al, Cu, Zn, Co, B, Ni,
Cd, As, Cr, Hg, Pb Ba) were assessed according to
national water regulations and in the 95%
confidence interval using the Hazen method, a
statistical method in these regulations. Table 5
gives the water quality values based on the Hazen
method for other parameters and the water quality
classes according to RQPDWS and RARSWQ.

Table 5. Water quality values based on the Hazen method for other parameters along with the water quality
classes according to RQPDWS and RARSWQ (Tarim ve Orman Bakanligi, 2019).

Tablo 5. Diger parametrelerin Hazen Yontemine Gére Su Kalite Degerleri, RQPDWS and RARSWQ
Yontemlerine Gore Su Kalite Siniflart (Tarim ve Orman Bakanligi, 2019).

Parametres Water Quality
Values According

To Hazen Method

RQPDWS

Water Quality Class According to

Water Quality Class According to RARSWQ

TKN(Total Kjeldahl 1.37 A class assessment cannot be made.  Between I.-1l. classes

Nitrogen)(mg/L)

NO-3(mg/L) 2.261 Al l.class

F (ng/L) 935 Al I.class

SO42 (mg/L) 65.73 Al A class assessment cannot be made.

Cl- (mg/L) 9.54 Al A class assessment cannot be made.

NH3-N (mg/L) 1.16 A class assessment cannot be made.  1ll. class

TOC(mg/L) 5.71 A3 A class assessment cannot be made.

0-PO4® ( mg/L) 0.08 Al Between I.-ll. classes

Oil and Grease 0.26 A class assessment cannot be made.  I.-11. classes

(mg/L)

MBAM ( mg/L) 0.20 A class assessment cannot be made. A class assessment cannot be made

Phenols (mg/L) 0.020 A3 A class assessment cannot be made

CN- (mg/L) 0.010 Al Below the Max. Environmental Quality System Value
Hydrocarbons 1.15 A3 A class assessment cannot be made

(mg/L)

PAH (ng/L) 0.1229 A2 Below the Max. Environmental Quality System Value
Pesticide (ng/L) 0.50 Al Below the Maximum Environmental Quality System Value
Al (ng/L) 277.96 Al Above the Max. Environmental Quality System Value
Fe (ug/L) 223.81 A2 Above the Max. Environmental Quality System Value
Mn (ng/L) 43.39 Al l.class

Se (ng/L) 3.88 Al l.class

Cu (ng/L) 65.27 Al Above the Max. Environmental Quality System Value
Zn (ng/L) 211.93 Al Below the Max. Environmental Quality System Value
Bor (ug/L) 330.77 Al Below the Max. Environmental Quality System Value
Co (ng/L) 1.00 Al Below the Max. Environmental Quality System Value
Ni (ng/L) 11.18 Al Below the Max. Environmental Quality System Valu
As (ng/L) 1.68 Al Below the Max. Environmental Quality System Value
Cd (ng/L) 1.00 Al Below the Max. Environmental Quality System Value
Cr (ug/L) 1.09 Al Between the Max. Environmental Quality System Value
Pb (ng/L) 5.84 Al Below the Max. Environmental Quality System Value
Hg (ng/L) <0.05 Al Below the Max. Environmental Quality System Value
Ba (png/L) 55.24 Al Below the Max. Environmental Quality System Value

4. Discussion and conclusion
4. Tartiyma ve sonug¢

The main conclusions and recommendations from
this study are given below;

e International methods were used to determine
the water quality parameters of Senkale stream
poured the Bahgecik dam.

e Parameters having instantaneous variabilities
such as temperature, pH, EC, and DO should
be analyzed during sampling. As a result, to
assess these monthly samples more accurately,
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it is recommended to construct daily online
measurement stations.

e According to RQPDWS; TKN, NHz-N, Qil-
grease and MBAM are in the a class assesment
cannot be made. TOC, Phenols and
Hydrocarbons are in the A3 quality class. PAH
and Fe are in the A2 quality class. NO3, F,
S04?, Cl", 0-PO43, CN", Pesticide, Al, Mn, Se,
Cu, Zn, B, Co, Ni, As, Cd, Cr, Pb, Hg and Ba
are in the Al quality class. According to
RARSWQ; TKN and 0-PO4* are in between I-
II class quality standards. NO®, F", Mn and Se
are in l.class. NHs-N is in the I11. class. SO472,
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Cl, TOC, MBAM, Phenols and Hydrocarbons
are in a class assessment cannot be made.

e CN;, PAH, Pesticide, Zn, Bor, Co, Ni, As, Cd,
Pb, Hg and Ba are in the below the maximum
environmental quality system value. Al, Fe and
Cu are in the above the maximum
environmental quality system value.

e To better determine water quality parameters,
it is necessary to consider the fluvial system's
whole. Considering thousands of
micropollutants under current conditions is
quite essential.

e It is necessary to filter water before reaching
the treatment units to remove physical
pollutants.

o Aeration processes release organic volatiles.

e It is required to precipitate dissolved heavy
metals such as Fe and Mn to convert them to
insoluble forms. The ozone process is used to
degrade organic matter, causing KOI. More
toxic heavy metals, including arsenic and
mercury,  require  chemical  treatment
techniques and membrane filtration techniques.

e The use of more comprehensive advanced
treatment methods than simple treatment
methods are significant to obtain higher quality
effluents.

e Additionally, assessment for agricultural
chemicals, in other words, pesticides,
hydrocarbons, phenols and polycyclic aromatic
hydrocarbons, requires a separate expert staff,
which needs teamwork.

e Finally, it is necessary to inform the public
about not using agricultural chemicals that
affect fluvial systems
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Abstract

Machine learning has been actively used in disease detection and segmentation in recent years. For the last few years, the
world has been coping with the Coronavirus disease 2019 (COVID-19) pandemic. Chest-computerized tomography (CT)
is often a meaningful way to detect and detect patients with possible COVID-19. This study aims to classify COVID-19
and non-COVID-19 chest-CT images using deep learning (DL) algorithms and investigate whether we can achieve
successful results in different parameters using four architectures. The study was performed on proved positive COVID-
19 CT images, and the datasets were obtained from the GitHub public platform. The study evaluated four different deep
learning architectures of VGG16, VGG19, LeNet-5, and MobileNet. The performance evaluations were used with ROC
curve, recall, accuracy, F1-score, precision, and Root Mean Square Error (RMSE). MobileNet model showed the best
result; F1 score of 95%, the accuracy of 95%, the precision of 100%, recall of 90%, AUC of 95%, and RMSE of 0.23.
On the other hand, VGG 19 model gave the lowest performance; F1 score of 90%, the accuracy of 89%, the precision of
90%, recall of 90%, AUC of 89%, and RMSE of 0.32. When the algorithms' performances were compared, the highest
accuracy was obtained from MobileNet, LeNet-5, VGG16, and VGG19, respectively.

This study has proven the usefulness of deep learning models to detect COVID-19 in chest-CT images based on the
proposed model framework. Therefore, it can contribute to the literature in Medical and Engineering in COVID-19
detection research.

Keywords: COVID-19, Deep learning, LeNet-5, MobileNet, VGG16, VGG19

(04

Makine 6grenmesi, son yillarda hastalik tespiti ve segmentasyon arastirmalarinda aktif olarak kullanilmaktadir. Son
yillarda insanlik, Koronavirus hastaligi 2019 (Covid-19) ile miicadele etmektedir. Gogiis-bilgisayarli tomografi (BT)
goriintiisii, olast Covid-19 hastalarini tespit etme de onemli bir aragtir. Bu ¢alisma, Derin Ogrenme (DO) algoritmalart
kullanarak Covid-19 ve Covid-19 olmayan gégiis BT gériintiilerini, simflandwmayr ve dort mimari kullanarak farkl
parametrelerde basarili sonuglar elde edip edemeyecegimizi arastirmayr amaglamaktadir. Calisma, kanitlanmis pozitif
Covid-19 CT gériintiileri tizerinde gergeklestirildi ve goriintiiler GitHub kamu platformundan elde edilmigtir. VGGI6,
VGG19, LeNet-5 ve MobileNet gibi dort farkli derin 6grenme mimarisi degerlendirildi. Performans degerlendirmelerinde
ROC egrisi, duyarlihik, dogruluk, F1-6l¢iitii, kesinlik ve RMSE kullamlmistir. MobileNet modeli en iyi sonucu vermigtir
swraswyla; Fl-6lgiitii %95, dogruluk %95, kesinlik %100, duyarhlik %90, AUC %95 ve RMSE 0.23'tiir. En diisiik
performanst ise; F1-0l¢iitii %690, dogruluk %89, kesinlik %690, duyarliilik%90, AUC %89 ve RMSE 0.32 ile VGG 19 modeli
vermigtir. Algoritmalarin performanslart karsilagtirildiginda en yiiksek dogruluk sirasiyla MobileNet, LeNet-5, VGG16
ve VGG19'dan elde edilmistir. Bu ¢alisma onerilen modeller ¢ergevesinde, Covid-19'u tespit etmek i¢in derin 6grenme
modellerinin kullanigliligini gostermistir. Bu nedenle arastirma, Covid-19 tespit ¢alismalarinda Tip ve Miihendislik
literatiiriine katki saglayabilir.

Anahtar kelimeler: Covid-19, Derin 6grenme, LeNet-5, MobileNet, VGG16, VGG19
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1. Introduction
1. Giris

The Coronavirus disease (COVID-19) is a new
strain that occurred in Wuhan, China, in December
2019 and it has not been previously identified in the
world (Huang et al., 2020). The World Health
Organization (WHO) officially declared the Covid-
19 outbreak as a pandemic on 11 March 2020. The
disease has shown a very rapid and serious global
spread. According to the latest data, there have
been more than 232.636.622 confirmed cases and
4.762.089 confirmed deaths of COVID-19 in the
216 countries in the world, as of September 29,
2021 (WHO, 2021). Due to the COVID-19
pandemic, countries apply various limitations to
their citizens. This situation caused restrictions in
many fields such as social, economic, education,
health, and industry. Some countries have provided
an economic support package for their citizens
(Acikgdoz & Giinay, 2020). However, this
pandemic has affected not only developed
countries but also developing and poor countries.
The important thing here is the development of
cost-effective, fast, and accurate detection methods
that all countries can benefit from. Chest computed
tomography (CT) images are a method for clinical
diagnosis of COVID-19 detection (Shi et al., 2020;
Nasir et al., 2020; Zheng et al., 2020; Caruso et al.,
2020). Chest CT scans play a vital role in the
diagnosis of this pandemic (Shi et al., 2020; Akgay
et al., 2020; Chung et al., 2020; Lei et al., 2020;
Bao et al.,, 2020). Early detection, diagnosis,
isolation, and treatment are critical to prevent
further extension (Giiner et al., 2020). In this study,
we have proposed an automatic prediction of
COVID-19 using deep learning-based using on
chest CT images. Deep learning is one of the sub-
topics of machine learning (Deng, 2014; Catal
Reis, 2022). Recently, deep learning techniques
have been used to show effective performance in
the medical image processing field.

With the development of deep learning methods, it
has been used in many areas such as image, gene
and sound analysis, cancer diagnostics, virtual
reality and image transformation robotics,
classification, object detection, image
segmentation autonomous systems, and disease
diagnoses in medicine (Dogan & Tiirkoglu, 2019;
Yan et al., 2017; Inik & Ulker, 2017; Bahdanau et
al., 2016; Docevski et al., 2018; Patnaik et al.,
2018; Swapna et, 2018; Wanga et al., 2018;
Anthimopoulos et al., 2016; Shin et al., 2016;
Acharya et al., 2013; Kim et al., 2019). In the
COVID-19 detection study from CT images,
DenseNet121, InceptionV3, ResNet50 V1&V2,
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MobileNet V1&V?2 architectures from deep neural
networks, and hybrid method with SVM from
machine leamning algorithms were used. In the
proposed study with the DenseNet-SVM model, an
Accuracy value of 90.61% was obtained (Saeedi et
al., 2020). Murugan et al. (2021) proposed the
ResNet-50 deep neural network architecture
optimized with Whale Optimization Algorithm
(WOA). The proposed WOANet architecture
produced a successful result with 98.78% accuracy.
Song et al. (2021) proposed that DRE-Net deep
neural network architecture developed with pre-
trained ResNet and multi-layer perception (MLP)
architectures was used in the COVID-19 disease
detection study consisting of CT images. They
obtained a value accuracy of 86% in the proposed
study with the DRE-Net model. A normal,
pneumonia non-COVID-19, COVID-19 detection
application was developed with the pre-trained
EfficientNet architecture using 13.800 X-ray
images. A 93.90% Accuracy value was obtained in
the proposed study with the EfficientNet model
(Luz et al., 2022).

According to Kogilavani et al. (2022) DeseNet121,
VGG16, NASNet, Xception, MobileNet, and
EfficientNet architectures from deep neural
networks were used in the COVID-19 detection
study from 3873 CT images. The proposed
research with the VGG16 model was successful,
with an accuracy value of 97.68%. On the other
hand, by Khan et al. (2022) for the classification of
Normal, Pneumonia, Lung Opacity, and COVID-
19 diseases, the previously trained deep neural
network architectures NasNetMobile,
EfficientNetB1, and MobileNetVV2 were used.
Despite all these studies, there is still a gap in the
literature on the diagnosis of COVID-19 using
deep learning. A deep learning algorithm helps to
develop a new useful diagnosis and management
system for the COVID-19 cases.

We have used four models to obtain an automatic
prediction of COVID-19 with high accuracy using
chest CT datasets. These are LeNet-5, VGG16,
VGG19, and MobileNet. We used Receiver
Operating Characteristic Curve (ROC) for the
accuracy of the study. The use of computer
technology with medical technology can make it
simpler to detect COVID-19 just from the images
of the infected chest CT image and could assist the
medical staff’s ability to analyze complex
information. With this study, it is also aimed to
present a second perspective to those working in
medical fields.

This study is organized into the following sections:
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Dataset is expressed in detail in section 2. Material
and methods (Deep learning models, proposed
models are presented, LeNet-5, VGG16, VGG19,
MobileNet and data processing are described).
Performance metrics are given in detail in Section
2. Obtained results from the proposed models are
presented in section 3 and finally, the discussion
and the future works are summarized.

2. Material and methods
2. Materyal ve yontemler

The data were downloaded and used from the
public database. No human and animal rights have
been violated. The research was performed
according to the Declaration of Helsinki principles.
We don't need to inform consent from patients who
participated in clinical investigations. Because we
used a public database of various researchers
sharing to assist new approaches in the COVID-19
pandemic. Deep learming (DL) is a subclass of
artificial intelligence and machine learning and is
the most popular approach in artificial intelligence
applications (LeCun et al., 2015). Inspired by the

o e
Preprocessing

ey

COVID-19 Dataset

Figure 1. Flowchart of the study
Sekil 1. Is akis semasi

In 1998, LeNet was published and also gave the
first successful result as a convolution neural
network model (LeCun et al., 1998). The structure
of the network was expanded with complex
questions and updated according to the questions

Test Dataset
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Train Dataset

Validation
Dataset

learning process of the human brain, DL is a
method that targets new approaches to automatic
knowledge discovery and analysis of complex
structured information (Catal Reis, 2022). The
most important feature that distinguishes deep
neural networks from traditional artificial neural
networks is that they have more than one hidden
layer (Sejnowski & Tesauro, 1989). General
convolution neural network architecture consists of
input-output, convolution, pooling, fully connected
(fcc), and prediction. In this study, a data set was
created by combining randomly selected chest CT
images. We used approximately 90% of all data for
training and 50% of the remaining data for
validation (Val) and the other 50% for testing.
Keras, an open-source deep learning library, was
used to carry out the training. Used four effective
algorithms of deep learning-based models for
Covid-19 problems are described below in Fig 1.
In this step, we first described the dataset used in
the study, secondly followed by the proposed
MobileNet LeNet-5, VGG16, and VGG19. The
flowchart of the study is given in Figure 1.

MobileNet
VGG16
VGG19

Take the trained model

f —Y

o) - = == ]
5(12/|8||8 Y 4 H nill
22> = Probabilities

Trained Model

with the help of hyper-parameters. The structure of
the network is an important architecture in pattern
recognition with its resistance to noise and its
invariable invariance (Sarraf & Tofighi, 2016)
(Figure 2).



Turk vd. / GUFBD / GUJS IOCENS 21 Ek Sayisi (2022) 76-88

Input Image

Conv2D 2

Conv2D1

—_ —_
5x5 5x5
s=1 s=1
same same
32x32x3 32x32x6 32x32x6 32x32x6 16x16x6 16x16x 16 16x16x 16 16 x 16 x 16
Flatten Dense 1 ization3  Activation 3 Dense 2 ization 4 A on 4
avg
pool 2d
— FC FC FC FC FC FC Penses
2x2 —_— —_— —_— —_— —_— —_— —_— . y
s=2 | tanh tanh :
v
8x8x16 1024 sigmoid

Figure 2. The architecture of the proposed LeNet-5
Sekil 2. Onerilen LeNet-5 mimarisi

VGG16 was proposed in 2014 by the Visual 2014). Although it does not have many

Geometry Group (VGG) and it is a CNN hyperparameters, its focus is on the 3 x 3 kernels
architecture. The name VGG16 is given because it size and 2 x 2 max pooling in the convolution layer
consists of 16 layers (Simonyan & Zisserman, (EI' Asnaoui et al., 2021) (Figure 3).
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Figure 3. The architecture of the proposed VGG16
Sekil 3. Onerilen VGGI6 mimarisi

VGG 19 is VGGNET deep network architecture connected layers. In VGG 16 and VGG 19, data

and has 19 convolution layers (Hemdan et al., enters as 224 x 224 x 3. They consist of a total of
2020). VGG 16 consists of 13 convolution layers 41 layers, including max pooling, ReLu, dropout,
and 3 fully connected layers, while VGG 19 softmax, and fully connected (Ozyurt, 2020)
consists of 16 convolution layers and 3 fully (Figure 4).
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Figure 4. The architecture of the proposed VGG19
Sekil 4. Onerilen VGGI19 mimarisi

MobileNet was proposed in 2017 (Howard et al.,
2017). MobileNet consists of layers that can be
deeply separated from two layers of kemels (Sae-
Limetal., 2019). They have fewer parameters than
the convolution layer and have less tendency to
overfitting. It requires less processing with few

MobileNet

Batch

Input Image Dense 1

—

include_top = False

pooling = max

224x224x3

2048

Tx7x512

Normalization 1

Figure 5. The architecture of the proposed MobileNet

Sekil 5. Onerilen MobileNet mimarisi

2.1. Data processing (retrospective collection of
datasets)
2.1. Veri on igleme (Anonim veriseti toplama)

This research study presents a methodology for the
classification/detection of COVID-19 chest CT and
normal chest CT images using deep learning
architectures. We used the Python programming
language and Tensorflow-Keras deep learning
library to implement our models. This study was
done on a laptop equipped with an Intel i5
processor, 6GB of RAM, and a GTX 940MX
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parameters, which makes the system fast. It is one
of the algorithms used effectively in applications to
reduce size and delay and for high accuracy (Xu et
al., 2018) (Figure 5). In this study, we detect,
evaluate, and analyze COVID-19 with four deep
learning algorithms.

Batch

Dropout1 Dense 2 Normalization 2 Activation2 Dropout 2

Dense 3

— . y
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v
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NVidia GPU with 2GB of VRAM. We use the
publicly available dataset from “GitHub”. The used
data is accessible at https://github.com/UCSD-
Al4H/COVID-CT. 397 normal chest-CT scans and
360 patients” COVID-19 chest-CT scans were used
in Table 1. These images were from 216 patient
cases (Yang et al., 2020). Different sizes and
resolutions and low-quality CT-image data were
studied (Figure 6). Each CT image has been pre-
processed. We applied LeNet-5, VGG16, VGG19,
and MobileNet for the diagnostic and classification
of COVID-19 diseases.
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Figure 6. Samples of raw low- resolution CT images
Sekil 6. Diisiik ¢oziiniirliiklii 6rnek CT goriintiileri

Table 1. Statistics of the dataset
Tablo 1. Veri seti istatistikleri

Classifier/Models Target Images Train Val Test Total Images

COVID-19 319 21 20 360

MobileNet nonCOVID-19 362 17 18 397
Total Images 681 38 38 757

COVID-19 331 13 16 360

LeNet-5 nonCOVID-19 350 25 22 397
Total Images 681 38 38 757

COVID-19 327 18 15 360

VGG16 nonCOVID-19 354 20 23 397
Total Images 681 38 38 757

COVID-19 321 18 21 360

VGG19 nonCOVID-19 360 20 17 397
Total Images 681 38 38 757

2.2. Statistical and performances analysis
2.2. Istatistik ve performans analizi

In this section, we evaluate and compare the
performances of four models. We examine the
performance with receiver operating characteristics

Table 2. Confusion matrix
Tablo 2. Karmasiklik matrisi

(ROC) curves and the corresponding area-under-
curve (AUC) values and Root Mean Square Error.
The confusion matrix is summarized in Tables 2
(Figure 7). F1-Score, Precision, Recall, and
Accuracy, which are defined as follows (Hajian-
Tilaki, 2013).

Predicted Positive

Predicted Negative

Actual Positive
Actual Negative

True Positive (TP)
False Positive (FP)

False Negative (FN)
True Negative (TN)

Precision = (TP)
recision = (TP + FP)
_ (TP)
Recall = (TP + FI)

€y

(2)
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2 * (Recall * Precision)

F1 — Score =
(Recall + Precision)

(TP + TN)
(TP + TN + FP + FN)

Accuracy =

Confusion matrix

Non-COVID-19
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Figure 7. The confusion matrix visualization (a) MobileNet model produced FN=2 and FP=0 (b) LeNet-5
model produced FN=3 and FP=0 c) VGG16 model produced FN=1 and FP=3 (d) VGG19 model produced

FN=2 and FP=2

Sekil 7. Derin 6grenme mimarilerinin karisiklik matrisleri (a) MobileNet modeli FN=2 ve FP=0 (b) LeNet-5
modeli FN=3 ve FP=0c) VGG16 modeli FN=1 ve FP=3 (d) VGG19 modeli FN=2 ve FP=2 metrik degerlerini

tiretmigtir

3. Results
3. Sonuclar

This study deep learning methods that use chest CT
images to predict COVID-19. We have employed
LeNet-5, VGG16, VGG19, and MobileNet as deep

Table 3. Performance results of deep learning models
Tablo 3. Derin 6grenme modellerinin deneysel sonuglart

learning algorithms for the detection of COVID-19
for training and testing purposes. Visual
performance plots are given and the evaluation
results of the methods are shown in Table 3 and test
results of deep learning models are given in Table
3.

Models  Accuracy  Precision Recall Fl-score ROC TP TN FP FN
MobileNet  0.9474 1.0000 0.9000  0.9474 0.9500 18 18 0 2
LeNet-5 0.9211 1.0000 0.8125  0.8966 0.9062 13 22 0 3
VGG16 0.8947 0.8235 0.9333  0.8750 0.9014 14 20 3 1
VGG19 0.8947 0.9048 0.9048  0.9048 0.8936 19 15 2 2

82



Turk vd. / GUFBD / GUJS IOCENS 21 Ek Sayisi (2022) 76-88

The maximum accuracy value of 94.74% was architecture respectively. In Figure 8, the accuracy
obtained from MobileNet. We have obtained a graphs obtained during the training processes of the
performance accuracy of 92.11%, 89.47%, and models are given.

89.47% in LeNet-5, VGG16, and VGG19

model accuracy model accuracy
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Figure 8. Training and validation accuracy graph for models (a) MobileNet (b) LeNet-5 (c) VGG16 (d)

VGG19
Sekil 8. (a) MobileNet (b) LeNet-5 (¢) VGG16 (d) VGG19 modellerin egitim ve dogrulama dogruluk grafigi

We obtained the best ROC curve value of 95% VGG16 models for ROC. We obtained the lowest
from the MobileNet model. We obtained the AUC value of 89% from the VGG 19 model
second-best value of 90 % from LeNet-5 and (Figure 9).
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Figure 9. The ROC curves (a) MobileNet (b) LeNet-5 (c) VGG16 (d) VGG19
Sekil 9. (a) MobileNet (b) LeNet-5 (¢) VGG16 (d) VGG19 modellerin ROC grafigi

The Loss function is to calculate how the model's expectation from a good model is that it has a loss

prediction differs from the ground truth. If we have value close to zero (Figurel0).
a good model, the loss value will be low. Our
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Figure 10. Training loss and validation loss values for models (a) MobileNet (b) LeNet-5 (c) VGG16 (d)

VGG19

Sekil 10. (a) MobileNet (b) LeNet-5 (¢) VGG16 (d) VGG19 modellerin egitim ve dogrulama kaywp grafigi

In this study, a new approach to the prediction of
COVID-19 diseases is done using deep learning
algorithms. The lower the Root Mean Square Error
(RMSE) wvalue, the higher the predictive
performance of the model. We obtained the lowest
value of RMSE from MobileNet. We have obtained
RMSE value of 0.23, 0.28, 0.32, and 0.32 in
MobileNet, LeNet-5 VGG16, and VGG19
architecture respectively. The maximum precision
value of 100 % was obtained for MobileNet with
the LeNet-5 network. The second precision value
of 90% was obtained for VGG19. We have
obtained the lowest performance of 82% in VGG
16. We have obtained a recall of 93%, 90%, 90%,
and 81% in VGG16, MobileNet, VGG19, and
LeNet-5 architecture respectively. We have got a

performance F1-Score of 94%, 90%, 89%, and
87% in MobileNet, VGG19, LeNet-5, and VGG16
architecture respectively. Compared to four deep
learning models, we obtained the best result from
the MobileNet algorithm. We have studied LeNet-
5, VGG16, VGG19, and MobileNet kinds of deep
learning algorithms for COVID-19 detection for
training and testing purposes. Early prediction of
COVID-19 is vital.

4. Discussion
4. Tartisma

In the proposed algorithms, CT data was analyzed
to detect COVID-19 using LeNet-5, VGGI16,
VGG19, and MobileNet techniques.

Table 4. Comparison of the results with state-of-the-art deep neural networks with CT/X-ray images
Tablo 4. CT/X-ray veri kiimeleri ile son teknolojik derin sinir aglarm sonuglarinin karsilastiriimast

Reference Deep Learning Model ~ No.of images Accuracy (%)
Murugan et al. (2021) WOANEet 2700 98.78

Saeedi et al. (2020) DenseNet-SVM 746 90.61

Luz et al. (2022) EfficientNet 13.800 93.90
Kogilavani et al. (2022) VGG16 3873 97.68

Song et al. (2021) DRE-Net 274 86

Khan et al. (2022) EfficientNetB1 21.165 96.13
Proposed MobileNet 757 94.74
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As seen in Table 4, the number of data shows that
it is one of the main parameters affecting accuracy.
This significant parameter influence is clearly
visible in the DRE-Net and the DenseNet-SVM
hybrid models. However, in the EfficientNet
model, 93.90% accuracy was achieved with 13.800
images. Our proposed MobileNet model achieved
an accuracy of 94.74% with 757 non-standard
dataset. On the other hand, in the EfficientNetB1
model, with 21.165 images 96.13% accuracy has
been reached.

A Deep Learning-based diagnosis model can
accurately and cost-effective interpret a lot of
images dataset where it is difficult for the human to
interpret such big data and look into the details of
the image inside. A second viewer was presented
to radiologists who worked very hard during the
pandemic process. Therefore, it is thought that the
study will help radiologists. The study has been
prepared entirely to assist the health sector and to
provide a second perspective.

In conclusion, our study had some limitations.
Firstly, this was a case series that included a limited
number of COVID-19 patients. Secondly, CT
images have got different sizes and resolution data.
Due to the different reception standards and
distortions in the images, the pre-process was
added to the study, and time was lost. However,
despite such low-resolution data, it has got a very
high success. Further information on accuracy in
COVID-19 can be get using a very large-sized
input that has the same standard data. We anticipate
that more comprehensive studies and high-
accuracy studies will be produced if not the
accessibility of medical images is obstructed. The
study will continue to be developed with different
deep learning and machine learning algorithms.
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Abstract

In this investigation, K shell valance electronic structure of Ni in Ni-B alloy coatings were studied by means of collecting
the X-ray emission and XRD spectra. The data obtained were evaluated in terms of the K beta/K alpha X-ray intensity
ratios and XRD data. The coated alloys were fabricated with using different concentrations of hexagonal boron nitride
(hBN) for this study by electrochemical storage method. Besides saccharine and trimethylamine borane complex (TMAB)
were added the current samples at constant concentration. The current specimens were excited by 59.5 keV photons from
a 241Am annular radioactive source. K shell X-rays emitted by the specimens were detected by means of an Ultra-LEGe
detector with a resolution of 150 eV at 5.9 keV. The K shell X-ray intensity ratios of Ni-B alloys are checked with pure
Ni. Variations in the current outcomes were interpreted by the variation in valence electronic structures of Ni in Ni-B/hBN
coating materials with doped TMAB and saccharine.

Keywords: Intensity ratio, K shell, XRD, XRF, Valance electronic structure

Oz

Bu arastirmada, Ni-B alasimli kaplamalarda Ni'nin K kabugu degerlik elektronik yapisi, X-isim emisyonu ve XRD
spektrumlart toplanarak incelenmistir. Elde edilen veriler K beta/K alfa X-isimi yogunluk oranlari ve XRD verileri
agisindan degerlendirildi. Kaplanmis alasimlar, bu ¢alisma igin farkli konsantrasyonlarda altigen bor nitriir (hBN)
kullanilarak elektrokimyasal depolama yontemiyle iiretilmistir. Mevcut orneklere sabit konsantrasyonda sakarin ve
trimetilamin boran kompleksi (TMAB) ilave edildi. Mevcut 6rnekler, 241 Am halka seklindeki radyoaktif kaynaktan gelen
59.5 keV fotonlart tarafindan uyarildi. Orneklerden yayilan K kabuk X-isinlan, 5,9 keV'de 150 eV ¢oziiniirliige sahip bir
Ultra-LEGe dedektirii vasitasiyla tespit edildi. Ni-B alasimlarimn K kabugu X-isini yogunluk oranlari saf Ni ile kontrol
edildi. Mevcut sonuglardaki degisimler, katkili TMAB ve sakarin igeren Ni-B/hBN kaplama malzemelerinde Ni'nin
degerlik elektronik yapilarindaki degigim ile yorumlanmigstir.
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1. Introduction
1. Giris

The XRF techniqgue is a non-destructive
spectroscopic technique that provides interaction
between material and X-ray photons with a small
amount of sample. In this sense, Energy dispersive
X-ray fluorescence (EDXRF) method is one of the
most widely used techniques and the K-shell X-ray
intensity ratios, which vary according to the
chemical and physical facilities of the samples,
present the knowledge regarding the valence
electron structure of the 3d metals (Pawlowski et
al., 2002). X-ray spectra provide us the important
information on issues such as the vacancy transfer
probabilities, production cross sections, estimation
of the effects of the valence electron structure and
chemical environment on the intensity ratio, as well
as the element contents (Gojska et al., 2020).
Therefore, the K shell X-ray intensity ratios of 3d
metals have been investigated by many of
investigators (Alim et al., 2016; Garmay et al.,
2017; Gojska et al., 2020; Perisanoglu & Demir,
2015; Perisanoglu et al., 2020; Ugurlu et al., 2019;
Ugurlu et al, 2017).

Transition metals have special uses mainly due to
their hardness, high density, good thermal
conductivity, high  melting and  boiling
temperatures. Although some are lack of this
feature, some have a very important place in our
lives, like nickel (Ugurlu & Demir, 2020). Ni-B
coatings; It is widely utilized in areas such as
automotive, aerospace, petro chemistry, textile and
electronics due to its high hardness, resistance to
corrosion and strong resistance to abrasion.
However, it is still being tried to improve its
properties with various studies in order to be used
in these areas (Chang et al., 2017; Matsui et al
2017; Matsui et al, 2018; Mirak & Akbari, 2018;
Ogihara et al., 2012; Onoda et al., 1999; Sanyal et
al., 2013; Shakoor et al., 2014a, 2014b; Tozar,
2020; Unal & Karahan, 2018a, 2018b; Waware et
al., 2018).

Although it has been revealed that saccharine does
not have a positive effect on properties such as
corrosion, abrasion and hardness, it has been
revealed that the TMAB has an effect on the
particle size. In addition, it has been shown that
saccharine substance reduces the concentration
value of the metal in the alloy (Bahramian, et al.,
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2018; Ignatova & Marcheva, 2016; Sanyal et al.,
2013; Sanyal & Jagirdar, 2012).

When looking at previous studies, it seems that the
element Ni is coated with hBN by means of adding
TMAB and saccharin at a constant rate (Ikram et
al., 2020; Siegel et al., 2019; Smid et al., 2012;
Tyagi et al., 2010; Yildirim et al., 2019; Zhang et
al., 2010). It has been revealed that TMAB adheres
to the surface of Ni/B composite coatings and
creates micro-caves on the surface due to electric
charges (Sheu et al., 2021).

In this study, different concentrations of hBN
coating material were added to the Ni-B alloy.
TMAB and saccharine were also added at a
constant concentration. The main goal of the
current investigation is to interpret the valence
electronic arrangement of Ni in Ni-B/hBN whether
TMAB and saccharine substances added to
improve some properties of the current alloys
affect the valance electron structure with using the
K shell intensity ratios.

2. Material and methods
2. Malzeme ve yontem

2.1. Sampling
2.1. Numune

Ni-B/hBN alloy coatings were electrodeposited on
St-37 low carbon mild steel substrate in Watts type
nickel electrolyte and the bath contains nickel
sulphate (NiSO4.6H:0) (240 g/l) , boric acid
(HsBO:3) (30 g/l) and nickel chloride (NiCl2.6H20)
(45 g/1) as source of nickel, trimethylamine borane
complex (TMAB) (5 g/l) gas source of boron, hBN
(5,10,15 and 20 g/l) as reinforcing particles,
saccharine as grain refining agent, sodium dodecyl
sulphate (SDS) (0.5 g/l) as surfactant and
saccharine at 2 g/l. Table 1 shows that production
and bath facilities. The other parameters such as
ultrasonic stirring, temperature, pH, preparing
time, stirring speed and current density were
adjusted as ; 30 minutes, 43°C, 4, 60 minutes, 500-
600 rpm and 50 mA/cm?; respectively. The pure
nickel and nickel-bor hBN coating composite
material alloys used in this work are manufactured
by (Unal & Karahan, 2018b) and are tabulated in
the Table 1 with their production facility. The
concentration values in Table 1 are weight percentage
values and the EDX result was obtained for these
concentration values.
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Table 1. Sample production process and concentration values
Tablo 1. Numune iiretme siireci ve konsantrasyon degerleri

Production Facilities Pure Ni A22 A24 A25
Ni % 100 85.74  84.7 87.2
B % - 132 1410 1115
N % - 1.05 1.19 1.58
HsBO:s (g/1) - 30
NiSO4 (9/l) - 240
NiCl2 (g/1) - 45
TMAB (g/1) - 3
Saccharine (g/l) - 2
hBN (g/l) - 5 15 20
SDS (g/l) - 0.5
Ultrasonic stirring (min.) - 30
Temparatute (°C) - 43+1
pH - 4
The duration of deposition (minute) - 60
The ratio of agitation(rpm) - 500-600
Current Density (mA/cm?) - 50

2.2. EDXRF measurements
2.2. EDXRF élciimleri

The experiment geometry consists of an Ultra Low
Energy Germanium detector which has thickness

Mylar

Fiber Am-241

Normal

of 5mm and energy resolution 150 eV at 5.96 keV,
radioactive source which emits 59.5 keV photons
from 50 mCi **Am and the target are illustrated
which is covered by a lead collimator in figure 1.

Sample

Incident photons Alt

Incident photons

Emitted

H-rays

Pb Collimator

Beryllium Window

ULTRA-LEGe
Detector

Figure 1. The current experimental geometry with 50 mCi ***Am source with the angles
Sekil 1.50 mCi ***Am kaynakl: kullanilan deney geometrisi

The experimental set up was established so that the
angle of emitted primary photon flux with the
specimen surface was 45° and the X-ray
fluorescence beam from the specimen was 90° with
the specimen surface. In this experiment, the
counting time was set to 10000 s for each sample.
In the current investigation, the spectra analysis
was made with using WinAxil Mitac 4.0 version
program for the designation of the peak analysis.
First of all required points subtracting as marking
were removed thus background subtraction is done
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and X ray peaks are fitted as Gaussian functions
with using PFM (Peak Fitting Module) in this
program.

2.3. XRD measurements
2.3. XRD olciimleri

The X-ray diffraction pattern of Ni-B/hBN
composite material was obtained with using
Rigaku X-ray diffractometer performed for 40 kV
potential and 30 mA current with Cu K. photon.
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2.4. Calculations
2.4. Hesaplamalar

(Kp/Ko) intensity ratio was calculated with the
equation shown below:

Ikg _ NkpBratka )

ke  NkaBrpexp

where Nke and Np) are the net photon numbers
under the K. and Kp peaks, £(Kq) and £(Kgp) are the
detector efficiencies of Ky and Kp, B ke and B «p)

are the self-absorption correction factors
determined as following equation:
_ _(Minc , Hemt
1—exp [ (cos 0,1 + cos 62) t]
[3 - Hinc 2 (2)
+ emt )
(cos 6, cosHO,

where pinc and pemt are the mass attenuation
coefficients (cm?/g) of incident photons and
emitted K X-rays respectively. 6iand 0. are the
angles of incident photons and emitted X-rays with
respect to the normal at the surface of the specimen
in the current experimental geometry and t is the
mass thickness of the specimen in g/cm?.

loGe term which is consist of the primary photon
beam, geometrical factor and the efficiency of the
radiation detector, were gathered the K, and Kp X-
ray spectra K, Ca, Ti, Cr, Mn, Co, Ni, Zn, Ga, As,

Se, Br, Y, Mo, Sn and Te in the same experimental
set-up utilizing the following formula:

Nki
[.Gep; = —[i = ,

3)
Where the terms Nkx and Pkx are the net photon
numbers under the Kx peak and B i is the self-
absorption correction factors, respectively. miis the
chemical composition (g/cm?). okx X-ray
production cross-section was determined with the
help of the formula below:

ogx = Ok (E)wgFgx (x = aand ) 4)
Where o« (E) is the K-shell photoionization cross-
section of the current element for the excitation
energy E, ok is the K-shell fluorescence yield, and
Fkx is the emission rate of the fractional X-ray for
Ko and Kp X-rays. The factor 10G:Kx was plotted
and fitted as a function of energy utilizing the
polynomials:

IoGegy = Ag + ALE; + A,EZ + A3E3 (1st part)
(5)
(6)

where Ei is the K. or Kg X-ray energy. The
deviation loGeKx as a function of the K X-ray
energy is illustrated in Figure 2. The formulas (5)
and (6) correspond to the first and second parts of
Figure 2, respectively.

IoGegy = By + B1E; + A,EZ (2nd part)

2.6x10°

2.4x10° 1

2,2x10" 4

2.0x10°

Ge K Edge

1 GE

1,8x10°

1,6x10"

1,4x10°

1,2x10° I ; i

30

Energy (keV)

Figure 2 . The variation of the factor loGe as a function of the mean K X-ray energy for 50 mCi **Am source
Sekil 2. 50 mCi **' Am i¢in ortalama K X-Isin1 enerjisinin fonksiyonu olarak dedektor verim egrisi
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3. Results and discussions
3. Sonuclar ve tartisma

The chemical environments of the elements that
make up the alloy affect the chemical bond states,
crystal structures, and characteristic X-ray
emission and absorption probabilities in general.

The K X-ray spectrum of Ni for specimen A25 is
illustrated in the figure 3. The horizontal axis

Counts

20000 |,

\

NiKea

represents the energy (keV) and the vertical axis
represents the photon counts. The horizontal axis
shows the angle and the vertical axis shows the
intensity. When looking at the X-ray spectrum of
the A 25 sample in the figure 3, it is seen that there
is no shift in the energies corresponding to the
peaks of the Ni K alpha and beta peaks. This
demonstrates the reliability of the XRF system.

10 12 14 16

Figure 3. K X-ray spectra of Nickel measured with 50 mCi ?**Am
Sekil 3. Nikel elementine ait olgiilen K X-151n1 spektrumu

The XRD spectra was shown as Figure 4. The
added hBN, TMAB and saccharin substances while
forming the alloy affected the 3d electron
populations and as a result, the K shell X-ray
intensity ratios is changed. Looking at the XRD
peaks in the figure 4, it is seen that the Ni peaks
change with the addition of hBN. Ni(111), Ni(200),
Ni(220) and Ni(311) peak intensities in the XRD
spectrum decrease as hBN is added. In the previous
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studies, it has been reported that the concentration
values change with the addition of saccharin and
the particle size changes with the addition of
TMAB. Such conditions affect the electron density
and can change the K shell X-ray intensity ratios
(Bahramian et al., 2018; Cengiz, Koksal, Apaydin,
Karahan, & Unal, 2019; Ignatova & Marcheva,
2016).
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Figure 4. XRD Spectra
Sekil 4. XRD spektrumlan

The SEM images were illustrated in the Figure 5 for the current samples.

Figure 5. SEM Images (A7, A22, A24 and A25; respectively)
Sekil 5. SEM goriintiileri (siraswyla, A7, A22, A24 and A25)

In this study, the experimental results are given for tabulated Scofield, Coulomb and Babushin values.
the Ixp/Ix Of Ni, B and N composite materials The current values are consistent with Scofield's
with doped TMAB and saccharin. When looking at theoretical value.

the table 2, the intensity ratio for pure Ni is
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Table 2. Experimental K X-Ray Intensity Ratios of Ni in NiB alloy coatings (Ixz/Ixq); Relative K X-Ray
Intensity Ratios of Ni in NiB alloy coatings (Rxp/Rk) With respect to Pure Ni.

Tablo 2. Saf Ni elementine gére NiB alasiminin igindeki Ni i¢in deneysel K X-isin1 siddet orant (Ixg /Ixq);
NiB alasiminin i¢indeki Ni igin goreli K X-isin1 siddet oranlar (Rp/Ryq)

Specimen Exp. Theo.
Scofield 1974 Coulomb gauge  Babushin
lkp/Ika Rip/Rra  (Scofield, 1972) (Polasik, 1998)  gauge
3d%4s? 0.1361 0.1374
Pure Ni  0.1236+0.0074 1.0000 0.1227 3d%s? 0.1333 0.1346
30% 0.1313 0.1325
A22 0.1358+0.0081 1.3182+0.0079
A24 0.1413+0.0085 1.3717+0.0082
A25 0.1408+0.0084 1.3670+0.0082
However, when compared with the Coulomb and alloys (Brunner, Nagel, Hartmann, & Arndt, 1982).
Babuskin gauges for all cases, it is seen that the K The changes in the K-shell X-ray intensity ratios
shell X-Ray intensity ratio is smaller for pure are thought to be due to the alloying effect. This
Nickel than Scofield theoretical value. It is seen significant difference is caused by the charge
that the K shell X-ray intensity ratios of the alloys transfer and rearrangement processes. So the
are larger than pure Nickel and when considering valence electron structure can be affected by this
the Babuskin and coulomb gauges. The alloying situation.
effect on the intensity ratio can be changed by the
change of valence electron structure due to the The overall error in the Table 3 is predicted as 6%.
altered shielding by the repositioning of the This error is the quadrature sum of the errors in the
charges in the d orbital. This change is related to various parameters utilized to consider the K-shell
the rearrangement of electrons between 3d (4s, 4p fluorescence parameters, i.e. counting statistics
). If the electron in the d orbital of one element is (2%) (N(Ki) (i=a, PB)), different parameters used to
transferred to the d orbital of the other element, it evaluate factor (2%) (loGeKx), Absorption
is changed for different alloy compositions. coefficients correction at incident and emitted
Therefo_re., the inf[ensity ratip_depends on the aIIO_y photon energies (1.5%) (B) and Weight and
compositions. With the addition of saccharine, this thickness of the samples (1%) (t).

composition changed and the intensity ratios
changed compared to the saccharine-free Ni-B

Table 3. Uncertainties in the quantities used to determine the parameters
Tablo 3. Deneysel paramaterelerin belirlenmesindeki hatalar

Quality Reason for Error Uncertainty (%)
N(Ki) (i=a, B) Counting statistic <2
,Ge Different parameters used to evaluate factor <2
I
p Absorption coefficients correction at incident and <15
emitted photon energies
t Weight and thickness of the samples <1
4. Conclusion Babuskin gauges. In previous studies, it has been
4. Tartisma stated that saccharin affects the element
concentration values, while TMAB changes the
In this investigation, the K-shell X-ray intensity grain size. It is seen that these changes can change
ratios of nickel in pure Ni and TMAB and the intensity ratios. In addition, it has been revealed
saccharine doped Ni-B alloy coatings were that TMAB adheres to the surface of Ni/B
experimentally calculated. While the experimental composite coatings and creates micro-caves on the
K-shell X-ray intensity ratios of pure nickel are surface due to electric charges. Another reason for
consistent with the theoretical values of Scofield, the decrease in the intensity ratio in the alloys used
they are lower than the values of Coulomb and is the possibility of enhancement boron and
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nitrogen by the characteristic K. and Ky peaks of
Nickel. It is thought that this situation will affect
the valence electron structure. Therefore, this
phenomenon, charge transfer and rearrangement
processes also affect the valence electron structure
of pure nickel.
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Abstract

Image retrieval is defined as indexing similar or identical images in a digital image database. Various feature vectors
obtained from the images are used while searching for a similar digital image. However, processing all pixels of the
images requires costly algorithms. In addition, it is a possible issue that the images used in retrieval approaches are of
different sizes. For this reason, pixel-level operations are insufficient when comparing images. Therefore, it requires
vectorial structures that represent images. The process of obtaining these vectorial structures is called feature extraction,
and it is one of the most important stages of content-based image retrieval. On the other hand, the histogram is the most
basic feature vector that is independent of the dimensions of the image and can be easily calculated. In gray-level images,
the size of the histogram is suitable for use as a feature vector. However, three different channels in color images contain
too much data to be used as feature vectors. The data of 3 separate histograms are reduced using various thresholding
processes and feature vectors are extracted. Therefore, reducing the vector size is an inevitable operation. In this study, a
new multi-thresholding method based on the Spiking Neural Network model, inspired by the human visual system, is
proposed. With the proposed model, 3 threshold values are determined for each of the RGB color channels, and each
color channel is divided into 4 parts. Thus, the color palette of the image is quantized to 64 different colors and a feature
vector with 64 elements is obtained. The proposed method was compared with the commonly used multilevel thresholding
methods. The results obtained showed that the proposed method is quite successful.

Keywords: Color quantization, Content-based image retrieval, Multilevel thresholding, Spiking neural network

Oz

Goriintii erisimi, dijital bir goriintii veri tabamindan benzer veya 6zdes goriintiilerin indekslenmesi olarak tanimlanir.
Benzer bir dijital goriintii aranirken goriintiilerden elde edilen ¢eyitli oznitelik vektorleri kullamilir. Ciinkii goriintiilerin
pikselleriiizerinde islem yapmak maliyetli algoritmalar gerektirir. Ayrica, erisim yaklagimlarinda kullanilan gériintiilerin
farkli boyutlarda olmasi olast bir problemdir. Bu nedenle, goriintiileri karsilastirirken piksel diizeyindeki islemler yetersiz
kalmaktadir. Goriintiileri temsil eden vektorel yapilar gereklilik olarak karsimiza ¢rkmaktadir. Bu vektorel yapilart elde
etme siirecine ozellik ¢tkarimi denir ve icerik tabanl gériintii erigiminin en é6nemli asamalarindan biridir. Histogram ise
gortintiintin boyutlarindan bagimsiz ve kolaylikla hesaplanabilen en temel oznitelik vektoriidiir. Gri seviyeli goriintiilerde
histogramin boyutu oznitelik vektorii olarak kullanima uygundur. Ancak, renkli goriintiilerdeki ii¢ farkl kanal, 6zellik
vektorleri olarak kullanmilmak igin ¢ok fazla veri icerir. Bu nedenle vektor boyutunu kiigiiltmek ka¢inilmaz bir igslemdir.
Bu ¢calismada, insan gorsel sisteminden esinlenerek Ignecikli Sinir Ag1 modeline dayali yeni bircok-seviyeli esikleme
yontemi énerilmistir. Onerilen model ile RGB renk kanallarimin her biri igin 3 ayr1 esik degeri belirlenmis ve her bir renk
kanali 4 parcaya bolinmiistiir. Béylece elde edilen renk paleti ile renk uzayi 64 farkli renge indirgenir. Onerilen yontem,
gortintii erigimi igin yaygin olarak kullanilan ¢ok seviyeli esikleme yontemleri ile karsilagtirdmistir. Elde edilen sonuglar
onerilen yontemin basarisimi agikga gostermektedir.

Anahtar kelimeler: Renk niceleme, Icerik tabanli goriintii erisimi, Cok seviyeli esikleme, Ignecikli sinir ag
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1. Introduction
1. Giris

In recent years, with the development of science
and technology, the use of digital images in many
fields such as medicine, military, art, and education
has led to the creation of large image databases.
Retrieving the desired images in the
aforementioned data sets has been a crucial issue.
Early work for image retrieval was text-based. This
approach, which is based on the indexing of each
image with words, has the disadvantage that it is
both insufficient and dependent on human
perception in describing the images. Therefore,
content-based image retrieval (CBIR) has become
a field of computer vision that researchers have
been interested in (Lai and Chen, 2011; Deveraj et
al., 2020). CBIR systems are approaches that take
into account the visual content of images such as
color, shape, and texture. Commercial applications
such as Qbic (Barber et al., 1994) VisualSEEK
(Smith & Chang, 1997) and Virage (Gupta & Jain,
1997) are examples of typical CBIR. CBIR consists
of two stages: feature extraction and similarity
measurement.  Feature  extraction is the
representation of the features of images by vectors.
So it is a basic and important process of CBIR. An
effective CBIR approach can be realized with the
high representation ability of the feature vectors
obtained. Color is a descriptor for feature
extraction and it is commonly used in CBIR
(Mojsilovic & Rogowitz, 2001) and the histogram
is an important representation method that shows
the frequency of colors. Also, the color histogram
is one of the most commonly used feature vectors
(Desealers, 2003; Long & Feng, 2003; Alamdar &
Keyvanpour, 2011; Messing et al., 2001). Related
vector is a powerful feature because it is easy to
calculate, and is resistant to rotation and scaling.
However, while the histogram is obtained with a
single color channel in gray-level images, it is
necessary to process three different color channels
in color images. Moreover, there are 2% different
colors in the RGB color space. Processing on an
image defined in RGB color space will be high
computational complexity. Color reduction
approaches have been developed to overcome the
complexity and computational cost problem. The
main purpose of color quantization approaches is
to reduce the color diversity in the image by
collecting similar colors under the same group.

There are several CBIR approaches based on
histogram and color reduction in the literature.
Smith and Chang developed an image retrieval
approach using the distance between histograms
(Smith & Chang, 1996). Kiigiiktung and Zamalieva
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proposed a rule-based CBIR They defined 26 rules
in their work and created the histogram vector by
obtaining 15 colors from the images (Kucuktunc &
Zamalieva, 2009). Konstantinidis et al. proposed a
system with fuzzy logic based on 27 rules in the
L*a*b* color space and calculates the similarity
with the histogram intersection criterion. They
represented images with 10 different colors in their
approach (Konstantinidis et al., 2005). Islam et al.
(2021) combined many feature vectors. In their
approach using deep features, a novel feature
vector was proposed by concatenating the
histogram vector. Liu and Yang (2013) a novel
feature vector developed which called color
difference histograms. A conventional histogram
only counts the number or frequency of pixels.
However, the unique feature of the color difference
histogram is that they count color differences
between two points under different backgrounds in
relation to colors and edge orientations. Some of
the remarkable approaches in CBIR architectures
are also based on neural networks. Neural network
algorithms, which have become prominent in
recent years, also attract attention in retrieval
studies. However, there isn't any imaging study
using the spiking neural network-based approach
that models the human visual system.

Although the first psychophysical studies on HVS
date back to the 1980s (Hilderth, 1983), the first
HVS-based approach in the field of image
processing was developed in 1993 using a double-
layer network design for edge and boundary
detection (Manjunath & Chellappa, 1993). Studies
have shown that spiking neural networks (SNNSs)
very successfully simulate biological image
processing in HVS (Ghosh-Dastidar & Adeli,
2009; Kunkle & Merrigan, 2002). There are many
edge detection studies based on biological neural
system models in the literature (Wu et al., 2007;
Clogenson et al., 2011; Kerr et al., 2011a; Kerr at
al., 2011b).

Since SNNs are known to be quite successful in
detecting edges by modeling HVS, a new multi-
thresholding method based on the bio-inspired
Spiking Neural Network model is proposed in this
study. With the proposed model, 3 different
threshold values are determined for each of the
RGB color channels in color images. In this way,
each color channel is divided into 4 parts. Thus, the
color palette of the image is reduced to 64 different
colors and a feature vector of 64 elements is
obtained. The proposed method was compared
with the multilevel thresholding methods, which
are widely used for CBIR, with the help of the
Precision and Recall metrics.
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2. Color quantization with multi-level
thresholding

2. Coklu esikleme ile renk indirgeme

Multi-level thresholding is one of the methods used
to segment images into homogeneous regions.
These techniques are also preferred in color
reduction approaches. Color reduction, in other
words, vector quantization approaches are one of
the frequently used methods in CBIR. Image
process algorithms operate faster by combining
similar colors in the extraction of low-level
features. The capability of the reduced image to
represent the original confirmations the
performance of the reduction algorithm. These
approaches take place in two stages. First, a color
palette is created. Then, the output image is
reconstructed with this color palette (Marquez-de-
Silva et al., 2008).

LBG (Linde etal., 1980) is still one of the methods
used for color reduction for CBIR (Chen, Chang, &
Hsu, 2020). Approaches such as Otsu, Kapur, and
the center of gravity of the Histogram (CoG) are
preferred for multi-level thresholding. However,
related techniques have also been used in color
reduction. LBG algorithm takes an input vector set,
which reduces its representation to a sub-vector set.
Thus, a vector set with | elements is reduced to a
vector set with k elements (k<I). Initially, randomly
determined cluster centers are updated according to
their distance from the pixel.

Otsu thresholding technique is based on the
calculation of variance between classes. The
mentioned optimization approach aims to
determine the value that maximizes the variance
between classes (Huang & Wen, 2021). Kapur, on
the other hand, is a commonly used approach for
segmentation. The method, also known as Kapur
Entropy, estimates the threshold values that
maximize local entropies on the gray level
histogram (Satya, Kalyani & Sakthivel, 2021).
Similarly, CoG is an approach that calculates the
repetitive average over the probabilities of the
colors. This approach uses the threshold values in
which the centers of gravity of the histogram are
determined as the critical points between the
classes (Demirci & Okur, 2019).

Otsu, Kapur, and CoG are techniques that perform
effective segmentation on gray level images.

Excitatory Neuron

Approaches used in multi-level thresholding are
also included in the literature to segment the color
space. Kiligaslan et al. (2018, 2020) divided the
color space into sub-cubes with related techniques
in their studies. Afterward, they assigned a single
color value to the remaining colors in the sub-
prisms. Thus, for a colored RGB image, they
combined the information from 3 color channels
and represented them with a single color. As a
result, a one-dimensional histogram is presented by
the color reduction in the proposed approach.

3. Conductance-based integrate and fire neuron
model
3. Kondiiktans tabanli topla ve ategle néron modeli

The structure of neurons was mathematically
modeled for the first time in 1952 by Hodgkin and
Huxley (HH) (Hodgkin & Huxley, 1952). The HH
model consists of equations expressing the
generation of action potentials (Nelson, 2004).
Instead of the highly complex HH neuron model,
Integrate and Fire (IF), FitzHugh-Nagumo (FHN),
and Izhikevich models were proposed that
minimize computational costs (Nagumo et al.,
1962; Fitzhugh, 1969; Gerstner & Kistler, 2002;
Izhikevich, 2003). The IF model stands out with its
features such as simplicity, easy applicability, and
low computational complexity (Vemuru, 2020).
The variation of the membrane potential v(t) of the
Conductance based IF model used in this study is
given below.

dv(t w, g, (t

0. 20 g6 -+ Ve, )

dt .
where cm refers to membrane capacitance, Qi
membrane conductivity, and Eiinverse potential of
the membrane. Ee is the reverse potential of
excitatory synapses. Wex indicates the weight of the
synapse and Aex is the membrane surface area of the
synapse. The variable gex is the conductivity of the
excitatory synapse. When the membrane potential
v(t) exceeds the threshold voltage, an action
potential is generated and then v(t+1) is reset to the
initial value. Figure 1 shows the spikes formed by
an output neuron with a spike train coming from
the neuron to which it is synaptically connected.

V(1) Output Neuron

O I I I Wexgex

()1 | |
ot

Figure 1. Synaptic connection and spike trains of IF neuron model.
Sekil 1. Sinaptik baglanti ve topla ve atesle néron modelinin ignecik dizisi
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4. Image retrieval with SNN based color
guantization
4. SNN tabanli renk indirgeme ile goriintii erigimi

In this study, a network model shown in Figure 2 is
proposed for SNN-based vector quantization. The
proposed SNN consists of three layers. The first
layer is the receptive layer that contains as many
receptors as the number of pixels in the image.
Neurons in the intermediate layer produce spikes
according to the gray level value coming from each
pixel in the image. The output layer, to which each
of the neurons in the intermediate layer is
connected, also consists of output neurons. The
firing number of each output neuron corresponds to
the gray level value in the output image. All

Receptor Layer

synaptic connections of neurons within the SNN
are excitatory.

If the gray level value of a pixel at (X, y) position is
large enough, it will enable the Mxy neuron to
produce spike(s). As the gray level value increases,
the frequency of generating spikes will also
increase. The resulting spike train is transmitted to
the Oxy neuron in the Output layer via the
excitatory synaptic connection. Depending on the
number of excitatory spikes from the Mxy neuron,
the increase in the membrane potential of the Oxy
neuron will also cause spike generation at certain
intervals. In the proposed model, (X, y) represents
the coordinate of the receptor corresponding to
each pixel in RF. The peak conductivity values of
the receivers are calculated by equation (2) with the
help of the Gxy gray level values of the pixels

Intermediate

Layer

O
Output
Layer

Output Image

Figure 2. Proposed SNN structure
Sekil 2. Onerilen SNN modeli

qex = an,y (2)
where gxy is the gray level value of the pixel at (X,
y) coordinate. The a coefficient ensures that the
gray level value is between 0 and 1 and its value is
accepted as 1/255 in this study. The spike train of
each Mxy neuron in the intermediate layer is
calculated with the help of the following equations.

gex (t) 1 Wexqex
MeXN 7 t 4 =X X
dt Tex QEX( ) Aex

where zex is the time constants for all synapses. In
the calculation of the time-dependent membrane
potential of the neuron, the following equation,
which is the analytical solution of equation (1), was
used (Vemuru, 2020):

3)

Iex =_geerx II = gIEI (4)
\m4§mwm@%mﬁmwwnu+u ©)

The spike is generated when the membrane
potential of an Mxy neuron reaches the threshold
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voltage, and then the neuron returns to its initial
state. The Spike Train formed by these spikes is
obtained by equation (6).

S = {1
My, (1)
0 ©)

In the output layer, there is one Oxy output neuron
to which each Mxy neuron is excitatory
synaptically connected. Equations (7), (8) and (9)
are used for each Ox,y neuron.

if neuron i fires a spike at time t
if there is no spike at time t

t 1 Su,_(®)
goatt( : == 0o () + mo
out A\ax (7)
Iout = —Oout Eout (8)

%=§ﬂewm?mmﬁmgﬂoﬂmﬂJ@)

where gout is the time-varying conductivity, Tou,
the time constant. Spike trains for all Oxy neurons
are also calculated using equation (6). The number
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of spikes Fox.y produced by neuron Oxy during T
time in the output layer is found by equation (10).

Ry =Y S0 (10)

In the tests, it is seen that the FN results for the gray
level value between 0-255 appear in the range of O-

Red:255 —

3. Thus, by applying the same approach to three of
the RGB channels of each pixel, each color channel
is reduced to 4 levels and the image to 64 different
color values. The RGB color space reduced to 64
colors is shown in Figure 3. Each color belongs to

a different cluster of C ={C,,C,,C,,-+-,Cg}. th
is the thresholding value which calculated by SNN.

Blue:255

’—th 2b

th b

¥ — Green:255

Figure 3. RGB color space reduced to 64 colors (Kiligaslan et al., 2020; Rahkar Farshi et al.,

2018)

Sekil 3. 64 renge indirgenmis RGB renk uzay1 (Kilicaslan et al., 2020; Rahkar Farshi et al.,

2018)

Table 1 demonstrates the quantized images
obtained by different methods. Images in the table
are randomly selected from the Corel 1K dataset.
While the original images are included in the first

Table 1. Quantized images with different algorithms

Tablo 1. Farkli algoritmalarla indirgenen goriintiiler

row of Table 1, the other rows contain the
thresholding results obtained by LBG, Otsu,
Kapur, CoG, and the proposed method,
respectively.
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Table 1. Continue
Tablo 1. Devanu

CoG

Prop.

5. Experimental results and discussion
5. Deneysel sonuglar ve tartisma

The proposed method is based on the multi-level
thresholding technique. Therefore, the adaptation
of the experiments has been examined by making
comparisons  with  different  thresholding
techniques. The color space is segmented with all
thresholding techniques. Then, feature vectors
representing color images have been obtained.
Related feature vectors are used for image retrieval.
Corel 1K dataset has been used for the proposed
retrieval approach. Corel 1K dataset is used
frequently in CBIR studies. It consists of 10
different classes and each class has 100 images.
Proposed algorithm consists of two stages. In the
first stage, the codebook is constructed with the
proposed SNN model for color reduction. The
developed network model was performed in
MATLAB using the following parameters: cm = 1
uF/mm?, Ei = -44.42 mV, gi = 0.003 uS/mm?, 7ex =
4ms, Eex=36.78 MV, vreset = -70 MV, Aex=0.0141
mm?, T = 100 ms, dt = 0.1 ms, and wex = 0.0025.
The weights of the synapses were approximately
calculated according to (Wu et al., 2007). The other
step is to perform CBIR with feature vectors
extracted from SNN.

Image retrieval architecture consists of two basic
stages. The first is feature extraction and the second
is similarity measurement. The similarity
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is critical. The feature

measurement phase
extracted by the proposed method is a one-
dimensional histogram. For this reason, frequently

used histogram similarity metrics such as
Canberra, Chebyshev, Chi-Square, Cosine,
Intersection, and L1 were used to measure
similarity. The use of different metrics made the
experiments more effective and consistent. The
performances of the methods have been evaluated
with Precision and Recall values. Equation 11 and
Equation 12 show the formulas for the Precision
and Recall metrics, respectively.

Precision = % (11)

T

Recall = % (12)

C

where Nr and Nt are the numbers of retrieved
relevant images and all retrieved images for each
query image, respectively. Nc is the number of
images in each category of the dataset.

Precision values (%) of the proposed method
according to different metrics are shown in Table
2. The highest precision values were obtained from
the Canberra metric. For this reason, the Canberra
similarity metric was used in comparisons with
other methods. On the other hand, it was observed
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that especially Intersection and L1 distance metrics
produced very close results. When Table 2 is
examined, the precision values decrease as the
number of retrieved images increases. This
situation is an expected result. In addition, the
different performance of different similarity

Table 2. Precision results (%) of proposed method

Tablo 2. Onerilen metodun kesinlik sonuglar (%)

metrics indicates that the similarity measurement
step is crucial. In addition, the superior
performance of the Canberra results showed that
the feature vectors extracted with the developed
approach were more compatible.

Precision (%) 10 20 30 40 50 60 70 80 90 100

Canberra 70.03 63.18 59.06 5597 5336 5113 49.19 4759 46.11 44.67
Chebyshev 5838 5059 46.24 4345 4141 3969 3818 3698 3585 34.86
Chi-Square 6423 57.15 5279 4960 47.06 4499 4315 4163 4031 39.03
Cosine 63.27 56.36 5239 4959 4727 4528 4361 4218 4087 39.52
Intersection 68.79 61.60 5746 5426 51.72 4946 4765 4598 4455 4316
L1 68.77 6159 5745 5426 51.72 4947 4765 4598 4455 4317

Table 3 shows the Precision and Recall values
obtained for the top 10 images. According to the
results obtained, the lowest values were obtained
with LBG. The disadvantage of the LBG approach
is that it reduces the color space with random initial
values. This causes different feature vectors to be
produced for the same image. Kapur and Otsu
techniques produced similar results. In addition,
both optimization methods were approximately
23% more successful than LBG. CoG is the most
successful of the traditional methods. The method
in question produced 28% superior results
compared to LBG and approximately 5% superior

to Otsu and Kapur. The proposed method, on the
other hand, left all the traditional methods behind.
The developed algorithm is more powerful with a
precision of 70%. In addition, experimental
findings and results indicated that the proposed
method produced feature vectors that represent
images better than other methods. In Figure 4, the
Precision (%) graph is given according to the
number of images retrieved. Similar to the results
in Table 3, although the number of retrieved
images increased, the success order did not change.
The proposed method gave more successful results
than the traditional methods.

Table 3. Precision and recall results (%) of threshold methods for top 10 images
Tablo 3. ik 10 goriintii i¢in esikleme metotlarinin kesinlik ve hassasiyet degerleri

Method LBG

Otsu

Kapur CoG Prop.

Precision(%) 41.16
Recall(%0) 4.12 6.49

64.86

63.89 69.30 70.03
6.39 6.93 7.00

Precision (%)
&

35

25
10 20 30 40

60 70 80 90 100

Top N

e OtSU e Kapur LBG w===(COG ====Prop.

Figure 4. Average precision (%) performances of threshold methods
Sekil 4. Esikleme tekniklerinin ortalama kesinlik performanslari (%)
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In Table 4, there are examples of retrieved images
against various query images in the database. For
example, there is a bus image among the images
retrieved in response to the image in the first line in
the Africans category. Similarly, 2 of the images
corresponding to the bus image in the second row
are quite irrelevant. For the horse image in the third

Table 4. Query and retrieved image examples
Tablo 4. Sorgu goriintili ve getirilen goriintiiler

line, one of the retrieved images shows a
sunbathing couple. In the food image in the 4th
line, it is striking that all the first 7 images are
related. The most important reason for this
situation is that only reduced color information is
used for retrieval.

Que
-

Image

S

With the proposed method, color quantization was
made based on SNN simulating the human visual
system. Although the success of the proposed
method seems to be lower than many retrieval
studies in the literature, it should be noted that only
color reduction is used. All recently developed
techniques use larger feature vectors (Yuan, & Liu,
2020; Kayhan, & Fekri-Ershad, 2021; Singhal,
Agarwal, & Pachori, 2021) that combine edge,
pattern, and color information. In addition, the
calculation of the similarities between the obtained
features through linear metrics is seen as one of the
factors that reduce success. For this reason, it is
predicted that the success of the proposed method
will increase by calculating the similarities of the
feature vectors to be obtained by using edge and
color information together with the help of
machine learning techniques.

6. Conclusion
6. Sonug

In this study, a new multi-thresholding method is
proposed. The proposed method is based on the
SNN model and is used to threshold the color
channels of the images. Each color channel is
divided into 4 parts and a vector with 64 elements
is produced by reducing the colors of the image.
This feature vector generated was used for CBIR.
The proposed method was compared with the
commonly used multilevel thresholding methods.
The results showed that the proposed method can
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be used for CBIR. In the future, it is planned to
carry out studies to increase the success of CBIR
by using the proposed method with different
features to be extracted from the images.
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1. Introduction
1. Giris

Decision making is one of the most important fields
in operation research which is based on mostly
Churchman’s studies (Churchman et al., 1957).
Numerous works have been conducted since then,
and very precious research have put a new
complexion on literature. A MCDM problem
contains a finite number of alternatives that is
expressed with a finite number of criteria. To
choose the best possible option, alternatives are
evaluated under criteria using mathematical and
computational tools. These tools are called MCDM
methods. Mostly, these methods divide the
problem data into smaller pieces, then process them
with mathematical tools and finally give an output
that can be ordered. Among the numerous MCDM
methods, the most well-known ones are TOPSIS
(Hwang & Yoon, 1981) and TODIM (Gomes &
Lima, 1991).

TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) method is known for
its absence of complication and has drawn more
attention compared to other well-known classical
MCDM methods. The reason behind this situation
is the easy implementation of the large number of
criteria and alternatives to this method. It focuses
on the distances from positive ideal solution and
negative ideal solution to alternatives. The positive
ideal solution maximizes the benefit criteria and
minimizes the cost criteria, whereas the negative
ideal solution maximizes the cost criteria and
minimizes the benefit criteria (Behzadian et al.,
2012). This method has been applied in many areas
such as supply chain management and logistics
(Araz et al., 2008; Boran et al., 2009; Celik, 2010;
Kahraman et al., 2007; Koseoglu & Sahin, 2019),
design, engineering and manufacturing systems
(Chakravorty et al., 2013; C.-W. Chang, 2012;
Zhang et al., 2010), health, safety and environment
(Berger, 2006; Tzeng et al., 2005). Nevertheless,
the application of this method continues today
without any decrease. Looking at even only the last
3 years, it is seen that TOPSIS continues to be
applied in supply chain management (Junaid et al.,
2020; Ortiz-Barrios et al., 2020; Zulgarnain et al.,
2021), manufacturing (Chatterjee & Stevi¢, 2019;
Jasiulewicz-Kaczmarek et al., 2021; Mathew et al.,
2020), and health and safety (Hezer et al., 2021;
Rajak & Shaw, 2019).

TODIM (Portuguese acronym for interactive and
multicriteria decision-making) method is a discrete
multicriteria method known with prospect theory
(Kahneman & Tversky, 1979). It offers a solution
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that considers the behavioural expectations of an
investor by considering this theory which was
awarded the Nobel Prize for Economics in 2002.
The main advantage of TODIM is that it includes
the psychological character of the decision maker
and can take into account the limited rationality of
the decision makers. Moreover, this method
contains an attenuation factor that can be changed
during the decision-making process. TODIM
method can be considered as an optimal method
when a decision-making problem includes risk
factors or when decision makers have different
opinions while assessing the variables. TODIM
method is applied to various real-life problems
such as personnel selection (Ji et al., 2018),
portfolio allocation (Alali & Tolga, 2019; Wu et
al., 2022), supply chain (Abdel-Basset et al., 2020;
Du et al., 2020; Kaur et al., 2022; Koseoglu, 2022;
Koseoglu et al., 2020), and most commonly the
risk management problems (Junaid et al., 2020;
Mathew et al., 2020; Ortiz-Barrios et al., 2020;
Wang et al., 2021).

During the pandemic, most face-to-face classes
have been modified for online education from
elementary education to universities. Therefore,
students have a need for items such as laptops,
tablets while teachers have a need for products like
cameras and laptops. As a natural consequence,
demand of electronic goods has seen an incredible
increase. Moreover, electronic brands turn this
situation into an opportunity and offer their
customers multi-choice products. Although most
brands used to have a specific range of products, a
sharp increase was observed in product variability
during the pandemic. People who need these
products but do not know much about their parts
have difficulty in these choices. Under these
circumstances, it has become a necessity to choose
the best electronic product suitable for the person.
Multi-criteria decision-making methods are very
useful tools in such situations. There are numerous
valuable works for selection in electronics (T. W.
Chang et al., 2021; Gao et al., 2020; Hsu et al.,
2014; Loganathan & Mani, 2018; Rani & Mishra,
2020), but they are mostly about supplier selection
problems. In the literature review, no study related
to people’s direct choice of electronic goods has
been spotted.

In this study, TOPSIS and TODIM methods are
selected for an electronic selection problem to
choose the best possible product for a student, as
students are most affected by this situation.
TOPSIS method is an easily applicable method in
situations involving large amounts of problem data.
Since product selection problems can include many
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alternatives and criteria, it is very convenient to use
this method. Of course, like any choice, the choice
of these products also involves some risks. TODIM
method is perfect for dealing with such risky
situations where the behaviour of the decision
maker can change according to the risk. Therefore,
the problem for the selection of electronic products
is conducted from the features that anyone can
easily see in online shopping sites or technology
stores using TOPSIS and TODIM methods.
Finally, the results of these two methods are
compared in detail.

2. Multicriteria decision making methods
2. Cok kriterli karar verme metotlart

All MCDM methods are based on choosing the best
possible alternative by taking into consideration the
criteria. For convenience in next sections, let A =
{A,A,, ..., A} be a set of alternatives, C =
{C,,C;,...,C,} be a set of criteria and w =
[w1,w,, ..., wy] be a weight vector with respect to
criteria where »7_;w; =1 and w; > 0. Then a
decision matrix A is constructed as

G G Cn
Ay a1 arz Ain
A=A, |01 a2 An @
AplQm1 Ame Amn

2.1. TOPSIS method
2.1. TOPSIS metodu

TOPSIS (the technique for order performance by
similarity to ideal solution) is one of the most well-
known classical MCDM methods proposed by
Hwang & Yoon (1981). TOPSIS method is based
on choosing alternatives that simultaneously have
the smallest distance from the positive ideal
solution and the longest distance from the negative-
ideal solution. Steps of TOPSIS method are given
as follows:

Step 1. Normalize the decision-making matrix A
by

a..
Rij 24 (l = 1,2,.. , M5 j
[Ty aig? )
= 1;2; "'In)

and obtain the normalized matrix R:

111

"1 T2 Tin
_ |21 T22 Ton
RU : : (3)
Tm1 Tm2 Tmn
where r;; € [0,1].

Step 2. Obtain weighted normalized decision
matrix V:

- Rmn ® WTl
[ T11W1 T1nWn ] @
T"miWi TmnWn

is the weight vector

where w; = (Wy, Wy, ... w;)T

and Y, w; = 1.

Step 3. Determine positive-ideal solution and
negative ideal solution:

Let J; be a benefit criteria set and J, be a cost
criteria set, then A™ is the positive ideal solution
and A~ is the negative ideal solution which are
formulated as At = (v{,v5,...,v7) and A~ =
(v, v3, ..., vy ) Where

max v;;, jE€J*
+:{ ax vij, j €]

Yj minv;;, j€]J-
g R ()
minv;, j€]
- 2
Ui T max v, jE€JT
L
Step 4. Calculate the separation measures:
St =
(6)

n
Si_ = Z(vij — Uj_)z
j=1

Step 5. Calculate the relative closeness coefficient
to ideal solution:

Ci=

(7)

ot where 0 < C; < 1.

Step 6. Rank the alternatives:

After the relative closeness coefficient of each
alternative is determined, alternatives are ranked
according to descending order of C;. Note that, the
use of benefit and cost criteria in TOPSIS method



Késeoglu | GUFBD / GUJS IOCENS 21 Ek Sayisi (2022) 109-118

is inthe third step while calculating the positive and
negative ideal solution. Therefore, normalizing
process is different from the TODIM method.

2.2. TODIM method
2.2. TODIM metodu

TODIM method (an acronym in Portuguese of
Interactive and Multi-criteria Decision Making) is
a discrete multi-criteria decision-making method

Clij — min(aij)

based on Prospect Theory (Kahneman & Tversky,
1979) proposed by Gomes & Lima (1991). TODIM
method can consider the bounded rationality of the
decision makers based on Prospect Theory, so it
can represent the decision maker’s behaviors. The
steps of TODIM method are given as follows:

Step 1: Normalize the decision matrix A =
(aif)an into a matrix X = (xij)mxn using:

ij = - (i=12,..,m;j =12,..,n),if  is benefit criteria
max(a;;) — min(a;;) @)
max(a;;) — a;; ] ) . L.
Xij = - =12,...m;j=1.2,..,n),if C; is loss criteria
\ max(a;;) — min(a;;)
Step 2: Calculate the relative weight w,, of w
criterion C, according to the expression w,, = % §(4i,4y) = Z @ (A, 4)) ©)
where w, = max{w,|c = 1,2, ...,n} =1
Step 3: Calculate the dominance of each alternative where:
A;over each alternative A; using the following
expression:
WCT .
sm . d(xic, xjc)' if xic > Xjc
C=1WCT
d)c(Ai :Aj) =9 0, if Xic = xjc (10)
-1 |Xes,w, .
Tju d(xjc'xic); lfxic < Xjc
\ cr

Here, 6 is the attenuation factor given by the
decision maker. Although the optimal value of the
attenuation factor of losses 6 should be
approximately 2.25 according to Qin et al. (2017),

o XJa0(An 4y) — min(E-, 6(4:,4)))
©omax(3), 6(4;,47)) - min(Z), 5(Ai4)))

Ordering the values &; provides the rank of each
alternative. The higher the ¢; is, the better the
alternative is.

3. Numerical application and results
3. Sayisal uygulama ve sonuglar

Due to the Covid-19 pandemic, the educational
systems of both Turkey and the most countries in
the world have moved to online education. But still,
most of the students and the teachers are not ready
to embrace the online system due to lack of

112

it is seen in many studies that the change of 6
affects the results in terms of ranking.
Step 4: Calculate the global value of the alternative
i by normalizing the final matrix of dominance
according to the following expression:

(11)

equipment such as laptops. Although this situation
affects everyone in the world, considering the
economic situation of the students, it would be
more appropriate to consider an example for them.
Therefore, let us consider a multicriteria decision
making problem that determines the most suitable
laptop for a student.

Suppose a student needs a laptop for online classes
and is not good with computers. The most salient
parts of a laptop to be used in online courses are
usually its screen size and price. However, these
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laptops offered for sale have many different parts
and features such as processor, ram, and operating
system. Many criteria can be discussed here, but to
reduce confusion and not spoil the main idea of the
research, let's consider the 9 most frequently
viewed criteria. Let C; shows the criteria for j =
1,2,...,9 and A; shows the alternatives to buy for
i=12,..6.

C,: Size of the monitor (Inches). The bigger is the
better.

C,: Processor type (Intel). It is ordered as i3, i5 and
i7.

C;: Ram size (GB). The bigger is the better.

C,: Hard drive (MB). The bigger is the better.

Cs: Graphic Processor (GeForce). The bigger is the
better.

Ce: Price (b)

C,: Brand credibility (1-5). 1 is the lowest and 5 is
the highest.

Cg: Estimated failure rate (1-5). 1 is the best and 5
is the worst.

Co: Estimated service repair time (1-5). 1 is the best
and 5 is the worst.

Table 1. Decision matrix A
Tablo 1. A karar matrisi

The student who will choose among these
alternatives according to the criteria should rate
which criteria are important to him or not. He
assigns a higher value to whichever criterion is
more important to him, and a lower value to
whichever criterion is less important to him.
Scoring the criteria so that they add up to 100 and
then dividing these values by 100 is an easy way to
determine the criteria weights. Let the student
determines the criteria weights as w =
[0.13 0.09 0.08 0.08 0.10 0.20 0.09 0.11 0.12].
Here, price is the most important criteria for a
student when compared to others. Similarly, ram
size or hard drive size are less important ones when
compared to others. In addition, whether a criterion
is a benefit or loss criterion is also important when
using decision-making methods. For example, the
price criterion is a loss criterion because it causes
us a loss in terms of money. For this problem,
Ce,Cg and Cy are the loss criteria. The decision
matrix A is constructed as Table 1 according to the
student’s preferences with respect to criteria.

Cy C, C3 Cy Cs Ce C,y Cg Co
Aq 15.6 5 8 512 1650 10000 4 2 1
A, 17 7 16 1000 1660 13000 5 3 2
Ag 14 3 12 512 250 12500 3 5 3
A, 13.3 3 8 256 250 9500 3 5 3
As 15.6 7 16 1000 2060 14500 S 4 2
Ag 17 5 8 512 2070 15250 4 5 4

3.1. Decision making with TOPSIS
3.1. TOPSIS ile karar verme

Using the student’s preferences from Table 1, the
steps of TOPSIS method are performed in

MATLAB. First, the decision matrix A is
normalized using the Eq. (2) and (4) together. The
weighted normalized matrix V' is obtained as:

0.0535
[0.0583
_|0.0480
~ l0.0456
[0.0535
0.0583

|4

0.0349
0.0489
0.0210
0.0210
0.0489
0.0349

0.0220
0.0440
0.0330
0.0220
0.0440
0.0220

0.0243
0.0474
0.0243
0.0121
0.0474
0.0243

0.0439
0.0442
0.0067
0.0067
0.0548
0.0551

0.0646
0.0840
0.0808
0.0614
0.0937
0.0985

0.0360
0.0450
0.0270
0.0270
0.0450
0.0360

0.0216
0.0324
0.0539
0.0539
0.0431
0.0539

0.0183
0.0366
0.0549
0.0549
0.0366
0.0732

The positive-ideal solution and negative ideal solution are obtained using the Eqg. (5) as:

vj+=[0.0583 0.0489 0.0440 0.0474 0.0551 0.0614 0.0450 0.0216 0.0183]
v =[0.0456 0.0210 0.0220 0.0121 0.0067 0.0985 0.0270 0.0539 0.0732]

From the Eq. (6), separation measures are calculated as:
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S =1[0.0381 0.0329 0.0835 0.0879 0.0432 0.0821]
S; =[0.0842 0.0801 0.0304 0.0414 0.0818 0.0541]

Finally, using the Eq. (7) the relative closeness coefficient to ideal solution is calculated as:
C; =[0.6884 0.7089 0.2669 0.3203 0.6543 0.3974]

According to relative closeness coefficient, the alternatives are ordered as

Ay, > Ay > As > Ag > Ay > As.

According to this order, 4, is a good option for a student to buy a laptop.

3.2. Decision making with TODIM MATLAB. First, the decision matrix A4 is

3.2. TODIM ile karar verme normalized using the EQ.(8). The normalized
matrix X is obtained as:

Using the student’s preferences from Table 1, the

steps of TODIM method are also performed in

[0.6216 0.5000 0.0000 0.3441 0.7692 0.9130 0.5000 1.0000 1.0000]
1.0000 1.0000 1.0000 1.0000 0.7747 0.3913 1.0000 0.6667 0.6667
_10.1892 0.0000 0.5000 0.3441 0.0000 0.4783 0.0000 0.0000 0.3333
~ 10.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.3333
0.6216 1.0000 1.0000 1.0000 0.9945 0.1304 1.0000 0.3333 0.6667
1.0000 0.5000 0.0000 0.3441 1.0000 0.0000 0.5000 0.0000 0.0000

X

Then, relative weight w,,. is calculated as:
we = [0.6500 0.4500 0.4000 0.4000 0.5000 1.0000 0.4500 0.5500 0.6000]

Taking 6 = 2.25, the dominance of each alternative A; over each alternative A; is evaluated using Eq. (9) and
(10) as

0 —5.0870 0.7370 14732 —4.7397 —0.3280
[—1.0509 0 1.8098 1.5000 —-0.0172 1.1025]
6(Ai A-) _ |—6.9813 —9.3967 0 —0.1951 -8.8095 —3.9013
' —-7.4771 —10.0614 —2.2460 0 —-9.5765 —5.0078
—-1.6278 —1.8913 1.3869 1.2301 0 0.7096J
—3.1990 —-7.5524 —-1.4740 -0.4676 —6.8740 0

Since the distance between two same alternatives is Finally, using the Eq. (11), global values of the

0 according to Eq. (10), each &.(4; ,A;) = 0 and alternatives are obtained as:

thus the diagonal of matrix §(4; ,4;) is 0.
£ =[0.7007 1.0000 0.1348 0 09062 0.3925]

According to global values of the alternatives, the A; > A,. Then, A, is also the appropriate
alternatives are ordered as A, > As > A; > Ag > alternative for the student to purchase.
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Ranking of the Alternatives

1 ai

0.9
08 __
07—
0.6 \ \
0.5 \\

0.4 b

Evaluation Values

0.3 \\
0.2

0.1

—®&—TOPSIS
n —&— TODIM

Ay Ag

Ay

Alternatives

Figure 1. Ranking comparison of the alternatives with TOPSIS and TODIM
Sekil 1. TOPSIS ve TODIM ile alternatiflerin siralamalarinin karsilastiridmasi

When both methods are compared, rankings and
evaluation values are close to each other except
slight differences as can be seen in Figure 1 and
Table 2. One of the reasons of these differences is,
although the evaluation values of both methods are
in the [0,1] interval, TODIM’s values are certain
values such as the best one is 1 and worst one is 0.
The other reason is the change of the ranking order.
The order of A; and Ag, and A, and A; changes
when different methods are used. The reason

Table 2. Comparison of rankings
Tablo 2. Siralamalarin karsilastiriimasi

behind this is of course that TOPSIS and TODIM
are two different methods. They have their own
advantages and disadvantages. If the information in
the problem is too much, it is more advantageous
to use the TOPSIS method. However, if the
problem includes risk factors, it may be more
advantageous to use the TODIM method. So, it is
almost impossible to say that one method is the best
compared to the others. Moreover, these methods
give a consistent result, except for minor
differences that we can see from the ranking.

Methods Rankings
TOPSIS Ay > A1 > A5 > Ag > Ay > As
TODIM Ay >As > AL > Ag > A3 > A,

4, Conclusion
4. Sonug

In this paper, TOPSIS method and TODIM method
are taken into consideration for a decision-making
problem regarding all students worldwide. The
case of increasing electronic sales is picked for
numerical example. Especially the need for laptop
purchases is addressed during the pandemic. Six
laptop alternatives are selected with respect to nine
criteria. First, a decision matrix is created in
accordance with a student’s necessities and the
importance of each criterion is identified. Then, the
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best possible alternative is acquired with TOPSIS
method. Using same inputs, the decision matrix is
put into process with TODIM method. The quite
similar results are obtained, and these results also
show the consistency of the MCDM methods.
Thus, a student can use one of these methods to buy
not only laptops but also different kinds of
electronics if required. However, each method has
its own advantages. It should be noted that the best
alternative may vary with slight differences,
although the rankings may look similar when
different methods are used.
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In future studies, this problem can be adapted to
other MCDM methods such as MABAC,
ELECTREE, and COPRAS. Furthermore, fuzzy,
intuitionistic fuzzy and neutrosophic extensions of
these MCDM methods can also be used to solve
this kind of problems.
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YAZAR REHBERI
1. KAPSAM ve GENEL BIiLGIi

Giimiishane Universitesi Fen Bilimleri Dergisi (GUFBD), Giimiishane Universitesi'nin yayin
organidir. Dergi kapsaminda biitiin Fen, Teknoloji, Miihendislik, Tarim ve Mimarlik Alanlarinda
daha 6nce bagka yerlerde yaymlanmamus, 6zgiin, arastirma makaleleri, derlemeler ve editore
mektuplar yayinlanir (Anket ¢calismalar1 dergimizin konu kapsamina uygun degildir).

Dergi bilimsel ve hakemli bir dergi olup, Ocak, Nisan, Temmuz ve Ekim aylarinda olmak iizere
yilda dort kez ¢evrimigi ortamda yayimlanir.

Derginin amaci arastirma ve gelistirme faaliyetlerinin bilimsel yayina doniistiiriilmesi, ulusal ve
uluslararasi indekslere girerek evrensel bilime katki saglamaktir.

2. YAYIN DIiLi ve ANLATIM

Dergide yaymnlanacak tiim yazilar i¢in yayn dili Tiirkge ve Ingilizce’dir. Anahtar kelimeler
alfabetik siralamaya uygun olarak verilir. Ingilizce anahtar kelimeler (Keywords) ise yine bu
siralama dikkate alinarak yazilir.

Makale icerisinde yazar tarafindan gergeklestirilen caligmalara yonelik (Deneysel calismalar,
analizler vb) anlatimlarda {i¢iincii sahis kullanilmaya 6zen gosterilmelidir.

3. ELEKTRONIK ORTAMDA BASVURU

Dergi ile ilgilitiim yazigmalarda DergiPark tarafindan saglanan arayliz kullaniimalidir.
Dergi yazim kurallarina uygun olarak hazirlanmis makaleler, basili kopyaya gerek olmaksizin,
Ulakbim Dergipark {izerinden https://dergipark.org.tr/tr/pub/gumusfenbil/ adresi kullanilarak
gonderilmelidir. Dergiye makale gondermek isteyen yazarlarin yazim kurallart ile
birlikte "Gonderi Kontrol Listesi"ndeki her maddeyi de kontrol etmeleri gerekmektedir.
Makaledeki bilgilerin dogrulugunun sorumlulugu yazar(lar)a aittir.

Yayinlanacak makalelerde, arastirma ve yayin etigine uygunluk esastir. "Makale Gonderimi ve
Telif Hakki Devir Formu" doldurulup biitiin yazarlar tarafindan imzalanmalidir. Yayn ile ilgili
islemler bu formun tesliminden sonra baslar. Bu formun farkli kopyalar1 baska sehirlerde yasayan
yazar(lar) tarafindan ayr1 ayr1 imzalanip génderilebilir. Dergi ana sayfasinda yer alan “Etik Ilkeler
ve Yayin Politikas1” yazarlar tarafindan 6nemle dikkate alinmalidir.

Hayvanlarin veya zararli maddelerin kullamldig arastirmalarda “Etik Kurul izin Belgesi’nin
makaleye eklenmesi gerekir. Insanlarin denek olarak kullanildig1 arastirma sonuglarini igeren
makalelerde yazar(lar), “insan denemeleri iizerinde yetkili kurul” etik standartlarina ve gézden
gecirilmis Helsinki bildirgesi 1983’e uygunlugunu belgelemeleri gerekir.



4. DEGERLENDIRME SURECI

Giimiishane Universitesi Fen Bilimleri Dergisi’ne iletilen yazilar éncelikle dergi bas editdriiniin
yonlendirecegi alan editorii tarafindan konu bagligi ve anahtar kelimelere dayanilarak bigimsel
acidan degerlendirilir. On kontrol asamasinda oncelikle intihal tespit yazilimlar1 kullanilarak
benzerlik raporlari olusturulur. Aday yayinin benzerlik raporu toplamda %20 den az olmali ve tek
bir kaynaktan ise %4 oranindan fazla olmamalidir. Daha sonra incelenecek yayinin dergi formatina
uygun olup olmadigina karar verilir. “Makale Gonderimi ve Telif Hakki Devir Formu” olmayan
veya eksik olan aday yayinlar ile benzerlik orani sinirlarini asan aday yayinlar 6n incelemeye
alinmaz. Oninceleme asamasini gecen yazilar dergi bas editdrii tarafindan inceleme siirecinin
gergeklestirilmesi icin ilgili alan editoriine yonlendirilir.

Alan editorii bilimsel igerik bakimindan degerlendirilmek iizere aday yayini, konusuna uygun
olarak en az li¢ hakeme yonlendirir. Hakem se¢iminde 6ncelikle konu ile ilgili dergi yayin danisma
kurulu iiyelerinden ya da alaninda uzman baska bir bilim insanindan yararlanilir. Hakemler
degerlendirmeleri sonucunda, uygun, diizeltilerek yayinlanabilir, diizeltildikten sonra tekrar
gormek isterim, istedigim diizeltmelerin kontroliinii derginin uzman bilimsel ekibi tarafindan
yapilmas1 uygundur veya yaymlanamaz seklinde kararlar1 verebilirler.

Diizeltme istenen yazilarla ilgili olarak yazar gerekli diizeltmeleri yapar. Ayrica katilmadigi
hususlarla ilgili olarak gerekgeli yazisin1 dergiye gonderir.

Hakem kurulu tarafindan farkl tiirde degerlendirilen yazilar i¢in alan editorii kendi goriisiinti de
ekleyerek degerlendirmenin sonug¢landirilmasi i¢in bas editore iletir. Degerlendirmede son karar
bas editore aittir. Bag editor gerekli goriirse yeni bir hakem tayin eder veya yazi ile ilgili kararini
sonu¢landirir.

Tiim degerlendirmeler sonucunda kabul ya da red karari1 gerekgeleri ile birlikte DergiPark
iizerinden yazismadan sorumlu yazara iletilir.

Degerlendirme sonucu kabul karar1 verilecek makaleler yazim ve dil editdriine yonlendirilerek
ilgili makalenin yazim ve dil yoniinden incelemesi ile dergi yazim kurallar1 agisindan uygunlugu
saglanir. Kabul edilen makaleler dergi sekreteryasi tarafindan esasa baglh kalinarak yayina uygun
formata doniistiiriiliir.

Dergide yayimlanan makaleler baska hi¢ bir yerde yayimlanamaz veya bildiri olarak sunulamaz.
Kismen veya tamamen yayimlanan makaleler kaynak gdsterilmeden hi¢bir yerde kullanilamaz.
Dergiye gonderilen makalelerin igerikleri 6zgiin, daha 6nce herhangi bir yerde yayimlanmamis
veya yayimlanmak tiizere gonderilmemis olmalidir. Degerlendirmeye sunulacak c¢aligmalarin bir
baska dergiye gonderilmedigi veya basilmadigi 6n yazi ile belirtilmelidir.



Makale basim i¢in kabul edilmezse “Makale Gonderimi ve Telif Hakki Devir Formu” nun yasal
bir 6nemi kalmaz ve hiikiimsiiz olarak kabul edilir. Bu formun imzalanmasi ile yazarlar, makalenin
“Giimiishane Universitesi Fen Bilimleri Dergisi” dergisi ve web sayfasinda yayinlamasina ilaveten
makalenin tamami veya bir kisminin yasal olarak ¢ogaltilmasi ve dagitilmasi1 hakkini Giimiishane
Universitesi’ne devrederek, kendi haklarindan feragat etmektedirler.

5. MAKALE TURLERI

Dergide yayinlanan farkli yayin formatlari ile ilgili bilgiler ve yaz tiirlerine gore yazarlarin dikkat
etmeleri gereken hususlar su sekildedir:

5.1 Arastirma Makaleleri: Tiirkge Baslik, ingilizce Baslik, Yazarlar, Adresler, Tiirkge Oz, Tiirkce
Anahtar Kelimeler, Ingilizce Oz, ingilizce Anahtar Kelimeler, Giris, Amag, Gere¢ ve Yontem,
Bulgular, Tartisma ve Sonuglar, gerekli ise Etik konular, Katki Belirtme ve Tesekkiir, Kaynaklar,
Sekil ve Tablolarla ilgili agiklamalar icermelidir. Makale konunun uzmanlar1 tarafindan
tekrarlanabilecek sekilde yeterli bilgiyi igermelidir. Bu tiir makalelerde ana metin 3500-4000
kelime arasi olmali, kaynak sayis1 40’1 agmamalidir.

5.2 Derlemeler: Yazar(lar)in uzmanlik alaninda yapilmig eski arastirmalarin derlenip elestirel bir
sekilde yorumlanip ortaya yeni bir goris ileri siiren ¢alismalar1 kapsamalidir. Bu tiir makale 6neren
yazar(lar)in en az 10 SCI-Expanded makalesi bulunmali ve bunlarin en az 5 tanesi derleme yaptigi
alanda olmalidir. Derlemeler, Tiirkge Baslik, Ingilizce Baslik, Yazarlar, Adresler, Tiirkge Oz,
Tiirkce Anahtar Kelimeler, ingilizce Oz, Ingilizce Anahtar Kelimeler, Giris, Ana Boliimler, Alt
Boliimler, Sonug, Katki Belirtme ve Tesekkiir, Kaynaklar, Sekil ve Tablolarla ilgili agiklamalar
icermelidir. Ana metin en fazla 5000 kelime olup kaynak sayisinda bir kisitlama yoktur. Bu tiir
calismalar literatiirle ilgili genis bir tartisma ortaya koymali ve kaynak sayis1 en az 40 olmalidir.

5.3 Editore Mektup: Dergide yaymlanmis makaleler hakkinda veya ilgili diger konularda soru
sormak, goriis bildirmek isteyenlerin yazilar1 bu tlirde degerlendirilir. Bu tiir yazilarda kapsam ve
etik kavramlar g6z onilinde bulundurulur. Ana metin en fazla 1000 kelime olup kaynak sayisi 10°u
gecmemelidir.

6. MAKALENIN HAZIRLANMASI
Dergiye degerlendirilmek {izere yayin gonderecek yazarlarin GUFBD makale sablonu dosyasini

dikkate alarak yaymlarin1 hazirlamalar1 ve gerekli olan diger belgelerle birlikte sisteme yiiklemeleri
gerekmektedir.
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