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0Oz — Bu calismada, lityum iyon pillerin pasif termal yonetim sistemlerinden faz degisim malzemesi
(FDM) kullanimu ile sogutulmasi deneysel olarak incelenmistir. FDM 1s1 iletim katsayisinimn artirilma-
s1 amactyla igerisine bakir tel orgii konarak FDM/bakir tel 6rgii kompoziti olusturuldu. Isitict etrafina
FDM/bakir tel 6rgii koyuldugu, yalmiz FDM koyuldugu ve FDM konulmadigi durumlarda 1sitict yiizey
sicakligimim duragan hava ortaminda degisimi incelenmistir. Deneylerde silindirik lityum iyon pillerin
2C (1.30W) ve 3C (2.75W) desarj durumlarinda attig1 1sty1 simiile etmek igin 26650 pili ile ayn1 boyut-
larda 1sitict kullanilmistir. Deneylerde farkli ergime sicakligina sahip iki adet FDM kullanilmigtir. Sii-
rekli rejimde yiiriitiilen deneylerde sitict etrafina FDM(CrodaTherm37)/bakir tel konulmast durumun-
da FDM kat1 halde iken FDM+cam 1s1l direncini %52 diisiirmiistiir. FDM s1v1 fazda oldugu durumda
ise FDM/tel+cam 1s1l direncini %30 artirmustir. Tel kullanimi 1s11 performansi kat1 ve iki fazli bolgede
olumlu etkilerken sivi fazda olumsuz etkiledigi gozlemlenmistir. FDM/bakir tel kullanilmasi sayesinde
FDM Kkiitlesi ve maliyeti, %15 diisiirtilmiistiir. FDM kullanilmadiginda (duragan hava ortami) 2C/1.30W
ve 3C/2.75W desarj/is1 tiretimi durumunda 1sitict yiizey sicakligi 40°C” ye sirasiyla 755 s ve 400 s’de
gelmistir. 2C desarj orani igin bu siire CrodaTherm37/Tel 6rgii kullanilarak FDM kullanilmayan duru-
ma gore %703 artirilabilmistir. FDM’lerin ergime sicakliklar1 g6z oniine alindiginda, kisa siireli desarj
2C/1.30W 1s1 tiretimi durumunda CrodaTherm?29, uzun siireli ¢evrim seklinde sarj/desarj 2C/1.30W 1s1
iretimi durumunda ise CrodaTherm37 FDM kullanimi tercih edilebilir.
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Abstract — In this study, the cooling of lithium-ion batteries using phase change material (PCM), a pas-
sive thermal management system, has been experimentally investigated. A composite with copper wire
mesh has been formed to increase the thermal conductivity of PCM. Transient variation of heater surface
temperature under the stagnant air environment has been examined for the cases bare heater, heater sur-
rounded by the PCM, and enclosed by PCM/copper wire mesh composite. In experiments, a heater with
the same dimensions of the 26650 cylindrical lithium-ion battery is used to simulate the heat generation
for this battery for the 2C (1.30W) and 3C (2.75W) discharge rates. Two kinds of PCMs having different
melting temperatures are employed in the experiments. As a result of the tests carried out for steady-state
conditions, by using solid-phase PCM(CrodaTherm37)/copper wire composite, the thermal resistance of
PCM/copper+glass is decreased by 52% compared to the heater surrounded by only PCM configuration.
If the same experiment is held for liquid phase PCM/copper wire composite, PCM/copper+glass thermal
resistance is 30% higher than the only PCM case. While the use of copper wire promotes the thermal
performance for the solid and solid-liquid phases, it is observed that it negatively affects it for the liquid
phase. The PCM mass and the cost are reduced by 15% thanks to the use of copper wire. In the absence
of the PCM (stagnant air environment), heater surface temperature has reached 40°C at 755 s and 400
s for the heat generation of 2C/1.30 W and 3C/2.75 W, respectively. This process has been extended by
703% compared to absence of the PCM using CrodaTherm37/Copper wire mesh for a 2C discharge
rate. When considering the melting temperatures of the PCMs, CrodaTherm29 for short term discharge
2C/1.30W, CrodaTherm37 can be preferred for long term cyclic 2C/1.30W charge/discharge conditions.

Keywords — Cartridge heater, hybrid electric vehicle, melting, passive cooling of batteries, phase change material
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1. Giris

20. ylizyilin sonlarindan itibaren artan ¢evre kirliligi ve enerji ihtiyaci gibi sorunlardan dolay1 elektrikli
(EA) ve hibrit elektrikli araclarin (HEA) kullanim1 artmakta ve 6niimiizdeki on y1l i¢inde kullanilan aragla-
rin yaridan fazlasmin elektrikli arag¢ olmasi1 beklenmektedir (Tuncay ve Ustiin, 2012; Al-Alawi ve Bradley,
2013; Zhang vd., 2015). Elektrikli araclar i¢cten yanmali motorlu araglara gore daha az hareketli parcasinin
olmas1 nedeniyle daha basit yapiya sahiptir ve enerji verimleri oldukga yiiksektir (Giirbiiz ve Kulaksiz
2016). Fakat pil fiyati, sarj siiresi, pil omrii, s1zint1 riski, giivenilirligi gibi sorunlar EA ve HEA’larm kul-
lanimin1 kisitlanmaktadir. Lityum-iyon pillerin gelisimi ile otomobil sektoriinde EA ve HEA’lara olan ilgi
giderek artmistir (Speirs, Contestabile, Houari ve Gross, 2014).

Lityum-iyon piller yiiksek enerji ve gii¢ yogunlugu nedeniyle EA ve HEA araglar i¢in iyi bir ¢6ziim kaynagi
olmustur. Ancak yiiksek akimda sarj ve 6zellikle desarj durumlarinda ¢ok fazla 1s1 iiretirler (Jeon ve Baek
2011). Sicaklik artisi ile pilde performans diigiisii meydana gelir ve sizinti, patlama, bozulma riskleri ortaya
cikar. Lityum-iyon piller i¢in optimum calisma araliginin 20°C ile 50°C araliginda oldugu ve pil paketin-
deki sicaklik farkinin 5°C’yi gegmemesi gerektigi sonucuna varilmistir (Viyrynen ve Salminen, 2012). Pil
sicakligini belirtilen optimum aralikta tutmak i¢in iyi bir pil termal yonetim sistemine ihtiya¢ vardir.

Pil termal yonetim sistemlerin aktif sogutma sistemleri (fan, pompa vb. bilesenler ile sogutma) ve pasif
sogutma sistemleri (FDM kullanimi) olarak iki bashik altinda incelenebilir. Aktif sogutma sistemleri pil
igerisinde esit olmayan sicaklik dagilimlarina neden olur (Sabbah, Kizilel, Selmann ve Al-Hallaj, 2008).
Ayn1 zamanda aktif sogutma sistemleri fan, pompa gibi bilesenlerin kullanilmasindan dolay1 karmasik bir
yapiya sahiptir. Bu bilesenler enerji kullanimimi ve maliyeti artirmaktadir. Bu sebeplerden dolay1 pasif
sogutma sitemlerine olan ilgi her gecen gilin artmaktadir. Faz degisim malzemeleri ile saglanan pasif pil
termal yOnetim sistemleri, maliyet, cevrim dmrii, bakim masraflari bakimindan iyi bir pil termal yonetim
sistemini sunmaktadir.

Faz degisim malzemeleri (FDM) kiiciik bir sicaklik araliinda faz degistirir ve faz degisimi sirasinda yiik-
sek miktarda gizli 1s1 depolama kapasitesine sahiptir (Khan ve Ghafoor 2016). Silindirik pil etrafina koyu-
lan FDM pilden kaynaklanan 1s1y1 depolayarak uzaklastirir ve faz degisimi sirasinda pil sicakliginin daha
kararli kalmasini saglar. Ayni zamanda pil igerisindeki sicaklik dagiliminin diizgiin olmasini ve soguk hava
kosullarinda pil performansinin artmasini saglar (Rao, Wang ve Zhang 2014). FDM’lerin bu avantajlarina
karsilik 1s1 iletim katsayisinin diisiik olmasi dezavantajlarindandir. Is1 iletim katsayisinin diisiik olmasi
pilden uzaklastirilan 1s1 miktariin diisiik olmasina sebep olur ve pil sicakliginin artmasina neden olur. Li-
teratlirdeki caligmalar 1s1 iletim katsayisinin yeterli miktarda artirilmasi ile faz degisim malzemelerin pasif
pil termal yonetimi konusunda etkili bir yontem olabilecegini gostermistir (Qu, Li ve Tao, 2014; Hémery,
Pra, Robin ve Marty, 2014; Wang, Rao, Huo ve Wang, 2016). Ayrica bazi ¢aligmalar pasif sogutma ile aktif
sogutmaya gore daha homojen sicaklik dagilimlari elde edildigini ispatlamistir (Sabbah vd., 2008; Kizilel,
Sabbah, Selman ve Al-Hallaj, 2009). Literatiirdeki caligmalar pasif sogutma yonteminin umut vadettigini
gostermektedir.

Literatiirdeki 1s1l iletkenlik artirma caligsmalarinda mevcut calismanin (bakir tel 6rgii) aksine bakir kopiik
kullanim1 yaygindir. Li, Qu, He ve Tao, (2014) bakir kopiik gozeneklerine FDM doldurarak lityum-iyon
piller i¢in pil termal yonetimi iizerine ¢alismalar yapti. Dogal tasinim, saf parafin ve bakir kopiik-parafin
kompoziti i¢in sonuclar elde etti. Deneyler 0.5C, 1C ve 3C desarj durumlart i¢in yapildi. En disiik pil sicak-
liginin ve homojen sicaklik dagiliminin bakir kopiik-parafin kompoziti ile elde edildigi sonucuna varildi.
Ayni zamanda gozenek yogunlugunun artmasi ile sicakligin da arttig1 sonucuna ulasti. Benzer sekilde Rao,
Huo, Liu ve Zhang, (2015) normal kapasitesi 10 Ah olan 24 adet LiFePO, akii hiicresinin termal yonetimi
icin parafin/bakir kopiik kullanimini deneysel olarak inceledi. FDM ve bakir kopiik kompoziti pil etrafina
yerlestirildi. Kompozit malzeme faz degisim sicakligi 37°C idi. Deney 3C ve 5C desarj durumlar i¢in
yapilmstir. 5C desarj oraninda yiiriitiilen deneylerde ortam sicakligi 29°C iken, pilin maksimum sicakligi
41°C ve hiicreler arasi sicaklik farki 3°C olarak bulundu. Ayni desarj oraninda ortam sicakligi 33°C iken,
pilin maksimum sicakligi 42°C ve hiicreler arasi sicaklik farki 4°C olarak bulundu. Bu sistemin EA’ya
monte edilmesi ile maksimum sicaklik 39°C ve hiicreler aras: sicaklik farki 2.85°C olarak buldu. Parafin/
bakir kopiigii kompozitinin pil termal yonetimi konusunda verimli bir yontem oldugu sonucuna varildi.

133



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say1 2, Sayfa: 132-148

Jiang, Huang, Fu, Cao ve Liu, (2016) lityum-iyon pil termal yonetimi i¢in FDM (parafin RT44HC) /genis-
letilmis grafit icine koyularak kompozit olusturdu. Kompozitin ergime noktasi 41.6°C ile 44.7°C arasin-

da degigmekteydi. Pil 5C’de desarj edilen LiFePO, silindirik pildi. Pil etrafinda FDM/genisletilmis grafit
kompoziti kullanimi1 yalnizeca FDM kullanimi duruma kiyasla pilde olugsan maksimum sicakligi 10°C azalt-
t1g1 sonucuna ulasildi. Benzer sekilde Galazutdinova, Ushak, Farid, Al-Hallaj ve Grageda, (2021) FDM/
genigletilmis grafit kompoziti olugturarak 18650 (2.9 Ah) piller i¢in farkli desarj oranlarinda testler gergek-
lestirilmistir. C/2 ve 1C oranlari i¢in kompozit kullanilmasi gerekmeden yeterli sogutma saglanirken 2C
oraninda kompozit kullanilmadiginda giivenlik limiti olan 65°C asilmistir. 2C desarj oraninda kompozit
basarili bir performans sergilemistir. Mehrali, Latibari, Mehrali, Metselaar ve Silakhori, (2013) FDM 1s1
iletim katsayisini artirmak icin, grafen oksit tabakalar1 igerisine vakum yardimiyla parafin emdirilmesi ile
parafin/grafen oksit kompoziti olusturdu. Olusturulan kompozit agirlik¢a %48.3 parafin icermektedir. FDM
kompoziti ergime sicakligr 53.5°C idi. Kompozit FDM iletkenligi 0.305 W m™ K-"’den 0.985 W m! K-"’e
cikarilmistir. Sonug olarak FDM kompoziti olusturularak kabul edilebilir 1s1 iletim katsayisi elde edilmistir.

Metal kopiik kullaniminin yani sira FDM’ye nanoparcacik katmak ve metal kanat yapist kullanimi 1s1l ilet-
kenligi artirmak amacrtyla pillerin sogutulmasinda kullanildi. Heyhat, Mousavi ve Siavashi, (2020) bu ii¢
yontemi de kiyaslayan bir ¢aligma yiiriittii. 18650 lityum iyon pillerini 4.6 W ve 9.2 W 1s1 iiretim degerleri
icin sayisal yontem ile analiz etti. Bakir kanat kullaniminin 4.6 W 1s1 liretimi i¢in pil sicakligimi 2 K, 9.2
W 1s1 iiretimi icin ise 4 K diisiirdiigii tespit edildi. Bakir kopiik kullanimi ise sirasiyla 4 ve 6 K distirebildi.
Ayn1 miktardaki bakir i¢in kopiik kullaniminin kanat kullanimindan daha etkin oldugu gézlemlendi. Bakir
nanoparcaciklarim 1s1l yonetimde 6nemli bir etkisini gézlemlenemedi. Sun, Fan ve Zheng, (2021) FDM ige-
risinde kanat kullanilarak pilin ¢alisma siiresinin yalniz FDM kullanilan diizenege gore %54-90 uzatilabil-
digini belirtti. FDM-kanat sisteminin pilin ¢alisma siiresini 40°C ortam sicakliginda yalniz FDM kullanilan
sisteme gore %238 artirilabildigi rapor edilmistir.

Bu calismada, literatiirde rastlanmayan yeni bir yontem olarak, FDM 1s1 iletim katsayis1 bakir tel orgii
kullanilarak artirilmistir. FDM bdlgesinde dogal tasinimin etkinligi ve tel 6rgiiniin dogal tasinima etkisi pil
sicakligindan yola ¢ikilarak tartisildi. Ayrica fisek 1siticida 1.30 W ve 2.75 W (lityum iyon pilin 2C ve 3C
desarj degerleri) 1s1 liretimi durumunda, 1sitici etrafinda FDM olmadan, yalniz FDM koyulmast ve FDM/
bakir tel orgli kompoziti koyulmasi durumlarinda fisek 1sitic1 ylizey sicakliginin zamana bagl degisiminin
kargilagtirilmasi yapildi.

2. Deneysel Kurulum

Deneysel calismanin amaci, silindirik lityum iyon pillerin etrafina FDM konularak sistemin duragan hava
ortaminda dogal tasinim yolu ile sogutulmasinin incelenmesidir. FDM 1s1 iletim katsayisinin artirtlmast igin
FDM/bakair tel 6rgii kompoziti olusturularak lityum iyon pillerin pasif sogutulmasi incelenmistir. Pillerden
desarj sirasinda sabit akim ¢ekebilmek i¢in 6zel diizenekler piyasada mevcuttur fakat olduk¢a maliyetlidir.
Bu ylizden literatiirde bazi ¢alismalar hem maliyet hem de giivenlik nedeniyle fisek 1sitic1 kullanmistir (Hé-
mery vd., 2014; Duan ve Naterer, 2010; Xu vd., 2014). Mevcut ¢alismada da bu yontem tercih edilmistir.
Figek 1sitic1 etrafina sirasi ile yalniz FDM ve FDM/bakir tel 6rgii kompoziti konularak farkli durumlar i¢in
deneyler yapilmistir. Deneylerde Hémery vd.. (2014) nin yaptigi ¢alismada 26650 LiFePO,/C lityum iyon
pilin (pil ¢cap1 26 mm ve pil yliksekligi 65 mm) 2C ve 3C desarj durumunda {iretilen 1s1y1 ortalama 1.30W
ve 2.75W bulmasina istinaden, bu ¢aligmada pil boyutlarindaki fisek 1siticidan 1.30W ve 2.75W 1s1 tiretil-
mesi durumu i¢in deneyler yapilmistir. Bu sayede, pilin 2C ve 3C desarj durumlari incelenmistir. Sekil 1°de
Hémery vd., (2014)’nin gercek pil ve 1s1tict ile yaptig1 deneylerde elde ettigi sonuglar verilmistir.

Deneyde farkli noktalara yerlestirilen K tipi termal ¢iftler sayesinde bes saniye araliklarla okuma alinarak,
veri kayit cihaz ile elde edilen veriler bilgisayar ortamia aktarilarak 1sitic1 ylizey sicakliginin zamanla
degisimi incelenmistir. Deney pil paketi icerisindeki bir adet hiicre i¢in yapilmistir.

Kullanilan 1sitict ¢apt D =26 mm, sitict yiiksekligi L =65 mm’dir. Tablo 1’de kullanilan sitici, bakir tel
orgil ve deney tiipii termofiziksel 6zellikleri verilmistir. Deney diizeneginde kullanilan deney tiipli ¢ap1
D, =34 mm ve deney tiipii yliksekligi L =70 mm’dir.
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Sekil 1. 2C ve 3C desarj durumlarinda pil sicakliklar1 (Hémery vd., 2014)

Tablo 1

Malzemelerin termofiziksel ozellikleri

Termofiziksel Ozellik Fisek Isitici Bakar Tel Orgii Deney Tiipii
p, (kg m?) 3436.8 7185.2 2230

C, (kj kg!°C?) 0.450 - 0.750

t, (mm) - - 2

k, (W m' KV - 401 -

Tablo 1’de belirtilen p yogunlugu, 06zgiil 1s1 degerini, ¢ et kalinligin1 ve k ise 1s1 iletim katsayisini ifade
etmektedir. He, Wang ve Ma, (2015) 26650 lityum iyon pillerin Hesaplamali1 Akiskanlar Dinamigi (HAD)
modelini olusturdu ve deneysel veri ile modelini dogruladi. He vd., (2015) HAD modelinde pil yogunlu-
gunu 2115.3 kg m*, 6zgiil 1s1 degerini 837.4 J kg K-' olarak ele aldi. Pilin zamana bagli sicaklik artig veya
azalis karakteristigini belirleyen dnemli parametre (p C,) mevcut calismada 1.546x10° J m” K iken He
vd., (2015)’nin ¢alismasinda 1.771x10° J m K-"’tiir. Mevcut ¢alismada bu deger daha diisiik oldugundan
wsitict ile yapilan deneylerde pil kritik sicakliga daha erken gelecektir. Bu durum mevcut ¢alismanin giivenli
tarafta kalmasini saglayacaktir. Pil i¢in bir diger 6nemli parametre ise 1s1 iletim katsayisidir. Is1 iletim katsa-
yis1 pil igerisindeki radyal yonde sicaklik gradyaninin mertebesini belirler. Literatiirde arastirmacilar lityum
iyon piller icin toplam kiitle yaklasiminin uygulanabilir oldugunu belirtmislerdir (Ozdemir, Amini, Ekici
ve Kdksal 2021; Wang, Tseng, Zhao ve Wei 2014; Tiirkakar 2021). Mevcut calismada 1siticilar igin yapilan
deneylerde toplam kiitle yaklagiminin uygulanabilir oldugu anlasiimistir. Pili temsil eden fisek 1sitic1 etra-
fina faz degisim malzemesi konulmasi ile dogal tasinim ortaminda yiizey sicakliginin zamanla degisiminin
incelenmesi amaci ile kurulan deney diizenegi sematik gosterimi Sekil 2°de goriilmektedir.

Deney diizeneginde kullanilan ana cihazlar giic kaynagi, bilgisayar ve veri kayit cihazidir. Gii¢ kaynagi
(Shenzhen Mastech Dc Power Supply Hy3003-3) ile 1siticida iiretilmek istenen 1s1ya gore 1siticiya istenilen
gii¢ verilmesi saglanmaktadir. K tipi 1s1l ¢iftler (0.5°C dogruluk) yardimu ile 1sitic1 yiizey sicakligi, FDM
sicakligi, deney tiipii dis yilizey sicaklig1 ve ortam sicakligi okunarak degerler veri kayit cihazi (Hp Bench-
ling Data Logger Software 34970a) yardimiyla bilgisayar ortamina kaydedilmesi saglanmaktadir.
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Sekil 2. Deney diizenegi sematik gdsterimi

Deney diizeneginde deney tiipii igerisine fisek 1sitict konularak 1sitici etrafina Sekil 3, Sekil 4 ve Sekil 5’te
goriildiigi gibi yalniz FDM ve FDM/bakar tel 6rgii kompoziti koyulmustur. Deney diizeneginde {ist yiizey-
den 1s1 transferini engellemek amaci ile deney diizenegi Uist kismina tahtadan kapak yapilmistir. Alt yiizey-
den 1s1 transferini engellemek amaci ile deney diizenegi altina kdpilik konulmustur. Bu sayede isiticidan
¢ikan 1smin bir kismimin FDM de depolanmasi bir kisminin da yan yiizeylerden dogal taginim ile atilmasi
amaclanmistir.

Faz degisim malzemeleri olarak Croda Kimya Tic. Ltd. Sti. firmasinin iiretmis oldugu, termofiziksel 6zel-
likleri Tablo 2’de verilmis olan CrodaTherm29 (CT29) ve CrodaTherm37 (CT37) kullanilmigtir. CT29,
26°C - 29°C sicaklik araliginda ergimekte ve CT37 ise 35-37°C sicaklik araliginda ergimektedir (Croda
Kimya, 2020). FDM ergimesi sirasinda yiiksek miktarda gizli 1s1 depolamaktadir.

Tablo 2

Faz degisim malzemesi termofiziksel 6zellikleri (Croda Kimya, 2020)

Parametreler CT29 CT37

T, ime (CO) 26-29 35-37

p, (kg m?) 917 (kati1) - 851(s1v1) 957 (kat1) — 819 (s1v1)
C, (kj kg1 °Ch 2.3 (kat1) -1.4 (s1v1) 2.3 (kat1) -1.4 (s1v1)
L, (Kj kg) 207 202

k, (Wm' K7 0.22 (kat1) — 0.15(s1v1) 0.24 (kat1) — 0.17(s1v1)

Tablo 2’de T cogime FDM’nin ergime sicaklik araligini, L ise FDM ergime gizli 1s1s1n1 gostermektedir.
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2.1. Isttic1 Etrafina Yalmz FDM Konulmasi ile Kurulan Deney Diizenegi

Fisek 1sitic1 etrafina yalniz FDM konulmasi ile 1sitict yiizey sicakliginin dogal taginim ortaminda zamanla
degisiminin incelenmesi i¢in kurulan deney diizenegi goriintiileri Sekil 3’de goriilmektedir.

b) )

Sekil 3. Deney diizenegi kurulumu gorselleri a) fisek 1sitict b) fisek 1siticinin deney tiipiine yerlestirilmis
hali ¢) Isitict etrafina FDM doldurulmus deney diizenegi

Sekil 3a’da termofiziksel dzellikleri Tablo 1’de verilen fisek 1sitict goriilmektedir. Sekil 3b’de gorildigi
gibi deney tiipii ortasina yerlestirilen silindirik 1sitict etrafina Sekil 3c’de goriildiigii gibi etrafina FDM
konularak deney diizenegi hazirlanmistir. Deney diizeneginde sicakliklart 6lgmek icin bes tane 1sil ¢ift
kullanilmustir. Tki tane 1s11 ¢ift 1s1tic1 yiizey sicakligmi dlgmek icin 1sitic1 yiizeyine, bir tane 1s1l ¢ift FDM
sicakligini 6lgmek icin FDM igerisine, bir tane 1s1l ¢ift deney tiipii dis yilizeyine baglanmistir. Son olarak bir
tane de ortam sicakligini 6lgmek i¢in ortama birakilmistir.

2.2. Isitic1 Etrafina FDM/Bakar Tel Orgii Kompoziti Konulmasi ile Kurulan Deney Diizenegi

Isitict etrafina FDM 1s1 iletim katsayisinin artirilmast amaci ile FDM/bakir tel 6rgii kompoziti koyulmast ile
olusturulan diizenek gorselleri Sekil 4’te verilmistir.

Is1l Cift

[sitict

Bakir Tel
Orgii

Deney Tiipil

a)

Sekil 4. Deney diizenegi kurulumu gorselleri a) fisek 1sitict ve bakir tel 6rgiiniin yerlestirilmesi b) FDM/
Bakir tel 6rgii kompoziti gorseli

137



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say1 2, Sayfa: 132-148

Deney diizeneginde bakir tel 6rgii kiitlesi m, | =19.148 g ve FDM Kkiitlesi m =17.623 g’dir. Bakir tel
orgii, bakir-FDM kompozitinin kiitlece %52 sini hacimce %11.4’{inii olugturmaktadir. Bakir tel 6rgii-FDM
kompoziti kullanimi sayesinde sistemde FDM kullanim1 %11.4 azaltilmistir. Az FDM kullanimi sayesinde
sistem maliyeti yaklasik %15 diigmiistiir. Isitic1 ylizey sicakliginin dlgiilmesi i¢in iki adet termal ¢ift 1sitict
ylizeyine baglandiktan sonra 1sitici etrafina bakir tel 6rgii sarilmistir. Sekil 4a’da goriildiigii gibi deney tiipii
icerisine yerlestirilen 1sitic1 ve etrafina sarilmig bakir tel 6rgii erimis FDM ile doldurularak Sekil 4b’de go-
rildiigi gibi FDM/bakir tel 6rgii kompoziti olusturulmustur. FDM olarak sirasi ile CT29 ve CT37 kullani-
larak diizenekler hazirlanmistir. Bir tane 1s1l ¢ift deney tiipli dis yiizeyine baglanmistir ve bir tane de ortam
sicakligini 6lgmek icin ortama birakilmistir. Olusturulan deney diizeneklerinin ayni ortam kosullarinda
incelemesi i¢in Sekil 5’te goriildiigii gibi deney diizenekleri hazirlanmustir.

(a) (b)

Sekil 5. Deney diizenekleri a) yalniz FDM konularak olusturulan deney diizenegi b) FDM/Bakir tel 6rgii
kompoziti konularak olusturulan deney diizenegi

Ayni boyut ve 6zelliklerde iki adet fisek 1sitict ve deney tiipli kullanilarak Sekil 5’te goriildiigii gibi fisek
wsitic etrafina yalniz FDM konulmasi ve FDM/bakir tel 6rgii kompoziti konulmasi ile deney diizenekle-
rinden birer tane olusturulmustur. Bu sayede, deneylerin ayni ortam sartlarinda yapilarak kiyaslanmasi
saglanmistir. [sinim ile 1s1 transferinin en aza indirilmesi amaci ile deney tiipleri dis yilizeyi aliiminyum bant
ile kaplanmistir.

3. Bulgular ve Tartisma

Yapilan deneysel ¢alismada lityum iyon pili temsil eden figek 1siticinin FDM kullanilmadan, yalniz FDM
kullanilmasi1 ve FDM/bakir tel 6rgii kompoziti kullanilmast ile yiizey sicakliginin dogal taginim ortaminda
zamana baglh degisimi icin elde edilen veriler bu béliimde sunularak tartigilmustir. Ik durumda isitici-
ya verilen gliciin fisek 1siticidan duragan hava ortamina gegen 1siya esit oldugunu gdstermek i¢in deney
yapild1 ve deneysel sonuclar teorik hesaplamalar ile karsilastirildi. Sonra 1sitic1 etrafina yalniz FDM ko-
nularak 1sitic1 yiizey sicakliginin zamana baglh degisimi incelendi. Daha sonra farkli ergime sicakligina
sahip FDM’ler ile FDM/bakir tel 6rgli kompoziti olusturuldu ve 1sitici etrafina konularak deneyler yapildi.
Incelenen bu durumlar birbiriyle kiyaslandi. Son olarak FDM/bakir tel 6rgii kompozitinin FDM 1s1 iletim
katsayisinin artirilmasina katkist yorumlandi.
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3.1. Isitic1 Yiizeyinde Enerjinin Korunumunun Dogrulanmasi

Bu deney, dogal taginim ortaminda FDM kullanilmadan 1sitictya verilen giiciin fisek 1siticidan dogal tasi-
nim ile atilan 1s1ya esit oldugu dogrulanmak amaci ile yapilmistir. Isitict yiizey sicakliginin dogal tagimim
ortaminda siirekli rejime gelene kadar zamanla degisimi grafigi ¢izilerek incelenmistir. Sekil 6’da 1siticidan
1.30 W 1s1 iiretilmesi durumunda dogal tasinim ortaminda yiizey sicakliginin zamanla degisimi goriillmek-
tedir.

70
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Sekil 6. FDM olmadig1 durumda 1sitic1 yiizey sicakligmin zamanla degisimi

Dogal tasinim ortaminda 1siticidan 1.30 W 1s1 tiretilmesi durumunda Sekil 6’te goriildiigi lizere yaklasik
4000. saniyede sistem siirekli rejime girmistir. Bu saniyeden sonra sisteme verilen gii¢ ile dogal taginim
yolu ile ortama atilan 1sinin esit olmasindan dolay1 1sitic1 yiizey sicaklig sabit kalmistir. Figsek 1siticidan
dogal taginim ile ortama atilan 1s1 Incropera, Dewitt, Bergman, Lavine (2007) kaynagindan uygun korelas-
yonlar kullanilarak hesaplanarak fisek 1siticiya verilen gii¢ ile karsilagtirllmistir. Calismada 1sitict yiizeyi
aliiminyum bant ile kaplandigindan 1ginim etkisi ihmal edilmistir. Rayleigh sayisi,

_ 8B —To)L? (3.1)

RCIL
va

denklemi ile hesaplanmistir. Burada g yercekimi ivmesi (9.81 m s?), B hacimsel 1s1l genlesme katsayisi
(1/317.4 K", T yiizey sicakhigim (333.95 K), T  ortam sicakligr (300.8 K), L geometriye ait karakteristik
uzunluk (L=0.065 m), v kinematik viskozite (17.39-10° m? s!), a 1s1 yayilim katsayisidir (24.45-10° m? s™!).
Ra =661770< 10° olmasi nedeni ile dogal hava akig1 laminerdir. Nusselt sayist,

0.670Ra,’*

) 3.2
[1+ (0.492/Pr)"/16]4/9 15.32 .

Nu = 0.68 +
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korelasyonu ile hesaplanmistir. Burada Pr Prandtl sayisini, h dogal taginim katsayisini, k 1s1 iletim katsayi-
sin1 gostermektedir. Hesaplamalarda termofiziksel 6zellikler T, =(T +T )/2 sicakliginda alinmistir. Popiel
(2008) silindirik ytiizeylerde bu korelasyonlarin kullanilabilmesi i¢in Denklem 3.3’teki kosulun saglanmasi
gerektigini belirtmistir.

D, 35
T > W (3.3)

Kosul saglanmadig i¢in Denklem 3.4 ile silindirik 1siticinin diiz plaka oraninin hesaplanmasi gerektigini
belirtmistir.

=1+ 0.300 |3205Gr; 025 —

ml, L ]0909
WL—FP 0

(3.4)

Burada Gr, Grashof sayisini (, D, 1sitic1 gapinini gostermektedir. Burada olarak hesaplanir. Taginim katsa-
yisl,

= u, k 17.56 x 0.027 |14

h = = =74 3.5
L 0.065 m? K (&)

denklemi ile hesaplanmistir. Sistemden dogal taginim ile uzaklastirilan 1si,

Q=hA(T,—T,) =13026W (3.6)

denklemi ile hesaplanmistir. Burada A (0.005309 ) 1sitict 1s1 transfer yiizey alanidir.

Hesaplamalarda 1sitic1 alt ve tist ylizey alanlar1 ¢ok kiiciik oldugu i¢in buralardan gergeklesen 1s1 transferi
ihmal edilmistir. Hesaplamalar sonucunda 1siticidan 1.30W 1s1 liretimi degeri i¢in dogal taginim ile atilan
1sin1n sisteme verilen gii¢ arasindaki farkin %1’°den az oldugu hesaplandi.

3.2. Isttic1 Etrafina Yalniz FDM Konulmasi Durumunda Isitic1 Yiizey Sicakhiginin Zamana Bagh
Degisimi
Sekil 2°de goriildiigli gibi olusturulan deney diizeneginde silindirik 1sitic1 etrafina yalniz FDM (CT29)

konulmasi ve 1siticida 1.30W 1s1 iiretilmesi durumunda 1sitic1 ylizey sicakliginin ve deney tiipi dis ylizey
sicakliginin zamanla degisimi Sekil 7°da goriilmektedir.
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Sekil 7. Isitict ve deney tiipii dis yiizey sicakliginin degisimi (CT29)

FDM ergime sicakligina geldikten sonra 1siticidan ¢ikan 1s1 FDM’de gizli 1s1 olarak depolanmistir. Bu sa-
yede, 1sitict yiizey sicakligi daha yavas artis gostermistir. FDM sicakligi ve deney tiipii dis ylizey sicakligi
da FDM ergimesi sirasinda yavas bir sekilde artmistir. Isiticida 1.30W 1s1 iiretilmesi durumunda yaklasik
3000. saniyede ergime tamamlanmigtir ve FDM ergime bolgesinde FDM 1s1 depolama 6zelliginden dola-
y1 iiretilen 1s1 FDM’de depolanmis ve 1sitict yiizey sicakligi ile deney tiipti dis yiizey sicakligi arasindaki
sicaklik farki artmistir. 3000. saniyeden sonra FDM’nin faz degisimi tamamlanmis ve bu siireden sonra
gizli 1s1 depolayamamasindan dolay1 deney tiipii dis yiizey sicakligi hizli bir sekilde artarak isitict yilizey
sicakligi ile arasindaki sicaklik farki azalmistir. FDM ergimesi tamamlandiktan sonra 1sitic1 yiizey sicak-
l1g1 ve deney tiipii dis yiizey sicakligindaki artis daha hizli olmustur. Bunun nedeni FDM sivi fazinda iken
duyulur 1s1 ile enerji depolamasidir. Ayni zamanda FDM 1s1 iletim katsayisinin diisiik olmasindan dolay1
FDM ergimesi sirasinda 1s1 FDM igerisinde hizli iletilememesinden dolayi 1sitici yiizey sicakligi yeterince
stabil kalmamuistir.

3.3. Isttic1 Etrafina FDM/Bakar Tel Orgii Kompoziti Konulmasi Durumunda Isitic1 Yiizey
Sicakliginin Zamana Bagh Degisiminin incelenmesi

Bu kisim dogrudan 1sitic1 yiizey sicakliginin ve 1sitict ile FDM’nin kondugu kabin yiizey sicakliklar farki-
nin incelenmesi seklinde iki alt baglik halinde incelenmistir.
3.3.1. Isitica Yiizey Sicakhigi incelemesi

Dogal taginim ortaminda yalniz FDM ve FDM is1 iletim katsayis1 bakir tel orgii ile artirtlmis FDM/bakir
tel 6rgli kompoziti silindirik 1sitict etrafina konulmasi ve 1siticidan 1.30W 1s1 iiretilmesi durumunda 1sitict
ylizey sicakliginin zamanla degisimi Sekil 8’de goriilmektedir.
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Sekil 8. Isitict yiizey sicakliginin degisimi, Q=1.3 W

Sekil 8’de gorildiigii gibi 1sitict yiizey sicakligi her iki durumda da FDM ergime bolgesine kadar hizl
bir sekilde artmigtir. FDM 1s1 iletim katsayisinda iyilestirme yapilip yapilamadigini anlamak i¢in ergime
bolgesinde sicakligin zaman ile degisimini incelemek gerekir. Lazrak, Fourmigué ve Robin, (2018) lityum
iyon pillerin FDM ile pasif sogutulmasi konusunda sayisal bir ¢alisma gergeklestirmis. Bu ¢alismada, 1s1
iletim katsayis1 yiiksek olan FDM igin pil yiizey sicakhigimin zamana gore artisi (dT ,/dt) daha kiigiik ol-
mustur. Sekil 8’de FDM/bakir tel 6rgii kompozitinin kullaniminin FDM kati durumda iken 1s1 iletimi kat-
sayisinin iyilestirilmesine katki sagladigi goriilmiistiir. Ergime bolgesinde, pil sicakliklar1 arasindaki farki
3820. saniyede en yliksek degerine ulasarak 4.6°C’ye ¢ikmistir. Ancak, FDM tamamen s1vi1 faza gectikten
sonra bakir tel 6rgii kullanilan ve kullanilmayan durumlarda sicaklik farki azalmistir. Bunun nedeni, bakir
tel orgii kullaniminin deney tiipii i¢erisindeki akiskan hareketini engelledigi ve dolayisiyla dogal tagimim
1s1 transferi etkisinin azalmasidir. Diger bir nedeni, tel 6rgii nedeni ile daha az (yaklagik %11.4 oraninda)
FDM kullanilmistir. Boylece FDM/bakir tel 6rgii kompozitinin duyulur 1s1 depo etme kapasitesi azalmistir
(FDM’nin s1v1 fazda 6zgiil 1s1 degeri bakirinkinin 3.5 katidir).

Figek 1sitict etrafina farkli ergime sicakliklarina sahip (CT29 ve CT37) yalniz FDM ve FDM/bakir tel 6rgii
kompoziti konulmasi durumlarinda 1sitict yiizey sicakliklarinin zamana bagl degisimi Sekil 9°de goriil-
mektedir. Bu durumda 1siticida 1.30W 1s1 iiretilmistir.
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Sekil 9. Isitict yiizey sicakliginin degisimi, Q=1.3 W
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CT29’un diisiik ergime sicaklig1 sayesinde 1sitici yilizey sicakligi CT37’ye kiyasla daha diistik tutulmustur.
Ancak iki faz bolgesinde deney tiipi dis ylizey sicakligi da daha diisiik seviyede seyrettiginden (ergime
sicaklig1 daha diisiik) dis ortama transfer edilen 1s1 diisiik seviyede olacaktir. FDM olarak CT37 nin kulla-
nildig1 durumda, ergime bolgesinde 1sitict sicakligi CT29 kullanilan sisteme gore yiiksek olsa da yiiksek
ergime sicaklig1 sayesinde ¢evreye gecen 1s1 daha fazladir. Bu nedenle CT37 i¢in ergime daha uzun siirede
gercekleserek pil giivenli sicaklik araliginda daha uzun siire tutulabilmistir.

CT29’un kullanildig: diizeneklerde, ergime bitimi sonrasi 1sitict yiizey sicakligi hizli bir artis gdstererek
4820. saniyeden sonra hem yalniz FDM hem de kompozit diizenek i¢in CT37 kullanilan sistemleri gegmis-
tir. CT37 nin ergime sicakliginin CT29’tan yiiksek olmasindan dolay1 duyulur 1s1 kapasitesi de ytiksektir.
Bu nedenle ergime daha ge¢ baslamaktadir. Ayrica her iki durumda da FDM is1 iletim katsayisinin bakir
tel ile artirilmasi 1siticidan uzaklagtirilan 1siin fazla olmasini (1siticida depolanan 1sinin daha az olmasini)
saglamistir. Bu nedenle bakir tel 6rgii kullanimi her iki FDM ile olusturulan sistem igin de 1sitic1 ylizey
sicakligini diistirmiistiir. FDM/bakir tel 6rgli kompozitinin CT29 ile olusturulmasi durumunda ergime yak-
lagik 3900. saniyede tamamlamistir. CT37 ile olusturulmasi durumunda ergime yaklasik 7000. saniyede
tamamlanmistir. CT37/bakar tel orgii kompoziti CT29/ bakir tel orgii kompozitine kiyasla 1sitic1 yiizey
sicakligini 6000. saniyede 5°C sicaklik daha diisiik tutulabilmistir.

Isiticidan 2.75W 1s1 iiretimi durumunda 1sitici etrafina yalniz FDM (CT37) ve FDM/bakir tel 6rgii kompo-
ziti (CT37) olusturulmasi durumunda 1sitic1 yiizey sicakliginin zamana bagl degisimi es zamanli deneyler
sonucu Sekil 10°daki gibi elde edilmistir.
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Sekil 10. Isitic1 ylizey sicakliginin degisimi, Q=2.75 W

Isiticida 2.75 W 1st tiretimi durumunda FDM ergime sicakligina, 1.30 W durumuna kiyasla daha hizli ulas-
mistir. Yalniz FDM kullanilmasi durumunda kati ve ergime bdlgesinde 1sitict yiizey sicakligt FDM/bakir
tel orgili kompoziti kullanilmasina kiyasla daha yliksek olmustur. 1.30 W 1s1 liretilmesi durumunda (Sekil 8)
belirtildigi iizere FDM ergimesi tamamlandiktan sonra bakir tel 6rgiiniin deney tiipii icerisindeki s1vi halde
olan FDM hareketini engellemesinden dolay1 taginim katsayisini diistirmiistiir. Bu nedenle FDM tamamen
sivi faza eristikten sonra FDM/bakir tel kompoziti 1sitict yiizey sicakligi yalmiz FDM koyuldugu duruma ki-
yasla daha hizli artis gostermistir. Yaklagik 4300. saniyede her iki durumdaki isitici ylizey sicakliklar esit-
lenmistir. Bakir tel orgii kullanilmasi sayesinde ergime bolgesinde 1sitict yiizey sicakliginin zamana gore
artist yalmiz FDM kullanilmasi durumuna kiyasla daha yavas olmasini saglamistir. Ayrica bakir tel orgii
kati1 durumda FDM 1s1 iletim katsayisini artirmasindan dolay1 dogal taginim ile ortama atilan 1s1 artmistir ve
FDM ergimesi daha ge¢ baslamistir. Ayrica 1s1 iletim katsayisinin artirildigi durumda FDM ergime siiresi
daha uzun olmustur. FDM/Tel kullanimi sistemin 50°C sicakliga ulagsmasi i¢in gegen zamani yaklasik %27
artirmistir. Ayni zamanda desarj sirasinda pil sicakliginin daha diisiik seviyede kalmasini saglamistir.
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Isitic1 etrafina FDM (CT29)/bakir tel 6rgii konulmasi ve FDM konulmamasi (dogal taginim) durumunda 2C
ve 3C desarji igin lityum iyon pilin yiizey sicakliginin zamanla nasil arttigini gdstermek amaci ile 1siticidan
1.30W ve 2.75W 1s1 iiretilmesi icin gerekli gili¢ verilmistir. Sekil 11°de 1sitict yiizey sicakligindan ortam
sicakligiin ¢ikartilmasi ile 1sitict sicakliginin zamanla artig1 goriilmektedir.
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Sekil 11. Isitict yiizey sicakliginin degisimi

Sekil 11’de dogrudan 1sitici sicakligi yerine sicaklik farki kullanilmasinin nedeni yapilan deneylerde ortam
sicakliklariin birbirinden az da olsa farkli (24.5°C<T%<26.4°C) olmasidir. Boylece bu etki biiyiik dl¢lide
ortadan kaldirilmistir. Sekil 11°de goriildiigi tizere 1siticida 1.30 W ve 2.75 W 1s1 iiretimi i¢in yapilan de-
neylerde 1sitic1 etrafina FDM/bakir tel 6rgii kompoziti konulmasi ve 1siticinin ¢iplak bir sekilde duragan
hava ortamina birakildig1 iki durum arasinda 1sitict yiizey sicakligi arasinda dnemli Sl¢lide fark vardir.
Isiticida 1.30 W 1s1 tiretimi durumunda dogal tasinim ortaminda 4000. saniye sonunda FDM kullanilmadigi
durumda 1sitict ylizey sicakligi ile ortam sicakligi arasindaki sicaklik farki 32.73°C iken FDM/bakir tel
orgii kompoziti kullanilmast durumunda 1sitic1 yiizey sicakligi ile ortam sicakligi arasindaki sicaklik farki
9.4°C’dir. Isiticida 1.30 W 1s1 tiretimi durumunda 4000. saniye sonunda FDM kullanilmadigi zaman FDM/
bakir tel 6rgii kompozitinin kullanildigi durum kiyaslandiginda sicaklik farki 23.33°C olmustur. Isiticida
2.75 W 1st tiretimi i¢in; dogal taginim ortaminda 1000. saniye sonunda FDM kullanilmadigi durumda 1sitict
ylizey sicakligi ile ortam sicakligi arasindaki sicaklik farki 35.39°C iken FDM/bakir tel 6rgii kullanilmasi
durumunda 1sitic1 ylizey sicakligi ile ortam sicakligi arasindaki sicaklik farki 8.27°C’dir. Bu sayede 1000.
saniyede bakir tel orgili kullanimi ile 1sitic1 yiizey sicakligi 27.12°C daha diisiik tutulabilmistir. Isiticidan
uzaklastirilan 1stnin FDM faz degisimi sirasinda gizli 1s1 olarak depolanmasi sayesinde 1sitic1 yiizey sicakli-
g1 disiirilmiistiir. Kompozit sistem kullanimi sonucu pil/isitici’nin yaklagik olarak 50°C’ye ulasma zamani;
2.75 W 1s1 iiretimi durumunda 700s’den 2600s’ ye kadar uzatilmistir. 1.30W’lik 1s1 tiretimi durumunda ise
kompozit kullanim1 sonucu 1sitici/pil sicakligr tehlikeli bolgenin ¢ok uzagindadir. Yalnizca dogal tasinim
(FDM’siz) ile sogutma yapildiginda pil yalnizca 1840 s 50°C sicakligin altinda kalabilmektedir.

3.3.2. Isttic1 Yiizey Sicakhg ile Deney Tiipii Dis Yiizey Sicakhi@r Arasindaki Sicakhik Farkina Etkisi

Isitict etrafina yalniz FDM ve FDM/bakir tel 6rgii kompoziti koyulmast durumunda 1sitict yiizey sicakligi
ile deney tiipli dis yiizey sicakliginin zamanla degisimi Sekil 12’de gosterilmistir. Bu grafikte verilen so-
nuglar FDM olarak CT29 kullanilmasina ait sonuglardir.
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Sekil 12. Isitic1 ve deney tiipii dis ylizey sicakliginin degisimi, Q=1.3 W (CT29)

Sekil 12°de ikinci eksen ylizde sicaklik diisiisii olarak tantimlanmistir. Burada sicaklik diististi ifadesi FDM/
Bakar tel 6rgii kullanilmasi durumdaki sicaklik farkinin (1sitict - deney tiipii dis ylizey) yalniz FDM konul-
masina durumundaki sicaklik farkina (1s1tic1 — deney tiipii dis yiizey) kiyasla % degisimi olarak gosterilmis
halidir. Her ne kadar zamana bagli 1s1l sistemlerde 1s1l direng kavrami kullanilamasa da deney tiipii ve 1sitict
arasindaki sicaklik farki FDM+cam i¢in 1s1 iletim direnci hakkinda fikir verecektir. Siirekli rejimdeki 1s1l
sistemlerde 1s1l diren¢ Denklem 3.7’deki formiil kullanilarak hesaplanabilir.

- £ - TlSi'.flCl - Tcam,dt;
Q Q

(3.7)

Burada AT 1s1tict yiizey sicakligi ile deney tiipt dis ylizey sicakligi arasindaki farki, Q faz degisim malze-
mesinden radyal yonde gegen 1s1y1 gostermektedir.

Sekil 12°de goriildiigi tizere FDM/bakir tel 6rgii konulmasi durumunda 1sitic1 yiizey sicakligi ile deney
tiipli dis ytizey sicakligi arasindaki fark, yalniz FDM konulmasi durumuna kiyasla daha az olmustur. Sonug-
lar1 Sekil 12’de sunulan deneyden bagimsiz olarak; siirekli rejimde, FDM’nin kat1 fazda oldugu durumda
bakar tel 6rgl kullaniminin FDM/tel+cam 1s1l direncini %52 oraninda azalttig1 gézlemlenmistir. Bu neden-
le, kompozit i¢in ylizey ile cam arasindaki sicaklik farki diger duruma gore hep daha azdir. Tamamen sivi
faza gecildikten sonra bu fark giderek azalmistir. Bunun nedeni ise igerisinde bakir tel olmayan sistemde
FDM bolgesinde dogal taginim etkili olmustur. Kompozit sistemde ise bakir tel 6rgii sivi fazdaki FDM nin
hareketini engellemekte ve dogal tasinim ile 1s1 transferini olumsuz etkilemektedir. Yine Sekil 12’de su-
nulan deneyden bagimsiz olarak; siirekli rejimde, FDM’nin siv1 fazda oldugu durumda bakir tel 6rgii kul-
laniminin FDM/tel+cam 1s1l direncini %30.3 oraninda artirdig1 gézlemlenmistir. Dolayisiyla bakir tel orgii
kullanimi s1v1 fazda sistemin 1s1l performansini olumsuz yonde etkilemektedir. Yalniz FDM koyuldugu
durumda ergime bittigi anda (2900 s) 1sitict ylizey sicakligi ile deney tiipli dis yiizey sicakligr arasindaki
maksimum sicaklik farki 6.7°C olurken, FDM/ bakir tel 6rgii konulmasi durumunda ergime bittigi anda
(3900 s) maksimum sicaklik farki 4°C olmustur. Sicaklik farkinin azalmasi iletim direncinin azaldigini/isi-
nin daha iyi iletildigini gostermistir. Isiticinin farkli diizeneklerle duragan hava ortaminda (dogal taginim)
sogutulurken kritik sicakliga erigme siireleri Tablo 3’te Gzetlenmistir.
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Tablo 3

Pil/1siticr’nin kritik sicakliga erisme stireleri

40°C 45°C 50°C
2C/1.30W 3C/2.75W 2C/ 1.30W 3C/2.75W 1?&(’\’ 3C/2.75W
Siire, % Siire, % Siire, % Siire, % Siire, %
S artis S artis S artis S artis S artis
FDM’siz 755 400 1115 515 1590 635
CT29 4355 477 1600 300 5575 400 2015 290 2475 290
CT37 3355 344 1150 187 7155 541 1745 238 2590 308
CTZ?/ . 4915 551 2030 407 5960 435 2330 352 2640 316
Tel Orgii
CT3-7/ . 6065 703 1425 256 2665 417 3235 409
Tel Orgii

Tablo 3’te goriildiigii lizere, bakir tel 6rgii kullanimi sayesinde pilin kritik sicakliklara ulastigi siirenin arttirilmast
her iki FDM ig¢in de basarilmistir. Ergime noktasi 37°C civart olan FDM igin daha basarili sonuglar elde edilme-
sinin nedeni, diger CT29’a kiyasla belirtilen sicakliklara erisinceye kadar kat1 fazda daha uzun siire kalmasidir.

4. Sonuclar

Stiirekli rejim kosullarida ve FDM kat1 halde iken yiiriitiilen deneyler sonucu; FDM/bakir tel 6rgii kompoziti
sayesinde yalniz FDM kullanilmas1 durumuna kiyasla FDM/tel+cam 1s1l direncini %52 oraninda azalttig1 goz-
lemlenmistir. Siirekli rejimde, FDM nin s1v1 fazda oldugu durumda bakir tel 6rgii kullaniminin FDM/tel+cam
1s1l direncini %30.3 oraninda artirdigi gézlemlenmistir. Isil direncteki bu artis FDM hareketinin tel 6rgii nede-
niyle kisitlanmis olmasindandir. Bu yiizden dogal tasinim ile 1s1 transferi negatif yonde etkilenmektedir. Ger-
ceklestirilen deneyler sonucu FDM/tel kompoziti kat1 ve kati+sivi bolgelerinde avantaj sagladigi fakat FDM
tamamen ergidikten sonra bu avantaji kaybettigi gézlemlendi. Ayrica FDM-bakir tel 6rgii kompoziti sayesinde
diizenekte kullanilan FDM nin azalmas ile maliyet yaklasik %15 azalmistir. 2.75 W 1s1 liretilmesi durumunda
ise 1000. saniye sonunda FDM(CT29)/bakir tel 6rgii kompoziti konulmasi durumunda FDM kullanilmadig
duruma kiyasla sicaklik 27.12°C diigiik olmustur. Bu sonug ile FDM/tel 6rgiiniin 3C gibi desarj oranlarinda
kullaniminin kaginilmaz oldugunu anliyoruz. 2C ve 3C desarj oranlar1 i¢in piller dogal taginim ortaminda (
FDM kullanilmaksizin 40°C’nin altinda sirastyla 755 s ve 400 s kalabilmektedir. 2C desarj oran1 i¢in bu siire
CT37/Tel orgii kullanilarak %703 artirilabilmistir. FDM/Bakir tel 6rgii kompozitinin CT29 ile olusturulmasi
durumunda (1.3 W 1s1 tiretimi) 1s1tic1 yiizey sicakligi CT37 ile olusturulmasima kiyasla ergime sirasinda 1sitict
yiizey sicakligi1 daha diisiik sicaklikta tutulabilmistir. Ergimenin tamamlanmast ile 1sitic1 yiizey sicakligi hizlh
bir sekilde artig gostermis ve 4820. saniyede CT37 kullanildigi durumu gegmistir. Bu nedenle, kisa siireli de-
sarj durumunda 29°C’de ergiyen FDM kullanimi, uzun siireli ¢evrim seklinde sarj/desarj (2C sarj esnasinda
1.3 W 1s1 iiretimi gerceklesir, Tiirkakar 2021) durumunda 37°C’de ergiyen FDM kullanim1 tercih edilebilir.

Tesekkiir

Bu ¢alismada kullanilmak tizere faz degisim malzemesi temini konusunda yardimei olan Croda Kimya
Tic. Ltd. Sti.’ne tesekkiir ederiz.
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Oz — Riizgar yapisina sahip oldugu tayfsal gozlemler ile belirlenmis Genis Sogurma Cizgili 1886 kua-
zarin zamana bagli parlaklik degisimleri, Catalina Sky Survey veri tabanindan alinan 151k egrileri kulla-
nilarak incelenmistir. Kuazarlarin fotometrik parlaklik degisim genligini 6lgmeye uygun bir parametre
tanimlanmustir. Parlaklik degisim genligi parametresinin riizgar yapisina sahip kuazarlar igin dagilimi
incelendiginde, asimetrik bir yapiya sahip oldugu ve normal dagilima uymadig goriilmiistiir. Dagilimin
simetrisini bozan etkinin agirlikli olarak biiyiik genlikli degisimler gosteren kuazarlardan kaynaklandigi
belirlenmistir. Riizgar yapisina sahip kuazarlarin parlaklik degisimi ile kuazara ait fiziksel parametreler
arasinda bir baginti olup olmadigini arastirmak i¢in 1886 riizgarli kuazar igerisinden biiyiik degisim
genligi gosteren ve kiiglik degisim genligi gosteren iki alt grup belirlenmis, iki farkli grup igerisinde yer
alan kuazarlara ait kirmiziya kayma, goriiniir ve mutlak parlakliklar, 1g1nim giicii ve merkezi kara delik
kiitlesi dagilimlari kiyaslanmustir. Yapilan analizler, goriiniir ve mutlak parlakliklar ve 1sinim giicii ba-
kimindan ortak bir sonuca isaret etmektedir; biiyiik degisim genligine sahip kuazarlar daha soniik olma
egilimindedir. Bu bulgu, ana 6rneklemin tamamu i¢in uygulanan korelasyon testleri ile de dogrulanmustir.
Bu galisma, daha 6nce normal kuazarlar igin ortaya koyulan parlaklik ve degisim genligi arasindaki
bilinen iliskinin, riizgar yapisina sahip kuazarlar i¢in de gegerli oldugunu ilk kez ortaya koymaktadir. Bu
sonuglara gore, riizgar yapisina sahip kuazarlarin parlaklik degisim mekanizmalar1 bakimindan normal
kuazarlarla ayni oldugu diisiiniilmektedir. Ayrica, giiclii is1nima sahip kuazarlarin az degisim gostermesi,
parlaklik degisimlerinin disk kararsizligindan kaynaklandig: yoniindeki yaygin goriisii desteklemektedir.
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Abstract — This study investigates the Catalina Sky Survey photometric light curves of 1886 quasars
that show broad absorption lines (BAL) in their spectra as a manifestation of the disk outflows. To
describe the brightness variability strength of the quasars, we define a suitable parameter measuring
the variation amplitude. The distribu-tion of the variation amplitude parameter for our main sample is
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photometric variability mecha-nisms. The significant inverse correlation between the quasar variability
and brightness supports the common idea that disk instability might be the dominant mechanism behind
the photometric light variations.
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1. Giris

Bir siiper kiitleli kara delik etrafinda yer alan y1gilma diski ve daha genis dis bolgeleri sarmis bulunan
toz simidinden olusan Aktif Galaksi Cekirdekleri (AGC), gosterdikleri gozlemsel 6zelliklerine gore gok
sayida alt sinifa ayrilmigtir. Kuazarlar, AGC’lerin en gii¢lii 1s1n1m giiciine sahip alt gurubu olarak bilinirler.
Kuazarlar yaygin olarak, yigilma diskinin gozlemcinin bakis dogrultusu i¢inde kaldig1 Tip 1’ler olarak
da isimlendirilirler. Ancak, literatiirde yer alan siniflandirmalarin ayirt edici fiziksel 6zellikleri yeterince
kargilamadigimi 6ngdren son donemlerdeki galismalar, ‘kuazar’ isimlendirmesini, ¢cok daha genis AGC
gruplart i¢in kullanmaktadir (6rnegin, Paris vd. 2018).

Kuazarlarin en temel karakteristik 6zelligi, X-1s1n bdlgesinden, radyo bdlgeye kadar tiim dalga boylarinda
giiclii 1s1malara sahip olmasidir. Bu karakteristigi, normal galaksilerden ayirt edici en belirgin 6zellik
olarak one ¢ikmaktadir. Kuazarlarin diger bir dnemli 6zelligi ise biitiin dalga boylarinda parlaklik degisimi
gostermeleridir. Kuazarlarin parlaklik degisimleri diizensizdir ve ¢ok farkli zaman araliklarina dagilmaistir.
Uzun zaman araliklarinda tim dalga boylarinda parlaklik degisimleri gosteren kuazarlarin %10’luk
bir kisminda degisim zaman arali§inin birka¢ saate kadar indigi gozlenmistir (Vanden Berk vd. 2004).
. Kuazarlarda goriilen bu parlaklik degisiminin nedeni heniiz net olarak bilinmemekle birlikte yigilma
diskinde meydana gelen kararsizliklardan kaynaklandigi yaklagimi en ¢ok kabul goren goriislerdendir
(Vanden Berk vd. 2004, MacLeod vd. 2010, 2011, 2012 ve buradaki referanslar).

Kuazarlarn ilk kesfinden bu yana, fotometrik degisimler gosterdikleri bilinmektedir (Matthews ve Sandage
1963). Kuazarlarin parlaklik degisim 6zellikleri, yildizlarin ve diger kaynaklarinkinden farkli oldugundan
fotometrik verilerin analizi ile kuazarlarin kesfedilebilmesi i¢in ¢aligmalar yapilmistir (van den Bergh vd.
1973). MacLeod vd. (2011), Sloan Digital Sky Survey (SDSS) tarafindan tayfsal verileri elde edilen, kuazar,
cesitli tiir y1ldiz ve galaksilerden olusan 10000 Stripe 82 kaynaginin zamana bagh parlaklik degisimlerini
analiz etmistir. Fotometrik parlaklik degisimlerini “damped random walk” yaklasimi ile modelleyen
calisma, kaynaklarin fotometrik siniflanmasi ile tayfsal siniflamasini kiyaslamistir. Fotometri ile elde edilen
parlaklik degisiminin, kuazarlar1 diger kaynaklardan yiliksek dogruluk orani ile ayirabildigi bu ¢aligmada
gosterilmistir. Elde edilen sonuglara gore kuazar adaylarinin belirlenmesinde, fotometrik parlaklik degisim
modellemesinin, renk-renk diyagramlarinin kullanilmasindan daha etkili oldugu ortaya koyulmustur.
MacLeod vd (2012), SDSS ve Palomar Observatory Sky Survey (POSS) verilerini inceleyerek, tayfsal
olarak dogrulanmis 80000 kuazarin parlaklik degisimini incelemistir. Incelenen 151k egrileri, ortalama
2 yillik bir zaman araligini kapsamakta ve ortalama 0™.26 degisim genligi gostermektedir. Fotometrik
degisimlerin zamana bagli gii¢ yasasi kullanarak modellenmesi ile hem genlik hem de zaman parametresini
elde eden bu ¢aligma, MacLeod vd. (2011) ¢alismasinin bulgularini dogrulamistir. Ayni ¢alisma, ayrica,
kisa ve uzun zaman 6lgekli degisimler arasindaki iligkileri inceleyerek degisim genligi ve degisim zaman
6lceginin, kuazarlarin 1s1mim giicleri ile ters korelasyon, kara delik kiitlesi ile zay1f bir dogrusal korelasyon
gosterdigini ortaya koymustur (ayrica bkz. MaclLeod vd. 2010).

Kuazar parlaklik degisimlerinin kaynagini arastiran c¢ok sayidaki c¢alisma, zamana bagl parlaklik
degisimleri ile kuazara ait diger 6zellikler (6rnegin; uzaklik, parlaklik, 1s1nim giicli, merkezi kara delik
kiitlesi, vb.) arasinda iliski olup olmadigini incelemistir. Vanden Berk vd. (2004), ¢ok sayida kuazarin
parlaklik degisimlerini incelemek i¢in her bir kuazarin tayfin1 belirli araliklarda integre ederek sentetik
fotometrik veri liretmis ve ayni kuazarin farkli zamanlarda alinan tayflarindan elde edilen veriler ile
151k egrisi olusturmustur. Uretilen 151k egrilerinden parlaklik degisimlerinin zaman araligi ve genligini
belirleyerek bu iki parametrenin uzaklik ve 1s1nim giicii ile iliskilerini incelemistir. Vanden Berk vd. (2004),
kuazarlarin 1s1mim giicii ile parlaklik degisimi arasinda ters korelasyon oldugunu ortaya koymustur. Ayrica
kuazar uzayina indirgenmis dalga boylarini kullanarak parlaklik degisimi ile dalga boyu arasinda da ters
korelasyon bulmustur. Buna gore, kuazarlar tiim dalga boylarinda giiclii degisimler gostermekle birlikte,
kisa dalga boylarindaki degisim genliginin daha biiyiik oldugu goriilmistiir. Calisma, parlaklik degisim
genliginin kuazarlarin uzakligi ile dogrusal korelasyon gosterdigini one siirmiistiir. Ayn1 ¢alisma, parlaklik
degisimlerinin kuazarlarin radyo ve x-1s1n dalga boylarindaki 1smim giicii ile bir iligkisi olup olmadigini
incelemis ve gliglii x-1s1mim1 ve giiglii radyo 1smimi gosteren kuazarlarin daha degisken oldugunu ortaya
koymustur. Ilgili ¢calismada ayrica, kuazarlarin riizgar yapisi igerip igermemesine bagl olarak parlaklik
degisiminin siddetinde bir farklilik olup olmadigi da arastirilmig fakat kesin bir sonuca varilamamustir.
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Bu alandaki giincel bir ¢alismada, Zefeng Li vd. (2018), 0 < z < 5 araliginda 119305 kuazarin uzun dénemli
fotometrik gézlemleri incelenmis ve parlaklik degisimleri, hem zaman dlgegi hem de genlik parametreleri
ile tanimlanmustir. Degisim genlik parametresi ile kirmiziya kayma (z) arasinda dogrusal, 1sinim giicii (L)
arasinda ters korelasyon oldugu, ancak kara delik kiitlesi ile belirgin bir korelasyon olmadig1 bulunmustur.
Calismada degisimlerin karakteristigi incelenerek, degisimlere neden olan olas1 mekanizmalar tartisilmis
ve en olas1 mekanizma olarak kuazarlarin y1gilma diskindeki kararsizliklar gosterilmistir.

Kuazarlarin temel enerji iiretimi, y1gilma diskinden merkezi kara delik iizerine madde akmasi ile saglanir.
Akan madde miktarindaki diizensizliklerin, x-151ndan radyo bolgeye kadar tiim dalga boylarinda diizensiz
parlaklik degisimlerine neden oldugu diistiniilmektedir (Vanden Berk vd. 2004 ve buradaki referanslar).
Ancak, akan madde miktarindaki diizensizlikleri olusturan mekanizmalarin dogasina iliskin ayrintilar
bilinmemektedir. Kara delik tizerine akan madde, yigilma diskinden gelmektedir. Bu nedenle, parlaklik
degisimlerinin ortaya ¢ikmasina neden olan en olast mekanizmanin y1gilma diskindeki kararsizliklar oldugu
yoniinde giiclii bulgular literatiirde yer almaktadir (Vanden Berk vd. 2004, MaclLeod vd. 2010, 2011, 2012
ve buradaki referanslar).

Kuazarlarin merkezinde bulunan kara delik iizerine madde akiginin siirekli olabilmesi i¢in disk maddesinin
acisal momentum kaybetmesi gereklidir. Diskin a¢isal momentum kaybini saglayan en belirgin faktdrlerden
bir tanesinin disk riizgarlar1 oldugu diigiiniilmektedir (Filiz Ak vd. 2012, 2013, 2014).

Kuazarlarin yigilma disklerinden disariya dogru madde ve enerji taginmasimi saglayan riizgarlar, elde
edilen mor 6tesi ve optik tayflarda genis sogurma cizgileri olarak gézlemlenmektedir. En kapsamli kuazar
gozlemlerinin yer aldig1 SDSS veri tabaninda yer alan tayfsal incelemelere dayali ¢alismalarda, kuazarlarin
yaklasik %10 kadarmin genis sogurma ¢izgileri gosterdigi ortaya koyulmustur. Siddetli riizgarin belirteci
olan sogurma ¢izgileri, yayildig1 hiz alan1 nedeniyle genis ve diskten disa dogru olmasi nedeniyle maviye
kaymig olarak gozlenmektedir. Bu tiir kuazarlar, gosterdikleri genis sogurma ¢izgilerine atifla Genis
Sogurma Cizgili (GSC) Kuazarlar (Broad Absorption Line; BAL) olarak siniflanmaktadir (Filiz Ak vd.
2012, 2013, 2014).

Kuazarlarin parlaklik degisimlerinin incelenmesinde, 6zellikle riizgar yapisina sahip oldugu bilinen GSC
kuazarlarin davranisinin incelenmesi, olasi mekanizmalarin tartisilmasina yeni katkilar saglayabilecek
niteliktedir. Yukarida listelenen c¢alismalarda, kuazarlar i¢in zamana baglh parlaklik degisimlerinin
modellenmesi ile elde edilen sonuglar yer almaktadir. Ancak degisim genligi ile kuazar parametreleri
arasindaki iliskilerin, GSC kuazarlar i¢in gegerli olup olmadigina dair ayrintili incelemeler yapilmamaistir.

Bu ¢alismada, SDSS tayf gozlemleri ile GSC olarak siniflanmis riizgar yapisina sahip kuazarlarin fotometrik
parlaklik degisimleri incelenmistir. Degisim genligi parametresinin tanimlanmasinin ardindan, kuazarlarin
uzaklik, parlaklik, 1s1nim giici gibi parametreleri ile degisim genlikleri arasinda bagintilar incelenmistir.
GSC kuazarlar iginden segilen giliglii degisim gosteren ve zayif degisim gosteren kuazar gruplarinin
parametre dagilimlart karsilastirilmistir. Ana 6rneklem iginde yer alan 1886 adet GSC kuazarin parlaklik
degisim genligi ve fiziksel parametreleri arasinda korelasyonlar aranmigtir. Elde edilen sonuglar, normal
kuazarlar igin bilinen iliskilerle kiyaslanmigtir. Bu bagintilarin dogasi incelenerek, parlaklik degisimine
neden oldugu diisliniilen olas1 mekanizmalar tartisilmistir.

2. Materyal ve Yontem

Bu calismada kullanilan fotometrik 151k egrileri Catalina Sky Survey (CSS) veri tabanindan elde
edilmistir. CSS verileri; ¢aplar1 1.5, 1.0 ve 0.7 m olan ii¢ farkli teleskoptan elde edilen filtresiz fotometrik
151k Olgiimlerini barindirmaktadir. Temel amact Yer’e yakin gok cisimlerini incelemek olan CSS, tekrar
eden gozlemlerin incelenmesi ile cok sayida ¢alismaya kaynak saglamis ve saglamaya da devam etmektedir
(Drake vd. 2009).

Calisma kapsaminda ele alinan GSC kuazarlar, tayfsal olarak incelenmis ve riizgar yapisi gosterdigi
kesinlesmis kaynaklardir. GSC kuazarlarin kapsamli ve sistematik olarak belirlenmesini amaglayan bir
calisma Gibson vd. (2009) tarafindan yayinlanmistir. SDSS tarafindan 2002 ve 2008 yillar1 arasinda elde
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edilen kuazar tayflarini inceleyen calisma, 5039 kuazarin, en az 2000 km/sn genisliginde C IV sogurma
yapilar1 gosterdigini belirlemis ve bunlart GSC kuazar olarak siniflamistir. Gibson vd. (2009) tarafindan
yapilan ¢alismada yer alan 5039 GSC kuazar arasindan, 19™den daha parlak olan (<19™), kirmiziya
kayma degeri 1.3°den biiyiik olan (z > 1.3) ve tayfsal gdzlemlerinin gorece yiiksek kalitede (sinyal giiriiltii
orani S/N>6) olan 2005 kuazar Filiz Ak vd. (2012) ¢alismasinda listelenmistir. Filiz Ak vd. (2012)’nin
yaptigi calismada hedef secgilen 2005 GSC kuazar, birgok katalog calismasinda yer almasi ve tekrar eden
gozlemlerinin bulunmasi nedeni ile bu ¢aligmanin 6rneklem se¢iminde baslangi¢ noktasi olarak alinmistir
(Filiz Ak vd. 2012, 2013, 2014).

2.1 Gozlemsel Verilerin Hazirlanmasi ve Orneklem Secimi

Filiz Ak vd. (2012) ¢alismasinda listelenen 2005 hedef kuazara ait 151k 6l¢iim verileri CSS veri tabanin-
da, koordinat temelli olarak ve 3.96 yay-saniyelik yarigap igerisinde ¢apraz eslestirme ile aranmigtir. Bu
sorgulama dogrultusunda 2005 GSC kuazardan, en az 10 gézlem noktasina sahip fotometrik verisi bulunan
1903 tanesi CSS veri tabaninda belirlenmistir. Secilen kuazarlarin fotometrik parlaklik 6l¢limleri, zamana
karsi listelenerek 151k egrileri olusturulmustur.

CSS gozlemleri gorece yiiksek Ol¢iim hatalarina sahip oldugundan, aynmi gece igerisinde alinmis gozlem
noktalarinin ortalamasimin alinmasi uygun bulunmustur. Ayni gece icerisinde alinmig veri sayis1 2 ila 4
arasinda degismektedir. Bu ¢alismada uzun donemli parlaklik degisimleri dikkate alindigindan, ayni1 gece
icerisindeki kiigiik genlikli degisimler analizlerde kapsam dis1 birakilmistir. Ayn1 gece igerisinde alinmis
gozlemlerin tek bir 6lglim olarak ele alinmasi i¢in ilk olarak gbzlem zamanlarinin ortalama degeri bulun-
mus, daha sonra, fotometrik dl¢iimlerin agirlikli ortalamasint almak i¢in Suberlak vd. (2017) calismasin-
daki yontem takip edilmistir. Bu yonteme gore, her bir gézlem noktasinin agirhigi, w, fotometrik hatanin
karesinin tersi olarak tamimlanmustir, w.= e”. Buna gére, ayn1 gecede 7 tane verinin olmasi halinde gecelik
agirhikli ortalama parlaklik (m ) degeri syle hesaplanmistir;

S wim, @D

Denklem 2.1°de, w, ayn1 gece igerisinde alinmis her bir noktanin agirhgini ve m, ise kadir biriminde par-
laklik degerini gostermektedir. Gecelik ortalama parlakliklarin 6l¢tim hatalar1 (o, ), hesaplamaya dahil
edilen verilerin hata yayilimindan elde edilmistir.

Calismanin 6rneklem se¢imi i¢in her bir kuazarin, fotometrik degisimin incelenmesine imkéan verecek ka-
dar Olciimiine sahip olmasi gerektiginden, veri sayis1t 15’in altinda kalan 17 kuazar daha 6rneklem liste-
sinden ¢ikartilmigtir. Buna gore, bu ¢alismada ele alinan ana 6rneklemdeki GSC kuazar sayis1 1886 olarak
belirlenmistir.

2.2 Fotometrik Degisim Genliginin Belirlenmesi

Zamana bagli parlaklik degisiminin sistematik bir sekilde incelenebilmesi i¢in degisim miktarini tanimlayan
bir parametrenin olusturulmasi gerekmektedir. Bu ¢aligmada degisim miktarin1 sayisal bigimde ifade
edebilmek icin iki farkli yontem kullanmilmistir. Yontemlerin her ikisinde de kuazarin gecelik ortalama
parlakliklar1 dikkate alinmusgtir.

Degisimin tanimlanmasi igin ilk kullanilan parametre parlaklik farki; her bir kuazarin 151k egrisinde yer
alan parlaklik degerlerinden en yiiksek %10°luk parlakligin ortalamasi ile en diisiik %10’luk parlakligin
ortalamasinin farki olarak hesaplanmistir. En yiiksek ve en diisiik degerler icin %10’luk bir aralik
belirlenmesi, 151k egrisi verileri igerisinde yer alabilecek olasi ug noktalarin hesaplara etkisini azaltmay1
hedeflemektedir. Ortalamalarin hesaplanmasinda, Denklem 2.1’de verilene benzer olarak her bir 6l¢limiin
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hatasinin ters karesi, agirlik olarak dikkate alinmistir. Bu parametre, dlglimlerin hatalarini sinirlt oranda
dikkate alirken 6l¢timlerin kapsadigi zaman araligindan bagimsizdir.

CSS veri tabaninda yer alan fotometrik parlaklik degerlerinin oldukca biiyiik 6l¢iim hatalarina sahip
olmasi nedeniyle, hatalara karsi daha duyarli olan Normalize Degisim Parametresi (VDP) tanimlanmugtir.
Genellikle X-151n verilerinin analizinde kullanilan parametre (6rn, Yang vd. 2016), bu ¢alismada parlaklik
degisim parametresi olarak asagidaki gibi diizenlenmistir;

N
1 (g —w)? (2.2)
NDP == ) —— 3
Nl (o —07)

Denklem 2.2’de verildigi gibi NDP; her bir 6l¢iimiin ortalamaya gore degisiminin, hataya normalize edilmis
ortalamasi seklinde tamimlanir. Burada N; veri sayis1, p; verilerin agirlikli ortalama degeri, x ; 1. 151k 6lgiim
verisi (parlaklik) ve o; i. verinin 06lgiilen hatasidir. o, ise ortalama standart hatay1 gostermektedir. NDP,
hesaplamada kullanilan veri noktalarinin her biri i¢in ortalamadan kaynaklanan sapma ve 6l¢iim hatalarini
dikkate almaktadir.

GSC kuazarlarin CSS veri tabanindan elde edilmis olan 151k egrilerinin degisim genligini belirlemek igin
tanimlanan Am ve NDP parametreleri, 6l¢limlerin alindigi zamandan bagimsiz olarak degisim genligini
Olcmektedir. Degisim genligini zamanin bir fonksiyonu olarak tanimlamak i¢in kullanilan Degisim Yap1
Fonksiyonu (DYF) gibi yontemler giincel makalelerde tartisiimaktadir (Zenfeng Li vd. 2018). Ancak
bu caligma kapsaminda ele alinan veriler iizerindeki incelemeler, DYF gibi modellemelerin, ve NDP
parametrelerine gore bir iistiinligiiniin olmadigim gdstermistir. Dahasi, CSS’in biiyiik 6l¢iim hatalarmin
etkisi ile DYF Olglimlerinin degisim genliginin belirlenmesinde dezavantajli oldugu goriilmiistiir (bkz.
Sayili 2019). Kuazarlarin parlaklik degisimlerinin DYF ile tanimlanmasi ile ilgili kapsamli bir ¢alisma
Palanque-Delabrouille vd. (2011) tarafindan sunulmustur Bu etkiler dikkate alindiginda, bu g¢alisma
icin parlaklik degisim genligi tanimlamasi igin en ideal parametrenin NDP oldugu sonucuna varilmistir.
Calismanin sonraki kisimlarinda degisim genligi ifadesi dogrudan NDP parametresi olarak kullanilacaktir.

2.3 Ornekleme Ait Parametreler

Caligmanin 6rnekleminde yer alan 1886 GSC kuazarin 1g1k egrilerinin olusturulmasi igin kullanilan
gecelik ortalama parlaklik (m ) degerlerinin sayisi en az 16 ve en ¢ok 203 olmak iizere, kuazar basina
ortalama ~79 veri bulunmaktadir.

Fotometrik verileri kapsadigi zaman araligi bakimindan incelemek i¢in ilk fotometrik verinin alindigi tarih
ile son verinin alindig1 tarih arasindaki farka kozmolojik diizeltme uygulanarak kuazar zamanina doniisiim
yapilmistir. Bunun i¢in 6l¢lilen zaman farki, kuazarin kirmiziya kayma degeri olan z dikkate alinarak (/+z)
oraninda kiiciiltiilmiistiir. Olgiilen degisimlerin kuazar uzayindaki zaman aralig1 (A7), en az 460 giin, en ¢ok
1984 giin arasinda ve ortalama 963 giin civarindadir. Verilerin kapsadigi zaman araligi, uzun zaman dlgek-
lerindeki degisimlerin incelenmesi icin yeterli diizeydedir.

Sekil 1’de ana orneklem iginde yer alan kuazarlarin 151k egrilerinde kullanilan gdzlem noktalarmin sayist
ve veri sayisinin Af 151k egrilerinin kapsadigi zaman araligina (kuazar zamaninda) gore dagilimi gosteril-
mektedir. Sekillerde veri sayisi olarak tanimlanan m_, gecelik gézlemlerin ortalamasini ifade etmektedir.
Tiim 6rneklem i¢in yil bagina alinan veri sayist ortalamasi 30 civaridadir.

Kuazarlarin goriintir parlakliklari, gecelik ortalama parlaklik degerlerinin dagilimindan elde edilmistir. Her bir
kuazar igin elde edilen m_, degerlerinin ortalamasi kuazarin goriiniir parlakligi olarak tanimlanmustir. Olgiilen
parlakliklarin en diisiik degeri 20™.11; en yiiksek degeri 16™.14 olacak sekilde ortalama degeri 18™.65’tir.

Shen vd. (2011) tarafindan yayinlanan “A Catalog of Quasar Properties from SDSS DR7” isimli ¢alisma,
icerdigi kapsamli hesaplamalar ve ayrintili bilgiler bakimindan kuazar ¢alismalarinda sik bagvurulan bir
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parametreler, Shen vd. (2011) katalogundan elde edilmistir. Bu parametreler ve gosterimleri su sekildedir:
kuazarm kirmiziya kayma degerini gdsteren z parametresi (birimsiz), kuazarin bolometrik 1g1mim giiciinii
veren L, ~parametresi (erg sn™'), SDSS i bant dl¢limlerinden (k diizeltmesi z = 2 i¢in) hesaplanmis olan
mutlak parlaklik parametresi M, (kadir cinsinden), kuazarin merkezi kara deliginin kiitlesini tanimlayan
M, (Giines kiitlesi cinsinden). GSC kuazarlara ait bu dort fiziksel parametrenin hangi gozlemsel verilere
dayanarak nasil hesaplandigina iliskin ayrintilar Shen vd. (2011) ¢caligmasinda yer almaktadir. Orneklemde
yer alan 1886 GSC kuazarin tamami igin z, L, , M, parametreleri elde edilebilmistir. Kuazarin merkezinde
yer alan kara deligin kiitlesi veren M, parametresi, 1886 kuazardan 1831 tanesi i¢in mevcuttur.
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Sekil 1. Sol Panel: Kuazarlarin 151k egrisinde kullanilan m_ veri sayisinin dagilimi. Sag Panel: Veri sayisi-
nin At (y1l) 151k egrilerinin kapsadigi zaman araligina (kuazar zamaninda) gére dagilimi. Dagilimin yogun-
lugu, birim alan basina diisen kuazar sayisi olarak renk haritalamasi ile temsil edilmistir.

3. Bulgular ve Tartisma

GSC kuazarlarmm parlaklik degisimlerini inceleyen bu ¢alismanin ana 6rneklemi, riizgar yapisina sahip
oldugu tayfsal olarak kesinlestirilmis ve parlaklik degisim genliginin ¢alisilmasi icin yeterli diizeyde
fotometrik verisi bulunan toplamda 1886 GSC kuazardan olusmaktadir. Zamana bagl parlaklik genliginin
gostergesi olan NDP ile kuazarlarin goriiniir parlaklik, mutlak parlaklik, bolometrik 1s1nim giicii ve kara
delik kiitlesi ile iliskileri incelenmistir.

3.1 GSC Kuazarlarin Parlaklik Degisim Genligi

Caligmanin ana 6rnekleminde yer alan 1886 GSC kuazar i¢in elde edilen log(NDP) degerlerinin dagilimi
Sekil 2’de verilmistir. Log(NDP) dagilimm belirlemek icin parametrik olmayan Cekirdek Yogunluk
Tahmini (Kernel Density Estimation; KDE) modeli kullanilmis (Silverman 1986) ve model i¢in sabit bant
genisligi ve Gauss dagilimi yaklasimlari dikkate alinmistir.

Sekil 2’den log(NDP) dagiliminin normal dagilim olmadigi goriilmektedir. Kolmogorov-Simirnov testi,
dagilimin normal dagilima uymadigmin istatistigini %99.9°dan daha biiylik olarak vermistir. Normal
dagilima gore en biiyiik farklilasma, log(NDP) > 0 bolgesinden gelmektedir. Dagilimin ortalama degeri
—0.55 ve standart sapmasi 0.38 olarak bulunmustur. Dagilimin asimetrik yapisi nedeniyle, olasilik yogunluk
dagilimi modellemesi i¢in Genellestirilmis U¢ Deger (GUD; Generalized Extreme Value) modeli dikkate
alimmis ve model parametreleri —0.7 ortalama, 0.30 standart sapma ve —0.15 sekil parametresi olarak elde
edilmistir.

Log(NDP) dagiliminin normal dagilimdan farklilasmasina neden olan degerler, Sekil 2’de verilen grafigin
sag kuyrugunu olusturan degerlerdir. Log(NDP) zamana bagl parlaklik degisim genliginin gostergesi
oldugundan, grafigin sag kuyrugunda gii¢lii degisimler gosteren kuazarlar, sol kuyrugunda ise ¢ok kiigiik
genlikli degisimler gosteren kuazarlar yer almaktadir. Asimetrik dagilimin yapisi, 6rneklem igerisindeki
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biiyilik genlikli degisimler gosteren kuazar sayisinin normal bir dagilimdan beklenenden daha fazla oldugunu
isaret etmektedir. Bu durum dikkate alinarak, ana drneklem igerisinden biiyiik genlikli degisimler gosteren
kuazarlari igeren bir alt grup olusturulmasi uygun goériilmustiir. Bu alt gruba iliskin 6zellikleri kiyaslamak
icin bir de kii¢iik genlikli degisimler gdsteren kuazarlarin bulundugu bir alt grup olusturulmustur.
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Sekil 2. Ana 6rneklem igerisinde yer alan 1886 GSC kuazarin fotometrik parlaklik degisim genliklerinin
logaritmik dagilimi. Siyah kalin egri, log(NDP) igin sabit genislikli ve Gauss formunda Cekirdek Yogunluk
Tahmini modeli kullanilarak hesaplanan normalize olasilik dagilimin1 gostermektedir. Asimetrik yap1 ne-
deniyle, dagilimin modellenmesi igin Genellestirilmis Ug Deger Dagilimi tercih edilmistir (kirmizi noktali
egri). Kesikli dik ¢izgiler, soldan saga dogru, kiigiik genlikli (yesil) ve biiyiik genlikli (mavi) parlaklik de-
gisimi gosteren kuazarlar i¢in belirlenen sinirlar isaret etmektedir.

Bu caligmada ele alinan kuazarlar i¢erisinden, biiyiik genlikli degisimler gosteren bir alt grubu tanimlamak
icin siir deger log(NDP) = 0.0 olarak alinmistir. Bu degeri belirlemek i¢in alt grubun log(NDP) dagilimi ile
alt grup disinda kalan kuazarlarin log(NDP) dagilimAlari arasinda, iki-6rneklemli Kolmogorov-Simirnov
(KS2) testleri uygulanmis ve maksimum ayriklik gdsteren deger, sinir deger olarak alinmistir. Benzer bir
yontemle, kiigiik genlikli degisimler gdsteren alt grup igin sinir deger log(NDP) = —1.0 olarak alinmustir.
Buna gore, Biiyiik Genlikli (BG) degisim gosteren kuazarlar grubu; log(NDP)A0.0 olan 122 kuazardan
ve Kiiclik Genlikli (KG) degisimler gosteren kuazarlar grubu; log(NDP) < —1.0 olan 127 kuazardan
olusmaktadr.

Parlaklik degisim genligine gore olusturulan iki alt grubun ve bu ¢alismada ele alinan tiim kuazarlarin
sayisal dagilimlari; log(NDP) ortalamasi ve standart sapmasi Tablo 1’de verilmistir. Secilen sinir degerler
ile olusturulan gruplar i¢in ortalama genlik degisimleri arasindaki farklar 1o’dan biiylik oldugundan,
gruplar arasinda anlamli kiyaslamalar yapabilmek miimkiindiir. Tablo 1°de bu alt gruplar i¢in kuazara ait
parametrelerin ortalama ve standart sapma degerleri (parantez i¢inde) de verilmektedir.

3.2 Fotometrik Degiskenlik ve Fiziksel Parametreler Arasindaki iliskiler

Orneklem igerisinde yer alan GSC kuazarlarin parlaklik degisim genligi olan log(NDP) parametresi

ile m gortntir parlakligi, z kirmiziya kayma degeri, M, mutlak parlakligi, log(L, ) bolometrik 1smnim
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giicti ve log(M, ) kara delik kiitlesi arasinda iliskiler aranmgtir. Bu iligkileri incelemek i¢in zamana gore
parlaklik degisim genligi kii¢iik olan KG alt grubu ve biiylik olan BG alt grubunun fiziksel parametrelerinin
dagilimlar1 benzerlik bakimindan kryaslanmaistir.

Kuazarlarin fiziksel parametrelerinin belirlenmesinde z baskin bir parametredir. Ornegin, kuazarin mutlak
parlakligi ve buna bagli olarak bolometrik 1g1mnim giicii, z’nin bir fonksiyonu olarak belirlenir. Bu nedenle,
Mi, log(L,,,, ) gibi fiziksel parametrelerin dagilimlarinin kiyaslanmasinda her iki grubun da z dagilimlarinin
ayni olmasi, sonuglarin z’ye bagl etkilerden bagimsiz oldugunu gosterir. Sekil 3’{in sol panelinde ¢calismada
yer alan tiim kuazarlari, KG ve BG gruplarinin z dagilimlar kiyaslanmustir.

Dagilimlarin kiyaslanmasi icin iki 6rneklemli KS2 testi uygulanmistir. KS2 testinin sifir hipotezi, test
edilen iki 6rneklemin tek bir ana kitle dagilimdan geldigi seklindedir. Test sonuglari, sifir hipotezinin
belirli bir giiven aralig1 i¢inde reddedilip edilemeyecegini ifade etmektedir. Bu ¢aligma igerisinde, KS2 test
sonuglarinin test giivenirlik degerinin %99.9’dan biiyiik olmas1 durumunda sifir hipotezi reddedilmis kabul
edilmektedir.

KG ve BG gruplar igerisinde bulunan kuazarlarin z dagilimlar tizerinde uygulanan KS2 test sonuglart sifir
hipotezini giivenilir bir deger araliginda reddedememektedir (<%95). Bu nedenle, KG ve BG gruplarinin z
dagilimlart arasinda kayda deger bir farklilik olmadig1 sonucuna varilmistir

Tablo 1

Zamana bagli parlaklik degisimi biiyiik genlikli ve kiiciik genlikli olan iki alt 6rneklem ve ¢alismadaki tim
kuazarlar i¢in parametrelerin ortalama ve standart sapma degerleri (standart sapma degeri parantez i¢ginde
yer almaktadir).

Biiyiik Genlikli Kiiciik Genlikli Ana Orneklem
log(NDP) >0 log(NDP)< -1

Kuazar Sayisi 122 127 1886
log(NDP) 0.379 (0.388) -1.136 (0.116) -0.546 (0.376)
z 2.108 (0.512) 2.188 (0.569) 2.165 (0.571)
At (y1l) 2.689 (0.493) 2.586 (0.526) 2.640 (0.513)
m (CSS) 18.641 (0.622) 18.164 (0.633) 18.655 (0.569)
m_(SDSS) 18.619 (0.530) 18.090 (0.630) 18.561 (0.532)
M, -27.211 (0.791) -27.802 (0.859) -27.315 (0.780)
log(L,,,) 46.725 (0.304) 46.926 (0.352) 46.791 (0.304)

Kuazarlarin parlaklik degisiminin tamamen diizensiz bir yapida oldugu bilinmektedir. Tamamen diizensiz
parlaklik degisimlerinin modellenmesinde en iyi uyum saglayan “Random Walk” modeli siklikla
kullanilmaktadir (6rnegin; MacLeod vd. 2010, 2011, 2012). Bu modele gore ardisik iki birim zamandaki
degisim, birbirinden tamamen bagimsizdir. Her bir birim zamanda parlaklik degisimi, azalma (eksi yonde)
ya da artma (art1 yonde) olabilir ve degisimin yonii rastgeledir. Bu modele uygun parlaklik degisimleri
gosteren bir kuazarim, degisim genliginin zamanin bir fonksiyonu olarak artmasi modelin dogas1 geregi
beklenen bir durumdur. Dahasi, Vanden Berk vd. 2004 ¢alismasinda da agikga gosterildigi gibi gdzlemlerden
elde edilen kuazar parlaklik degisim genligi artan zamanla artmaktadir. Bu nedenle, birbirinden bagimsiz
iki 6rneklem arasinda objektif bir kiyaslama yapilabilmesi i¢in benzer D¢ degerlerine sahip verilerin dikkate
alinmasi gereklidir. KS2 test sonuglari, BG ve KG gruplarinin D¢ dagilimlarinin belirgin bir farkliliga sahip
olmadiklarini gostermistir (<%95). Sekil 3’lin sag panelinde; ¢aligmada yer alan tiim kuazarlarin, KG ve
BG gruplarinin D¢ dagilimlan kiyaslanmistir. BG ve KG alt gruplarinda yer alan kuazarlarin gruplarimin
Dt dagilimlarinin arasinda belirgin bir farklilik bulunmamasi, gruplarin degisim genligi parametresindeki
farkliliklarin D#’den bagimsiz olduguna isaret etmektedir.
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Fiziksel parametrelerin dagilimlarmin gorsel olarak kiyaslanabilmesi i¢in histogram ile gosterilen siklik
grafikleri yerine Olasilik Yogunluk Fonksiyonlar1 (OYF) tercih edilmistir. OYF egrileri, x ekseninde verilen
parametrenin belirli bir deger araliginda olma olasiliginin yogunlugunu vermektedir. Bir baska ifade ile
bir parametrenin alacagi en olasi degeri yogunluk fonksiyonu olarak ifade etmektedir. Sekillerde verilen
OYF’ler, sabit genislikli ve Gauss formunda Cekirdek Yogunluk Tahmini (Kernel Density Estimation;
KDE) modeli kullanilarak hesaplanmastir.
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Sekil 3. Tim orneklem (siyah noktali egri), Kiiciik Genlikli (KG; mavi egri) ve Biiylik Genlikli (BG,
kirmiz1 egri) i¢inde yer alan kuazarlarin z (sol) ve At (sag) dagilimlan kiyaslanmigtir. Olasilik Yogunluk
Fonksiyonlari, KDE ile belirlenmistir.

KG ve BG igerisinde yer alan kuazarlarin benzer z ve At dagilimlarina sahip olmasi, kuazar fiziksel
parametrelerinin kiyaslanmasinda olas1 yanliliklar1 ortadan kaldirmaktadir. Sekil 3’e benzer olarak, Sekil 4’te
m; ortalama goriiniir parlaklik ve Mi; mutlak parlaklik parametrelerinin dagilimlari kiyaslanmistir. OYF’lerin
hesaplanmasinda sabit genislikli Gauss tabanli KDE yontemi kullanilmistir. Parlaklik degisim genliklerine
gore olusturulan gruplarin KS2 test sonuglarina ait P istatistik degerleri paneller lizerinde verilmistir.

Sekil 3’te kiyaslanan dagilimlar ve KS2 test sonuglari, BG grubunda yer alan kuazarlarim goriiniir ve mutlak
parlaklik dagilimlarinin KG grubunda yer alan kuazarlarin dagilimindan farkli oldugunu gostermektedir.
Zamana bagl parlaklik degisim genligi biiyiik olan kuazarlar, digerlerine kiyasla daha soniiktiir.
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Sekil 4. Tiim 6rneklem (siyah noktali egri), Kiiclik Genlikli (KG; mavi kesikli egri) ve Biiylik Genlikli (BG,
kirmizi egri) iginde yer alan kuazarlarin ortalama goriiniir parlaklik; m (sol) ve mutlak parlaklik; M, (sag)
dagilimlar1 kiyaslanmigtir. Olasilik Yogunluk Fonksiyonlari, KDE ile belirlenmistir. Panellerde KS2 test
sonuclarina ait P degerleri verilmistir.
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Goriiniir parlaklik dagilimmin incelenmesinde CSS veri tabanindan elde edilen ortalama parlaklik
degerlerine benzer olarak, SDSS tarafindan 6lgiilen i band1 parlakliklarina (m,) da bakilmigtir. SDSS-i
bandi parlakliklari i¢in KS2 test sonucunda P = 1.2 10® bulunmus ve BG kuazarlarin daha soéniik oldugu
gortilmiistiir. CSS parlaklik 6l¢timleri ve SDSS parlaklik 6l¢iimleri ayni sonuca isaret etmektedir.

Kuazarlarin bolometrik 1sinim giigleri ve merkezi kara delik kiitleleri ile fotometrik degisim genligi arasinda
iligkiler aranmustir. Sekil 5’in sol panelinde log(L,,,) ve sag panelinde log(M,,) dagilimlarindan KDE ile
hesaplanan OYF’ler kiyaslanmaktadir. Kiyaslamada Biiylik Genlikli ve Kii¢lik Genlikli alt gruplar ile ana
orneklemin tamaminin grafikleri sunulmustur. BG ve KG gruplarinin log(L,,, ) dagilimlari arasinda yapilan
KS2 test sonuglart; iki dagilimin, ortak tek bir dagilimdan geldigini %99.9°dan biiyiik bir gilivenirlikle
reddetmektedir.

GSC kuazarlar, bolometrik 1g1mim giicii bakimindan incelendiginde, biiyiik genlikli degisimler gosteren
kuazarlarin 1gmim giiciiniin daha diisik oldugu bulunmustur. Bu sonug, goriiniir parlaklik ve mutlak
parlaklik i¢in elde edilen sonuglarla uyumludur.

GSC kuazarlar arasindan segilen biiyiik degisim genligine sahip alt grup ile kiiciik degisim genligine sahip
alt grubun merkezi kara delik kiitleleri kiyaslanmigtir. BG ve KG gruplarmin log(M,,) dagilimlari igin
uygulanan KS2 test sonuglari, dagilimlar arasinda kayda deger bir fark bulunmadigina isaret etmektedir
(P =0.404). Ancak bu sonucun log(M, )’nin 6l¢iimii ile ilgili ayrintilar dikkate alinarak degerlendirilmesi
gerekmektedir (bkz Boliim 3.3).

3.3 Degisim Genligi ve Fiziksel Parametreler Arasindaki Korelasyon

Kuazarlarin parlaklik degisim genligi ile fiziksel parametreleri arasinda olasi iligkilerin belirlenmesi
icin dagilimlar arasi korelasyonlar aranmistir. Bunun igin dncelikle ana drneklemde yer alan 1886 GSC
kuazarin log(NDP) parametresi ile z,At ve m parametreleri arasinda Spearman rank-korelasyon testleri
yapilmigtir. Buradan elde edilen bulgular 1s18inda, kuazar fiziksel parametreleri olan M, log(M,,) ve
log(L,,,) parametreleri arasinda Spearman rank-korelasyon testlerinin sonuglari incelenmistir. Testler
sonucunda elde edilen korelasyon katsayilari ve giivenirlik degerleri, Tablo 2’de listelenmistir.
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Sekil 5. Tiim 6rneklem (siyah noktali egri), Kiiciik Genlikli (KG; mavi egri) ve Bliylik Genlikli (BG, kirmi-
z1 egri) i¢inde yer alan kuazarlarin ortalama goriiniir parlaklik; log(L,,, ) (sol) ve merkezi kara delik kiitlesi;
log(M,,) (sag) dagilimlar kiyaslanmistir. Olasilik Yogunluk Fonksiyonlari, KDE ile belirlenmistir.

Korelasyon test sonuglari, bu ¢alismada secilen 6rneklem igin log(NDP) ve z arasinda bir korelasyonun
bulunmadigina isaret etmektedir. Ozellikle vurgulamak gerekir ki kuazarlarm goriiniir parlakliklari, mutlak
parlakliklart ve 1smnim giigleri ile z arasinda dogal bir baginti oldugu bilinmektedir. Se¢ilen 6rneklem igin
parlaklik degisim genligi ile z ile arasinda korelasyonun olmamasi, parlaklik degisim genligi ve kuazar
fiziksel parametreleri arasinda bulunan korelasyonlarin giivenilir sonuglara isaret ettiginin bir gostergesidir.
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Ciinkii, degisim genliginin z’den bagimiz olmast fiziksel parametrelerdeki olast yanliligi ortadan kaldirmakta
ya da en aza indirmektedir.

Kuazarlarin geneli i¢in hem gozlemler hem de teorik modellemelerle ortaya koyuldugu iizere fotometrik
degisimlerin genligi zamanla artmaktadir (bkz B6liim 3.2). Bu GSC kuazarlar i¢in de beklenen bir durumdur.
Bu ¢alismanin GSC kuazar 6rneklemi igin elde edilen korelasyon test sonucu, log(NDP) ve At arasinda
bir korelasyon oldugunu onermektedir. Elde edilen korelasyon katsayisinin pozitif degere sahip olmasi,
parlaklik degisim genliginin zamanla arttigina igaret etmektedir. Bu bulgu, Boliim 1°de verilen ¢aligmalarin
bulgularini destekleyici yondedir.

Kuazarlarin goriiniir parlakliklar1 ve parlaklik degisim genligi arasinda gorece giiclii bir korelasyon
bulunmustur. Ana 6rneklemde yer alan tiim kuazarlar i¢in elde edilen bu sonu¢, BG ve KG kuazarlarin
dagilimlarinin kiyaslanmasi ile elde edilen sonuglarla uyumludur.

GSC kuazarlari mutlak parlakliklar1 ve bolometrik 1s1nim giigleri ile parlaklik degisim genligi arasindaki
korelasyonlar ortak bir sonuca isaret etmektedir; biiyiik 15111m giiciine sahip GSC kuazarlar, kiiciik genlikli
degisimler gostermektedir. GSC kuazarlar igin elde edilen bu bulgu, agirlikli olarak riizgér yapisina sahip
olmayan kuazarlarin ele alindig1 Vanden Berk vd. (2004) ve Zenfeng Li vd. (2018) caligmalarindan elde
edilen sonuglar1 desteklemektedir. Bu calisma, parlaklik ve parlaklik degisim genligi arasindaki ters
bagintiy1 riizgar yapisina sahip olan kuazarlar 6zelinde ilk kez ortaya koymustur.

Tablo 2

GSC kuazarlarin parlaklik degisim genligi log(NDP) ile kuazarlarin diger parametreleri arasinda uygulanan
Separman rank-korelasyon test sonuglari®

log(NDP) z At m M. log(L,,) log(M,,)
Korelasyon Katsayisi -0.021 0.064 0.262 0.197 -0.179 -0.038
Gtivenirlik %65 %99.5 >%99.9 >%99.9 >%99.9 %389.3

*Test sonuglari, glivenirlik degerinin %95°den biiyiik olmasi durumunda 6neri, %99.9°dan biiyiik olmasi
durumunda gecerli kabul edilmektedir.

Merkezi kara delik kiitlesi ile parlaklik degisim genligi arasinda belirgin bir korelasyon bulunmamistir. Bu
calismada kullanilan ve Shen vd. (2011) tarafindan hesaplanan log(M,,) parametresi, kuazar tayflarindaki
salma ¢izgilerinin genisliginden hesaplanmistir. Ana drneklemde yer alan GSC kuazarlarin tayflarinda
belirgin olarak goriilen ¢izgi C IV salma ¢izgisi oldugundan, kiitle hesabinda agirlikli olarak bu ¢izginin
genisligi dikkate alinmustir. Shen vd. (2011), C IV gizgisinin 6lgiimlerinden hesaplanan log(M, ) degerlerinin
hata oraninin yliksek olabilecegini not etmistir. Dahasi, GSC kuazarlarda gézlenen sogurma ¢izgileri, C IV
salma ¢izgisinin bir kismi ile karigmis olabildiginden GSC kuazarlar i¢in C IV ¢izgisinden elde edilen kiitle
degerleri beklenenden ¢ok daha biiyilik hatalar icerebilmektedir. Bunlar dikkate alindiginda log(NDP) ile
log(M, ) arasinda bir korelasyon bulunmamasi kesin bir sonuca isaret edebilecek nitelikte degildir. Bu iki
parametre arasinda korelasyon olma ihtimali goz ard1 edilmemelidir.

Zenfeng Li vd. (2018), kuazarlarin parlaklik degisim genlikleri ile Eddington 1s1nim giicliniin bolometrik
1s1nim giicline orani arasinda bir bagint1 olabilecegini tartismistir. Eddington 1inim giicii orani, Shen vd.

2011) ¢alismasinda; seklinde verilmistir. R, = Lyor/ seklinde verilmistir. Bu ¢alismada log(R, ) ve
Edd L gL,
EDD

log(NDP) arasindaki korelasyon i¢in %99.6 giivenirlik degeri ile —0.068 katsayist bulunmustur. Korelasyon
katsayisinin ¢ok kiiclik olmasi ve giivenirlik degerinin %99.9’dan kiigiik bulunmasi nedeniyle, bu sonucun
kesin bir korelasyona isaret ettigi diisiiniilmemektedir. Bu sonug¢ ancak dneri niteliginde ele alinmalidir.

Diger yandan, L
log(R,,)
faktorlerin etkisi goz ardi edilmemelidir.

hesaplamasindahem L BOL hem de M_KD parametrelerinin katkisi vardir. Dolaysiyla,

EDD
ve log(NDP) arasinda bir korelasyon bulunamamasinin temelinde log(M, ) dl¢limlerini etkileyen
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3.4 Bulgularin Degerlendirilmesi

Riizgér yapisina sahip 1886 GSC kuazarin CSS veri tabanindan alinan fotometrik 151k egrilerinin ince-
lenmesi sonucunda, kuazarlarin zamana baglh parlaklik degisimlerini 6l¢gmek i¢in Normalize Degisim Pa-
rametresi tanimlanmistir. NDP, 151k egrisinde yer alan her bir veri noktasinin ortalamadan sapma miktarini
ve Ol¢lim hatalarmi dikkate almaktadir. 1886 kuazarin tamamui icin log(NDP) degerleri hesaplanmis ve bu
degerler, parlaklik degisim siddetinin bir gostergesi olarak alinmistir. Literatiirdeki ¢caligsmalarda parlaklik
degisimini tanimlamak i¢in kullanilan hem zaman 6l¢egini hem de degisim genligini belirten yap1 fonk-
siyonu parametrelerinin, CSS gibi biiyiik 6l¢iim hatalarina sahip verilerden olusturulan 11k egrileri igin
verimli sonuglar saglamadigi Sayili (2019)’da irdelenmistir.

Ana 6rneklem igerisinde yer alan kuazarlarin dagilimlarinin, normal bir dagilima uymadigi goriilmiistiir.
Dagilimin saga dogru asimetrik yapisi nedeniyle, Genellestirilmis U¢ Deger (GUD; Generalized Extreme
Value) modeli dikkate alinmig ve sekil katsayisi -0.15 bulunmustur. Bu sonuglar, ¢alismanin ana 6rneklemi
icerisinde biiylik degisim genligine sahip bir alt grubun bulunduguna isaret etmektedir.

GSC kuazarlarmn parlaklik degisim genliginin diger parametreler ile iligkisini incelmek igin ana drneklem
icerisinden, KS2 test sonuglari ile belirlenen sinir degerler dikkate alinarak biiyiik degisim genligine sahip
122 kuazarin yer aldig1 bir alt grup (BG) tanimlanmistir. BG alt grubuna ait dagilimlari kiyaslamak amaciy-
la dagilimin diger ucundan kiigiik genlikli degisimler gosteren 127 kuazarin bulundugu bir alt grup (KG)
olusturulmustur. BG ve KG igerisinde yer alan kuazarlarin fiziksel parametreleri arasinda yapilan incele-
meler su sonuglari ortaya koymaktadir:

(1) Biyiik genlikli parlaklik degisimleri gosteren kuazarlar, kiiclik genlikli degisim gosteren kuazar-
lardan daha séniiktiir. iki bagimsiz veri tabanindan alman, farkl teleskoplarin farkli yontemlerle
Olctligli goriiniir parlaklik degerleri ile yapilan analizler ayni sonuglari gostermektedir.

(2) Kuazarlarin mutlak parlakliklar1 ve bolometrik 1sinim giicleri ile yapilan analizler, yiiksek 151mim
giiciine sahip kuazarlarin biiyiik degisimler gostermedigini dogrulamaktadir.

BG ve KG dagilimlarinin kiyaslanmast ile elde edilen bu bulgular, ana 6rneklemdeki tiim riizgarli kuazarlar
icin aranmistir. Ana drneklem igerisinde bulunan tiim kuazarlar i¢in degisim genligi ve fiziksel paramet-
reler arasinda Spearman korelasyon testleri uygulanmis, parlaklik ve parlaklik degisim genligi arasindaki
ters korelasyon dogrulanmistir. Buna gore parlaklik degisim genligi ve kuazarin parlakligi arasindaki ters
oranti, yalnizca BG ve KG alt gruplari ile sinirli degildir. Bu ¢aligmanin 6rneklemi igerisinde yer alan tim
GSC kuazarlar i¢in parlaklik ve parlaklik degisim genligi arasinda ters bagmti oldugu ortaya koyulmustur.

4. Sonuclar

Onceki caligmalarin (Vanden Berk (2014), Zenfeng Li vd. (2018), ve buradaki referanslar), ¢ogunlugu
rlizgar yapisi gostermeyen kuazarlardan olusan 6rneklemler kullanarak elde ettigi bulgular, bu calismada ilk
kez yalnizca GSC kuazarlar i¢in test edilmistir. Normal kuazarlarda goriilen parlaklik ve parlaklik degisim
genligi arasindaki ters korelasyonun, GSC kuazarlar i¢in de gegerli oldugu goriilmiistiir. Bu ¢alismada
elde edilen bulgular; riizgar yapisina sahip kuazarlarin normal kuazarlar gibi biiyiik 1sinim giiciine sahip
olduklarinda parlaklik degisimlerinin daha kiiclik olduguna isaret etmektedir.

Riizgar yapisina sahip olup olmadigina bakilmaksizin kesfedilen tiim kuazarlari1 kapsayan calismalardan,
z-L, ~arasinda (ve dolayisiyla z ile parlaklik arasinda) kismen sec¢im etkisine dayali bir bagint1 oldugu

BOL
bilinmektedir. Bu durum, z, L, ve parlaklik degisim genligi arasindaki korelasyonu dejenere hale

BOL
getirmektedir (Vanden Berk (2014), Zenfeng Li vd. (2018), ve buradaki referanslar). Caligmanin segilen
orneklemi icerisinde degisim genligi ve z arasinda bir korelasyon bulunmamasi, degisim genligi ve parlaklik
arasindaki iligskinin dejenere durumdan bagimsiz olarak ortaya koyulabilmesini saglamistir.

GSC kuazarlar i¢in bulunan iligkilerin matematiksel bagintilar seklinde ifade edilmesi, GSC kuazarlar ile
normal kuazarlar arasindaki farklilik ve benzerliklerin belirlenmesi i¢in kolaylik saglayacaktir. Ancak, CSS
veri tabaninda yer alan fotometrik Sl¢iimlerin ¢ok yiiksek giiriiltitye sahip olmasi1 nedeniyle bu bagmtilar
bu ¢alismanin disinda birakilmistir.

Kuazarlarin diizensiz parlaklik degisimlerinin arkasindaki mekanizmalar tam olarak anlasilabilmis degildir.
Ancak kuazarin merkezindeki kara delik iizerine akan madde miktarindaki diizensizliklerin, yigilma
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diskindeki karasizliklardan kaynaklandig1 yontinde gii¢lii bulgular dikkat ¢cekmektedir (Vanden Berk vd.
2004, Macleod vd. 2010, 2011, 2012 ve buradaki referanslar). Bu ¢alismada elde edilen sonuglar, yiiksek
1simim giiciine sahip olan riizgarh kuazarlarin daha kararli bir disk yapisina sahip olduguna isaret etmektedir.

Kuazar riizgarlari, yigilma diskinde yer alan maddenin agisal momentum kaybetmesine ve dolayisiyla kara
delik i¢ine madde akiginin siireklilige sahip olmasina katki saglamaktadir. Bu nedenle GSC kuazarlarin,
diger kuazarlara kiyasla daha az disk kararsizligina sahip olmasi beklenir. Bu beklentilerin test edilmesi i¢in
riizgar parametreleri ve fotometrik degiskenlik arasindaki iligkilerin incelenmesi, bu konunun ayrintilarinin
anlasilmasina katki saglayacaktir. Bu caligmanin devami olarak, riizgar parametreleri ve parlaklik
degisimleri arasinda olasi bagintilarin incelenecegi bir ¢aligma hazirlanmaktadir.

Tesekkiir

Bu calisma, Sayil1 (2019) tez ¢alismasinin bir bolimiinden iiretilmistir. Calismanin ve tezin ortaya ko-
yulmasinda finansal destegi icin TUBITAK 115F037 numarali projeye tesekkiir ederiz.
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Arastirma Makalesi

Oz — Kiiltiir bitkilerinde 6nemli iiretim kayiplarina neden olan etmenlerden bir tanesi de tobacco mosaic
virus (TMV)’dir. TMV bilinen en fazla sayida konukgu genisligine sahip bitki viriis hastalig1 olarak
tanimlanmaktadir. Ulkemizde de farkli konukgularda etmenin varlig1 tespit edilmesine ragmen kabak
bitkilerinde (Cucurbita spp.) TMV enfeksiyon durumu ve izolatlarmin genetik gesitliligine yonelik ger-
¢eklestirilmis bir ¢aliyma bulunmamak-tadir. Bu baglamda Canakkale, Edirne ve Tekirdag illeri kabak
iiretim alanlarinda arazi ¢ikislar gergeklestirilerek, virlis hastaligi simptomu tastyan 45 bitkiden yaprak
ornekleri almmustir. Alman 6rnekler RT-PCR ile TMV varlig1 agisindan testlenmis ve 5 bitkide enfeksi-
yon belirlenmistir. TMV ile enfekteli bulunan izolatlar icerisinden 3 TMYV izolat: segilerek, kilif protein
(Coat Protein: CP) gen bolgesine gére molekiiler karakterizasyonu gergeklestirilmistir. Bu amagla etme-
nin CP gen bdlgesi RT-PCR ile amplifiye edilerek, ¢ift yonlii olarak sekanslanmistir. Elde edilen sekans
verileri kullanilarak gergeklestirilen ¢oklu dizi analizleri sonucunda Marmara bolgesi CMV izolatlarmin
kendi i¢lerinde niikleotid ve amino asit diizeyinde %99’un iizerinde benzerlikler gosterdigi belirlen-
mistir. Diinya TMV izolatlari ile gerceklestirilen benzerlik analizleri sonucunda ise izolatlarin birbirleri
niikleotid diizeyinde %90-99, amino asit diizeyinde ise %94-99 oranlarinda benzerlikler gosterdigi be-
lirlenmistir. Gergeklestirilen filogenetik analizler sonucunda ise kabak TMV izolatlarmmn birbirleri ile
oldukga yakin iliskili oldugu ve gen bankasinda bulunan diger Tirk TMV izolatlari ile ayri bir alt-grup
olusturdugu belirlenmistir.
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1. Giris

Kiiltiir bitkilerinde énemli {iretim kayiplarina neden olan etmenlerden bir tanesi de tobacco mosaic
virus (TMV)’dir. TMV pozitif duyarlilikta tek sarmal RNA (+ssRNA) genomlu Virgaviridae familyasinin
Tobamovirus cinsine ait bir bitki viriisiidiir. Genel olarak TMV genomu 6400 niikleotid igermektedir.
TMV genomu 4 gen bolgesine sahiptir. Bunlardan iki tanesi replikasyon ile ilgilidir. Digerleri ise
hareket ve kilif protein genleridir (King, Lefkowitz, Adams, ve Carstens, 2011). Tanimlanan ilk bitki
viriis hastalig1 olmasi sebebiyle viriislerin konukcu patojen etkilesimlerinde model olarak rol oynamistir
(Scholthof, 2004). Ayrica etmenin partikiilleri olduk¢a uzun yillar stabil olarak kalabildigi ve mekanik
olarak da tagindigi i¢in etmenin kiiltiir bitkilerine taginmasi1 kolaylikla olabilmektedir. Bu durum etmenin
miicadelesini de olduke¢a zorlastirmaktadir (Creager, Scholthof, Citovsky, ve Scholthof, 1999; Harrison
ve Wilson, 1999).

TMYV, bilinen en fazla sayida konukcu genisligine sahip bitki viriis hastalig1 olarak tanimlanmaktadir.
Onemli derecede ekonomik kayiplara neden oldugu bitkilerden bir tanesi de kabaklardir. Kabaklarda ¢ok
saylda viriis hastalig1 olmasina ragmen, bunlarin enfeksiyon oranlari yildan yila vektorlerinin bulunma
durumu, ekolojik kosullar ve uygulanan sanitasyon dnlemlerine paralel olarak degiskenlik gostermektedir
(Karanfil ve Korkmaz, 2021).

Ulkemiz kabak ve kabakgil {iretim alanlarinda da ¢ok sayida viriis hastalig1 tanimlanmasina ragmen (Kork-
maz, Topkaya, ve Yanar, 2018; Karanfil ve Korkmaz, 2021; Yesil, 2021), kabaklarda (Cucurbita spp.)
TMV’nin genetik cesitliliginin belirlenmesine yonelik gergeklestirilmis bir ¢alisma bulunmamaktadir. Bu
baglamda Marmara bolgesinde bulunan Canakkale, Edirne ve Tekirdag illerinden 6rnekler alinarak TMV
varlig1 agisindan testlenmistir. Testlemeler sonucunda da elde edilen izolatlar arasindan segilenlerin gen-
bankasinda bulunan farkli iilkelerden TMV izolatlari ile sekans diizeyinde gostermis olduklari biyoinfor-
matik iligkileri arastirilmistir.

2. Materyal ve Yontem

2.1Arazi Sorveyleri

Arazi sorveyleri Tekirdag, Edirne ve Canakkale illeri kabak yetistiriciligi yapilan alanlarda gergeklesti-
rilmistir. 2020 y1l1 yaz mevsiminde {iretim alanlarina tesadiifi olarak arazi ¢ikislar gergeklestirilerek, viriis
hastalig1 simptomu tasiyan bitkilerden yaprak 6rnekleri alinmigtir. Alinan 6rnekler buz kutusu icerisinde
laboratuara getirilerek viriis tan1 ve molekiiler karakterizasyon ¢aligmalarinin gergeklestirilmesi amaci ile
buzdolabinda 4°C’de saklanmustir.

2.2 Viriis Tam Calismalari
2.2.1. Total RNA izolasyonu

Toplanan 6rneklerdeki TMV enfeksiyonu varligit RT-PCR ile arastirilmistir. Bu amagla ilk olarak top-
lanilan 6rneklerden total RNA izolasyonu gercgeklestirilmistir. Total RNA izolasyonunda “Trizol Reagent”
(Ambion Life Technologies, ABD) kullanilmustir. Uretici firmanin 6nerileri dogrultusunda total RNA izo-
lasyonu gergeklestirilmis ve kullanilincaya kadar -80°C’de saklanmustir.

2.2.2. Komplimentar DNA’larin Sentezlenmesi

Komplimentar DNA (cDNA)’larin sentezlenmesinde Takara (Japonya) firmasindan saglanan cDNA
sentez kiti kullanilmigtir. cDNA sentezine ilk olarak denatiirasyon iglemi ile baslanilmistir. Bu amagla eti-
ketlenen PCR tiiplerine 2 pl total RNA, 6 pl steril su, 1 pl random primer ve 1 pl dNTP’den olusan toplam
10 ul’lik denatiirasyon karigimi hazirlanarak thermal cycler’da denatiirasyon islemi 65 °C’de 5 dk bekleti-
lerek gerceklestirilmistir. Bu islemin hemen ardindan 6rnekler buzda 2 dk bekletilmistir.
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cDNA’larin sentezlenmesi i¢in 10 pl denatiirasyon karisimina 5X Prime Script Buffer’dan 4 pl, RNase
inhibitér’den 0.5 pl, Prime Script Reverse Transcriptase 0.5 ul, 10 mM dNTP karigimindan 1 pl, random
primer’den 1 pl ve steril sudan 3 pl eklenerek RT karisim hazirlanmistir. PCR cihazinda kit tireticisi firma-
nin Onerileri dogrultusunda ilgili sicaklik degerleri ayarlanarak cDNA’lar sentezlenmistir.

2.2.3. Polimeraz Zincir Reaksiyonu

Sentezlenen cDNA’larda TMV varliginin arastirilmas1 TMV spesifik primer ¢ifti kullanilarak Takara (Ja-
ponya) firmasindan saglanan polimeraz zincir reaksiyonu (PCR) kiti kullanilarak gergeklestirilmistir. Bu
amagla ilk olarak PCR karisimi hazirlanmistir. Bu karigim igin 10X PCR Buffer’dan 2.5 ul, 10 mM dNTP
karisimindan 1 pl, TMVspe ve Tob _Uni-1 (Tablo 1) primerlerinden 0.5 pl (her biri i¢in), taq polimeraz
enziminden 0.25 pl ve steril sudan 15.25 pl eklenerek olusturulmustur. Etiketlenen 200 pl’lik tiipler PCR
karigimi ve 5 pl cDNA’lar eklenerek karisim primer baglanma sicakligi 60°C olacak sekilde kit tireticisi
firmanin 6nerileri dogrultusunda PCR cihazina konularak TMV enfeksiyonunun belirlenmesi saglanmistir.

Tablo 1

Tobacco mosaic virus izolatlarinin tanisinda ve molekiiler karakterizasyonunda kullanilan primer ¢ifti

Primer Primer Sekansi Uriin Referans

Kodu Biiyiikliigii (b¢)

TMVspe CGGTCAGTGCCGAACAAGAA Letschert, Adam, Lesemann
) 700 Willingmann, ve Heinze

Tob Uni-1 ATTTAAGTGGASGGAAAAVCACT 2002

2.3 Molekiiler Karakterizasyon Calismalari

Gergeklestirilen viriis tanilama c¢alismalart sonucunda TMV ile enfekteli olarak bulunan 6rnekler igeri-
sinden 3 izolat secilerek CP gen bdlgesi viriis tanilama ¢aligmalarinda verildigi gibi amplifiye edilerek, ¢ift
yonlii olarak hizmet alimi ile sekanslanmistir (BM Labosis, Ankara).

Elde edilen ham sekans verileri CLC Main Workbench V.20 paket programinda degerlendirilerek diisiik
kalitede olan okuma bdlgeleri elemine edilerek birlestirilmistir. Elde edilen konsensiis diziler genbankasi
veri tabaninda (NCBI) taratilarak elde edilen dizilerin hem TMV olup olmadigi kontrol edilmis, hem de
5’- 3’ yoniinde oldugu kontrol edilmistir.

Elde edilen kabakgil TMV izolatlarinin diinyanin diger bolge ve farkli konukcularindan elde edilerek gen
bankasina yiiklenilen TMV izolatlari ile gdstermis oldugu benzerlik ve filogenetik iligkilerin belirlenmesi
amaci ile de Tablo 2’deki izolatlar gen bankasindan ¢ekilerek ¢oklu dizi karsilastirmalari ile izolatlarin bir-
birleri ile gosterdikleri benzerlik oranlar1 niikleotid ve amino asit seviyesinde CLC Main Workbench V.20
ve SDT V 1.2 (Mubhire, Varsani, ve Martin., 2014) programlar1 kullanilarak belirlenmistir.

TMV izolatlarinin filogenetik iliskilerinin ise MEGAX programinda (Kumar, Stecher, Li, Knyaz, ve
Tamura, 2018), maximum likelihood modeli ve 1000 tekrarli bootstrap parametresi secilerek belirlen-
mistir. Olusturulan filogenetik agacta tomato mosaic virus (ToMV, erisim no: JX025566) dis grup olarak
kullanilmastir.

3. Bulgular ve Tartisma

Gergeklestirilen arazi caligmalar1 kapsaminda Canakkale’den 16, Edirne’den 14 ve Tekirdag’dan 15
ornek olmak iizere toplam 45 viriis hastalig1 simptomu gosteren bitkiden 6rnekler alinmistir. Alinan 6r-
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Tablo 2

Farkl tiilkelerinden elde edilmis genbankasinda bulunan ve bu ¢alisma kapsaminda kullanilan TMV izolat-
larna ait bilgiler

Gen bankasi erisim Elde edildigi iilke Gen bankasi erigim Elde edildigi iilke
numarasi numarasi

AJ429082 Almanya GQ370521 ABD

MF467216 Cin LN651238 Vietnam
MK087763 Ispanya KJ406323 Rusya

KY810785 Birlesik Krallik LC168124 Giiney Kore
AF546184 Finlandiya MK677444 Tiirkiye

AY 028262 Brezilya MK689859 Tiirkiye
AF126505 Hindistan KF527471 [ran

neklerin TMV enfeksiyonu agisindan RT-PCR ile testlenmesi sonucunda ise Canakkale ve Tekirdag’dan
2 ve Edirne’den ise 1 drnekte olmak iizere toplam 5 bitkide TMV varligi tespit edilmistir. Bu sonugla
toplanilan 6rneklerin %11.11’in TMV ile enfekteli oldugu belirlenmistir (Tablo 3). Toplanilan 6rneklerin
%88.89’unda ise TMV enfeksiyonun tespit edilmemesi toplanilan bu 6rneklerin kabaklarda enfeksiyon
meydana getiren diger viriis hastaliklar ile enfekteli olma ihtimalini gii¢lendirmektedir. Nitekim bu ¢a-
lisma kapsaminda arazi ¢aligmalarinin gerceklestirildigi alanlara olduk¢a yakin olarak Giliney Marmara
bolgesinde gergeklestirilen bir calisma kapsaminda da arastirmacilar topladiklar: 6rneklerin %13.80’inin
cucumber mosaic virus (CMV) ile enfekteli oldugunu bildirmislerdir (Karanfil ve Korkmaz, 2021). i¢ Ana-
dolu bolgesinde gerceklestirilen baska bir ¢aligmada ise arastirmaci topladigi 6rneklerin %88.32’sinin en
az bir viriis hastaligi ile enfekteli oldugunu bildirirken (Yesil, 2021), enfeksiyon orani en fazla tespit edilen
viriis hastaliklarinin potyvirus tiirlerine ait oldugunu farkli arastirmacilar tarafindan da bildirilmistir (Yesil,
2021; Ors, Oksal, ve Sipahioglu, 2021). Ayrica etmenin iilkemizde gergeklestirilen bircok ¢alismada da
enfeksiyonunun tespit edilemedigi bildirilmistir (Korkmaz ve ark., 2018).

Tablo 3

Enfekteli ve toplanilan 6rnek sayilari ile toplanilan 6rneklerdeki enfeksiyon orani

il Enfekteli Ornek Sayis1  Toplanilan Ornek Sayisi Toplanilan Orneklerdeki
Enfeksiyon Oram

Canakkale 2 16 %12.50

Edirne 1 14 %7.14

Tekirdag 2 15 %13.33

Toplam 5 45 %11.11

Enfekteli bulunan 6rnekler igerisinden her bir ilden bir izolat olacak sekilde toplam 3 izolat (Canakkale’den
Canakkale 15, Edirne ilinden Edirne 23 ve Tekirdag’dan Tekirdag 38) secilmistir. Segilen izolatlarin kilif
protein genlerinin RT-PCR ile amplifiye edilmesini takiben gerceklestirilen sekanslama galigsmalar1 sonu-
cunda 3 izolatinda CP genlerinin 480 niikleotid uzunlugunda oldugu belirlenmistir.

Calisma kapsaminda elde edilen TMV izolatlarin kendi i¢lerinde birbirleri ile benzerlik oranlari niikleotid
ve amino asit diizeyinde %99’un iizerinde olarak belirlenmistir (Sekil 1 ve 2). Gen bankasinda bulunan
diinyanin farkli bolge ve iilkelerindeki TMV izolatlar1 ile gerceklestirilen niikleotid diizeyindeki benzerlik
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analizleri sonucunda ise izolatlarin birbirleri ile %90-99 oraninda benzerlikler gosterdigi tespit edilmistir
(Sekil 1). Calisma kapsaminda molekiiler karakterizasyonlar1 gergeklestirilen kabak TMV izolatlarinin niik-
leotid diizeyinde en fazla benzerligi (%99) iilkemiz orijinli diger TMV izolatlar1 (MK689859-MK677444)
ile gdsterdigi belirlenirken, en diisiik benzerligi (%90) ise AF126505 erisim numarali Hindistan izolat1 ile

gostermislerdir (Sekil 1).
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Sekil 1. Bu ¢alisma kapsaminda elde edilen Tiirk ve gen bankasinda bulunan diinyanin farkl bolge ve
tilkelerindeki TMV izolatlarinin niikleotid diizeyinde birbirleri ile gdstermis olduklar1 benzerlik oranlar

Amino asit diizeyindeki ¢oklu dizi analizleri sonucunda ise TMV izolatlarinin birbirleri ile %94-99 oranin-
da benzerlikler gosterdigi belirlenmistir. Calisma kapsaminda elde edilen Tiirk izolatlar1 amino asit diize-
yinde en fazla benzerligi %98 oraninda MK677444 erisim numarali Tiirk izolat: ile gosterirken, en diisiik
benzerligi ise %94 benzerlik orani ile AF126505 erisim numarali Hindistan izolati ile gdsterdigi goriilmiis-
tir (Sekil 2).

Gergeklestirilen filogenetik analizler sonucunda ise bu ¢alisma kapsaminda elde edilen kabak CMV izo-
latlarmin birbirleri ile oldukg¢a yakin iligkili oldugu belirlenmistir. Ayrica kabak TMV izolatlarmin diger
TMYV izolatlar ile olan filogenetik iligkileri incelendiginde diger 2 Tirk izolati ile yakm iligkili oldugu
belirlenirken, kabak TMYV izolatlarinin Tirk izolatlari iginde ayri bir alt-grup olusturdugu belirlenmistir.
Bununla birlikte CP gen bdlgesi ve gen bankasindan segilen izolatlara bagli olarak izolatlarin filogenetik
iligkilerinde cografik orijine gore dagilim olmadig1 belirlenmistir (Sekil 3).
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Sekil 2. Bu ¢alisma kapsaminda elde edilen Tiirk ve gen bankasinda bulunan diinyanin farkl bolge ve
iilkelerindeki TMV izolatlarinin amino asit diizeyinde birbirleri ile gdstermis olduklar1 benzerlik oranlari

MKO8T763-Ispanya
KYB10785-Birlesik_Krallik
AF546184-Finlandiya
GQ3T0525-ABD
AJ429082-Almanya
LNG51238-Vietnam
KJ406323-Rusya
MF4672186-Cin
LC168124-Guney_Kore
MKETT444-Turkiye
MKB89859-Turkiye
Tekirdag-38
Canakkale-15
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= AY029262-Brezilya
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— ———» KF527471-ran
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0,110

Sekil 3. Bu ¢alisma kapsaminda elde edilen Tiirk ve gen bankasinda bulunan diinyanin farkl bolge ve
iilkelerindeki TMV izolatlarinin niikleotid diizeyinde birbirleri ile gdstermis olduklar filogenetik iliskiler
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4. Sonuclar

Gergeklestirilen bu ¢alisma ile iilkemizde ilk kez kabak TMV izolatlarinin genetik gesitliligine yonelik
bir arastirma gerceklestirilmistir. Genel olarak kabak tiretim alanlarinda TMV enfeksiyonunun diisiik oran-
da oldugu belirlenmistir. Bununla birlikte Marmara bolgesi TMV izolatlarinin birbirleri ile yiiksek oranda
sekans benzerligi gosterdigi ve filogenetik agidan birbirleri ile oldukca yakin iliskili oldugu belirlenmistir.
Ayrica TMV izolatlariin filogenetik iliskilerinde kullanilan gen bolgesi ve gen bankasindan ¢ekilen izo-
latlara gore cografik orijin olarak izolatlar arasinda kesin bir iliski saptanmamistir. Bundan sonra yapilacak
olan ¢aligmalarda ise TMV nin tiim genom diizeyinde ve diger kabakgil tiirlerindeki enfeksiyon durumu
da g6z 6nilinde bulundurularak genetik cesitliliginin belirlenmesine yonelik gerceklestirilmesi gerektigine
inanilmaktadir. Ayrica toplanilan 6rneklerin hepsinin tipik olarak virlis hastaligi simptomu tasimasindan
dolay1 da bu 6rneklerde kabakgillerde enfeksiyon meydana getiren diger viriis hastaliklarinin varliklari ola-
bilecegi diigiiniilmektedir. Bu baglamda kabakgillerde enfeksiyon meydana getiren diger viriis hastaliklart
da dikkate aliarak sorvey ve viriis tanilama ¢alismalarinin gerceklestirilmesi gerektigi diisiiniilmektedir.
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the use of the software. In financial institutions, customer satisfaction is closely related to the continuity
of operational processes in financial transactions. First, the authors draw the current value stream map
base on the approval and solution process adventure of these error records were handled in the processing
logic, analyzed and a value stream map was drawn for the current situation. Then, based on the informa-
tion obtained from the current situation, approval flow of the error records is simulated with the Arena
simulation program. The obtained simulation results were discussed with the stakeholders of the error
resolution process. Bottleneck activities have been identified through the current situation simulation
outputs. A new value stream map has been prepared, based on the seven wasteful milestones defined in
the lean production philosophy. Finally, the working style of the new situation developed was adapted to
the process, remodeled on the Arena software and the new model was analyzed. The simulation results
showed that the error/help call records decreased by 79.8% in the in-process return volume.
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1. Introduction

In the competitive environment, a company should determine the activities that do not add value and
eliminate wastes to reduce production costs. The basic principle of Lean Manufacturing (LM) is the
elimination of the wastes that do not add value in the production process (Womack & Jones, 1990). The
fundamentals of LM are based on applications made by Taichi Ohno in Japan within the Toyota production
system. In the Toyota production system, all activities are evaluated according to whether they add value
to the product or service. Activities that do not add value are considered as wastage. To the application of
the just-in-time production in the companies, the waste should be eliminated or minimized. Value Stream
Mapping (VSM) is an LM technique that is widely used to eliminate waste. In the VSM technique, all
activities in the product or service production processes are examined in detail. Each activity is evaluated
from the customer perspective. Any process step that customers do not want to pay value is considered as a
waste. At first, the process steps which do not add value are eliminated or minimized. VSM is an effective
method used to eliminate wastes and improve processes in many areas such as the construction industry,
transportation, product development, mining, health sector, public services nowadays.
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The recent studies on VSM are summarized as follows. Efe and Engin (2012) presented a map of the current
state of the VSM technique at the emergency department of a training and research hospital. They analyzed
the current situation, in line with the principles of LM and created a future map of the situation, and identified
the improvements that can be made in the emergency service process. Andreadis, Garza-Reyes, and Kumar
(2017) made a survey with 138 production companies worldwide to analyze the effectiveness of VSM. The
authors examined with the five hypotheses and three complementary research questions that organizations
using LM use VSM as a basic tool for eliminating wastage, the role of VSM in LM, the simplicity and chal-
lenges of VSM, and they tried to determine the critical success factors and obstacles for the implementation of
VSM. Jia et al. (2017) proposed a new method of embedded-VSM in the optimization of cutting parameters
to increase energy efficiency in machining. They showed that the consumed energy and the time efficiency
increased. De Souza Pinto, Schuwarten, de Oliveira Junior, and Novaski (2017) proposed the application of
Define, Measure, Analyze, Improve and Control (DMAIC) tools, contained in the context of the six sigma,
and VSM under the lean philosophy perspective to identify the focus of waste. Géren (2017) presented an
industrial case example combining VSM and simulation in the furniture industry. The author described current
and future state maps. Also developed a simulation model to show the before and after scenarios in detail.
Heravi and Firoozi (2017) presented VSM in the production phase of prefabricated steel frames in a case
study. Their study includes construction of three 16-story residential buildings made of prefabricated steel
frames with bolt and nut connections in Iran. Zeeshan, Rana Muhammad, and Sahawneh (2017) investigated
the integration of discrete-event simulation and VSM to enhance the productivity of road surfacing operations
by achieving high production rates and minimum road closure times. Stadnicka and Ratnayake (2017) investi-
gated the potential of lean concept implementation in a service-providing organization. The authors presented
a case study based on value stream mapping in the telecommunication industry. Romero and Arce (2017)
analyzed literature, published in refereed journals application of the VSM in the context of the manufacturing
sector. Ellingsen (2017) discussed the study of a multinational organization’s commercialization process of
two large and complex projects and their research and technology/development and new product introduction
processes. The author conducted a two-day VSM workshop for each of the projects. Behnam, Ayough, and
Mirghaderi (2018) proposed a VSM approach and analytical network process to identify and prioritize the
production system’s Mudas. The authors presented a case study in the natural fiber clothing manufacturing
company. Purba and Aisyah (2018) used VSM and storage design to increase productivity in the process of
picking orders through a reduction of processing time. The authors presented a case study in the automotive
part center. Kumar, Dhingra, and Singh (2018) presented an implementation of the Lean-Kaizen concept in
a small and medium-scale enterprise in a non-capital region in India. The authors prepared the current state
map, calculated the takt time, and identified bottlenecks. Finally, they developed a future state map. Deshkar.
Kamle, Giri, and Korde (2018) developed an LM framework using VSM for a plastic bags manufacturing
unit. Andreas, Aglaya, and Herwig (2018) presented an empirical survey with 170 participants from different
branches was conducted. They searched the lean management, VSM, Industry 4.0, and the integration of
both approaches with the web-based questionnaire. Ali-Asghar and Changiz (2018) investigated the effect of
VSM on operational losses and analyzes the process. They presented a case study in an Iranian gas-ball-valve
producing company. Also in another study, Dadashnejad and Valmohammadi (2019) searched the effect of
improvements identified through VSM on the overall equipment effectiveness metric. They designed a struc-
tured questionnaire and employed it. Trebuna, Pekarcikova, and Edl (2019) proposed a method for optimizing
material and information flows in a production company. They presented a case study focused on digital
VSM in the environment of the simulation software TX Plant Simulation. Knoll, Reinhart, and Priiglmeier
(2019) developed a methodology to apply process mining to internal logistics for a mixed-model assembly
line. Their proposed methodology combines multidimensional process mining with proven principles of lean
production and VSM. They presented a case study at a German automotive manufacturer. Guo, Jiang, Xu, and
Peng (2019) developed a model for concurrent Lean-Kaizen based on Lean production thinking. The authors
integrated VSM-DMAIC by adopting their advantages and avoiding their disadvantages. They applied this
model on a production line. Stadnicka and Litwin (2019) integrated VSM and system dynamics for manufac-
turing line modeling. They presented a case study in the automotive industry. Carvalho, Carvalho, and Silva
(2019) combined VSM with Kanban for the cost reduction in the finished goods inventory. They presented a
case study at a textile company.

This study was carried out on the observation that the resolution times of error records opened by end-users
in an information technology group in a financial institution. The main purpose of addressing this issue in

172



2022, Vol 8, Issue 2, Pages: 171-187 Journal of Advanced Research in Natural and Applied Sciences

this study is the need to manage operational risks such as workload loss that may occur as a result of the
disruption of operational processes during the software usage period. In financial institutions, it is very im-
portant to ensure that operational processes are not disrupted and to provide continuous service in financial
transactions. Issues such as the interruption of financial transactions can reach levels that damage the repu-
tation of institutions by making the agenda for end users who frequently use social media, especially during
the pandemic period. So, it was decided to analyze the solution process over the VSM model to minimize
the labor loss experienced by the end-users due to the long resolution times of the error records. Because it
is thought that the resolution times of the error records are relatively long. First, the current situation was
captured with VSM. Then, a simulation model was established in Arena software over the existing VSM
model. Waste and bottleneck activities were determined through the simulation outputs. The aspect that
expresses the originality of this study is that software error records made in a financial institution are de-
termined on TO-BE based on VSM and AS-IS modeling, and time analyzes of the developments are made
with simulation results.

This paper is organized as follows: Chapter 2 explains the materials and methods. Chapter 3, shows the
analysis results of error records in the financial institution along with the current and new VSM and simu-
lation analysis. Conclusion part presents the key results and discussions obtained from the study.

2. Materials and Methods
2.1. Value Stream Mapping

VSM is a lean production technique used to increase the effectiveness of organizations. VSM is a tool
used to define the all flow from raw material and information to the finished product or service. According
to Rother and Shook (2003), VSM refers to all the activities that are required, which add value and do
not add value, as the design of all information and material flows from raw material to customer, product,
or service. VSM provides a map of current material and information flow. Current VSM includes wastes
and bottlenecks in the process. For the current VSM, analysis is done with the simulation model. Then,
in the process, the future VSM is drawn by eliminating the wastes and bottlenecks. The future VSM is
analyzed by the simulation model. The simulation results are compared with previously available results
to evaluate cycle, delivery, and TAKT times, and inventory improvements. VSM is a graphical tool of lean
manufacturing. VSM does not contain detailed information about the product or service. VSM provides
information about the cycle, delivery, and TAKT times.

The stages of VSM are summarized below. (Deshkar et al., 2018; Rother & Shook, 2003).

1. Selecting a product or service group: To draw the VSM of all processes is not suitable for determining
wastes and bottlenecks in the process. A specific product or service group should be selected for VSM.
This product or service group is performed by the same machine family or with the same process steps.

2. Drawing a value stream map for the current situation: After determining the appropriate product or ser-
vice group, an existing value stream map should be drawn for this product or service group. The current
value stream map can be drawn using A3 paper. The following information should be collected before
removing the current value stream map. These are given below.

* Cycle time,

* Operation time,

* Inventory level,

e Customer needs,

* Delivery schedule,

* Operation sequence,

* Number of employees required for each operation,
»  Working hours,

+ Several shifts and breaks.

3. Analyzing the value stream map for the current situation: It should be analyzed according to the current
value stream map, wastes, bottleneck processes, and process steps that are blocked. These analyzes
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should be carried out according to seven types of waste accepted in lean production. These seven types
of wastes are given below.

* Overproduction,

*  Motion,

* Transport,

* Inventory,

*  Waiting,

* Over Processing,

* Defects.

4. Elimination of waste and future state value stream map: At first, the wastes detected in the current value
stream map should be eliminated or minimized. The flow should be made continuous and any waiting
should be eliminated. The pulling system should be preferred instead of the pushing system. After the
waste is eliminated, a future state value stream map is drawn.

5. Simulation of the future state value stream map: Future state value stream maps should be analyzed ac-
cording to simulation software. The simulation model is performed for different repetitions of the future
value stream map. The most suitable scenarios for the application are selected.

6. Application: According to the simulation model, the future situation is tested for different scenarios, and
the results obtained by applying the value stream map are observed.

In this study, objects in the “Value Stream Map Shapes” object palette, which were added as ready tem-
plates in Visio Professional 2019 software for VSM, were used. Below are the descriptions of the relevant
objects in items.

. E Customer/Supplier: This object is used when representing suppliers and/or customers.
. El Process: This object is used to represent an activity with a meaningful duration.
« T Electronic Information: This object is used when representing the electronic information flow.

VAN Inventory: This object is used to represent the waiting area (if any) prior to the process.

" Timeline Segment: It is the object used to separate the waiting and processing times in the activities
carried out in the process.

2.2. Introduction of Financial Institution

The financial institution, from which error records are obtained, operates according to the principles of
participation banking and has branches in many provinces and districts. The VSM was created by examining
the error records process that was somehow assigned to an organization of the IT group in that institution.
The activities carried out in this group can be summarized as in-house software needs, requirements analysis,
code development, and testing activities. In this study, the flow of error records opened by end-users was
analyzed by the VSM method. Inspected error records are actual records approved by the administrator
of the user who started the error confirmation flow. In addition, they are the error records assigned to the
people in charge of IT organizations, for which time was spent to resolve.

2.3. Process Flow

Error records opened by end-users were analyzed in detail in terms of time and number. The defined
process starts with the evaluation of the administrator of the user who opened the request. If the administrator
approves the error record then it is assigned to the call center manager. The call center manager can resolve
the error record himself or forward the error to different people in different organizations. If the Call Center
manager thinks that the call is related to IT, he or she can direct the error to the IT person. The first candidate
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for this routing action is the analyst position responsible for the screen where the error occurred. The analyst
can reassign the error record to the call center administrator, review, resolve the record, or forward it to
another user. Analysts can refer the software engineer to resolve the error log. Or, as a last resort, it can be
assigned to the person who expresses different end-user roles and is responsible for the screen where the
error occurs. This circular content referral sequence is carried out similarly in the software engineer review
step and the responsible business unit review step.

2.4. Object Descriptions Used in Arena 14 Model

The main objects in the basic models in the arena simulation program are used in this study. Brief de-
scriptions of the objects are given below. These explanations were obtained from the user quid and expla-
nation pop-up screens included in the software.

» Create: This object assigns the type by generating the incoming mobile units for simulation according to
certain distributions.

» Assign: An additional feature is the object used when assigning a variable to incoming mobile units.

* Process: t is the object where the duration information about the resources’ execution of the relevant job
can be entered through the Seize, delay, and release properties.

» Decide: It is the object definition in which the incoming mobile units can be directed by using 2-way,
multi-directional or formula in the flow.

» Record: It is the object where temporal data or entity statistics are recorded on the basis of previously
assigned properties or variables related to incoming mobile units.

» Dispose: It is the object that releases the incoming mobile units from the model and keeps the entity
statistics in general.

2.5. Data Analyze Details for Current Situation

Error records are divided into different categories from the moment they are created and saved in the
system. There are 846 different category breakdowns registered in total. For 846 different categories to
have a multi-part structure in terms of numbers and for the analysis to be meaningful, 42 of the categories
representing 80% of the error numbers in the categories were chosen as examples. 80% of a total of 8177
error records belonging to the first 6 months of 2018 were examined. The analysis focused especially on
identifying the cycles in the process and the approval steps with a low rejection rate. The information about
the decision points regarding the flow process and the directions in the flow are summarized as percentages
in the From-To logic. While obtaining the following values, the percentage values of the directions in the
from-to logic of each role were obtained from the meta data over their numbers. Assignments from each
role to the other role and resolution in the last step were analyzed and calculated one by one.

1. End users who have problems with the system or think they are having problems, open the error log for
the solution of the problem. After the error record is opened, the approval flow is approved or rejected
by the administrator of the person who opened the error record. Information on the waiting, processing
times, and rejection rate for this step are given below.

o The refusal rate for manager approval: 0.3%.
o The average standby time: 4.16 hours.
o Approximate processing time: 3 minutes.

2. After the first step is approved, the error records are assigned to the target states based on the percentages
shown below;
o Percentage of error records forwarded to Call Center Supervisor Review: 77%
o Percentage of error records forwarded to analyst review: 14%
o Percentage of error records that are forwarded to a software developer review: 9%.

3. Error records assigned to the Call Center will hereinafter be referred to as “CC Review”. The values of

the time and referral percentages of the CC Review step are below.
o The average standby time: 1.13 hours.
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o Each error record is subject to a 10 minute review period. This stage is marked as non-value-added
time.
o All error records to CC Review status are reviewed or forwarded with the following percentages and
values;
m Percentage of directly terminated error records: 28%
o 30-minute examination and resolution time are spent for error records that are terminated di-
rectly. This period is defined as value-added time.
m Percentage of error records forwarded to Analyst Review: 37%
m Percentage of error records that are forwarded to a Software Developer Review: 15%
m Percentage of error records forwarded to the Business Unit Review: 20%.

4. The error records assigned to the analysts are named as “Analyst Review” step. Time and flow forward-
ing information analyzed for this step are given below.
o The average standby time: 1.03 hours.
o Each error record is subject to a 10 minute review period. This stage is marked as non-value-added
time.
o All error records assigned to the Analyst Review status are processed at the following percentages
and values.
m Percentage of directly terminated error records: 14%
o In this step, for the error records that are solved directly, 40 minutes of value-added activity is
endured.
m Percentage of error records that are forwarded to a Software Developer Review: 9%
m Percentage of error records forwarded to the Business Unit Review: 3%
m Percentage of error records forwarded to the CC Review: 74%.

5. The error records assigned to software developer roles are in “Software Developer Review” status. The
time and routing details of this step are given below.
o The average standby time: 1.78 hours.
o Each error record is subject to a 10 minute review period. This stage is marked as non-value-added time.
o In the Software Developer Review stage, all error records to the status are examined or forwarded on
the following percentages and values.
m Percentage of directly terminated error records: 9%
o 75 minutes of value-added time is performed for direct-ended error records.
m Percentage of error records that are forwarded to an Analyst Review: 24%
m Percentage of error records forwarded to the Business Unit Review: 5%
m Percentage of error records forwarded to the CC Review: 62%.

6. Error records arriving at the Business Unit stage are assigned as “Business Unit Review”. Information
about this step is given below.
o The average Standby Time is about: 0.24 hours.
o Each error record is subject to a 10 minute review period. This stage represents non-value-added
time.
o In Business Unit Review phase, all error records to the status are reviewed or forwarded on the fol-
lowing percentages and values.
m Percentage of directly terminated error records: 3%
o 20 minutes of value-added time is performed for direct-ended error records.
m Percentage of error records that are forwarded to an Analyst Review: 10%
m Percentage of error records that are forwarded to a Software Developer Review: 5%
m Percentage of error records forwarded to the CC Review: 82%.

7. The grouped values of the error records of the average time spent in the system are given in Table 1.
After all the inspection and processing time endured for the resolution of the error logs, sometimes high
processing time is spent to eliminate the error, and deployment can be made to the main environment
used by the end-users.
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Table 1

Approximate average time spent in the system

Percentage % Approximate Average Time (Hours)
05 36

20 24

20 3

30 2

25 1

Considering the redirection rates in terms of the return of the error records flow, high rate in the CC Review
status draws attention at the whole process. VSM created by analyzing the current flow of error records is
presented in Figure 1. Arena - V.14 software was used for simulation according to the current VSM diagram
and detailed results were obtained.

3. Results and Discussion
3.1. Arena Simulation Model for the Current Situation

The simulation model derived from Figure 1 was run with Arena - V.14 software based on the process
times and routing percentages extracted from the current error records flow. The flow of the existing error
records was repeated 12 times in 30 days, thus reaching the data presenting the 1-year average information.

Arena - V.14, software, for the current situation, Windows 7 Home Basic operating system, Intel Core i5-
3210M CPU 2.50Ghz - 6 GB RAM - 64-bit features were run on the computer. The simulation was com-
pleted in 65.6 seconds.

Actual Design
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Total Time : 249.6+3467.8+10+61.8+ 104 106.8+10+14.4+10+ 20 = 5634 Min
Value Added Time : 3+10+10+10+10+20 = 63 Min

Figure 1. Current situation VSM model
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In Figure 1 is to be explained, the flow begins with the step of converting the errors encountered by the
business units during the use of the software screens into error records. Subsequently, this flow error record
can be approved or rejected by the administrator of the user who first created records in the system. Error re-
cords are reviewed for the first time by employees in the CC role. As a result of the review, the assignments
to the relevant roles (especially the analyst role) are made by the personnel in the CC role. Analysts can
resolve error records as a result of their reviews or assign them to software developers. Software develop-
ers, on the other hand, can forward the records they examine to the business unit or close the error records
directly. Records assigned to business units can also be forwarded directly to closing. This modeled design
is illustrated independently of the so-called happy path. Reviews for each role have a dependent flow, loop-
ing through each other. In short, each role can forward the error records to the previous or next role.

By running the Arena simulation model designed by the process represented in Figure 1, 1081 average error
records were generated monthly. According to the simulation of the current situation, the total number of
closed error records at the end of the month is calculated as 853. These calculations mean that the input and
output values are compatible with the current system monthly. This information is summarized in Table 2.

Table 2

Error numbers obtained from the current situation’s simulation results

Unit type Average Minimum average Maximum average
Opened error / assistance calls 1081 1081 1081
Closed error / assistance calls 853 834 874

3.1.1. Cycle Time

Cycle time is monitored as a key performance indicator in the relevant IT organizations and is paid
attention to by all IT employees. A summary of the averages for the cycle time is given in Table 3.

Table 3

Cycle time results of current situation simulation

Cycle time results of error records Average cycle time(Hrs)
Value-added activities 0.5751

Non-value added activities 0.8170

Standby time 78.5198

Total time 79.9119

When Table 3 is examined, it is seen that the share of average standby time in the total cycle is very high.
As mentioned in the previous section, this high cycle time is thought to be due to the high rate of waiting
and looping the error records in the CC Review step.

3.1.2. Queue Analysis

The queue data of the simulation results of the current system show the weakest steps among the
confirmation steps over the time and number of error records. In Table 4, this information is given on
average values. Table 4 clearly shows that the steps with the largest number of queues in terms of waiting
times in the system are the CC Review and CC Approval steps. Among the other flow steps, these two steps
stand out due to their high values.
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Table 4

Standby time and average number results derived from simulation results

Steps Average time (Hrs) Average number
Analyst review 0.1231 0.2102
Analyst approval 0.1203 0.0285
CC review 22.361 79.203
CC approval 22.453 20.790
Business unit review 0.0049 0.0038
Business unit approval 0.0169 0.0004
Software developer review 0.0851 0.0690
Software developer approval 0.0478 0.0036
Manager approval 0.0000 0.0000

As aresult of the case study of the current situation with the stakeholders, it was agreed that the main reason
for these high values may be that the employees in this role do not have the opportunity to examine the error
records promptly and accurately due to their workload intensity.

3.1.3. Resource Analysis

Based on the information we obtained in the previous titles, the most waits were experienced in the CC
Review and CC Approval steps. Similarly, the fact that the steps with the highest redirect rates in the flow
are CC Review steps indicates which approval flow steps are to be considered in resource analysis.

Summary information on resource usage of the roles involved in the current approval flow is given in Table 5.
The numbers based on the resource utilization rate and the error records assigned to the resources are summa-
rized in Table 5 over the averages taken from 12 30-day simulation repetitions.

Table 5

Current situation Resource Utilization Rate (RUR) and Numerical Distribution (ND) of error records Arena
simulation results

Roles Average RUR Average ND
Analyst 0.4394 1393.25

CC responsible 0.9864 3013.50
Business unit 0.1358 569.33
Software developer 0.2263 635.67
Manager 0.0745 1074.00

Table 5 contains very striking findings. Based on this information, it is seen that employees in the role of
analysts spend about 44% of their working time solving the error or examining whether the error is a real
error, although their main task is not solving or examining the error records.

Analysts often tend to fix the error records themselves before passing them on to the software developer
role, so as not to disrupt business development activities. For this reason, the solution time of the software
developer in the total effort of possible errors is around 22%.

On the other hand, it is seen that the CC Responsible role, which is seen as the source of the problem in the
above titles, devotes time to the calls at the highest rate. The main task of the CC Responsible role is to deal
with the error records.
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3.2. In-Process Assignment

While the current error record flow is simulated, due to the high rate of redirects obtained from real
data, the redirects are specially processed and a simulation model has been created that can be analyzed
numerically.

Through the design of the simulation model, which represents the current situation, it was determined how
many records in the flow were assigned in normal or redirect type. This information is included in Table 6,
based on roles. The expression CC in the table represents the role CC Responsible.

Table 6

Current situation flow type and number results

From- To Types Number Flow Type
From analyst to CC 910.92 Redirect
From analyst to the end 168.33 Normal
From analyst to business unit 36.33 Redirect
From analyst to software developer 109.00 Normal
From CC to analyst 877.00 Normal
From CC to the end 623.67 Normal
From CC to business unit 489.00 Redirect
From CC to software developer 355.58 Redirect
From business unit to analyst 56.25 Redirect
From business unit to the end 17.50 Normal
From business unit to CC 450.08 Redirect
From business unit to software developer 28.00 Redirect
From software developer to analyst 142.92 Redirect
From software developer to CC 360.58 Redirect
From software developer to the end 52.66 Normal
From software developer to business unit 26.58 Redirect

As expressed in the analysis of the real data, when the numbers in the role and flow type based assignments,
which are of the type of redirect in Table 6 are examined carefully, it is seen that there is too much return
to the CC Responsible.

3.3. Elimination of Waste and Future Situation Value Stream Map

The simulation data of the error records of the current situation clearly show some points of suggestions
with a meaningful improvement. The effects of the desired system by eliminating some of the approval
steps and reducing the redirections that can be avoided in the process are explained in the 3.4 section. This
topic contains summary descriptions of improvement points.

The fact that the manager approval step in Figure 1 is rejected at a rate of 0.3% after examining the actual
data in the current system brings with it the assumption that the time lost in this step is higher than the con-
trol efficiency. Therefore, the first suggestion of improvement would be to remove the manager approval
step from the error record flow.

The second improvement suggestion is to mark the error records that are resolved in the removed manager
approval step to the CC Review step and transfer them directly to the CC Responsible role. Infrastructural
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requirements are provided for this improvement. The percentage of direct redirection of error records to the
CC Responsible role for the improved model is found as follows.

» “Percentage of Direct Assignment to CC Review via Manager Approval” * “Percentage of CC Re-
view First Time Solution”
o 21.5% = (77% * 28%),

* In this way, from the CC Review step, the required routing time to other flow steps and the CC
Responsible role’s error record review time will be decreased. Also, the redirection counts will be
significantly reduced by not making unnecessary redirects.

As a third step, 78.5% (100% - 21.5%) of the error records that are assigned to the CC responsible role but
should not be assigned after the error records are opened can be directly assigned to the analyst role. As the
analyst role has clearer information about the solution addresses of the error records coming from their area
of responsibility, it can make a more effective decision about forwarding the error records to the relevant
person. Implementation of three improvement steps to the VSM diagram is presented in Figure 2.

Proposed Design

Standby Times o
. . %5~ 36 Hours e | | e
Business Unit %20 - 24 Honrs
%10-3 Hours 4 4
| %30 2 Hours Business Unit
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 Review . ¥——— Approve
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Business Unit Business Unit |
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in i 0 10

Total Time : 67.8410+61.8+ 10+ 106 .8+10+14.4+10+20 = 310,8 Min
Value Added Time : 10410+10410+20 = 60 Min

Figure 2. The proposed design of the VSM diagram

The proposed design, unlike the current situation, does not include the manager approval step. Thus, the
non-value-added time value decreased from 563.4 minutes to 310.8 minutes. Value-added time has been
reduced from 63 minutes to 60 minutes. However, the invisible part of this model, which is the main reason
for the redirections in the process, is the effects of the prediction of being able to assign the right role the
first time. It has been simulated how the process will be affected when the records are forwarded to the an-
alyst instead of the CC role, except for the percentage of error records that the person in the CC role solves
directly. These results are detailed under the following headings.

3.4. Simulation Model of Proposed Design

Under this title, the integration of three suggested improvement steps into the simulation model is briefly
explained. As the first step of the proposed design, the approval of the manager was removed from the
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simulation model and a 21.5% error record count was assigned to the CC Review step to meet the second
recommendation.

Also, 72% of the distribution node of the number of error records transferred from CC Review to other steps
was reset after the “CC Review” step, which is the highest redirection source. Because the main assumption
is that the person in the CC responsible role solves the error records that are solely his responsibility and the
other error records are distributed to other flow steps through the Analyst role (third improvement proposal).

Arena - V.14, software for the recommended situation, Windows 7 Home Basic operating system, Intel
Core 15-3210M CPU 2.50Ghz - 6 GB RAM - 64-bit features were run on the computer. The simulation re-
sult was completed in 22.61 seconds. The simulation results of the proposed situation are given in Table 7.

Table 7

Simulation results of the proposed design

Unit type Average Minimum average Maximum average
Opened error records 1081.00 1081.00 1081.00
Closed error records 1063.00 1058.00 1067.00

The average number of opened error records per month is 1081. The simulation model starting rules have
not been changed and the monthly average number of error records kept constant to 1081 as the current sit-
uation simulation results. The total number of error records closed in the simulation results of the proposed
design model was calculated as an average of 1063 at the end of each month. When the current situation
simulation results (Table 2) are compared with the simulation results of the proposed design, it is seen that
an improvement rate of 24.6% was achieved in terms of closing the number of error records within a month.

3.4.1. Cycle Time

The cycle time results of the proposed design are presented in Table 8. The active use of total cycle time
in IT organizations as a key performance indicator further increases the importance of improvement rate in
this criterion.

Table 8

The cycle time results of the proposed design simulation

Bamee e e
Value added activity 0.5223 0.5751 9.2

Non value added activity 0.2978 0.8170 63.5

Standby time 10.53 78.5198 86.6

Total time 11.35 79.9119 85.8

The output of the proposed model in terms of cycle time is surprising but not unpredictable. The proposed
model eliminates unnecessary redirections and ensures that directly redirected the error records to the cor-
rect role at the right time.

3.4.2. Queue Analysis

The queue analysis results regarding the new situation are presented in Table 9. Also in this table, the
values for the waiting times based on the flow step are compared with the current simulation values.
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Table 9

Proposed design simulation results based queue analyze

Queue standby time results  Average (Proposed) Average (Current) Improvement ratio (%)

Analyst review 0.0228 0.1231 81.5
Analyst approval 0.0018 0.1203 98.5
CC review 0.3141 22.361 99.9
CC approval 0.2709 22.453 99.9
Business unit review 0.0000 0.0049 100.0
Business unit approval 0.0000 0.0169 100.0
Software developer review 0.0049 0.0851 94.2
Software developer approval ~ 0.0000 0.0478 100.0

Table 9 shows that CC Review and CC Approval steps as the highest step in terms of the maximum queue
waiting time in the system. In the other steps of the stream, there is no noteworthy queuing time.

When we compare the current situation with the proposed design, it is seen that the waiting time in the CC
Review step is significantly reduced at a rate of 99.9% and that means a significant improvement in the waiting
times in the whole process. It can be stated that the main reason for the total cycle time improvement ratio
in Table 8 is the improvement rate calculated in the waiting times in the CC Review and CC Approval steps.

3.4.3. Resource Analysis

The reflection of the proposed VSM model in terms of simulation results in terms of resource utilization
rates and the number of error records that the resources are interested in has also been remarkable. These
results are summarized in Table 10 and Table 11.

Table 10

Proposed design resource utilization rate (RUR) simulation results

Average Average Imorovement
Roles RUR RUR e o
(Proposed) (Current) ¢
Analyst 0.3079 0.4394 29.9
CC responsible 0.8812 0.9864 10.7
Business unit 0.0076 0.1358 94.4
Software developer 0.0293 0.2263 87.1

Table 11

Proposed design numerical distribution (ND) simulation results

Average Average Imorovement
Roles ND ND o b
(Proposed) (Current) ¢
Analyst 979.33 1393.25 29.7
CC responsible 1904.67 3013.50 36.8
Business unit 31.83 569.33 94.4
Software developer 86.00 635.67 86.5
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In resource utilization, the resource usage percentages obtained from the simulation results of the proposed
design were quite effective compared with the current situation. As can be seen in Table 10 and Table 11,
assigning the error records directly to the responsible role will provide the solution of errors, resulting from
the reduction of the queue of the CC Review step.

When Table 10 and Table 11 are examined by role, those in analyst roles are 29.9% less interested in error
records. This means analysts now could spend their working time more on their main tasks. The CC Re-
sponsible role continues to be concerned with error records closely because this role’s core mission is this.
Also, end-user satisfaction will be increased, cause of reducing the number of unnecessary assignments at
a rate of 94.4%. Similarly, the software developer role’s dealing with error records has decreased by 87.1%
based on RUR. Software developers will be able to devote more time to code development, which is their
main job, by reviewing only the records that need to be assigned to them with the correct guidance of the
analyst role. In short, the improvements of the proposed design model in terms of role-based number and
effort usage are consistent.

3.4.4. In-Process Assignment

Another remarkable output of the Arena simulation model is that it provides the relationship between the
number of error records that need to flow in the normal flow during the process and the number of returning
flows in the process.

The Arena process assignments of the proposed VSM are presented in Table 12.

Table 12

Proposed design assignments and flow type

Status Number Number Improvement

(Proposed) (Current) ratio (%) Flow type
From analyst to CC 639.42 910.92 29.8 Redirect
From analyst to the end 116.92 168.33 30.5 Normal
From analyst to business unit 27.41 36.33 24.6 Redirect
From analyst to software developer 78.33 109.00 28.1 Normal
From CC to analyst 0.00 877.00 100.0 Normal
From CC to the end 951.33 623.67 -52.5 Normal
From CC to business unit 0.00 489.00 100.0 Redirect
From CC to software developer 0.00 355.58 100.0 Redirect
From business unit to analyst 3.08 56.25 94.5 Redirect
From business unit to the end 1.00 17,50 94.3 Normal
From business unit to CC 25.16 450.08 94.4 Redirect
From business unit to software developer 1.58 28.00 94.4 Redirect
From software developer to analyst 17.33 142,92 87.9 Redirect
From software developer to CC 52.50 360,58 85.4 Redirect
From software developer to the end 6.25 52.66 88.1 Normal
From software developer to business unit ~ 3.50 26.58 86.8 Redirect
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In the process of examining and resolving the error records, it was determined that the errors were assigned
to the wrong roles as the main problem, and the rate of redirection was high in the assignment to the main
responsible role. The proposed three steps to solve this problem are included in the VSM model and then
the new model is simulated. The returns and improvement rates of the simulation results based on the num-
bers of the proposed design model based on redirections are summarized in Table 12.

When the simulation results are analyzed based on redirections according to the flow type parameter and
averaged on the role, the error records redirection volume decreased by 79.8%.

The number of error records resolved on average by the CC Responsible role, whose main task is to resolve
error records, increased by 52.5% on average. Despite this increase, the personnel in the CC Responsible
role, freed from the burden of reviewing the error records and dealing with unnecessary assignments, also
found the opportunity to work more efficiently by focusing on their main duties.

In addition, when Table 12 is analyzed through numbers, it reveals the high number of unnecessary as-
signments to the role of CC Review by personnel in other roles due to the lack of some infrastructure de-
velopments. The results of the proposed design model provide information about the new process that can
be achieved by getting rid of the meaningless workload in the queue and the improvement in the number
and percentage of redirection to the CC Review step. Thus, unnecessary waiting times and time spent on
non-value-added reviews are eliminated.

4. Conclusion

Value stream mapping (VSM) is a lean manufacturing technique used in recording activities in the
production of products and services, identifying-eliminating bottlenecks, creating and implementing
an action plan. In this study, the comparison of the current VSM model with the proposed VSM model
was made by analyzing the simulation results. , This is the first study in participation banking based on
error record analysis. The main advantages of the proposed flow structure can be summarized as follows;
the average number of closed error records during the month increased by 24.6%. In addition, the cycle
time of error records in the system has been reduced by 85.8%, above the average values. In the role-
based resource analysis, more effective effort percentages were reached for each role. Thus, an indirect
productivity increase has been achieved by focusing on the main task areas of roles whose main task is not
to solve errors. Finally, it is assumed that internal customer satisfaction will increase as the number of error
records incorrectly assigned to internal customers is reduced. Considering the results from a different point
of view, possible improvement steps can be carried out on the simulation model, and the effects of changes
in business processes on the current process can be analyzed more harmlessly. In addition, by evaluating
the activities related to commercial loans in financial institutions with value stream mapping and simulation
techniques in future studies, possible bottlenecks can be eliminated and a significant reduction in costs due
to non-value-added activities can be achieved.
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Article History Abstract — It is of great importance to detect the anti-oxidant features of plants, particularly those used
Received: 26.10.2021 for ﬂ‘)(.)d, phamacolpgy and medif:inal purposes. Stachys thirl.cei C. K(?ch bel.onging to Lamiaceae.family

is utilised as a medicinal aromatic plant in Turkey. It was aimed to investigate the total phenolic con-
Accepted: 07.02.2022 tent (TPC), anti-oxidant activity and bio-accessibility of S. thirkei C. Koch. The TPC was evaluated by
Published: 10.06.2022 Folin-Ciocalteu colorimetric proce-dure and antioxidant activity to determine four distinctive assays
Research Article (ABTS<+, CUPRAC, DPPH* and FRAP). The experimental analysis showed that, the levels of hydro-

lysable phenolics (1538.99 mg of GAE/100g) approximately three and a half fold higher than extractable
phenolics (422.96 mg of GAE/100g). The TPC of S. thirkei C. Koch was determined to be 1961.95 mg
of GAE/100g. Moreover, the bio-accessible fractions and phenolic bio-accessibility of S. thirkei C. Koch
were found to be 1766.72 pmol Trolox/g and 90.05 %, respectively. At the same time, the antioxidative
bio-accessibility of S. thirkei C. Koch was found to be higher in FRAP method (1164.29 pmol Trolox/g)
and also the bio-accessibility (%) of S. thirkei C. Koch was found to be higher in CUPRAC method
(93.41%). Present investigation is the primary report to investigate the bio-accessibility of the extracts
from S. thirkei C. Koch. The results of the present may be strong scientific evidence to use S. thirkei
C. Koch as a favorable source of antioxidant and the researches can be further extended to investigate
whether they exhibit similar activities in in vivo systems.

Keywords — ABTS™, Biological Activity, CUPRAC, DPPH', FRAP, Medicinal Plant

1. Introduction

Free radical formation occurs uncontrollably due to various uncontrollable environmental and physi-
ological factors and therefore causes cell damage. Observation of damage is defined as oxidative stress
(Aydemir & Sar1, 2009). The free radicals are cause to aging, tissue damage, and various diseases, such as
Parkinson, Alzheimer, diabetes mellitus and cardiovascular diseases (Umeno, Biju & Yoshida, 2017). Cor-
relatively, in several studies reported that free radicals have been causes numerous disorders (Biswas, Das
& Banarji, 2017; Khan, Garg, Singh, & Kumar, 2018; Sharifi-Rad, et al., 2020).

Anti-oxidants serve a function in avoiding the creation of and scavenging of free radicals and other
possible toxic oxidizing species (Alpay, Dulger, & Karabacak, 2017). Free radicals are constituted in
human body by several systems. In some situation this free radicals' ratio can rise over the ability of
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the control by the human body and hereby, the oxidative stress appear (Alkadi, 2020). The antioxidants
are deactivate harmful free radicals (Dey et al., 2012) and prevent the body from diseases. Intake of
natural antioxidants in daily diet is mostly connected with decrease the risk of cancer (Haznagy, Czigle,
Zupkoé, Falkay, & Mathé, 2006). As a consequence, the antioxidant capacity has been widely studied
due to the properties to avoid or treat the cancer in human (Alpay et al., 2017). Therefore; determin-
ing the capacities of active ingredients of plants used especially for food, pharmacology and medicinal
purposes have become increasingly common. Studies have shown that new methods have been devel-
oped for antioxidants and removal of free radicals. Among these methods, free radical removal methods
such as the 2,2-diphenyl-2-picrylhydrazyl (DPPHe), 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid (ABTS), Cupric-Reducing Antioxidant Capacity (CUPRAC), ferric reducing antioxidant activity
(FRAP) are the most frequently used methods (Gulcin, 2006). These antioxidant determination methods
have been used due to their easy use, sensitivity, applicability of analyses in a short time and their eco-
nomic advantages (Bursal, 2009). Furthermore, phenolic compounds found in most of the plants reflect-
ed one of the broadest groups of phytochemicals and are critical compounds for human health (Silinsin,
2016). It has been stated that phenolic compounds protect body tissues against oxidative stress that
prevent or delay the initiation or progression of oxidizing chain reactions (Prior, 2003; Amarowicz et al.

2010). Due to the toxic effects/reactions of artificial anti-oxidants/drugs used in the food/pharmacology
industry, there is a growing interest to the phenolic compounds. This has led scientists to find naturally
sourced food supplements and pharmaceutical active ingredients.

Bio-accessibility is the in vitro determination of the soluble and accessible part of food components after
passing through the gastrointestinal simulation system (Konak, Ates, & Sahan, 2017). Bioavailability is an
important factor in nutrition due to differences in environments related to different foods, food ingredients
and the digestive system. As reported by Usal & Sahan (2020), data on nutrition do not indicate the biologi-
cal activities of foods, due to the inability to absorb all the digested nutrients. For this reason, it is notable to
investigate the bio-accessibilities of food and drinks. Bio-accessibility can be defined as a bio active com-
ponent that is absorbed and stocked after physiological activities in living organisms (Fernandez-Garcia,
Carvajal-Lérida, & Pérez-Galvez, 2009; Rebellato, Pacheco. Prado, & Pallone, 2015).

Apart from well recognized and traditionally consumed natural antioxidants that obtained from bever-
age and foods (Schuler, 1990), there were so many various plants have been evaluated in the search for
alternative anti-oxidants seeking (Chu, Chang, & Hsu, 2000; Oke & Hamburger, 2002). Some of these
plants have an important place in human life are known as medicine-spice plants and most of them are
also known as medicinal and aromatic plants because they have aromatic properties and are used for me-
dicinal purposes (Beyzi, 2011). As reported in previous studies, the family of Lamiaceae is rich family
in medicinal and aromatic properties (Alan, Ozkan, & Tuncer, 2010; Raja, 2012; Carovi¢-Stanko et al.
2016). These unusual plant species belong to the Stachys, one of the broadest genera of the Lamiaceae.
Although the Stachys L. is concentrated in the moderate areas of the Southwest Asia and Mediterrane-
an, it stands out in South and North and Africa (Leblebici, 2011) and it also has a wide distribution in
Turkey. It has been shown in scientific studies that many species belonging to this genus have biological
activities such as antibacterial, antifungal, antitumor (Skaltsa, Demetzos, Lazari, & Sokovic, 2003; Far-
jam, Khalili, Rustayian, Javidnia, & Izadi, 2011; Saeedi, Morteza-Semnani, Mahdavi, & Rahimi 2008;
Yousefi, Gandomkar & Habibi, 2012). In addition to, the ground surface parts of the S. thirkei are boiled
such as tea and used in the treatment of gastrointestinal diseases in Turkey (Unsal, Vural, Sariyar, Ozbek,
& Otuk, 2010).

Rasgele & Dulger (2021) indicated that the anti-mutagenic effect of the ethanolic extract of S. thirkei
was 26.79% and 44.03%. Askun, Tekwu, Satil, Modanlioglu, & Aydeniz (2013) determined that different
extracts of S. thirkei showed no activity against Mycobacterium tuberculosis. However, Tunali Erkan &
Dulger (2016) reported that different extracts of S. thirkei were effective against microbial infections such
as Staphylococcus aureus ATCC 6538P, Candida glabrata ATCC 90030. Goren et al. (2011) and Askun et
al. (2013) stated that 29 and 12 compounds were found in essential oil of S. thirkei C. Koch. But there is no
direct study related to TPC, antioxidant activity and bio-accessibility of S. thirkei C. Koch. In this respect,
TPC, anti-oxidant activity and bio-accessibility of S. thirkei C. Koch was evaluated in this study. The TPC
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was appointed by Folin-Ciocalteu colorimetric procedure and antioxidant activity determined four distinc-
tive procedures. In addition to these, the bio-accessible phenolics of S. thirkei C. Koch were determined via
simulated digestion system.

2. Materials and Methods
2.1. Plant Material

S. thirkei C. Koch plants were collected between July and August 2019 from Konuralp (40°54°14.0”K,
31°10°30.8”D) town of Duzce in Turkey and taxonomically identified by Assoc.Prof. Ersin KARABACAK,
senior taxonomist from the Department of Biology, Canakkale Onsekiz Mart University and desiccated
under suitable herbarium conditions.

Gas Chromatography-Mass Spectrometry (GC-MS) analysis of the extract of S. thirkei was carried out
in Diizce University (DUBIT) Laboratory. An Agilent 7890A GC System connected to an Agilent 5975C
inert MSD with Tri-Axis Detector was used in the study. Separation of components was performed with an
Agilent HP5-MS (30 m x 0.25 mm x 0.25 pm) GC column. The oven temperature was held at 40 °C for 5
min., then ramped at 5 °C/min. to 100 °C for 5 min., then ramped at 20 °C/min. to 225 °C and held at this
temperature for 8 min. The total run time was 33,25 min. The injector temperature was fixed at 200 °C and
splitless mode was used with helium carrier gas. The ion source was electron ionization and the MS source
temperature was set at 230 °C. The injection volume was 1.0 pL.

2.2. Chemicals

All chemicals were used to analytical-grade purity. Trolox (CAS No: 53188-07-01) was purchased from
Aldrich (Aldrich Chemicals Company, Steinheim, Germany), ABTS™" (CAS No: 30931-67-0), neocuproine
(CAS No: 484-11-7), sodium hydroxide (CAS No: 1310-73-2), concentrated hydrochloric acid (CAS No:
7647-01-0) and concentrated sulfuric acid (CAS No:7664-93-9), methanol (CAS No: 67-56-1), ethanol
(CAS No: 64-17-5), bile salts (Pcode: 101738600) and DPPHe (CAS No:1898-66-4) were purchased from
Sigma (St. Louis, MO, USA). Gallic acid (CAS No: 149-91-7), potassium chloride (CAS No:7447-40-7),
pepsin (CAS No:9001-75-6), sodium chloride (CAS No: 7647-14-5), sodium carbonate (CAS No: 144-55-
8), ammonium acetate (CAS No: 631-61-8), copper(Il)chloride (CAS No: 10125-13-0) and Folin-Ciocal-
teau phenol reagent (CAS no: HC56273201) were purchased from Merck (Darmstadt, Germany). Pancrea-
tin (CAS No: 8049-47-6) was purchased from AppliChem (Darmstadt, Germany).

2.3. Preparation of Extractable, Hydrolysable, and Bio-accessible Fractions

The extractable, hydrolysable, and bio-accessible fractions of S. thirkei C. Koch sample was extracted
according to procedure developed by Vitali, Dragojevic, & Sebecic (2009) with some alterations. The
analysis was performed in triplicate.

To determine the extractable phenolic (EP), 1.0 g dry weight (dw) S. thirkei C. Koch was blended with
HCI_  methanol/water (1:80:10, v/v/v) in a definite value and swashed with rotary shaker (Heidolph
Multi Reax; Germany) at 250 rpm (2 h, 20°C) and centrifuging was performed at 3500 rpm (10 min,
4°C) (Eppendorf, 5430R-USA). The obtained liquid phase of EP compounds was stored at -20°C prior to
analysis.

For hydrolysable phenolic (HP), the residue EP was blended with methanol/H, SO, (10:1, v/v) in a
volume of 20 mL, was rinsed in water bath (20 h, 85°C). Then, before applying the centrifuge (at 3500 g, 10
min, 4°C), the obtained mixture was left for a while at room temperature to decrease the temperature. The
separated supernatants of HP compounds were kept at -20°C prior to analysis.

In vitro digestive enzymatic extraction assay was performed to evaluate the fraction of bio-accessible
phenolics. This in vitro method mimics the gastrointestinal tract system (Vitali et al., 2009; Sahan et al.
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2019) with minor modifications. Briefly, the sample was treated with pure water and pepsin and the pH
was adjusted to 2.0, using 5 mol/L HCI. The shaking water bath (37°C, 1h) was used for incubation. At the
end of the period, to emulate the intestinal digestion, pH was adjusted neutral and bile/pancreatin mixture
and NaCl/KCl were inserted to the sample and then the sample was shaked. And then, the sample was
centrifuged to obtain the supernatant (3500g, 10 min).

2.4. Measurement of TPC

To determine the all TPC fractions, the Folin-Ciocalteu colorimetric assay was used, as described by Xu
et al., (2009) with minor changes. After incubation for half an hour at 20-24°C, the absorbance value of the
extracts was detected at UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan) at 750 nm. The calibration
curve drawn with gallic acid and methanol was used as a blank. The obtained data were stated as gallic
acid equivalents per gram of S. thirkei C. Koch. TPC was computed as the total amount of extractable and
hydrolysable fractions. The study was repeated three times for all extracts.

2.5. Determination of Anti-oxidant Activity

Due to the complexity form of plants and possible reactions between them, the anti-oxidant activity
should not be detected just sole assay (Valadez-Carmona et al., 2016). Therefore, in this study, anti-oxi-
dant activity of extractable, hydrolysable and bio-accessible fractions were evaluated using four distinctive
methods (ABTS*, CUPRAC, DPPH® and FRAP). In present study, the spectrophotometric analysis was
performed by using a UV-1800 spectrophotometer. To obtain more reliable results, all antioxidant activity
tests were proceed in triple, and the obtained data were stated as pmol Trolox equivalent per 1.0 g dw of
specimen. The mean values + standard deviations were recorded.

ABTS™ and CUPRAC anti-oxidant activities were conducted according to methodologies as described by
Apak, Guclu, Ozyurek, & Karademir (2004) and Apak et al., (2007), respectively. Absorbance’s were read
at 734 nm for ABTS™; at 450 nm for CUPRAC.

DPPH' and FRAP assays were developed from Brand-Williams, Cavalier, & Berset (1995) and Benzie &
Strain (2002) with minor differences, at 517 and 595 nm, respectively.

2.6. Statistical Analysis

In present study, to perform the statistical analyses, the JMP IN 7.0.0 software was used. All of the data
obtained from three replicates and mean values were reported. The least significant difference was used to
specify the different groups (p<0.05).

3. Results and Discussion

The present research was reported for the first time bio-accessibility, TPC and anti-oxidant performance
of S. thirkei C. Koch using four distinctive methods.

According to GC-MS analysis, as seen in Table 1, the principal compounds in S. thirkei were malic acid
(27.703%), butanedioic acid (10.73%), palmitic acid (8.814%), propanedioic acid (8.616%), p-xylene
(7.843%), m-dimethylbenzene (6.634%) and o-xylene (5.558%).
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Table 1

Compounds of hydrolysable fractions of S. thirkei.

RT Compounds . Bat? of . R.a tiO.Of
(min) Similarity (%) Distribution %
5.830  Furfural 49 0.317
5.882  Oxalic acid, dimethyl ester 56 2.069
6.110  Ethylbenzene 94 0.652
6.318  o-Xylene 93 5.558
6.463  p-Xylene 97 7.843
6.884  m-Dimethylbenzene 97 6.634
7.563  Propanedioic acid, dimethyl ester ( Dimethyl malonate ) 91 8.616
8.196  3,3-dimethoxy- Propanoic acid, methyl ester 83 0.268
8.378  Ethyl (E)-2-(hydroxymethyl)but-2-enoate 47 0.280
8.435  2-hydroxy-3-methyl-Pentanoic acid, methyl ester 56 1.045
8.772  Methyl fumarate 91 1.221
8.845  dl-Limonene 98 0.330
8.892  Butanedioic acid, dimethyl ester 90 10.738
9.006  3,5-dimethyl-4-[2-(pyrrolidin- 1-yl)ethyl]-2,5- Heptadien-4-ol 35 0.338
9.442  4,4-Dimethoxy-butanoic acid, methyl ester 59 0.602
9.561  Benzoic acid, methyl ester 70 0.274
9.857  dl-Malic acid, dimethyl ester 83 27.703
10.308 Benzeneacetic acid, methyl ester 95 1.292
10.381 (Z)-2-Dodecene 94 0.137
10.448 Dodecane 80 0.163
10.656 (2,2-diethoxyethyl)- Benzene 35 0.495
10.796 Allyl isovalerate 47 0.390
11.891 (E)-2-Tetradecene 95 0.286
12.259 Octanedioic acid, dimethyl ester (Dimethyl suberate ) 91 0.172
12.420 3-Hydroxy-3-methoxycarbonyl-pentanedioic acid dimethyl ester 78 2917
12.612  6,6-Dimethoxy-Octanoic acid, methyl ester 50 0.445
12.762  Di-t-butyl-phenol 90 0.214
12.980 Nonanedioic acid, dimethyl ester (Azelaic acid, dimethyl ester ) 95 0.809
13.333  1-Hexadecene 98 0.209
13.385 1,1-dimethoxy- Octadecane (Stearaldehyde, dimethyl acetal ) 50 0.559
13.821 Aromadendrene 95 0.183
13.961 .gamma.-Muurolene 87 0.211
14.293  cis-tetrahydro-2,5-Thiophenedicarboxylic acid, dimethyl ester 46 0.250
14.609 12-methyl-Tridecanoic acid, methyl ester (Methyl isomyristate ) 96 0.417
15.725 Benzoic acid, hexyl ester 50 0.475
15.896 Benzoic acid, pentyl ester 50 0.402
16.327 L-Isoleucine 43 0.668
16.363 Hexadecanoic acid, methyl ester (Palmitic acid, methyl ester ) 98 8.814
16.586 Phytol 70 0.183
16.768 2-Methyl-3-phenyl-1,2-propanediol 3 0.839
18.138 (Z,Z,7)-9,12,15 -Octadecatrienoic acid, methyl ester 99 2.494
17.126 trichloro-Acetic acid, 3-phenylpropyl ester 64 0.135
17.723  2,7-dimethyl-2,6-octadien-4-ol 53 0.229
18.060 (Z,Z)-9,12-Octadecadienoic acid, methyl ester (Methyl linoleate) 99 1.240
18.407 Octadecanoic acid, methyl ester (Stearic acid, methyl ester ) 99 0.882
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The amount of extractable, hydrolysable, bio-accessible fraction and TPC of S. thirkei C. Koch were
presented in Table 2.

Table 2
Different fractions of TPCs of S. thirkei C. Koch

Total Phenolic Contents

Sample Extractable Hydrolysable Total Phenolic Blo-acces.s ible . Pheno}lc. RN
Phenolics” Phenolics® Content Phenolics Bio-accessibility
(umol Trolox/g) (%)
S. thirkei 422.96+4.70 1538.99+4.57  1961.95+4.46 1766.72+2.96 90.05+1.50

It was computed as the total of EPs and HPs.

® Bio-accessibility was computed as the percentage of TPC.
*mg of GAE/100g
Data are stated as X £ SD (n = 3)

According to the results, the level of HPs (1538.99+4.57 mg of GAE/100g) approximately three fold
higher than EPs (422.96+4.70 mg of GAE/100g). The TPC of S. thirkei C. Koch was determined to be
1961.95+4.46 mg of GAE/100g. Besides, the bio-accessible fractions and phenolic bio-accessibility of S.
thirkei C. Koch were found to be 1766.72+2.96 umol Trolox/g and 90.05+1.50%, respectively.

Results showed that the bio-accessibility of TPC of S. thirkei C. Koch is quite high. The studies conducted
with S. thirkei are limited in literature to compare the total phenolic contents and consist of antimutagenicity,
content analyses and antimicrobial activity of different extracts against bacteria and yeast cultures (Goren et
al., 2011; Askun et al., 2013; Tunali Erkan & Dulger 2016; Rasgele & Dulger, 2021). Therefore, all results
were collated with the results of the researches conducted with former species belonging to the Stachys
genus (Table 3). According to the results in the table, it can be observed that the TPC value is in the range of
16.59-1200.94. The TPC result obtained from our study was 1961.95 & 4.46, which is quite higher than the
results obtained from previous studies. This dissimilarity may be due to the extraction method, differences
of species and the phytogeographic conditions in which the plant grows.

In our study, the anti-oxidant performance of S. thirkei C. Koch was determined using four methods, name-
ly ABTS™", CUPRAC, DPPH" and FRAP assay. Antioxidant activity results obtained from S. thirkei C. Koch
extracts were presented in Figure 1.
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Figure 1. Antioxidant activity of S. thirkei C. Koch

193



Journal of Advanced Research in Natural and Applied Sciences

2022, Vol 8, Issue 2, Pages: 188-200

Table 3

The TPC and TFC studies conducted with other species belonging to the Stachys species.

. Total
Extract rcrzﬁltzﬁrf;;lg) Flavonoid References
Content (TFC)
. 11.1 mg QE/ Sytar, Hemmerich,, Zivcak,
S. byzantine Methanol 18.64 mg/g dw me dw Rauh. & Brestic. 2018
S. lavandula 16.59 GAE/g 448 mg QE/g Khoigani, Rajaei, & Goli, 2017
dry matter (dm) dm
_ n-Butanol 35491 mg/g -
S. guyoniana Ferhat et al., 2016
Ethyl acetate 300.50 mg/g -
. . 20.89 mg 6.22 mg QEs/g .
S. parviflora Ultrasonic GAE/g dm dm Bashi et al., 2016
61.2 mg GAE/ y
Methanol q r}% ext 8 - Sliumpaité, Venskutonisa,
S. officinalis 8.3 GAE/ Murkovic, & Ragazinskiene,
Acetone = me & - 2013
dry ext
: 46.00 mg Hajimehdipoor, Gohari, Ajani, &
S. byzantine Methanol A E/100 g ext - Sacidnia, 2014
S iberica 44.01 pg GAEs/ 597 ung QEs/  Tepe, Degerli, Arslan, Malatyali,
‘ mg ext mg ext & Sarikurkcu, 2011
. .. 600.74 mg
S. pinardii GAE/100 g dm -
S. cretica subsp. Methanol 1200.94 mg i Ozkan, Gokturk, Unal, & Celik
mersinaea GAE/100 g dm 2006
. 900.61 mg
S. aleurites GAE/100 g dm -

In regard to all methods, the HPs and EPs was found to be statistically (p<0.05) different. With the hydrol-
ysis process, the bound phenolic compounds were also transformed into an extractable form. According
to the results, HP fractions were higher than the EP fractions. The EPs of S. thirkei C. Koch ranged from
39.97+0.88 to 320.15+3.77 pmol Trolox/g. On the other side, the HPs of S. thirkei C. Koch changed be-
tween 172.16+9.78 to 828.64+1.45 umol Trolox/g. The ABTS™ anti-oxidant activity of EPs and HPs were
found to be 78.52+1.99 and 198.87+1.25 umol Trolox/g, respectively. The CUPRAC anti-oxidant activity
values of the EPs and HPs were found to be 182.09+1.16 umol Trolox/g and 828.64+1.45 pmol Trolox/g,
respectively. The DPPH" antioxidant activity of EPs was found to be 39.97+0.88 umol Trolox/g, while that
of HPs was found to be 172.1649.78 umol Trolox/g. The FRAP antioxidant activity of the EPs and HPs
were found to be 320.15+3.77 pumol Trolox/g and 595.49+5.05 umol Trolox/g, respectively. Due to the
complexity of the composition of S. thirkei C. Koch and possible reactions between them, the antioxidant
activity can be determined in different ratios in between the methods.

There is no antioxidant activity study conducted with S. thirkei C. Koch. However, there are lots of studies
investigating the anti-oxidant activities of distinct Stachys species such as S. annua (Alpay et al., 2017),
S. sieboldii (Yang et al., 2016), S. glutinosa (Leporini et al., 2015), S. lavandulifolia (Ghaffari, Ghassam,
& Prakash, 2012), S. ocymastrum (Lakhal et al., 2011). Apart from these, Ferhat et al., (2016) detected the
anti-oxidant activity of S. guyoniana with different extractions and various assays (ABTS™*, CUPRAC and
DPPH"). The results of analyses were 29.08 (ug/mL) and 21.57 (ug/mL) for ABTS™* assay which were ex-
tracted with n-butanol and ethyl acetate respectively; 0.15 (ug/mL) and 2.28 (ug/mL) for CUPRAC assay
which were extracted with n-butanol and ethyl acetate respectively; 2.91(ug/mL) and 5.53 (ug/mL) for
DPPH" assay which were extracted with n-butanol and ethyl acetate respectively. Carvalho et al., (2015)
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stated that S. brizantina was the greatest antioxidant activity in the ABTS™" and DPPH" methods. Venditti et
al., (2015) reported that in FRAP assay 48.9 (umol trolox/g) anti-oxidant activity was found for S. annua
subsp. annua. In the same study 178.4 (umol trolox/g) anti-oxidant activity was found in ABTS™ assay.
Tepe et al., (2011) indicated that antioxidant activity of S. iberica was quantified as 13.57+0.17 for 0.2 mg/
mL; 22.3442.24 for 0.4 mg/mL; 46.63+0.81 for 1 mg/mL using DPPH" method. Different ecological or
geographical origin along with the genetic fractionation, harvest time, climate conditions and/or method of
analysis can cause to be differences in chemical composition in plant species.

The antioxidative bio-accessibility of S. thirkei C. Koch was shown in Figure 2. As regard to the re-
sults, the ABTS™" antioxidant activity of bio-accessible phenolics and bio-accessibility was found to be
389.4343.26 umol Trolox/g, 71.23%, respectively. Statistical analyses were applied between the methods.
As regard to the results, for bio-accessible phenolics significantly (p<0.05) highest results were found to be
in FRAP method, followed by CUPRAC, ABTS* and DPPH" methods. According to the bio-accessibility
(%) results, statistically significant (p<0.05) differences were determined in CUPRAC method.

FRAP 1164.29 78.64
DPPH
CUPRAC 1082.09 93.41
ABTS 389.43 7123
0 200 400 600 200 LO00 1200 1400

® Bioaccessible Phenolics (unmol Trolox/g) ™ Bioaccessibility (%)

Figure 2. Antioxidative bio-accessibility of S. thirkei C. Koch

The CUPRAC antioxidant activity of bio-accessible phenolics and bio-accessibility was found to be
1082.09+1.16 umol Trolox/g, 93.41%, respectively. The DPPH" antioxidant activity of bio-accessible phe-
nolics and bio-accessibility was found to be 264.37+2.85 umol Trolox/g, 80.24%, respectively. The FRAP
antioxidant activity of bio-accessible phenolics and bio-accessibility was found to be 1164.29+2.20 umol
Trolox/g, 78.64%, respectively.

According to the literature review, our study is the first investigation on the bio-accessibility of S. thirkei
C. Koch. So, the results of the our research were collated with the results of the studies conducted with
other genus belonging to the Lamiaceae. Labanca, Svelander, & Alminger, (2019) pointed that the bio-ac-
cessibility of the phenolic and flavonoid compounds of Salvia hispanica L. plant were 78.19% and 14.20%,
respectively. Also Pellegrini et al., (2018) stated that the bio-accessibility of Salvia hispanica was greater
in phenolic acids. Gayoso et al., (2018) informed that the bio-accessibility percentages were between 58-
98% for Melissa officinalis, 36-107% for Lavandula latifolia and 41-93% for Origanum vulgare. Daly,
Jiwan, Obrien, & Aherne, (2010) indicated that carotenoid bio-accessibilities of basil (Ocimum basilicum),
mint (Metha L.) and sage (Salvia officinalis) were 6.6-21.3%, 4.8-8.7% and 19.0%. In the same study, the
bioavailability of rosemary (Rosmarinus officinalis) was found to be 0%. The reasons for these differences
between samples are thought to be differences in environmental conditions, climate and diversity of extrac-
tion processes (solvent type, plant material, solvent ratio).
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4. Conclusion

In presented study the total phenolic compounds, anti-oxidant activity and bioaccessibility of S. thirkei
C. Koch was determined with four different methods (ABTS"*, CUPRAC, DPPH" and FRAP) due to the
complexity form of it. Especially, the bio-accessibility and anti-oxidant effect of the extracts from S. thirkei
C. Koch was reported for the first time with this study. Proximate analysis indicates that the hydrolysa-
ble phenolic determined higher than the extractable phenolic. Moreover, the bio-accessible fractions of .
thirkei C. Koch was found to be 1766.72umol Trolox/g and phenolic bio-accessibility of S. thirkei C. Koch
were found to be 90.05%. The findings of this results showed that S. thirkei C. Koch may be a good source
of antioxidants due to the main components such as malic acid, butanedioic acid, and palmitic acid. The
determined high phenolic compounds may be the evidence of the anti-oxidant activity. In other words, these
obtained results may be potent scientific proof to utilise the S. thirkei C. Koch as a beneficial source of an-
ti-oxidant patterns. As a result, it was concluded that the S. thirkei C. Koch is good source of bio-accessible
total phenolic content and antioxidant materials that are noted to be beneficial in many aspects to health
and can be used as an alternative supplementary foodstuff. However, further studies are still necessary to
identify the S. thirkei C. Koch compounds contribute in these pharmacologic properties.
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Makine Ogrenme Algoritmalar: ile PM10 Konsantrasyon Tahmini

Kahraman Oguz!", Muhammet Ali Pekin!,

"Meteoroloji Genel Miidiirliigii, Arastirma Dairesi Bagkanligi, Ankara, Tiirkiye

Makale Tarihcesi Oz — Partikiil madde (PM) kirliligi snemli gevresel sorunlara sebep olmaktadir. PM kirliliginin olumsuz
Génderim: 10.08.2021 etkileri, canli saghigina yonelik riskleri nedeniyle yaygin bir sorun haline gelmistir. PM kirliliginin tim

bu olumsuz etkileri ve atmosferdeki karmasik etkilesimi sebebiyle, daha fazla ¢aligmaya konu olma-
Kabul: 19.10.2021 st onemlidir. Ozellikle, PM kirliliginin izlenmesi ve tahmin edilmesi konusunda yapilacak galismalar
Yayim: 10.06.2022 6nemlidir. Son yillarda meteorolojik faktorler géz 6niine almarak PM kirliliginin tahmin edilmesi ca-

ligmalar artmistir. Ozellikle makine 6grenme yontemleri ile PM kirliligi tahmini galismalar1 hiz kazan-
mustir. Bu ¢aliymada, meteorolojik faktorler géz oniine alinarak cesitli makine 6grenme algoritmalari ile
PM10 kirliligi tahmin edilmistir. Caligmada kullanilan meteoroloji verileri Meteoroloji Genel Miidiirlii-
§ii Ankara Bolge istasyonundan (enlem:39,9727, boylam:32,8637, rakim:891 m.) elde edilmistir. PM10
kirlilik verileri ise Cevre, Sehircilik ve Iklim Degisikligi Bakanligi Ankara Kegioren-Sanatoryum hava
kalitesi istasyonundan (enlem: 39,999, boylam: 32,856, rakim: 1009 m.) elde edilmistir. Makine 6gren-
me caligmasi asamasinda, sicaklik, ¢ig noktasi sicakligi, yagis, bagil nem, riizgar hizi, basing, bulut kapa-
lilig1 ve bir dnceki giine ait PM10 6l¢limleri g6z dniine alinarak, farkli makine 6grenme (karar agaci reg-
resyonu, destek vektor regresyonu, lasso regresyonu ve yapay sinir agt) algoritmalartyla ayr1 ayri caligma
yapilmig ve bu algoritmalarin tutarliliklar karsilagtirilmistir. Tutarhiliklarinin incelenmesi asamasinda
cesitli istatistiksel metrikler kullanilmistir. Sonugta, test bolimii géz oniine alindiginda, yapay sinir agt
algoritmasinin belirleme katsayis1 0,6, kok ortalama kare hatasi ~18 ve ortalama mutlak hata ~12 olarak
bulunmus ve yapay sinir ag1 algoritmasinin diger algoritmalara gére daha iyi sonug verdigi goriilmiistiir.
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Estimation of PM10 Concentration with Machine Learning Algorithms
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Article History Abstract — Particulate matter (PM) pollution causes significant environmental problems. The adverse
Received: 10.08.2021 effects of PM pollution have become a common problem due to its risks to living health. Due to all

these negative effects of PM pollution and its complex interaction in the atmosphere, it is important that
Accepted: 19.10.2021 it be the subject of more studies. In particular, studies on monitoring and estimating PM pollution are
Published: 10.06.2022 important. In recent years, studies on estimating PM pollution have increased by considering meteor-

ological factors. Especially with machine learning methods, PM pollution estimating has accelerated.
In this study, PM10 pollution is estimated with various machine learning algorithms considering mete-
orological factors. The meteorological data used in the study were obtained from the Ankara Regional
Station of Turkish State Meteorological Service (latitude: 39,9727, longitude: 32,8637, altitude: 891
m.). PM10 pollution data were obtained from the Ministry of Environment, Urbanization and Climate
Change Ankara Kegidren-Sanatorium air quality station (latitude: 39,999, longitude: 32,856, altitude:
1009 m.). In the machine learning phase, different machine learning (decision tree regression, support
vector regression, lasso regression and neural network) were used, considering temperature, dew point
temperature, precipitation, relative humidity, wind speed, pressure, cloud cover and PM10 measure-
ments of the previous day. Algorithms were studied separately and the consistencies of these algorithms
were compared. Various statistical metrics were used to examine their consistency. As a result, consid-
ering the test section, the determination coefficient was found to be 90,6, root mean square error ~1 8, and
mean absolute error ~12 for artificial neural network algorithm, and it was seen that the artificial neural
network algorithm gave better results than other algorithms.
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1. Giris

Hava kirliligi, sanayilesmenin ve niifus artisinin kaginilmaz etkisiyle beraber 6nemli ¢evresel ve atmos-
ferik sorunlardan birisi haline gelmistir. Hava kirliligi, kentsel ve endiistriyel alanlarin 6nemli konularindan
biridir. Hava kirleticilerinin olumsuz etkileri, canli sagligina yonelik riskleri nedeniyle yaygin bir sorun
haline gelmistir. Partikiil madde (PM) kirliligi, ABD Cevre Koruma Ajansi (US EPA) tarafindan énemli
hava kirletici kriterlerinden birisi olarak tanimlanir (Ozdemir ve Taner, 2014). PM kirliligi, kalp ve akciger
hastaliklarma neden olur, atmosferik goriis mesafesini azaltir, golleri ve akarsular asidik hale getirir, nehir
havzalarinda besin dengesini degistirir, ormanlara ve tarim Uriinlerine zarar verir, ekosistem ¢esitliligini
etkiler, asit yagmurlarina neden olur, heykeller gibi kiiltiirel agidan &nemli nesnelere zarar verir ve neticede
maddi kayiplara da neden olur (US EPA, 2021).

PM konsantrasyonunu etkileyen temel faktorler arasinda emisyon kaynaklari ve meteorolojik faktorler bu-
lunmaktadir. Meteorolojik faktorlerle PM konsantrasyonu arasinda énemli bir iligkinin varligi, pek cok
¢alisma tarafindan ele alinmistir (Hrdlickova vd., 2008; Ei-Sharkawy vd., 2015; Oguz, 2020). PM’nin tasi-
nimi, kimyas1 ve ¢okelmesi, meteorolojik faktorler tarafindan kontrol edilmektedir. Meteorolojik faktorler
birbirini etkilemekle birlikte, PM ile yakindan baglantili bir sistem olusturur. Meteorolojik kosullarin PM
konsantrasyonu {izerindeki etkileri olduk¢a karmasiktir (Qin vd., 2019). PM kirliliginin tim bu olumsuz
etkileri ve atmosferdeki karmasik etkilesimi sebebiyle, daha fazla ¢aligmaya konu olmasi 6nemlidir. PM
konsantrasyonunun tahmini amacli ¢esitli yontemler bulunmaktadir. Makine 6grenme yontemi, son yillarda
sikca kullanilan tahmin yontemlerinden birisidir.

Makine 6grenimi, hizla gelisen ve bilgisayarlarin verilere dayali olarak 6grenmesini saglayan bir alandir.
Veriler, fiziksel deneyler, bilgisayar modelleri veya her ikisinin birlesimi dahil olmak {izere ¢esitli kaynak-
lardan gelebilir. Makine 6greniminin bir¢ok alanda basarili uygulamalar1 olmustur (Panda vd., 2020). Son
otuz yilda, makine 6grenimi tekniklerine dayali istatistiksel modeller gelistirilmesi ve ¢oklu ve karmagik
veri setlerini kesfetme, analiz etme ve tahminlerde bulunma kabiliyeti nedeniyle hava kalitesi tahmin ala-
ninda da giderek daha fazla uygulanmaktadir. Bir makine 6grenimi algoritmasinin temel amaci, verilerden
bilgi elde etmek ve tahminlerde bulunmak i¢in egitim aldigi (6grendigi) veri kiimesinin genel 6zelliklerini
ve etkilesimlerini yakalayan bir model saglamaktir (Alpaydin, 2010; Gagliardi ve Andenna, 2020). Bili-
nen en yaygin makine 6grenme algoritmalarindan biri, degiskenler arasindaki dogrusal olmayan iliskileri
kesfetme yetenegi olan yapay sinir aglaridir (YSA). Bu konuda kullanilan diger bir algoritma, regresyon
amaciyla kullanildiginda destek vektor regresyonu (DVR) olarak da adlandirilan destek vektor makinesidir.
Bu algoritma, yeni verilere genelleme yapan iyi bir genelleme algoritmasidir. Ugiincii algoritma, grafiksel
bir ters agag yapisina sahip, iyi bilinen bir makine 6grenme algoritmasi olan karar agacidir. Regresyon igin
bir karar agaci kullanildiginda, buna karar agaci regresyonu (KAR) denir (Aljanabi, 2020).

PM konsantrasyonunun tahmini amaciyla makine 6grenme algoritmalarinin uygulandigi ¢esitli ¢aligmalar
bulunmaktadir. Giiltepe (2019) ¢alismalarinda, Kastamonu ilini ele alarak ¢esitli makine 6grenmesi algo-
ritmalart ile hava kirliliginin tahmininde, bazi meteorolojik degiskenler kullanarak hava kirliligi tahmini
yapacak modeller gelistirmislerdir. Algoritmalardan YSA algoritmasi i¢in dogru tahmin orani1 %87 ve diger
makine 6grenmesi algoritmalarindan Rastgele Orman %99 ve KAR %99 degerleri ile en iyi sonuglar1 ver-
digi sonucuna ulagmislardir. Suleiman ve digerleri (2019) ¢alismalarinda, Londra’da ¢esitli istasyonlardan
elde edilen trafik kaynakli PM verilerinin makine 6grenme algoritmalari ile tahminini yapmislardir. YSA
algoritmasinin trafik kaynakli PM tahmininde etkin bir sekilde kullanilabilecegi sonucuna ulagmiglardir.
Castelli ve digerleri (2020) ¢alismalarinda, Kaliforniya’da PM ve hava kalitesini tahmin etmek i¢in makine
ogrenme algoritmalarini uygulamislardir. DVR algoritmasmin saatlik kirletici konsantrasyonlarimin tutarl
bir sekilde tahmin edilmesini sagladig1 sonucuna ulagmislardir. Czernecki ve digerleri (2021) ¢alismalarin-
da, Polonya’da ¢esitli istasyonlardan elde edilen PM verilerinin makine 6grenme algoritmalart ile tahminini
yapmiglardir. KAR tabanli bir algoritma olan XGBoost algoritmasinin PM tahmininde en iyi algoritma
oldugu, sonrasinda ise YSA algoritmasinin geldigi sonucuna ulasmislardir.

Bu ¢alismada, meteorolojik faktorler géz Oniine alinarak ¢esitli makine 6grenme algoritmalari ile PM10
konsantrasyonu tahmin edilmistir. Makine 6grenme algoritmalarinin uygulanmasi asamasinda, sicaklik,
¢ig noktas1 sicakligi, yagis, bagil nem, riizgar hizi, basing, bulut kapaliligi ve bir 6nceki giine ait PM10
Ol¢timleri géz Oniine alarak, farkli makine 6grenme (KAR, DVR, Lasso, YSA) algoritmalariyla ayr1 ayr
caligma yapilmis ve bu algoritmalarin tutarliliklari karsilastirilmistir.

202



2022, Cilt 8, Sayr 2, Sayfa: 201-213 Journal of Advanced Research in Natural and Applied Sciences

2. Materyal ve Yontem
2.1. Calisma Alam ve Veri

Bu ¢aligmada, giinliik meteoroloji verileri (sicaklik, ¢ig noktasi sicakligi, yagis, bagil nem, riizgar hizi,
basing, bulut kapalilig1) Meteoroloji Genel Miidiirliigii Ankara Bolge istasyonundan (enlem:39,9727, boy-
lam:32,8637, rakim:891 m.) elde edilmistir (MGM, 2021). PM10 kirlilik verileri (giinliik) ise Cevre, Sehirci-
lik ve Tklim Degisikligi Bakanlig1 Ankara Kecidren-Sanatoryum hava kalitesi istasyonundan (enlem: 39,999,
boylam: 32,856, rakim: 1009 m.) elde edilmistir (CSBHKI, 2021). Calismada kullanilan verilerden yag1s veri-
si glinliik toplam iken, diger tiim veriler giinliik ortalama olarak elde edilmistir. Ankara Kegioren-Sanatoryum
hava kalitesi istasyonu, meteoroloji istasyonuna yakin olmasi sebebiyle ve diizenli dl¢timlerinin bulunmast
sebebiyle tercih edilmistir. Bu istasyonlarin konumlart Sekil 1’de gosterilmektedir. Ele alinan veriler Ocak
2018-Temmuz 2021 dénemini kapsamaktadir. Makine 6grenme yontemiyle uygulama yapilirken, veri setinin
rastgele (randomize) segilen %80’lik kismi (888 satir) egitim verisi, %20°lik kismi (223 satir) test verisi olarak
kullanilmistir.

32°45°0"
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Sekil 1. Calismada verileri kullanilan 6l¢iim istasyonlarmin konumu (Sar1 nokta: Cevre, Sehircilik ve Ik-
lim Degisikligi Bakanligina ait hava kalite istasyonunu, kirmizi nokta: Meteoroloji Genel Miidiirliigiine
ait meteoroloji istasyonunu gosterir).

Tablo 1°de ¢alisma donemi i¢in meteorolojik parametrelerin ve PM 10 un istatistiki bilgileri goriilmektedir.
PM10 ortalamas1 45,9 pg/m?, minimum ve maksimum degerleri ise sirastyla 5,2 pg/m® ve 295,5 pg/m?
olarak bulunmustur. Caligmada kullanilan verilerin birbiri ile olan korelasyonu Tablo 2’de goriilmektedir.
Sekil 2°de ise meteorolojik parametrelerin PM10 ile sagilim grafigi goriilmektedir. PM10 ile en yiiksek ko-
relasyon katsayisinin (r=-0,319) riizgar hiz1 ile oldugu goriilmiistiir. Bunu ise basing (r=0,233) takip etmis-
tir. PM10 ile rlizgar hiz1 arasinda negatif yonlii zayif bir iligskinin varligindan s6z edilebilir. PM10 ile basing
arasinda ise pozitif yonlii zayif bir iliskinin varligindan s6z edilebilir. PM 10 diger parametreler arasinda ise
korelasyon katsayis1 r<0,2 olup, iliskinin ¢ok zayif oldugundan s6z edilebilir.
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Tablo 1

Calismada kullanilan verilerin tanimlayici istatistikleri

PM10 T TD PRC RH W Q C
Ortalama 459 13,755 3,27 1,096 55,511 1,935 913,303 3,135
Ortalamanin
Standart Hatas! 0,923 0,251 0,162 0,094 0,515 0,029 0,144 0,067
Medyan 38,5 13,6 2.9 0,0 55,8 1,8 913,2 2.9
Mod 21,1 17,7 2,2 0,0 54,5 1,3 910,7 0,0
Standart Sapma 30,75 8,376 5,394 3,119 17,181 0,967 4,808 2,25
Carpiklik 2,256 -0,051 -0,127 4,652 0,076 1,219 0,111 0,216
Carpikligin
Standart Hatasi 0,073 0,073 0,073 0,073 0,073 0,073 0,073 0,073
Minimum 5,2 -8.,4 -13,2 0,0 13,5 0,3 896,2 0,0
Maksimum 295.5 31,9 15,1 32,6 97,8 7,0 928,5 8,0
T: Temperature-Sicaklik (°C), TD: Dew point temperature-Cig noktasi sicakligi (°C),
PRC: Precipitation-Yagis (mm), RH: Relative humidity-Bagil nem (%), W: Wind-Riizgar hiz1 (m sii'),
Q: Pressure-Basing hpa, C: Ceiling-Bulut kapaliligr (1/8)
Tablo 2
Caligmada kullanilan verilerin birbiri ile olan korelasyonu
Parametre PM10 T TD PRC RH W Q C
Pearson’s r —
PMI10
p-value —
T Pearson’sr -0,146 —
p-value <,001 —
Pearson’sr -0,140 0,719 —
TD
p-value <,001 <,001 —
Pearson’sr -0,147  -0,145 0,132 —
PRC
p-value <,001 <,001 <,001 —
RH Pearson’sr 0,080 -0,718  -0,061 0,394 —
p-value 0,008 <,001 0,042 <,001 —
- Pearson’sr -0,319 0,293 0,173 -0,072  -0,265 —
p-value <,001 <,001 <,001 0,017 <,001 —
0 Pearson’sr 0,233 -0,312  -0,350 -0,260 0,063 -0,125 —
p-value <,001 <,001 <,001 <,001 0,037 <,001 —
C Pearson’st -0,060  -0,422 0,045 0,371 0,668 -0,107 -0,283 —
p-value 0,044 <,001 0,134 <,001 <,001 <,001 <,001 —

2.2. Makine Ogrenme Algoritmalar

Bu calismada, ¢esitli makine 6grenme algoritmalari kullanilarak uygulama yapilmistir. Ele alinan al-
goritmalar yapay sinir ag1, destek vektor regresyonu, karar agaci regresyonu ve lasso algoritmalarindan
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Sekil 2. Caligmada kullanilan verilerin sa¢ilim ve yogunluk grafikleri

olusmaktadir. Makine 6grenme algoritmalarinin hiperparametreleri deneme yanilma yontemi ile belirlen-
mistir. Makine 6grenmede verilerin normalize edilmesi, tahmin basarisini artirmaktadir (Singh ve Singh,
2019). Bu c¢alismada da maksimum-minimum normalizasyon yontemi uygulanarak veriler 6n iglemden
gecirilmistir.

2.2.1. Yapay Sinir Ag1

Yapay sinir ag1 (YSA), insan beyninin sinirsel yapisini taklit eden bir veri islemedir. Girdiler ve ¢iktilar
arasinda iliskiler kurar. Insan sinir sistemi gibi paralel veri isleme mimarisine sahiptir (Haykin, 1999). insan
sinir sisteminin temel 6gesi, dort temel bileseni olan bir ndrondur. Noronlar agirlikli girdiler alir, bunlar
birlestirir, dogrusal olmayan islem uygular ve ¢iktiy1 verir. Dolayisiyla bir YSA’nin temel islem elemani
olan yapay noronun, dogal ndronlar gibi dort islevi vardir. Bu yapay ndronlarin kiimelenmesi yapay sinir
agini olusturur. Bu kiimeleme, daha sonra birbiriyle iliskilendirilen katmanlar olusturarak gergeklesir. Cogu
YSA uygulamasinda uygulama, giris, gizli ve ¢ikis katmanlar1 olmak iizere birbirine bagh {i¢ katmana
sahiptir. Sekil 3’de bir YSA mimarisi goriilmektedir. Bu YSA’lar ¢cok katmanli algilayic1 (MLP) olarak
bilinir (Yaseen vd., 2015). Katmanlar arasindaki baglanti, bir YSA'nin en 6énemli 6zelliklerinden biridir.
Ileri beslemeli veya geri bildirimli olabilir. Bir YSA'nin en bilinen avantajlarindan biri, dgrenebilmesidir.
Ogrenme, tahmin edilen ve gdzlenen degerler arasindaki hatay1 en aza indirmek icin agirliklari ayarlayarak
gerceklesir (Alizamir vd., 2020).

YSA algoritma katmanlari, baglantilarla birbirine bagli yapay sinir hiicreleri araciligiyla olusur. Yapay si-
nir hiicresi, Sekil 4’de gosterilen girdi, toplama fonksiyonu, aktivasyon fonksiyonu ve ¢ikti kisimlarindan
olusur. Girdi kisminda (X), disardan elde edilen veriler yapay sinir hiicresine giris saglar. Agirlik (W) ise,
yapay sinir hiicresi i¢in dnemini iceren degerleri ifade etmektedir. Tiim girdiler hiicre agisindan 6nem ve
etkilerine gore bir agirliga sahip olur. Yoniine gore pozitif veya negatif degerler alabilir. Sonraki adim olan
toplama fonksiyonu, hiicreye gelen net girdinin analiz edildigi kisimdir. Girdilerle bunlarin agirliklarinin
carpimlar1 sonucu elde edilen degerlerin toplamlari, sonrasinda esik degerlerle toplanir. Elde edilen deger-
ler aktivasyon fonksiyonuna girdi olusturur. Aktivasyon fonksiyonu, toplama fonksiyonundan aldigi net
girdiyi isleyerek ciktiy1 olusturacak degerleri iiretir. Aktivasyon fonksiyonu dogrusal olmamakla birlikte
cesitlilik gosterebilmektedir. Toplama ve Aktivasyon fonksiyonlart néron igerisinde bulunur. Tiim bu ve-
rilerin islenmesi sonucunda elde edilen degerlerin ulastigi yer ise ¢ikti kismidir. Bir sinir hiicresinin girdi
sayisi ¢oklu olsa da sadece bir tane ¢iktisi olabilir (Aydogan ve Zirhlioglu, 2017). Bu calismada, 2 farkli
noron sayist (YSA1=150x100 ve YSA2= 100x100) goz dniine alinarak YSA ile tahmin yapilmistir.
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Sekil 3. Yapay sinir ag1 algoritmasi (Karaatli, 2012).
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2.2.2. Destek Vektor Regresyonu

Destek Vektor Regresyonu (DVR), birgok farkli regresyon probleminde iyi sonuglar veren, regres-
yon ve fonksiyon yaklagimi i¢in en gelismis algoritmalardan biridir (Smola ve Scholkopf, 2004). DVR
algoritmalar1, yalnizca verilerin hata tahminlerini degil, ayn1 zamanda regresyon modelinin genellesti-
rilmesini de hesaba kattiklar1 i¢in ¢ok cesitli regresyon problemleri i¢in ¢ok kullanislidir (Carro-Calvo
vd., 2017). DVR, 2-boyutlu uzayda lineer olarak ayrilamaz olsalar bile kullanilir. DVR, siniflar1 lineer
olarak ayrilabilir hale getirmek amaciyla daha yiliksek boyutlu uzaya doniistiiren bir hile tanitarak elde
eder ve bu hileye ¢ekirdek hilesi denir. DVR’de siniflandirma, siniflar arasinda yapilmasi yerine, temel-
de belirli bir esigin lizerinde veya altinda olan regresyon hatalarinin siniflandirilmasi mantigina daya-
nir (Abuella ve Chowdhury, 2016). DVR islemi, siniflandirma adimlarinda olusturulan her siniflamada
uygulanir. DVR, lineer olmayan girdiyi, ger¢ek diinyadaki problemler nedeniyle boyutun daha yiiksek
oldugu 6zellik alanina doniistiirmek igin ¢ekirdek fonksiyonlarini kullanir ve genellikle nadiren lineer
olarak ayrilabilir.
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Temel ¢ekirdek fonksiyonlar lineer, polinom, gauss fonksiyonlaridir. Lineer fonksiyon (Denklem 2.1):

k(x,y)=x'y+C 2.1
Polinom fonksiyon (Denklem 2.2):

k(x, y) = (ax'y + O 22
Gauss fonksiyonu (Denklem 2.3):

k(x, y) =exp (¥ [x —y|) 23

denklemi ile ¢6ziimlenir. Burada, x ve y, egitim seti vektorlerini ifade ederken, ¥ ise kernel parametresini
ifade eder. C ve ¥ parametreleri, DVR’nin hiper parametreleridir. Egitim vektorleri, o fonksiyonu tara-
findan daha yiiksek boyutlu bir uzaya eslenir. Her ¢ekirdek islevi, oncelikle atanmasi gereken parametre
degerine sahiptir. Parametre C degeri, lineer ¢ekirdek islevine atifta bulunur. Parametre C, y, T ve d degeri
polinom ¢ekirdek fonksiyonuna atifta bulunurken, ¥ parametresi gauss ¢ekirdek fonksiyonuna atifta bulu-
nur. Parametre degerleri, elde edilen DVR algoritmasi iizerinde biiylik etki saglar. Daha optimal parametre,
daha iyi sonuglanmig tahmin anlamina gelir (Adhani vd., 2013).

2.2.3. Karar Agaci Regresyonu

Karar Agaci, akis semas1 benzeri bir aga¢ yapisi kullanan veya kararlar ve ¢iktilar, girdi maliyetleri
ve fayda dahil tiim olas1 sonuglarindan olusan bir model gibi olabilen bir makine 6grenme algoritmasidir.
Denetimli 6grenme algoritmalarimin bir tiiriidiir. Karar agaclari, kategorik veya siirekli olmak tizere her iki
cikt1 degiskeni tiirii i¢in de kullanilabilir. Karar agaci regresyon algoritmasi, bir nesnenin dzelliklerini tespit
eder. Karar agaci regresorii, aga¢ benzeri bir olusumda bir sistemi egitir ve anlamli siirekli ¢iktiya sahip
olmak i¢in gelecege yonelik verileri tahmin eder. Siirekli ¢iktinin anlami, bilinen degerler veya sayilar kii-
mesiyle gdsterilmedigi anlamina gelir (Badarpura vd., 2020). Bir karar agaci algoritmasinin ana bilesenleri
diigtimler ve dallardir ve bir sistem olugturmanin en 6nemli adimlar1 ise bélme, durdurma ve budamadir.
Karar agaci regresyonu (KAR) uygulamasindaki en temel sorun, her seviyede kok diigiim igin 6zniteligi
se¢mektir. Bu problemin listesinden gelmek i¢in bilgi kazanci ve gini indeksi olmak iizere iki nitelik se¢im
olgiitii vardir. Bilgi kazanci se¢im (Denklem 2.4) ve gini indeksi 6lgiitii (Denklem 2.5) formiilasyonlar
asagidaki sekildedir (Hariskumar vd., 2020).

Bilgi Kazanci (G, A) = Entropi (S) - ZUEDegerler(A)%Entropi(Sv) 2.4

burada S: 6rnekler kiimesi, A: bir nitelik, Sv: S'nin alt kiimesi ve degerler(A): A'nin tiim olas1 degerlerinin
kiimesidir.

Gini =1 - X", (pi)? 2.5

burada pi: bir nesnenin belirli bir sinifa siniflandirilma olasiligidir.

2.2.4. Lasso Regresyonu

Lasso regresyonu, elde edilen istatistiksel algoritmanin tahmin dogrulugunu ve yorumlanabilirligi-
ni gelistirmek i¢in hem degisken se¢imini hem de diizenlilestirmeyi gergeklestiren bir regresyon analizi
yontemidir. Lasso regresyonu, kiiclilmeyi kullanan bir tiir lineer regresyondur. Kii¢iilme, veri degerlerinin
(ortalama gibi) merkezi bir noktaya dogru kiiclildiigli yerdir. Lasso basit, seyrek modelleri (yani daha az
parametreli modelleri) tesvik eder. Bu 6zel regresyon tiirii, coklu baglanti gosteren modeller i¢in veya de-
gisken secimi/parametre elenmesi gibi model se¢iminin belirli kisimlarii otomatiklestirmek istendiginde
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oldukga faydalidir. Lasso regresyonu 6zetle, 6rneklem biiyiikliigiine kiyasla tahmin edicilerin sayis1 biiyiik
oldugunda bir regresyon modeline uyma sorununu ¢dzmek icin gelistirilmistir. Lasso tahminleri, katsay1
tahminlerinin mutlak degerlerinin toplamina bir sinir ile karesel hatalarin toplamini en aza indirerek ta-
nimlanir (Sun vd., 2013). Her biri p ortak degiskenden ve n olaydan olusan bir 6rnek varsayarsak, Lasso
asagidaki formiilasyonla (Denklem 2.6) hesaplanir:

Iy vi = Xy xij. B2 + A X2, 1B 2.6

Burada Bj, farkli bagimsiz degiskenler i¢in katsay1 tahminlerini temsil eder ve sirasiyla her bir 6zellige ek-
lenen agirliklari veya biiyiikliigli tanimlar. Bunun yaninda, yi hedef vektorii, xij i.durum icin ortak degisken
vektoriinii ifade eder. A ise, daha yiiksek A degerleri i¢in artan kiigiilme yoluyla kiigiilme miktarini kontrol
eden ve negatif olmayan bir ayar parametresidir. Kullanici tanimli sabiti ifade eder (Musoro, 2014).

2.3. Tahmin Degerlendirme Metrikleri

Farkli makine 6grenme yontemleri ile gergeklestirilen tahmin sonuglarinin degerlendirilmesinde g¢esitli
istatistiksel metrikler kullanilmistir. Bu metrikler korelasyon katsayis1 (CC), belirleme katsayist (R2), kok
ortalama kare hatasi (RMSE) ve ortalama mutlak hata (MAE)’dur.

CC, veriler arasindaki iligkinin ne kadar giiclii oldugunu belirlemek amaciyla kullanilir. -1 ve 1 arasinda
degisir. 1 degeri gliclii pozitif iliskiyi gosterirken, -1 degeri gii¢lii negatif iligkiyi gosterir. Asagidaki formiil
(Denklem 2.7) ile hesaplanir:

cC = Y(xi=%)(yi-y)

= 2.7
VEG@i-02 X (y;i-¥)?

burada xi ve yi, i’inci veri i¢in X ve y degiskenlerinin degerleridir.

R2, verilerin uygun regresyon ¢izgisine ne kadar yakin oldugunu gosteren istatistiksel bir 6l¢tidiir. 0-1 ara-
sinda degisir. Asagidaki formiil (Denklem 2.8) ile hesaplanir:

R2 = nXxy)-Ex)Xy)

= 2.8
JEx2-E 02X y2 - y)?)

burada x ve y degiskenleri ifade etmektedir.

RMSE, tahminlerin performansini degerlendirmek i¢in yaygin olarak kullanilan bir istatistiksel hatadir.
Tahmin hatalariin standart sapmasini ifade eder. Asagidaki formiil (Denklem 2.9) ile hesaplanir:

RMSE = /%Z(y — x)2 2.9

burada n veri sayisini, y gergek veriyi, x tahmin edilen veriyi ifade eder.

MAE, tahmin edilen degerler ile gozlemlenen degerler arasindaki farklari belirleyerek tahmin dogrulugunu
Olcen istatistiksel bir ol¢iidiir. Asagidaki formiil (Denklem 2.10) ile hesaplanir:

MAE = —3 |y — x| 2.10

burada n veri sayisini, y gergek veriyi, x tahmin edilen veriyi ifade eder.
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3. Bulgular ve Tartisma

Bu ¢alismada, meteorolojik faktdrler géz oniine alinarak ¢esitli makine 6grenme algoritmalar ile PM 10
konsantrasyonu tahmin edilmistir. Makine 6grenme asamasinda, 2018 ocak — 2021 temmuz déneminin
sicaklik, ¢ig noktasi sicakligi, yagis, bagil nem, riizgar hizi, basing, bulut kapalilig1 ve bir 6nceki giine ait
PM10 olgtimleri goz oniine alinarak, farkli makine 6grenme (KAR, DVR, Lasso, YSA) algoritmalariyla
ayr1 ayr1 ¢alisma yapilmis ve bu algoritmalarin tutarliliklar: kargilastirilmistir. Tablo 3’de makine 6grenme
algoritmalarinin egitim ve teste tabi tutulan kisimlari i¢in performans sonuglar1 gdsterilmistir. Buna gore,
egitim kism1 igin en yliksek R2’nin 0,919 degeri ile KAR algoritmasinda oldugu, bunu ise 0,624 ve 0,609
degerler ile YSA1 ve YSA2 algoritmalarinin takip ettigi goriilmektedir. Egitim kisminda en diisiik hata
degerleri (RMSE: 8,87, MAE: 5,86) ise yine KAR algoritmasinda goriilmektedir. Bunu yine YSAI ve
YSA2 algoritmalari takip etmistir. Test kismi icin ise en yliksek R2’nin 0,606 ve 0,603 degerleri ile YSA1
ve YSA?2 algoritmalarinda oldugu goriilmiistiir. En diisiik hata degerleri de yine bu algoritma sonuglarinda
goriilmektedir. KAR algoritmasi ise test kisminda oldukea diisiik performans gostermistir. Makine 6grenme
algoritmalarinin test boliimii i¢in sagilim grafikleri Sekil 5’de gosterilmektedir.

Tablo 3

Makine d6grenme algoritmalar1 performans sonuglari

Egitim Test
R2 RMSE MAE R2 RMSE MAE
YSAL 0,624 19,13 12,78 0,606 17,94 12,51
YSA2 0,609 19,53 12,86 0,603 18,01 12,38
Lasso 0,476 22,59 14,77 0,534 19,51 13,32
DVR 0,576 20,34 15,40 0,527 19,66 15,41
KAR 0,919 8,87 5,86 0,143 26,47 16,31

150

125

100

DVR
&
(4]

150

100 200 100 200
Gozlem Gozlem

Sekil 5. Makine 6grenme algoritmalari sagilim ve dagilim grafikleri (test boliimii)
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Test boliimiinde en iyi performansi gosteren YSA1 ve YSA2 ile elde edilen PM10 tahminlerinin, gézlem
degerleri ile karsilastirmasi sirasiyla Sekil 6 ve Sekil 7’de gosterilmektedir. Her iki grafikte de algoritma
sonucunun genel egilimi yakaladig1 ve gézlem degerleri ile cogu yerde ortiistiigii goriilmektedir. Bu ise
YSA1 ve YSA2 tahminlerinin basarili sonuglar {irettigini géstermektedir.

2001 —— Gozlem
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Sekil 6. YSAL ile elde edilen PM 10 tahmin degerlerinin gozlem degerleri ile karsilastirmasi
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Sekil 7. YSAZ2 ile elde edilen PM10 tahmin degerlerinin gozlem degerleri ile karsilastirmasi

Makine 6grenme algoritmalar1 kullanilirken baz1 hiperparametreler (katsayilar) tanimlanir. Bu parametrele-
rin belirlenmesinde sabit bir kural olamamakla beraber sinirsiz farkli deger atanabilir ve genellikle deneme
yanilma yontemi ile belirlenir ve bu parametreler algoritmalarin basarisin1 dogrudan etkiler. Algoritma ba-
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sarisini etkileyen bir diger nemli etmen ise ¢dziilen problemin dogasidir. Bu ¢alismada kullanilan paramet-
relerin sinirsiz seviyede ylikselmesi miimkiin degildir, dolayisi ile parametreler parabol davranisi sergiler.
Bu yiizden kullanilan algoritmalarin farkl tutarliliklar géstermesi beklenilen bir durumdur.

Ayrica, PM10 konsantrasyonu, emisyon kaynaklaria baglh olarak degisiklik gostermektedir. Dolayisiyla,
emisyon kaynaklarinin PM10 seviyelerinin degisiminde ve dolayisiyla makine 6grenme algoritmalarinin
tutarliliklarinda 6nemli bir katkis1 bulunmaktadir. Sisteme dgretilmemis ve beklenmedik sekilde gergekle-
sen farkli kaynaklarin kirliliklerinin (¢6l tozu tasinimi, kis ay1 ve yaz ay1 evsel 1sinma farkliliklar) etkili
oldugu doénemlerde makine 6grenme yontemleri ile elde edilen sonuglar istikrarli olmayacaktir. Bu nedenle
makine 6grenme yontemleri ile PM 10 konsantrasyonlarinin tahmini, genellikle emisyonlarin ¢ok fazla de-
gismedigi kaynaklar ve donemler i¢in daha basarili olacaktir.

Elde edilen sonuglar, literatiirdeki diger sonuglar ile kiyaslandiginda baz1 farkliliklarin ortaya ¢iktig goriil-
mektedir. Bu ¢aligmada, test boliimii g6z oniine alindiginda en iyi sonucu YSA algoritmasi vermistir. Bunu
ise Lasso ve DVR algoritmalari takip etmistir. Giiltepe (2019) tarafindan yapilan ¢alismada ise, KAR algo-
ritmasinin en iyi sonucu verdigi tespit edilmistir. Castelli ve digerleri (2020) tarafindan yapilan ¢alisma-
da, DVR algoritmasinin tutarh bir sekilde tahmin sonucu sagladigi goriilmiistiir. Son olarak Czernecki ve
digerleri (2021) tarafindan yapilan ¢aligmada ise, KAR tabanl bir algoritma olan XGBoost algoritmasinin
en tutarl oldugu, sonrasinda ise YSA algoritmasinin geldigi sonucuna ulagmislardir. Bu sonug¢lar makine
O0grenme algoritmalarinin, bolgesel olarak farkl tutarliliklar gosterdigini isaret etmektedir. Bu farkliliklar-
daki en dnemli etken, farkli bolgelerin emisyon kaynaklariin ve meteorolojik kosullarinin farklilik goster-
mesidir. Ayrica verilerin makine 6grenme sistemine O0gretilmesi agsamasinda olasi bazi farkliliklar igermesi
de diger 6nemli etkenlerden birisidir.

4. Sonuclar

Bu c¢aligmada, farkli makine 6grenme algoritmalarinin (KAR, DVR, Lasso, YSA), PM10 kirliligi tah-
minindeki performanslari karsilastirilmistir. Algoritmalar g6z Oniine alinarak yapilan ¢calisma asamasinda,
sicaklik, ¢ig noktasi sicakligi, yagis, bagil nem, riizgar hizi, basing, bulut kapaliligi ve bir 6nceki giline ait
PM10 o6lgtimleri (Ocak 2018 — Temmuz 2021 dénemi) géz Oniine alinmistir. Meteoroloji verileri Meteo-
roloji Genel Miidiirliigii Ankara Bélge istasyonundan, PM10 kirlilik verileri ise Cevre, Sehircilik ve iklim
Degisikligi Bakanligi Ankara Keg¢idren-Sanatoryum hava kalitesi istasyonundan elde edilmistir. Egitim
boliimiinde, en yiiksek R2 ve en diisiik hata oranlari ile KAR algoritmasi en iyi performans: gostermistir.
Ancak KAR algoritmasinin performansi test boliimiinde oldukga diisiik olarak bulunmustur. Test boliimiin-
de KAR algoritmasi hari¢ diger tiim algoritmalarin 0,5’in lizerinde R2 degerleri vermistir. YSA1 ve YSA2
algoritmalari en yiiksek R2 ve en diisiik hata oranlari ile en iyi performansi gostermistir. Calisma sonuglari,
test boliimii goz ontine alindiginda, YSA algoritmasinin diger algoritmalara gore daha iyi sonug¢ verdigini
gostermistir. Elde edilen sonuglar 1s181inda daha detayli ¢alismalar yapilmasi, makine 6grenme yontemle-
riyle PM 10 tahminine yonelik olarak entegre hava kalitesi erken uyari sisteminin gelistirilmesine yardimci
olabilir. Gelecek ¢aligmalarda makine 6grenme algoritmalarinin performanslari, daha uzun dénemi kapsa-
yan verilerle ve daha fazla bdlge i¢in incelenebilir. Bu yolla algoritmalarin bdlgesel performanslarinin da
karsilastirilmasi imkani olacaktir.

Yazar Katkilar
Kahraman OGUZ: Makalenin tasarimi, yorumu ve yazimi.

Muhammet Ali PEKIN: Verilerin toplanmas1 ve hesaplamalarm yapilmasi.

Cikar Catismasi

Yazarlar ¢ikar ¢atismasi bildirmemislerdir.
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1. Introduction

We examine the problem with nonstrongly regular boundary conditions [1] as

ul®) +p(t)u = Au, 0<t<l, €))
u(1)=(=1)"u(0)=0, u(1)-(-1)"«'(0) =0, )
u'(1)=(=1)"u"(0) =0, u"(1)=(=1)"u"(0)+au(0) =0, 3)

where A is spectral parameter; p(z) # 0 is a complex valued function; a # 0 and b = 0,1. We deal with DTM
and ADM to solve the above problem at b = 0.

Many numerical methods, such as asymptotic formula for eigenfunctions of the considered boundary
value problem have been obtained in (Kaya, 2020), the regularized sampling method (Chanane, 2010), the
extended sampling method (Chanane, 2010), the a-parameterized differential transform method (Mukhtarov.
Yucel, & Aydemir, 2020) variational iteration methods (Syam, & Siyyam, 2009), Sinc-Galerkin method
(Alquran, Al-Khaled , 2010), fourth order sturm liouville problem via decomposition method for p(z) # 0
(Attili, & Lesnic, 2006), Magnus Method (Alalyani, 2019), differential transform method for high order
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Sturm-Liouville problems (Biazar, Dehghan, & Houlari, 2020), lie group method, FDM and the asymptotic
iteration method etc. are implemented to solve this eigenvalue BVP numerically.

Some different authors have worked on the development of numerical methods for solving these differential
equations (Gao, Ismael, & Husien, 2020; Baskonus, Sulaiman, & Bulut, 2018). We use ADM and DTM
to compare the approximation solutions of the problem that we have suggested as a contribution to the
literature.

This paper will continue as follows: In part 2 we give the basic process of the ADM and DTM. In part 3
we present the implementation of the ADM and DTM for computing and comparing the solutions of this
eigenvalue problem. The figure of eigenfunctions (approximate solutions) for a found A (eigenvalue) is
plotted. Numerical results are shown in the table.

2. Basic Process of ADM and DTM
Here we will briefly introduce the ADM and DTM as follows:

In the beginning of the 1980s, ADM has been developed by Adomian (Adomian, & Rach, 1993). In these
years, the Adomian decomposition method has been implemented for problems arising from physics,
biology and engineering. Until now, there has been great interest in DTM and ADM applications to solve
various scientific models, you can refer to the references (Adomian et al., 1993; Zhou, 1986; Ayaz, 2004;
Abdel-Halim Hassan, 2002; Li et al., 2020; Chakraverty et al., 2019; Adebisi et al., 2021; Cakr et al., 2019,
Arslan, 2019a; Arslan, 2018b; Peker et al., 2011; Gubes et al., 2015; Peker et al., 2010).

The equation (1) is rewritten as

Fu=g=Lu + Ru + Nu = g(1). (4)

F and L are differential operator and fourth order derivative in Equation (4), respectively.

R and N are linear and nonlinear terms in Equation (4), respectively. If the integral operator is applied to
each term of Equation (4), we get

u(t)=(L'R)u ~(L'N)u+L" (g0)), 5)
(4) trtt

where L() = d () is the differential operator and L' () =ffff(...)dtdtdtdt is integral operator

t( 0000

(inverse operator) of L . If we operate on both sides of Equation (5) with the inverse operator of L, we
obtain

u(t)=u,(t)~ (L' R)u —(L'N Ju. 6)

After some calculations, the following iteration system is written:

u,, (t) = uo(t)—(L"lR)uk —(L"IN)uk, k=0,1,2, (7)

u(t)=;uk(t)=u0+L'l(Ru)+ L'I(Nu), ®)
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where

oo

Ru = 2uk(t), Nu = 2‘41«(“0"'”1 +...+uk).

The first approximation u,(#) can be obtained by using boundary conditions. We have recurrence formula
Equation (7) for obtaining other components u,(2), u,(t) of the Adomian decomposition Equation (8).
Finally, we have the serial solution of problem Equation (1).

u(t)=u,(¢)+u, (1)+.... )

The DTM is effective in solving most differential equations. The DTM is derived based on the Taylor
expansion and was proposed by Zhou for electrical circuits (Zhou, 1986).

The differential transformation Y(k) of function u(?) is defined as (Ayaz, 2004),

Y“Flr%ml{ (10)

k| it |

where u()is original function and Y(k) is the transformed function.

Differential inverse transform u(?) of Y(k) is defined as (Ayaz, 2004),

um=2%r39kw (a1

If the expansion Equation (11) with Equation (10) is written as follows:

um=2ﬂm& (12)

then it is called series solution of the differential transformation method (Ayaz, 2004).

The following theorems will be used in this study, where Y(k) is differential transformation of u(?) (Ayaz,
2004):

—
Ny
+
N

=

Teorem 1. u(m) =

Theorem 2. u(m

(m)
Theorem 3. u(m) = mw(m), U ()= 38 (h=1W7 (1 -s).

s=0

3. Approximation Solutions by ADM and DTM

By applying ADM and DTM, we will find approximation solutions of eigenvalue problem in series
form. The advantages and benefits of the proposed methods on an experiment will be presented.
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u™ + 1 = Au, 0<t<1,
u(1)-u(0)=0, u'(1)-u'(0)=0, (13)
u"(1)-u"(0)=0, u"(1)-u"(0)+0.01u(0)=0,

itis taken as » = 0, a = 0,01 in this problem.

ADM solution as follows:
Lu® = Au-,

According to Equation (6), L™ (u(4)) =L (ﬂu) -L' (tu ),

2 3

u(t)=A+Bt+%+(D+aA)%+L‘1 (Au)-L" (1),
ct’ £ £
u,, =A+Bt +7+Dg +aAg+L (Au, -tu,), k =0,1,2,..., (14)

2 3

U =A+Bt+C—t+(D+aA)t—, k=0,
0 2 6

u, is obtained with the aid of the following boundary conditions 4, B, C, D.
u(0)=4, u(l)=4, «'(0)=B, u'(1)=B,
u"(0)=C, u"(1)=C, u"(0)=u"(1)+0.01u(0)=D.

From the recursive relation Equation (14) for k=0, 1, 2..., we get
u, =1.000003877 +0.001412025487¢ - 0.0004168111954¢°,

u =L" (/lu0 —tu, ),

u,=L" (Au] —tu ),

u, = L' (Au, —tu,),

The solution u(t) found by the Adomian decomposition method with seven iterations is obtained as a series
and the formula used to normalize the solution (normalized eigenfunction) u(?) is as:

-1

u<r>=(0ﬁu<r>|df] ult).

with this formula and the ADM method, A and u,,  are as
A =0.4899667963,

o

Upm (t) = ;“k (t)

~ 1.000003877 + 0.001412025487¢ — 0.0004168111954¢ (15)
-0.0130556804¢° + 0.02040194953¢* —0.008318308894¢°
—0.000007085980934¢° — 0.000007119093639¢”.
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DTM solution as follows:
Applying DTM on Equation (14), we reach the following iteration system

S(s-1) = 1, s=1,

(s- )_{0,s¢1,
AY (k) - \ O(s-DY(k-s)

Y(k+4)= = , k=0,1,2,...,10.
(k+D)(k+2)(k+3)k+4)

Using above recurrence relation and boundary conditions, the following series coefficients Y(k) is obtained

A =0.4899666546,
(O) =qa, a isrealconstant,
Y (1) =0.001388866321a,

(
(

h<

v 2) _ —0.00083326125306a ,
Y(3) _ —0.08833244692a + 0.01a ’
6
Aa
Y(4)= —/—.
@ 24

Utilizing above calculations Y(k) and using Equation (12), we obtain the approximation solutions of the
problem Equation (13) with seven iterations.

The formula used to normalize the solution (normalized eigenfunction) is as follows,

-1

) =u(t)( Oﬁu(t)\dz)

By above formula and DTM, we find the following A and normalized function u,, .

A =0.4899666546,

U, (£) =1.000013900 + 0.0013888856267 — 0.00041681205897
~0.01305558929¢* +0.02041556105¢* —0.008327778270¢°
—0.0000044253045441° — 0.000007119037321¢".

(16)
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Table 1
Calculated results of the normalized eigenfunctions (u,, and u, ) Equation (15) and (16)
t U gy Upyy 14,500~ U

0.0 1.0000139000 1.0000038770 0.0000100230
0.1 1.0001375240 1.0001298130 0.0000077110
0.2 1.0002005600 1.0001951460 0.0000054140
0.3 1.0001856760 1.0001825050 0.0000031710
0.4 1.0001045390 1.0001035030 0.0000010360
0.5 0.9999877962 0.9999887352 0.0000000939
0.6 0.9998750542 0.9998777441 0.0000026899
0.7 0.9998048344 0.9998089895 0.0000041551
0.8 0.9998045015 0.9998097741 0.0000052726
0.9 0.9998801774 0.9998861621 0.0000059847
1.0 1.0000066240 1.0000128460 0.0000062220

The Table 1 shows the comparison of Equation (15) with Equation (16) for different values of 7. Next, we
plot these results in the Figure 1 to compare the ADM and DTM solutions. In conclusion, it was found that

the results obtained by the two methods were in full agreement.
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Figure 1. Comparison of ADM and DTM approximate solutions
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4. Conclusion

We studied efficient and high accuracy methods for solving fourth order eigenvalue problem with
nonstrongly regular boundary conditions. The solutions are very rapidly convergent by utilizing these
methods. The numerical results are obtained by mathematics computer programe and are shown in table
and figure. The numerical values in all tables and figures prove that we achieved an effective approximation.
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To address the issue of encoding categorical variables in environments with a high cardinality, we
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1. Introduction

In order to transform raw categorical variables before feeding them to the model, in an early stage of
modelling, feature engineering is required when there are categorical variables in the dataset because some
algorithms expect all the input variables and the output variables to be numeric. Thereby, as a result, we must
encode those attributes into an appropriate feature vector. Encoding in this context refers to a parametric
map from inputs to their representations. A categorical variable can be easily defined as a discrete collection
of values (categories) that might be ordinal or nominal in form. Furthermore, categorical variables can be
used as either a dependent variable or an independent variable in a prediction problem. However, this study
focuses exclusively on the problem of nominal categorical input variables.

A categorical attribute's cardinality is defined as the number of distinct values that this attribute can take
(Perlich & Provost, 2006). Traditional nominal attributes are those with a low cardinality. On the other
hand, attributes having a very high cardinality are mainly referred in the literature to as high-cardinality
attributes (Moeyersoms & Martens, 2015). Especially in the e-commerce, retail, and banking industries,
some categorial predictors like user ID, item category, zip code, and user city might result in hundreds or
even thousands of distinct levels. Hence, Moeyersoms & Martens (2015) propose a threshold and consider
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that nominal variables having more than 100 unique values are examples of "high-cardinality attributes".
High-cardinality categorical columns are often critical features in machine learning tasks, representing
serious challenges in cases such as classification and regression. Despite their promise, such variables
are frequently overlooked in predictive modelling, due to the fact that there exists no straightforward
engineering or statistical methods to handle them. The most common methods of transform categorical
variables for machine learning algorithms is one-hot encoding or transformation to a continuous feature
with prime example being mean target encoding (Micci-Barreca, 2001), which is especially most common
technique in Kaggle competitions. The majority of the work on categorical variable encoding in the literature
assumes that the categories is limited, known beforehand, and made up of mutually-exclusive elements-
independently from the data, which is not necessarily true for real-world applications.

Although, they are time-consuming and often needs human intervention and domain expertise which are
major costs in data science projects, typically, feature engineering employs data-cleaning techniques to
address issues of high cardinality. (Rahm & Do, 2000) and thus reducing the number of theoretically relevant
levels, finding strategies that work well across a wide variety of problems is critical for a wide variety of
applications, including automatic machine learning (Feurer, et al., 2019; Thomas, Coors, & Bischl, 2018;
Thornton, Hutter, Hoos, & Leyton-Brown, 2013). Optimally, strategies should be model agnostic. However,
since here we will be dealing with deep learning architectures, our main focus is to handle this problem in
the domain of neural network architectures with online learning.

In order to avoid this step, similarity encoding, which builds feature vectors from cross-category similarities,
relaxes one-hot encoding by using string similarities. As a consequence, when used in conjunction with
one-hot encoding, it resolves the problem of related categories and has been shown to enhance statistical
analysis. It does not, however, solve the problem of high cardinality, and important information may be lost
if the merging methodology is not exposed to statistical methods.

Feature hashing, commonly known as the hashing technique, is mostly used to minimize the number of
categories (Weinberger, Dasgupta, Langford, Smola, & Attenberg, 2009). It is a technique to represent
categories in a “one hot encoding style” as a sparse matrix but with a much lower dimension. Rather than
keeping a one-to-one mapping between categorical feature values and feature vector positions, we utilize
a hash function to identify the feature’s location in a lower-dimensional vector. Therefore, a large number
of values is mapped into a small finite set of values. In practice we are free to specify the dimensionality
of the vector space (output). This has the desirable effect of not only reducing dimensionality and therefore
computation. It also provides an elegant way of dealing with new or missing entries. However, because
its size is arbitrarily chosen, this technique may blindly assign radically different categories to the same
embedding vector (multiple distinct values may produce the same hash), a phenomenon known as collision,
which results in information loss and model quality degradation. In other words, the smaller the hash size,
the more collapsed levels there are. An advantage of this approach leads to a disadvantage. We do not need
to keep the exact one-to-one mapping of features to indices that other encoding methods demand. That is
why, exactly because we do not save the explicit feature mapping during feature extraction, we lose the
ability to execute the inverse mapping from feature indices to feature values.

Guo and Berkhahn (2016) present a neural network-based encoding technique, which maps high-dimensional
sparse vectors to a dense representation in a lower-dimensional continuous space that preserves semantic
relationships by grouping commonly co-occurring items together in the representation space and further
build neural networks to learn the latent patterns. This technique is intriguing since the mapping is learned
during the supervised training phase by a neural network. To put it another way, the embeddings serve as
the network’s parameters - or weights - and are modified iteratively to minimize performance loss. The
resultant embedded vectors are representations of categories in which comparable categories are more
closely related to one another in relation to the goal of the analysis.

The concept of embeddings has been expanded and developed in several ways (Bengio, Schwenk, Senécal,
Morin, & Gauvain, 2006; Mikolov, Chen, Corrado, & Dean, 2013; Mikolov, Sutskever, Chen, Corrado, &
Dean, 2013; Pennington, Socher, & Manning, 2014; Levy & Goldberg, 2014; Mnih & Kavukcuoglu, 2013)
but each reflects the same main ideas. They have proven critical in a variety of natural language processing
applications (Li & Yang, 2018), and additionally, they have been extended to non-textual datasets (Rudolph,
Ruiz, Mandt, & Blei, 2016). One can use either pre-trained embeddings for that particular categorical
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variable, if exists, as in (Mikolov, Chen, Corrado, & Dean, 2013; Mikolov, Sutskever, Chen, Corrado, &
Dean, 2013), or learn the embeddings as part of the training process.

The intuition behind embeddings is that - instead of using one-hot encoded variables, which implies that
each input level is orthogonal to every other - we allow for dependence (overlap information) between
the levels of categorical variables. Using an embedding layer instead of one-hot encoding significantly
lowers the number of parameters and leads to improved predictions, but at the price of higher training and
inference time. Most importantly, learning the embeddings as part of the network increases the model’s
complexity by adding many weights to the model, which means you will need much more labelled data
and repeated occurrences of individual exemplars in order to learn. Additionally, it incurs computational
and architectural selection costs associated with Deep Learning techniques. It also relies on single-hot
encoding, which has some of the same issues (Cerda, Varoquaux, & Kégl, 2018).

Additionally, dimensionality selection for embedding is a well-known research problem. The impact of
dimensionality on an embedding layer has not yet been fully understood. In practice it is chosen based on
experiments (either ad-hoc or by grid search) (Yin & Shen, 2018). As a critical hyperparameter, the choice
of embedding dimensionality has huge influence on the performance.

A low-dimensional embedding layer is generally insufficiently expressive to capture all potential relations, but
a high-dimensional embedding layer suffers from over-fitting. With increasing dimensionality, the quality of
the embedding improves. However, at a certain point, marginal benefit diminishes (Mikolov, Chen, Corrado,
& Dean, 2013). Typically, the vectors have a dimension of between 100 and 1,000. However, there is not a
single general rule. In a Google Developers’ blogpost (https:/tinyurl.com/gglTFDev), it has been suggested to
take the 4th root of the number of categories. Another recommended rule of thumb for finding the embedding
size is to divide the cardinality size by two, but not to exceed 50 (https://tinyurl.com/mediumEmb).

To address the issue of encoding categorical variables in environments with a high cardinality, we seek a
general-purpose approach for statistical analysis of categorical entries that is capable of handling a very
large number of categories without requiring human intervention, while also avoiding computational and
statistical difficulties.

2. Materials and Methods

Before we mention about a novel applied technique for categorical attributes with high cardinality, let us
first consider the objectives and some relevant guidelines for methodology development.

2.1. One-Hot Encoding

In supervised learning, we are given N data points, (x, y), i = 1,2, ..., N with a task to learn a mapping
from input variable x to the target variable y. Let’s assume that x is a categorical variable which has 1 non-
numeric levels, {x € x?, x@), ..., x”}. Traditionally, handling a categorical variable is a method known as
dummy encoding. It's a straightforward and frequently-used encoding technique. This approach has been
published for the first time in 1957 and was mostly used in regression analysis (Suits, 1957). Therefore,
dummying is implemented by introducing 1-1 binary dummy variables into the feature set for a categorical
variable with 1 levels.

The popular one-hot coding scheme is an extension of this method and is the de-facto standard for machine
learners on categorical variables. Even though numerous alternative implementations of the one-hot
encoding have been presented in the literature., the most common variation basically creates a binary
column for each unique levels of the categorical column (Cohen, Cohen, West, & Aiken, 2002). Similar to
dummying, this approach is applied to dichotomous variables where each level is represented by a vector
of zeros with an entry of 1 each time that particular level appears in the data. In the vector space that we
will have in the end, each category is orthogonal and equidistant to each other. It has been added to many
software packages as a very early stage before applying any machine learning algorithm. Figure 1 shows a
visual example where this type of encoding is applied on an example variable. In this example, we have one
categorical variable, Temperature, with four different levels, i.e., Hot, Cold, Very Hot, and Warm. Using
one-hot encoding approach, we can easily process it numerically and feed into any algorithm.
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]:'l::nDI:ir Temperature Color Target :::;:’r Color Target Temperature Cold Temperature Hot Temperature VervHot Temperature Warm
1 Hot Red 1 1 Red 1 0 ] 1 0
2 Cold Yellow 1 2 Yellow 1 1 0 0 0
3 Very Hot Blue 1 3 Blue 1 0 0 | 0
4 Warm Blue 0 4 Blue 0 0 ] ] 1
5 Haot Red 1 5 Red 1 0 1 0 0
[ Warm Yellow 0 & Yellow 0 0 L] ] 1
7 Warm Red 1 7 Red 1 0 0 0 1
& Hot Yellow 0 8 Yellow 0 0 1 0 0
9 Hot Yellow 1 9 Yellow 1 0 1 0 0
10 Cold Yellow 1 10 Yellow 1 1 0 0 0

Figure 1. An example on creating dummy variables

When the number of categorical features and the number of possible levels is modest, this transformation
produces acceptable performance. However, when one-hot encoding is used, high-cardinality categorical
variables provide a variety of difficulties.

First of all, when we are dealing with high-cardinality categorical variables, this method can end up
being intractable and introduce sparsity due to the expansion of the feature matrix because the majority of
predictive modelling approaches cannot handle such dimensions. It is highly prone to over-fitting, resulting
in a poor statistical estimation because it may be plagued by the curse of dimensionality, particularly in deep
learning applications. Previous research has shown that eliminating unnecessarily large feature input space
increases the robustness of neural networks (Xu, Evans, & Qi, 2018).

We can perform dimension reduction on the one-hot encoded matrix, albeit at the expense of information
loss. It also often results in an unrealistic amount of computational and memory requirements. As the
number of distinct categories increases, so does the number of model inputs, and therefore the number of
parameters to estimate. Secondly, while encoding all unique items using orthogonal vectors, we completely
disregard the overlap information which can be present in the representations, thus we might ignore the rich
relationships existing among categories that can be exploited during training. Thirdly, the resulting binary
features can be strongly correlated.

2.2. Mean Target Encoding

Another popular approach to incorporate the information from categorical variables is called mean
target encoding, which creates features that include information about the target variable. It is also known
as likelihood encoding. It is one of the most powerful techniques in feature engineering which is reported to
be useful by many practitioners on the influential machine learning competition platform, Kaggle (https://
www.kaggle.com), where many challenging datasets contain high cardinality features. It is also built into
popular machine learning libraries, which use tree-based Boosting algorithms, such as LightGBM (Ke, et

al., 2017) and CatBoost (Prokhorenkova, Gusev, Vorobev, Dorogush, & Gulin, 2018).

Target encoding method is overall continuousification of categorical variables via target using a statistical
aggregate function, e.g., mean, median, variance. The fundamental transformation in this technique is
one that translates each value of a categorical variable to the target variable’s probability estimate. The
categorical variable is replaced with a single new numerical variable, and each category of the categorical
variable is replaced with its corresponding probability of the target (if categorical) or mean of the target (if
numerical), a process known as mean encoding.

225



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol 8, Issue 2, Pages: 222-236

Main purpose of this technique is to deal categorical features without exploding dimensionality of the
dataset, which its one of the strategy’s early formal descriptions is given in Micci-Barreca (2001). There are
also similar ideas existed in the credit scoring literature (Hand & Henley, 1997).

Following the previous example, mean target encoding maps each level of into a feature, say,

k€ {k? k7, ..., k”} as given in Equation 2.1.

N
o .
) = — . )]
K =T ;yl Ixi = x) @.1)

where /{+} is the indicator function and N D =3N Hx; =x Y )}. That is to say K% is the average -value in
level j and N? is the total number of observations in level j. Figure 2 shows a visual example where mean
target encoding is applied on an exemplary Temperature variable.

Record Temperatu Record Temperature Color  Target

Number Number
1 Hot 1 0.75 Red 1
2 Cold Step-1 Sum of Target 2 | Yellow i
Cold
3 Very Hot Blue 3 1 Blue 1
4 Warm Blue Step-3  Mean 4 0.33 Blue 0
Cold 1
5 Hot Red Hot 0.75 0.75 Red 1
Very Hot 1
6 Warm Yellow 0 Step-2 Count of Target Warm 033 0.33 Yellow 0
Cold 2
7 Warm  Red ! Het 4 7 0.33 Red 1
% Hot  Yellow 0 Yiery Hot 1 8 075  Yellow 0
‘Warm 3
9 Hot Yellow | 9 0.75 Yellow 1
10 Cold Yellow 1 10 1 Yellow 1

Figure 2. An example of how to use mean target encoding approach

One issue with target-based encoding is that some of the categories would have a very small number of
samples in the training data, e.g., zip-codes with small populations, since calculated values are based on
the frequency of the levels. In the extreme situation of a categorical feature having only unique values, the
mean target for each level of this feature will be similar to the true target value of a single observation. For
example, when N7 = 1. When x, = x?, the summation in Equation 2.1 includes just one non-zero term. As a
result, we get 7 = . ; that is, 7 is encoded with the exact value we are attempting to predict. This would
make the average target (label) values for those small categories (or only unique categories) unstable as
this will cause overfitting of the training set and will lead to poor generalization of the model. This issue
is exacerbated when working with high-cardinality categorical variables. In order to avoid this kind of
overfitting, we may introduce regularization, or add random noise to the representation of the category in
train dataset or use Double Validation. However, all these strategies have important disadvantages. First,
they introduce additional hyperparameters for regularization and noise variance, which can be expected
to be crucial for the effectiveness of the encoding. Second, they can tremendously increase the amount of
computation especially for large samples.

2.3. Deep Learning

Classical machine learning algorithms are somewhat limited in their capabilities to learn from raw
data and how the data is fed to the model has a huge influence on their performances (LeCun, Bengio, &
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Hinton, 2015). Thus, feature engineering focuses on converting data into meaningful features in the goal
of accurately capturing the fundamental structures (Domingos, 2012). It is an essential step of any kind of
data analysis but can be tedious, time-consuming, domain-specific and requires substantial human-effort.

Deep neural networks are a subset of machine learning models that have been effectively applied to a
variety of tasks. Through a hierarchical learning process, they automatically extract high-level, complex
abstractions as data representations. At each level of the hierarchy, complex abstractions are learned based
on comparatively smaller abstractions defined in the preceding level (LeCun, Bengio, & Hinton, 2015).
This technique enables neural network models to efficiently learn high-order features from raw input.

Deep learning methods are used to discover the parameters of a nested parametrized non-linear function
by utilizing gradient descent algorithm to minimize an example-based differentiable cost function. Deep
architectures of consecutive layers create aforementioned nestedness. Each layer performs a nonlinear
transformation on its input and outputs a representation. The output of this algorithm is determined by
characteristics of the features and the weights associated with the interconnections among them.

Let's assume that we have a data set where we have n observations and p features, which can be shown
mathematically as x ¢ RP, y® € R, i = 1,2,3,...,n. A feature vector x” represents a record, an item,
a picture, or a vector expressing a word, for example. Its output instance y is either a real-valued vector
or a scalar, as in regression, or an integer- or scalar-valued vector or scalar, as in classification. We want
the machine to learn from the training set and then to predict y” using the information given by x, so that
we can extract the underlying mapping function that maps x” to y”. We want to build a neural network
fo: RP > R which maps an input x to a predicted output §, where 0 is model parameters, i.e., weights and
biases in the network. The forward propagation equation for this particular sample is then given Equation
2.2.

fol)= WBT ¢, (WEDT (L py(WRT ¢ (WDTx + pOT) 4 p@T) ) 4 pE-DT) 4 pIT  (2.2)

where g = (WO, w®@  w® p@ p@  p@)] We begin by enumerating the layers using the index
, where each layer has a weight matrix and a bias vector b, [ = 1,2,3,...,L. ¢;(-) which is a function
from a real space to another real space is called an activation function and it can be different for each layer
and may or may not exist for the final layer based on the task we try to solve. We stack multiple layers,
here. Each layer consists of M, hidden units, where the dimension of which might vary depending on the
layer. The very first hidden layer, which corresponds to / = /, has a weight matrix W@ of the dimension p
x M ,, where p is the number of neurons in the input layer and a bias vector of the dimension / x M,. For
the final layer, if it is a regression problem, W has the dimension M ;) > 1 and bias vector b® is a scalar.
For applications of multi-class classification with K classes, each neuron in the output layer will represent a
class, therefore, W™ has the dimension M/, , x K and bias vector b*((L)) has the dimension / x K. For all

the intermediate layers, / = 2,3,...,L — I, W has dimension M, , x M, and the corresponding bias vector is

of size 1 x M, Figure 3 shows a schematic representation of an artificial neural network structure for multi-
class classification that includes an input layer, L — 1 hidden layer, and an output layer (layer L).

Final layer, which is also known as output layer, provides the output of the model. Depending on the
problem, we decide whether to use an activation function or not. If it is a regression problem, the output
layer neurons often do not have an activation function (or it can also be thought as having an identity
activation function) since the values are unbounded. If it is a binary or multi-label classification problem,
sigmoid function will provide the probabilities of the input belonging to each of two categories. If it is a
multi-class classification, a Softmax layer is appended to the model for the same reasoning (Russell &
Norvig, 2020).

Algorithms for deep learning are not new. However, as volume of data has increased and computational
capacity have become more accessible, these networks have garnered more interest in recent years. The
models can be enormous in size — often millions of parameters - call this the complexity of the model since
each layer to be added carries a weight matrices and bias vector with it. Therefore, in order to train these
models to get the most precise and accurate results, a vast amount of labelled input data is required.
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Figure 3. A schematic of the deep learning architecture.

2.4. Online learning

Deep Neural Networks are typically trained by back-propagation in a batch setting, requiring the entire
static training data to be first acquired prior to the learning task. This type of learning is called offline
learning, also sometimes known as batch learning. While running a deep neural network model, dataset to
be processed is potentially of a very large size, which might not fit in the memory, thus can raise the issue
of storage and memory management. With high volume incoming data, oftentimes, reading in the data all
at once is not feasible. It is not scalable for many real-world settings where we mostly work with streaming
data. Because online learning updates its model parameters progressively using just the most recent data
points, the system does not need to keep a huge quantity of data in memory; moreover, after data has been
consumed, it is no longer necessary. In comparison to offline learning, the model may change on the go to
keep up with real-time trends.

If the data is too big to fit in the RAM, we can read it in chunks or one observation at a time. Since we do
not see the entire data set, we cannot not know number of unique values in a categorical variable. Therefore,
in online learning fashion, an inherent limitation called “absent levels” problem, whose consequences have
never been carefully explored in the literature (Au, 2018), might arise for both of these encoding approaches
because of the fact that we need to have the same levels of a categorical variable in three sets. In real-life
problems, the categorical variable is not static and therefore, through the time, new levels may emerge. In
other words, new, previously unseen unique values might be discovered in “unseen data” (test/validation
sets) and the encoder does not know how to deal with these values. The transformed training, validation,
and test sets must all have the same number of columns in order to be used in any machine learning method
(Géron, 2019).

Thus, in this type of learning scheme, one-hot encoding does not fare well in the presence of new and
unseen levels, which are encoded in the training set because we need to go over all the data to do so. One
possible approach to handle this while using One-hot encoding approach, is to train an explicit “Unknown”
level (like “other” or “missing”) based on some prepared training data, where it will contain all 0 values
for all the cells in the row. In the validation and testing phases, all new levels are subsequently recognized
and mapped to this “Unknown” level. And then, we periodically refresh the model to include the recent
appeared levels into this “Unknown” level, which will create collisions. Consequently, one-hot encoding
is unsuitable not just for online learning but also for offline versions: if additional (new) categories are
added, the whole dataset’s encoding must be recalculated, and thus, the feature vector’s dimension becomes
unbounded.
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Similar case is also valid for target encoding. For each level of a categorical variable, computing the
summary statistics of corresponding values of target variable is more challenging. Additionally, where
some new category is found, which are not available in training data, we substitute values of that category
with the global mean of the target variable. This works fine as long as we have large amount of training data
and a categorical feature with low cardinality. But this fails to work in the other cases.

However, the procedures mentioned above are not elegant at all and can cause a lot of loss of information.
For the proposed method, this does not pose a problem because we can dynamically initialize a new key-
value pair, where key represent the new category and value is a randomly initialized weight for this new
category and then we keep on training.

2.5. The proposed method

So, we introduce a look-up-based approach arranged as key-value pairs, where the categorical levels are
the keys and their corresponding float-numbers weights are the values. A hash table provide a constant time
lookup and update for a mapping from a key to a value.

A dictionary, which has been created using unique levels of categorical variable, is initialized randomly
or from zero. Here, we add an additional bias term to Equation 2.2. Training involves jointly learning
a dictionary of weights of levels of categorical variables with high-cardinality and a small set of affine
transformations using the concatenation operator. Weight updates will be done using backpropagation
algorithm (Rumelhart, Hinton, & Williams, 1986).

Our proposed approach is low dimensional; thus, it is very efficient in processing time and memory, it can
be computed in an online learning setting. Even though for this paper, we opt to utilize it in the input layer,
dictionaries are typically architecture-independent and may be moved between different architectures or
layers.

2.6. Data

An American direct-response television shopping network serves as the context of this study. It is a
network which does broadcasting live shows 24 hours a day and 7 days a week on its own channel and
sells exclusive hedonistic products in multiple product categories. The dataset used is obtained from this
company, contains 362,235 data points. It consists of marketing and show related information, including
gross margin as the dependent variable. Table 1 summarizes the variables in the dataset.

The data set includes features that are both continuous and nominal. We differentiate categorical features
into two kinds of nominal attributes: traditional features and features with a high degree of cardinality.
The attribute Master ID is indicated as high-cardinality data, and this attribute has more than 100 distinct
categories.

Identifier characteristics, such as product identification numbers or personal names, which might contain
a high number of categories, are rarely used in statistical modeling (Perlich & Provost, 2006). Therefore,
in this study, we use Master ID variable, which is a unique ten-digit number identifier for every unit in the
dataset. In the dataset, there exists 6944 unique IDs, where we are going to use as a categorical variable
with high cardinality.

The salespersons variable (i.e., show host), where we use person-specific dummy variables to represent it,
carries the name of professional individual who pitches this particular product and there exists 53 different
people hosting the shows, in which the product was shown. Show type variable indicates general business
unit associated with a show where the product was shown. It is one of the two types of products whose
names are not disclosed for confidentiality. Merchandise Department variable describes the features of the
product and consists of 24 unique levels. Country of Origin variable represents the country of manufacture
and/or production where the product comes from. In the dataset, there are 40 different countries. All the
traditional nominal variables are dummy encoded.
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Table 1.
Attributes included in the data

Continuous Traditional Nominal High-cardinality Nominal
Unit Offer Price Salesperson Master ID

Unit Cost Show Type

Gross Margin Merchandise Department

Duration in Seconds Country of Origin

Showing Start Time in Minutes
Showing End Time in Minute

Descriptions of variables, unit cost and unit offer price are self-explanatory. Unit cost is the cost and unit
offer price is the price of one unit of a particular product being sold. Duration is adjusted display time on-air
in seconds for a given presentation of the product. Showing Start Time in Minutes and Showing End Time
in Minutes represent the start and end time of the product in minutes.

2.7. Model Architecture

In this work, our main focus will be on generic non-linear feed-forward neural network, where layers
are fully-connected to each other and each layer has number of hidden units that are of the same order of
magnitude, as this is the most commonly implemented network architecture and fairly easy to train. We
have a regression problem where we try to predict gross margin of the product. We highlight that our goal
here is not to continuously employ various tricks or fine-tune model parameters in order to evaluate the
performance of different machine learning algorithms at prediction. Rather, the major goal of this work is
to test and assess the usefulness of the suggested approach in a circumstance when additional tricks are not
present.

Since we compare three different encoding schemes based on some factors, we keep exactly the same neural
network architecture across all three methods. All the models are trained independently. As previously
mentioned, we treat only one categorical variable with high cardinality, i.e., Master ID variable.

We use a neural network architecture with four dense layers, which consist of decreasing number of neurons
at each layer, i.e., 1024, 512, 256, 128, respectively. Since this is a regression problem, the output layer has
only one neuron. To introduce non-linearity into the system, we focus on the popular Rectified Linear Unit
(ReLU) function which can be mathematically shown as 6(x) = max(x, 0) for all the hidden layers, though
our results can be extended (at notational cost) to cover other activation functions. Because of its superior
gradient propagation and efficiency in calculation, the ReLU activation function is the most commonly used
in practical applications (Glorot, Border, & Bengio, 2011). It often achieves better performance. Since this
is a regression problem, linear activation function is used in the output layer, where no transform is applied
at all.

All the weights in the models were initialized randomly using Glorot (also known as Xavier) Initialization
schema in order to prevent gradients from exploding or vanishing (Glorot & Bengio, 2010). The idea is to
initialize each weight with a small Gaussian value with zero mean and variance based on the number of
input and output units of a particular layer. Biases were typically initialized as 0. Similarly, the dictionary
which carries the weights for each of the product IDs has been initialized randomly.

All the models are trained from scratch using the entire training data set to learn the parameters. While
training networks, we follow the standard practices (Bengio, 2012). Trainings are performed with one of the
adaptive gradient methods, Adam optimizer (Kingma & Ba, 2015), which minimizes Mean Squared Error
loss function using a batch size of size 32 which is selected through the preliminary experimentation, and
learning rate of 0.0001 in all cases. Since we use Adam optimizer, we do not decay the learning rate. The
other parameters were maintained at their default values f, = 0.9, B, = 0.999, ¢ = 1 x e”.
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Given that the number of epochs for which the algorithms were trained might affect the final results, all
models were trained for 200 epochs.

Implementation is done using Python and one of most well-known open-source Deep Learning framework,
low-level Tensorflow. All of our experiments run on 4 identical Nvidia GeForce GTX 1080 Ti GPUs, each
one has 3584 CuDA cores and 11 GB GDDR5X VRAM memory and Neural Networks were constructed
using Google’s famous Python library, Tensorflow 1.15.0.

3. Results and Discussion

Preprocessing is needed before to applying the various encoding methods to the data in order to make
it suitable for analysis. Therefore, we perform normalization on continuous features, and we use dummy
encoding on traditional nominal features because of the reasons we mentioned above.

When developing predictive models, it is crucial not to leak any information from the training dataset
into the validation set and testing set, which are created to simulate real-world, unseen data because
of the generalization being the goal. Data preprocessing (including creation of dummy variables and
computing mean values for the levels of categorical features from target variable) needs to be done
after splitting the data. Each such preprocessing should be first done on the training set before being
combined or concatenated with the validation and test subsets. Therefore, first, we split the datainto a
training set and test set with the ratio 9:1. Following that, the remaining portion of training set is split
into a training portion (3/4) for training the model and a validation portion (1/4) for identifying the
best model with the lowest loss value (Géron, 2019). Since our purpose for this study is to compare
proposed method with two existing encoding approaches, we keep the same levels of high-cardinality
feature balanced out for each of the sets that have been created, meaning that, we will not be dealing
with unseen category problem.

After the preparation of the datasets, we then follow the instructions given in the previous section to run
three different neural network models, where the high-cardinality categorical feature, Master 1D, has been
encoded using three different approaches. Therefore, if we compute the number of neurons in the input
layer, we have 7,068 neurons for one-hot encoding, 125 neurons for mean target encoding and 124 neurons
for proposed method. The total number of trainable parameters for those models are 7,895,041 and 785,409
and 791,329, respectively.

Now, we can take a closer look at the performance of all the encoding methods.Figure 4 shows the predictive
performance of models, in terms of mean squared error, for both training and validation sets. A first observation
is that model with mean target encoding under-performs for both training and validation datasets. For model
with one-hot encoding approach, the training error goes down sharply. At first, it seems like doing a good job,
however, afterapoint, itstartsto overfitthe training setandnotto generalize well tounseendata. Forthe proposed
technique, the training error slowly decreases and so does validation error. In other words, without memorizing
the training set, using this encoding technique, the neural network can learn unknown examples much better.
We also track the training time of models, which is composed of two main components: the time required to
obtain the data and the time required to process (learn from) the data, as shown in Figure 5. While training,
the average time per epoch took roughly 821 seconds (approximately 14 minutes) for one-hot encoding, 289
seconds (approximately 5 minutes) for mean target encoding and 275 seconds (approximately 5 minutes)
for proposed method. Overall training time was 45 hours, 16 hours and 15 hours, respectively. We may
deduce from the graph that our suggested approach is considerably quicker in terms of training time per
epoch and overall.

Based on these findings, we can confidently assert that our suggested approach reduces the human cost
of encoding categorical variables with high cardinality, as well as the training time and cost of employing
neural networks for applications.
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Figure 4. Comparing performances of three encoding approaches

4. Conclusion

We have presented a simple but efficient method for dealing with categorical attributes with a high degree
of cardinality and compared its predictive performance with two well-known strategies that are used to

encode categorical features with a high number of unordered levels. In summary, the empirical analysis
shows promising results. In the proposed method, we can create an efficient data representation, without
consuming computational resources. The proposed methodology is model agnostic, can be combined with
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any supervised deep learning algorithm, and it may be utilized in online-learning environments, allowing
for manageable analysis of extremely big datasets without the need for data cleaning. This article barely
scrapes the surface of learning from non-curated tables with high-cardinality categorical features, a topic that
is seldom addressed in machine learning. We hope to inspire further research into encoding of categorical
features in the context of identifier attributes to be included in any deep neural network model via such a
technique which is relatively straightforward to implement because the most of the papers in the scientific
literature seems to circle around string attributes. We expect that the benchmark datasets will stimulate
further research on this topic.
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times obtained from literature and satellite data. It has been observed that the orbital periods of AF
Gem and RY Gem decrease. The period change rates of AF Gem and RY Gem systems are determined
as dP/dt = -4.1x10-8 and dP/dt = -6.5x10° day/yr. The magnetic activity of the systems' cooler
components may be the cause of the periods' decrease, and so the mass loss rates of the systems
have been estimated. For AF Gem and RY Gem, mass loss rate was found to be -4.4x10® Mg/yr and
-8.2x107 Mo/yr, respectively. In the O-C graph of AF Gem, sinusoidal changes also exist. A tertiary
body around the eclipsing pair can be used to depict a sinusoidal variation caused by a light time effect
(LITE). The minimum mass of a possible third star in the vicinity of AF Gem has been determined to
be 0.24 Mo.
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1. Introduction

Kopal (1959), divided the eclipsing binaries into three subclasses according to the Roche classification
as detached, semi-detached and contact stage. Classical Algol binaries are generally in the class of close
binaries systems and they are semi-detached structure. One of the components of such systems has filled the
Roche lobe while the other has not. The component with more mass and not filling the Roche lobe is usually
of the B-A spectral type. The component with less mass and filling the Roche lobe is of the F-K spectral
type giant or sub-giant class. In such systems, the less component that filled the Roche lobe transfers mass
to the other component. If there is the mass transfer between components (from less component to other
component), the period of the system will show increasing parabolic change. However, mass loss from the
system will cause to decrease the period of the system. Some semi-detached systems also provide evidence
of magnetic activity (e.g Retter et al. 2005, Soydugan et al. 2007). The analysis made by subtracting the
calculated time from the observed time is the O-C analysis, and this method is the most widely used method
to examine the orbital period change. It is important to study orbital period variation because it contains
information about the evolution of stars. For this reason, an important study on the orbital period changes
of such systems has made by Erdem and Oztiirk (2014), and the mass loss rates of some systems have
estimated. In this study, the orbital period changes of the selected semi-detached AF Gem and RY Gem
systems have investigated. The orbital period analysis study of these two semi-detached systems is included
in the literature, but this study supports the studies in the literature by calculating the minima times from
the satellite data. Since the periods of the systems are relatively long (especially the RY Gem system), the
minima times calculated from the satellite data make a significant contribution to the literature, and this is
also very important for the O-C analysis.
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The eclipsing binary system AF Geminorum (GSC 01343-02855, TYC 1343-2855-1, Gaia DR2
3378297756072107392, V=10".82) is a semidetached classical Algol. Photographic light curve has
published by Guthnick and Prager (1928) and light curve analysis has done by Gaposchkin (1932). The
first photoelectric light curve (in UBV filters) was acquired by Chambliss (1982). The radial velocity curve
and its analysis has made by Maxted and Hilditch (1995) and the mass ratio of the AF Gem has determined
as ¢ = 0.342 and the components’ spectral type has also been found as B9.5V + GOIV in the same study.
Light curve in BVRI filters of the AF Gem system has obtained by Yuhas et al. (2013). The existence of a
possible third object in the system and the decrease of the period have suggested by Yuhas et al. (2013). The
orbital period analysis of AF Geminorum has made by Yang et al. (2014) and Tvardovskyi (2019). In both
studies, it was seen that both the period decreased and there was a cyclical change.

Semi-detached RY Gem (GSC 01347-00922, TYC 1347-922-1, Gaia DR2 3168597794613114240,
J=8".68) was discovered by Huang and Struve (1956). Photoelectric light measurement in UBV filters of
the RY Gem system has obtained by Kalv (1980). A detailed photoelectric study in UBV filters was carried
out by Hall et al. (1981). In the same study, it was reported that the second component of the RY Gem was
cold and a semi-detached system filling the Roche lobe. Some of the most fundamental physical parameters
of the RY Gem system, such as mass, radius, have reported by Sarma and Vivekananda (1997). It has also
stated in the same study that the spectral type of the system is A2V+KO0-31V-V. The orbital period analysis
of the system has carried out by Pustylnik et al. (2005) and Erdem and Oztiirk (2014). Both studies have
reported that the period of the system decreased. The orbital period decrease rate of the RY Gem system
was reported by Erdem and Oztiirk (2014) as -0.58 s/yr.

2. Materials and Methods

Minima times are of great importance for orbital period analysis. Therefore minima times have calculated
from Kepler and TESS satellite data for the AF Gem and RY Gem systems. Observations of the AF Gem
system have started in March 2014 by Kepler (K2) and continued until May 2014. Observations of the RY
Gem system have started in January 2019 by TESS and continued in sector 7 until February 2019. And at
the same time, observations of the RY Gem system have started by TESS in December 2020 and continued
in sector 33 until January 2021. For the systems, the data received from the satellites have converted to
normalized flux and light curves have created. The graph of light curves of AF Gem and RY Gem systems
converted to normalized flux and plotted according to phase is given in Figure 1. The light curves have
ordered by time and the minima times have calculated by dividing them into individual days. The minima
times obtained from Kepler (K2) and TESS data have obtained by the Kwee van Woerden method (Kwee and
van Woerden, 1956). The minima times obtained from the observations, along with their errors, are given in
Table 1. The minima times calculated from Kepler (K2) data for the AF Gem have determined with an error
in the range of 25 seconds to 430 seconds. For RY Gem, the minima times calculated from the data received
from the TESS satellite in different years (2019, 2020-2021) have determined with error range of 8 seconds
to 80 seconds. Information about the minima times of the systems collected from the literature and obtained
from the satellite data is given in Table 2. This table has given the numbers of visual (v), photographic (pg),
photoelectric (pe) and CCD data, as well as the first (Min I) and second minima (Min II) eclipse times.
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Figure 1. Graphs from left to right, AF Gem’s Kepler (K2) 2014 observation, RY Gem’s TESS 2019, 2020-
2021 observations are shown (light curves have normalized to 1 and plotted between 0.2 and 1.2 phases).
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To investigate the period variations of binary systems, the system’s previously observed the O-C graph created
with the minima times is use. Here, O (Observed); minima times previously observed and C (Calculated);
represents the calculated minima times. The O-C graph is obtained when the difference between these two
times is plotted versus the £ (Epoch) values. The orbital period analysis of the selected systems were made
with the help of the codes under MATLAB written by Zasche et al. (2009). The parabolic period changes
of the systems are calculated by using the weighted least squares method using the MATLAB code written
by Zasche et al. (2009). Since there is a cyclical change in the O-C diagrams, the light time effect (LITE)
analysis was also performed using the same MATLAB code. Using the light elements of the system, the
minima at any given time is given by Equation (2.1).

C=T=Ty+E.P @.1)

In the Equation (2.1), 7} is an initial minima time observed previously, £ the epoch number and P (days) of
the binary system represents the orbital period.

There are four reasons why the orbital period of a system can change. These are mass exchange between
stars or loss of mass from the system, the period due to magnetic activity may change, possible presence of
a third object and axis rotation. Equation (2.2) is used if the period of systems is increasing or decreasing.

Minl =Ty + E.P + Q.E? (2.2)

0 is the coefficient of the parabolic term (other terms are defined in Equation (2.1)). Equation (2.3) is used
to calculate the period change rates.

AP 2.Q
P (2.3)

The unit obtained in Equation 2.3 used for the orbital period change is in days/day and then converted to
desired unit type.

Light-time effect (LITE), sinusoidal on the O-C graph it is seen in the form of curve and this situation has
equated by Irwin (1959) (Equation (2.4).

At =

a,sini’ { 1-e'?
1+e’cosv’

sin(v'+w'") + e’cosw’} (2.4)

c

At is time delay. a, is the semi-major axis. i" is inclination. e’ is eccentricity. v’ is true anomaly of the
position of the binary system’s mass center of orbit. w’is the longitude of the periastron of the orbit of the
eclipsing binary around the third component.
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Table 1
Minima times obtained from Kepler (K2) and TESS data for AF Gem and RY Gem.

System Minima Times Errors Ty[.)e ) Mission
(HJD+2400000) (Minl/MinlII)

AF Gem 56769.4373 0.0038 I Kepler(K2)
AF Gem 56770.6822 0.0010 11 Kepler(K2)
AF Gem 56771.3026 0.0012 I Kepler(K2)
AF Gem 56779.3855 0.0010 I Kepler(K2)
AF Gem 56781.2502 0.0003 I Kepler(K2)
AF Gem 56785.6032 0.0031 II Kepler(K2)
AF Gem 56786.2255 0.0021 I Kepler(K2)
AF Gem 56786.8423 0.0016 II Kepler(K2)
AF Gem 56791.1984 0.0051 I Kepler(K2)
AF Gem 56791.8208 0.0020 II Kepler(K2)
AF Gem 56801.1459 0.0035 I Kepler(K2)
AF Gem 56801.7705 0.0020 II Kepler(K2)
AF Gem 56803.6341 0.0041 I Kepler(K2)
AF Gem 56804.2557 0.0012 II Kepler(K2)
RY Gem 58496.2229 0.0004 I TESS

RY Gem 58500.9155 0.0004 I TESS

RY Gem 58505.5314 0.0003 I TESS

RY Gem 58510.1893 0.0001 I TESS

RY Gem 58514.8497 0.0005 I TESS

RY Gem 59203.0809 0.0004 I TESS

RY Gem 59207.7174 0.0001 I TESS

RY Gem 59212.3727 0.0005 I TESS

RY Gem 59217.0180 0.0001 I TESS

RY Gem 59221.6526 0.0009 I TESS

RY Gem 59226.3183 0.0001 I TESS

Table 2

Statistical information about the minima times of the semi-detached systems (AF Gem and RY Gem)
selected for analysis.

Data Range Vis. Pg. Pe/CCD Kepler(K2) TypeMinl/ The total

System (year) /TESS Min II number of data
AF Gem ~120 164 17 2/79 14 264/12 276
RY Gem ~120 20 5 17/5 11 52/6 58
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A second way for cyclical changes in O-C graphs is described by Applegate (1992). In this mechanism of
Applegate, oscillations in orbit are suggests that is the result of magnetic activity in one or both components.
O-C changes because of magnetic cycle are cyclical and can be described by Equation (2.5).

Min =Ty + E.P + Apoq sin [22 (£ — Ty)| 2.5)

A, ., 1s the amplitude. P__  is period. 7, is minimum moment of the cyclic change. Data information used
in O-C analysis of the systems studied is given in Table 2. The O-C gateway (Paschke and Brat, 2006)
provided the majority of the data used in the investigation. Some basic physical parameters used in O-C
analysis of target systems are given in Table 3.

Table 3

Basic physical parameters of systems used in analysis.

Parameters AF Gem RY Gem Ref.
Spectral type B9.5V+GO 1II-1V5 A2V+KO0-3 IV-V12 1,2
P (day) 1.24350021918 9.30068918 3

T, (HID+2400000) 27162.319418 39732.615818 3
M-M, (M) 3.37-1.155 2.04-0.3912 1,2
R-R, (Ry) 2.61-2.325 2.38-6.1912 1,2

References: 1: Maxted and Hilditch (1995), 2: Sarma and Vivekananda (1997), 3: Kreiner (2004)

3. Results and Discussion

In this study, 14 and 11 minima times have obtained for AF Gem and RY Gem systems from Kepler and
TESS satellite data, respectively. The orbital period analysis study of the systems has carried out with the
minima times collected from the literature and the ones obtained from the satellite data. The orbital period
study of the AF Gem eclipsing binary has performed with minima times of 276 and a data spanning over
approximately 120 years. The period of the AF Gem is decreasing and cyclical change is also observed
(see Figure 2 and Figure 3). While Yang et al. (2014) found the period decrease rate of the system as —5.59
(£0.39)10°® d/yr, it has been found as —4.1x107® d/yr in this study. In semi-detached binaries, the second
component filled the Roche lobe while the first component did not the Roche lobe, so mass and energy
are transferred from the second component to the first component. (e.g Retter et al. 2005, Soydugan et al.
2007). In this case, the period of the systems increases, but the period of the AF Gem system is decreasing.
Therefore, the period decrease reason of the AF Gem system is suggested as the loss of mass from the system
and the estimated loss rate is given in Table 4. Cyclical change is explained in two ways. The first of these
is explained by the Applegate (1992) mechanism, but the quadrupole moment of the second component
was obtained as 1.6 10°° g cm? and this value is not in the range suggested by Lanza and Rodono (2002).
Therefore, the possible existence of a third object in the system, which is the second way, has emphasized.
The period analysis of the RY Gem system with 58 minima times has performed over a data interval of
approximately 120 years. Period of RY Gem is decreasing (see Figure 4). While Erdem and Oztiirk (2014)
calculated the period decrease rate of the RY Gem system as -0.58 s/yr, it was calculated as -0.55 s/yr in
this study. The reason for the RY Gem system’s orbital period decreasing is the same as that of the AF Gem.
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Table 4
The parameters that was found from the O-C analysis for the AF Gem and RY Gem.

System AF Gem RY Gem
T, (HJD+2400000) 52501.1265(6) 39732.6410(16)
P_ (day) 1.2434988 (1) 9.3005962 (15)
Q (day) -0.7 (1)10°1° -823 (42)101°
dP/dt (s/cn) -0.36 -55
dM/dt (mass loss) (Mo/yr) -4.4108 -8.2 107
A (day) 0.0083(6)
a,sini (AB) 1.48 (11) -
e 0.23 (11) ---
@ (deg) 6 (1)
T' (HID+2400000) 55609 (874) ---
P, (yr) 7303)
f(m,) (Mo) 0.00061 (1) ---
m, (Mo) (for i=90°) 0.24
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Figure 2. Distribution of AF Gem’s O-C data and its representation with theoretical curves. The dashed
line is parabolic, the continuous one is the theoretical curves calculated using the terms parabolic and LITE
together. The bottom panel shows the differences from the continuous theoretical curve.
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Figure 3. Cyclic change of O-C data of AF Gem and its representation by theoretical curve (continuous line)
calculated using LITE.
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Figure 4. Obtained O-C data of RY Gem eclipsing system and the theoretical curve used to represent it and
the differences from it (continuous line represents theoretical fit).

4. Conclusion

As a result; this study focused on the orbital period change of semi-detached eclipsing binaries AF Gem
and RY Gem. With the analysis made in this study, it makes a significant contribution to the literature in
terms of calculating minima times from satellite data and supporting previous O-C analysis studies. The
orbital periods of the systems are decreasing and the period change rates of AF Gem and RY Gem systems
are determined as -0.36 and -55 s/cn. The cause of the sine-like change of AF Gem may be demonstrated
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by the presence of a possible third component around the binary system (possible third component causes
light-time effect). Around AF Gem, the smallest mass of possible tertiary components was found to be 0.24
M. For AF Gem and RY Gem, the systems can be better understood by performing O-C analysis again
with the minima times acquired from the recent observations together with the past minima times. To learn
more about the nature of AF Gem and RY Gem, high resolution spectra should be explored.
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Balikesir Sehir Merkezinde Hava Kirliligi Seviyelerinin Zamansal ve
Mekansal Analizleri
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Makale Tarihcesi Oz — Bu calismada, Giiney Marmara bolgesinde bulunan Balikesir sehir merkezinde meteorolojik
Génderim- 11.06.2021 fakt'o;rlerin etkfsin@e partikiil madde (PM, ) ve kiikiirt dioksit (SQZ) konsantrasyonla_rmlr_l ‘zarr}apsal ve

mekansal analizleri yapilmistir. Bu ¢alismada, mevcut meteorolojik kosullar ve hava kirleticilerinin sevi-
Kabul: 19.11.2021 yeleri istatiksel olarak incelenmistir. Caligmada, hava kirleticileri ve meteorolojik parametreler (sicaklik,
Yayim: 10.06.2022 riizgar hizi, nem, basing ve karisim yiiksekligi (sabah — 6glen)) arasindaki iligkinin belirlenmesi amaciyla

yapilan analizlerde 6zellikle sonbaharin sonlarinda ve kis aylarinda pik yaptig: tespit edilmistir. Balikesir
sehir merkezinde, PM,; ve SO, seviyelerindeki degisimler ile ilgili en yiiksek korelasyon katsayisina
sahip olan meteorolojik parametreler sirasiyla, riizgar hiz1 (r=-0,45) ve sicaklik (r=-0,53) olarak tespit
edilmistir. PM, | degisimini agiklayabilmek igin yapilan regresyon analizinde, nem(rh) ve karigim yiik-
sekligi (sabah) verilerinin modelde etkilerinin olmadig1 goriilmiistiir (pnem=0,60 > 0,05 ve pKar. Yik.
Sab.=0,34 > 0,05). Yine, SO, tahmini igin olusturulan regresyon modelinde ise sadece karisim yiiksekli-
gi (6glen) verilerinin modelde etkisinin olmadig1 goriilmiistiir (pKar. Yiik. 0§.=0,65 > 0,05).

PM, i¢in 6l¢iim degeri 100 pg/m*ten biiyiik olan, 2017-2019 yillar1 arasinda toplam 4 fakli dénemden
olusan epizot donem tespit edilmistir. Korelasyon analizi sonuglarina gore birinci dénemdeki PM, de-
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tespit edilmistir. Diger dénemlerde ise PM,  seviyelerindeki degisimlerin karisim yiiksekligi (sabah-6g-
len) degerleri ile istatistiksel olarak 6nemli diizeyde iliski saptanmamustir.

Anahtar Kelimeler — Epizot 1, Hava Kirliligi 2, HYSPLIT 3, Korelasyon 4, Meteoroloji 5

Temporal and Spatial Analyzes of Air Pollution Levels in
Downtown Balikesir
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Article History Abstract — In this study, temporal and spatial analyzes of particulate matter (PM, ) and sulfur dioxide
Received: 11.06.2021 (S0,) concentrations under the influence of meteorological factors were performed in Balikesir that is

located in the Southern Marmara region. In this study, long term meteorological conditions and levels
Accepted: 19.11.2021 of air pollutants were investigated statistically. Analysis results indicated that the correlation between
Published: 10.06.2022 air pollutants and meteorological parameters (temperature, wind speed, humidity, pressure and mixing
heights) had peaks especially in the late autumn and in the winter. In downtown Balikesir, the me-
teorological parameters with the highest correlation coefficients related to the changes in PM, and
SO, levels were determined as wind speed (r=-0.45) and temperature (r=-0.53), respectively. In the
regression analysis performed to explain the PM, change, it was observed that the humidity (rh) and
the mixing height (morning) data had no effect on the model (phumidity=0,60 > 0,05 and pMix.Heih-
gt-Morning=0,34 > 0,05). Moreover, in the regression model created for SO, estimation, only the mix-
ing height (noon) data was found to have no effect on the model (pMix.Heihgt-Noon =0,65 > 0,05).
Episode periods with PM,  levels above 100 ug/m® and consisting of a total of 4 different periods were
determined between 2017 and 2019. According to the results of the correlation analysis, a positive cor-
relation (r=0.58) was found between the PM,  and the mixing height (noon) in the first period. In other
periods, there was no statistically significant correlation between the changes in PM, and the mixing
height (morning-noon) levels.
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1. Giris

Hava kirliligi, canlilari sagligimi olumsuz yonde etkileyen atmosferin genel bilesiminde bulunan veya
bulunmayan maddelerin, normalin {izerinde miktarda ve siirede atmosferde bulunmasi sonucu olugsmakta-
dir. Hava kirliligine neden olan kirleticiler kaynak bakimindan ikiye ayrilir bunlar: Dogal kaynakl kirleti-
ciler ve insan kaynakli (antropojenik) kirleticilerdir. Dogal kaynakli kirleticiler, insan kaynakli kirleticilere
oranla atmosferde daha yiiksek konsantrasyonlarda bulunabilir fakat havaya karisirken atmosferde kalma
siireleri bakimindan siireklilik gdstermezler. Insan kaynakl kirleticiler ise, dogal kaynakli kirleticilere gore
atmosferde diisiik veya zaman zaman yiiksek konsantrasyonlarda bulunmakla birlikte etki bakimindan sii-
reklidirler. Dogal kaynakli kirleticiler zaman igerisinde atmosfer tarafindan kontrol edilebilirler fakat insan
kaynakl kirleticiler siirekli olduklarindan zaman zaman kontrol disina ¢iktiklar1 goriilmektedir (Mutlu,
2019). Uretim faaliyetlerinin bir sonucu olarak ortaya ¢ikan kirleticiler atmosferdeki hava ile karisarak
havanin kalitesini bozarak kirlenmesine yol agtig1 bilinmektedir. Kirlenen hava daha sonrasinda yerytiziin-
deki canlilara ve yapilara temas ederek olumsuz yonde etkiler meydana getirmektedir (Akyiirek vd., 2013).

Hava kirliligi giinimiizde toplum saghigini tehdit eden gevresel faktorlerin en basinda yer almaktadir
(WHO. 2016). Meteorolojik, topografik ozellikler ve kentlesme hava kirleticilerinin atmosferdeki dagili-
mina, depolanmasina ve kimyasal yonden doniisiim siireclerine etki eden 6nemli faktdrlerdir. Her bir hava
kirleticisinin etki siiresi, konsantrasyonu ve diger karakteristiklerine bagli olarak insan saglig1 tizerinde
etkileri olmaktadir. WHO verilerine gore 2016 yilinda diinyada yaklasik 4,2 milyon 6liimiin, dis ortam
hava kirliligine bagli oldugu belirtilmektedir. Ayrica bu 6liimlerin yaklasik olarak %91’ini olusturan diistik
ve sinirh gelire sahip iilkelerin (Giiney Dogu Asya ve Bati Pasifik bolgeleri) her birinde yaklasik olarak 1,3
milyon limiin ana sebebi dis ortam hava kirliligi oldugu belirtilmektedir (WHO, 2018).

Ulkemizde hava kirliligiyle ilgili ilk calismalarin baskent Ankara’da 1960’11 yillarda basladig bilinmek-
tedir. Ulkemiz genelinde diger bdlgelerde de yasanan hava kirliligi sorunlar1 nedeniyle bu alandaki galis-
malarin geniglemesine yol agmistir (Tuncel, 2013). Konuyla ilgili daha 6nce yapilan ¢aligmalar incelen-
diginde ozellikle kis aylarda meteorolojik sartlarin baskin oldugu donemlerde partikiil madde (PM, ) ve
kiikiirt dioksit (SO,) seviyelerinin yiikselis yoniinde bir egilime sahip olduklart tespit edilmistir (Basar vd.,
2005; Ibrahimova, 2013; Tecer, 2013). Dis ortam PM, j ve SO, kirletici seviyelerindeki artiglar, solunumla
akcigerlere alinan havanin normal bir sekilde disar1 verilememesi seklinde semptomlari olan ve kronik
rahatsizlik olarak degerlendirilen KOAH (Kronik obstriiktif akciger hastaligi), ayrica iist solunum yolu en-
feksiyonu, bronsit ve astim gibi bir¢ok kronik hastaliklarin halk saglig1 agisindan risk olusturmasina ve bu
hastaliklardan hastanelere yapilan bagvurularin 6zellikle yiiksek kirlilik giinlerinde artis egiliminde oldugu
tespit edilmistir (Mentese, 2011; Saygin, 2019; Cildir, 2021).

Gilinlimiizde hava kirletici seviyelerinin yorumlanmasinda sadece sabit veya mobil hava kalitesi 6l¢iim
istasyonlarindan 6lgmek yeterli olmamaktadir. Ayni zamanda 6l¢iilen hava kirleticileri ile birlikte ¢alisma
alanina ait meteorolojik faktorlerin, calisma alanina etkisi olan bolgesel ve kitasal kirletici taginimlarinin
zaman ve mekan parametrelerine bagli olarak yeniden yorumlanmasi énem arz etmektedir. Bu hususlar
g0z Oniine alindiginda, yapilan bu ¢aligmada, sanayi faaliyetleri ve niifus dagilimi bakimindan orta 6lgekli
bir il olan Balikesir’de 2017-2019 yillar1 arasinda kaydedilen PMj ve SO, seviyelerinin yine ayni zaman
diliminde bolgeye ait meteorolojik kosullar altinda nasil degisim gdsterdikleri zamansal ve mekansal olarak
analiz edilmistir.

Yapilan bu galisma, Balikesir Universitesinde gerceklestirilen ve Balikesir’de hava kirliligi seviyelerinin
meteorolojik parametrelere bagli olarak solunum yolu hastaliklari lizerindeki etkilerinin incelenmesi adli
yliksek lisans tez ¢aligmasinin da ilk kismini olusturmaktadir (Cildir, 2021).

2. Materyal ve Yontem
2.1. Calisma Alam

Balikesir sehir merkezi, Sekil 1’de sunuldugu gibi, Giiney Marmara bolgesinde (39°37°-39°42° K) en-
lemleri ve yaklasik olarak (27°50’— 27°57’ D) boylamlar1 arasinda yer almaktadir. Sehirde yasayan niifu-
sun yaklasik 1.240 milyon oldugu tahmin edilmektedir (TUIK, 2020). Sehir merkezi Balikesir Ovast’nin
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batisinda yer almakta ve ¢anak seklindeki ovanin tabanina dogru ilerlemektedir. Canak seklindeki ova
Susurluk Nehri ve kollarinin faaliyetleri sonucu olugmugtur. Ovanin etrafi 500 m’yi asan daglar ve tepelerle
¢evrelenmektedir. Sehir merkezindeki yiikselti farki 195 m’dir. (Tagil, 2007).
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Sekil 1. Balikesir ilinin lokasyon haritasi.

Balikesir sehrinin Marmara ve Ege Denizine kiyist bulunmaktadir. Sehrin karakteristik iklim 6zellikleri,
ic kesimlerde Karasal iklim ozellikleri goriilmekle birlikte kiy1 bolgelerinde Akdeniz iklimi hiikiim
stirmektedir. Balikesir sehrinde karakteristik olarak 4 mevsim goriilmektedir. Sehir merkezinin de yer al-
dig1 i¢ bolgelerde kislar1 yagisli ve daha soguk olmakla birlikte kiy1 kesimlerde yagish fakat daha ilik
gegmektedir (Tagil, 2007).

Sekil 2. Balikesir hava kalitesi izleme istasyonu ve gevresi.
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Balikesir sehrinde bir adet hava kalitesi izleme istasyonu mevcuttur. 2018 yil1 itibartyla konumu Meteoro-
loji Midirliigii bahgesine tasinmigtir. Balikesir sehir merkezinde hava kirliligi mevsimsel olarak degisiklik
gostermektedir (Mutlu, 2019). Kis aylari, sonbaharin ge¢ donemleri ile ilkbaharin erken dénemlerinde
tespit edilen kirlilik epizotlar1 mevcuttur (Tecer, 2013; Mutlu, 2019). il Merkezinde, OSB disinda farkli
bolgelerde, kiiglik sanayi sitesi, haddehaneler, marangozlar sitesi bulunmaktadir. Bu bolgeden kaynaklanan
kirletici unsurlarda bu bolgenin sehir merkezine olan yakilig1 sebebiyle sehir merkezinin hava kalitesini
olumsuz etkilemektedir (Balikesir Cevre ve Sehircilik Midiirliigii, 2020). Balikesir sehir merkezindeki
hava kalitesi 6lgiim istasyonu ve meteoroloji istasyonu konumlari, sanayi kaynakli PM,  ve SO, kaynaklar
i¢in organize ve kiigiik dlgekli sanayi bolgesi, ¢imento fabrikasi, trafik kaynakli PM j ve SO, kaynaklar
olarak ana baglant1 yollar1 ve baslica kavsaklar konumlar1 sunulmus olup Sekil 2 {izerindeki isaretlenmistir.
Ayrica, Sekil 2 tizerinde gdsterilen her bir noktanin agiklamalar1 Tablo 1°de sunulmustur (Balikesir Cevre
ve Sehircilik Miidiirliigi, 2020).

Tablo 1

Sekil 2’deki noktalarin agiklamalari

Nokta Simgesi  Nokta Aciklamasi Nokta Simgesi  Nokta Aciklamasi
(A) Sehir merkezi (G) [zmir-istanbul Yolu
(B) Meteoroloji istasyonu (H) Adliye Kavsagi
©) Hava kalitesi izleme istasyonu (D Mehmetcik Kavsagi
(D) Organize sanayi bolgesi ) Savastepe Kavsagi
(E) Kati atik deponi sahasi (K) Eski Izmir Yolu
(F) Cimento fabrikasi (L) K. Olgekli Sanayi Sitesi

2.2. Calismada Kullanilan Veriler

Bu calismada kullanilan veriler, sehir merkezine ait hava kalitesi dlgiimleri ve calisma bolgesine ait
meteorolojik parametrelerinden olusmaktadir.

Hava kalitesi verileri: Calisma bolgesine ait hava kalitesi verileri sehir merkezinde hava kalitesi izleme
istasyonunun (HKII) eski ve yeni lokasyonlarindan olmak iizere 2017-2019 yillar1 arasinda Cevre ve Sehir-
cilik Bakanlig1’na ait Ulusal Hava Kalitesi Izleme Agi (UHKIA) veri tabanlar1 kullanilarak elde edilmistir.
(www.havaizleme.gov.tr). Olgiilen PM,, ve SO, kirleticileri belirtilen yillar kapsaminda giinliik ortalama
degerler olarak degerlendirilmistir.

Meteoroloji verileri: Calisma bolgesine ait temsili meteoroloji verileri sehir merkezinde bulunan hava {is-
siindeki meteoroloji gézlem istasyonundan (WMO# 17150) 2017-2019 yillarin1 kapsayacak sekilde temin
edilmistir. Glinliik ortalama degerler olmak tizere sicaklik (t), riizgar hiz1 (ws), nem (rh), basing (p) ve ka-
risim yiiksekligi (sabah — 6glen) elde edilmistir.

2.3. Veri Analizinde Uygulanan Yontemler

Niifus yogunlugu giderek artan sehir merkezlerinde, giiniimiiziin en biiylik sorunlarindan biri olan hava
kirliligi probleminin biiyiik riskler olusturma potansiyelinin yiiksek oldugu bilinmektedir. Basta hava kir-
liligi olmak iizere bu cevresel sorunla basa cikabilmek i¢in atilmasi gereken ilk adim incelemeye alinan
bolgedeki hava kirliliginin tiirii, miktar1 ve bolgedeki kirletme siiresinin belirlenmesidir. Hava kirliliginin
azaltilabilmesi i¢in izlenecek yolun belirlenmesinde ele alinan bolgedeki hava kirletici parametrelerin be-
lirli bir zaman dilimi boyunca izlenmesi, 6l¢limlerin yapilmasi ve bu dl¢limlerin kayitlarinin tutulmasi ge-
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rekmekte ve elde edilen sonuglarin meteorolojik faktdrler goz oniinde bulundurularak yorumlanmasi ayrica
onem arz etmektedir.

Hava kirleticilerinin (PM,; ve SO2) ve meteoroloji (sicaklik-t, riizgar hizi-ws, nem-rh, basing-p ve karisim
yiiksekligi (sabah — 6glen)) verilerinin genel tanimlayici istatistikleri (ortalama, minimum/maksimum de-
gerler, varyans degerleri, %95 6nem diizeyinde giiven araliklar1 ve standart sapma degeri) hesaplanmustir.
Hava kirleticilerine ait varyans analizi (ANOVA) yapilarak 6l¢iilen hava kirleticilerinin mevsimsel degi-
simleri arasinda anlamli fark olup olmadig1 incelenmistir. Olgiilen hava kirleticilerine ait saatlik degisimle-
rinin kendi aralarinda iliskilerinin olup olmadigini inceleyen ikili korelasyon analizleri (Pearson Correlati-
on Analysis ve Kendall’s Tau Analysis) yapilmistir. Elde edilen hava kirletici (PM,, ve SO2) verileri setleri
ve meteorolojik (sicaklik-t, riizgar hizi-ws, nem-rh, basing-p ve karisim yiiksekligi (sabah — 6glen)) verileri
setleri arasinda ¢oklu regresyon analizi yapilarak, incelenen bolgedeki meteorolojik faktorlerin dlgiilen
hava kirleticisine ait degisimler iizerindeki etkileri belirlenmeye ¢alisilmistir.

Hava kalitesi ve meteorolojik verilerin arasindaki korelasyonlarin agiklanabilmesi i¢in SPSS istatistiksel
analiz programi kullanmistir ve analiz sonuglarina ait gorseller R ortamlarinda degerlendirilmistir (IBM-
SPSS. 2016; Carslaw, 2012; Carslaw, 2015).

Epizot ile ilgili yapilan ¢aligmalara bakildiginda PM, | verisi i¢in toplam giin bakiminda art arda en az 5
glinii ve siir deger olarak da 100 pg/m*’i asan periyotlarin secildigi ifade edilmistir (Orhun, 2013). Bu
kapsamda en az birbirini takip eden art arda 5 giin, 6l¢tim degeri 100 pg/m*’ii asan 6lgtim giinleri, epizot
giinleri olarak se¢ilmistir. Olusan bu epizot donemlerinin tam olarak neden kaynaklandigim belirleyebil-
mek adina meteorolojik (karisim yiiksekligi (sabah — 6glen)) faktorler ile korelasyon ve regresyon analiz-
leri yapilmustir.

HYSPLIT yériinge tasinim modeli, Ulusal Atmosfer ve Okyanus Idaresi — NOAA tarafindan atmosferde
gerceklesen taginim ve dagilim hareketlerini takip edebilmek igin gelistirilmis bir modeldir (NOAA, 2021).
HYSPLIT modeli, basit hava paketi yoriingelerinin yani sira karmasgik tasima, dagilim, kimyasal doniisiim
ve biriktirme simiilasyonlarini1 hesaplamak i¢in eksiksiz bir sistemdir. HY SPLIT, atmosfer bilimleri toplu-
lugunda en yaygin olarak kullanilan atmosferik tasima ve dagilim modellerinden biridir. Model hesaplama
yontemi, yoriingeler veya hava parselleri baslangi¢c konumlarindan hareket ederken ilerleme ve yayilma
hesaplamalari i¢in hareketli bir referans ¢ergcevesi kullanan Lagrangian yaklagimi ile sabit bir ti¢ boyutlu
1zgara kullanan Euler metodolojisi arasinda bir karisimdir (NOAA, 2021).

HYSPLIT modeli kullanilarak yapilan ¢aligmalar incelendiginde, geriye doniik tespit gerektiren calisma-
larda sikga kullanildig1 dikkat ¢ekmistir. Orman yanginlari, sel felaketleri, tagkin afetleri ve hava kirliligi
caligmalarinda olayin gergeklesme tarihinde ¢evresel sartlarin ne durumda oldugu belirleyebilmek adina
kullanilan ve olumlu yaklasimlar elde edilen bir model olarak karsimiza ¢ikmaktadir (Durmus, 2016; Mut-
lu, 2019; Canpolat vd.. 2020; Oguz vd.. 2021).

Meteorolojik (karigim yiiksekligi (sabah — 6glen)) faktorler ile etkilesimi olmayan epizot donemlerinin
muhtemel kitasal taginim senaryolart NOOA HYSPLIT geri yoriinge (back-trajectory) modeline gore hava
kiitlesi taginim modeli olusturulmustur. Kullanilan bu modelde, diisey hareket (vertical motion) modeli se-
cilerek, epizot tarihinden geriye dogru son 72 saat igerisinde olan hava taginimlari incelenmistir. Modelde
yoriinge yiikseklikleri olarak yeryiiziine en yakin 6l¢lim seviyesi olan 500 m segilmistir. Modelde kullani-
lan meteorolojik veri seti, NCEP Global Data Assimilation System (GDAS) veri tabanlari igerisinde, 0,5
derecelik gridler halinde kullanilmistir.

3. Bulgular ve Tartisma
3.1. Hava Kirleticilerinin ve Meteorolojik Verilerin Genel Istatistikleri

Arastirmay1 kapsayan 2017-2019 yillar1 arasindaki hava kirleticileri (PM,; ve SO2) ve meteoroloji veri-
lerine (sicaklik-t, riizgar hizi-ws, nem-rh, basing-p ve karisim yliksekligi (sabah — 6glen)) ait genel tanim-
layici istatistikler (ortalama degerler, %95 6nem diizeyinde ortalama degerler i¢in giiven araliklari, verilere
ait degisim araliklar1 (minimum/maksimum ve standart sapma) Tablo 2’de verilmistir.
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Tablo 2

Hava kirleticilerinin ve meteorolojik verilerin genel istatistikleri

Hava Kalitesi .
Meteorolojik Parametreler

istatiksel Parametreleri
Tanimlayict Kart
sim Karisim
Parametreler fM/l;)n3) (Soz/m3) E o erusn) th(%) p(mbar) Yiik. Yiik.
He He Sabah (m) Oglen (m)
Ortalama 45,95 8,21 15,32 2,80 72,30  1003,60 2008,95 2395,68

Giiven Alt limit 43,92 7,66 14,86 2,67 71,56 1003,26 1968,03 2347,48

Arahgr*  (yg imit 47,98 8,75 15,78 2,93 73,04  1003,93 2049.87 244388

Minimum 5,70 0,40 -4,10 0,00 36,30 987,50 283,00 231,00

Degisim

Arahg Maksimum 290,60 65,00 30,60 11,10 99,70  1020,50 3415,00  4178,00
Standart Sapma 34,23 9,17 7,83 2,16 12,47 5,65 690,09 812,80
N 1095 1095 1095 1095 1095 1095 1095 1095

"%95 6nem diizeyinde ortalamanin sahip oldugu alt ve Ust limit degerler
N: veri sayis1

Sehir merkezinde dlgiilen yillik PM, | kirleticisinin ortalama degeri 45,95 ug/m’ oldugu ve istatistiksel ag1-
dan %95 6nem seviyesinde PM,  parametresinin ortalama degerinin 43,92 — 47,98 ug/m’ arasinda olabile-
cegi hesaplanmustir. Sehir merkezinde 6lgiilen yillik SO, parametresinin ortalama degeri 8,21 ug/m* oldugu
ve istatistiksel agidan %95 6nem seviyesinde PM, , parametresinin ortalama degerinin 7,66 — 8,75 pg/m’
arasinda olabilecegi hesaplanmistir.

Caligma periyodu siiresince (2017-2019) 6lgiilen en yiiksek PM, , konsantrasyonu 8.Ocak.2018 Pazartesi
giinii 6l¢iilmiis olup, dlgiilen pik degerin sehir merkezinde trafik yogunlugundan ve 1sitma amach kullani-
lan yakitlardan kaynaklandig: diisiiniilmektedir. Yine ayn1 sekilde bu durum SO, konsantrasyonu igin de
benzer durumlardan kaynaklandigi ve dlgiilen en yiiksek SO, konsantrasyonu 2.Aralik.2018 Cumartesi
giinii 6l¢lilmiis olup, konutlarda 1sinma amaciyla sehrin bir kisminda halen komiiriin baslica 1sinma amagh
yakit olarak kullanilmasina bagl oldugu diistiniilmektedir.

3.2. Kirleticilerin Zamansal Dagilimlari

Sehir merkezinde dlgiilen hava kirleticilerinin (PM ve SO,) 2017-2019 yillar1 arasinda zamansal degi-
simlerini ifade eden 3 yillik veri setlerinin aylik ortalama degerlerinin degisimini gdsteren box-plot grafik-
leri Sekil 3 ve Sekil 4’de sunulmustur.

Sekil 3’de sunulan box-plot grafiginde turuncu hatlar yillara ait kademeli olarak azalim gosteren yasal sinir
degerlerini (2017 igin 48 ug/m3, 2018 i¢in 44 ug/m? ve 2019 i¢in 40 ug/m?) temsil etmektedir (HKDYY,
2008) ve yine ayni sekilde kirmizi alanlarin karsilik geldigi donemler incelendiginde PM, | kirletici seviye-
sinin 6zellikle sonbaharin sonlarinda ve kis aylarinda pik yaptig1 acikca goriilmektedir.
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Sekil 3. PM,  seviyelerinin zamansal degisimleri.

Ozellikle 2017 yili son aylar1 ve 2018 yil1 ilk aylarinda PM, yoniinden lokal kaynaklarin disinda kitasal
taginimlarin da etkili oldugu 6nemli epizotlar goriilmesi nedeniyle diger yillara oranla daha yiiksek PM |
seviyeleri gézlemlenmistir.
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Sekil 4. SO, seviyelerinin zamansal degisimleri.

Yine aynit durum Sekil 4’de sunulan box-plot grafigindeki kirmiz1 alanlarin karsilik geldigi dénemler in-
celendiginde SO, kirletici seviyesinin 6zellikle sonbaharin sonlarinda ve kis aylarinda pik yaptigi agikga
gortilmektedir. Yine ayni grafik tizerinde mavi hat ise SO, igin yillik ve ki donemleri i¢in yasal sinir degeri
olan 20 pg/m® degerini gostermektedir (HKDY'Y, 2008).

3.3. Varyans Analizi (ANOVA)

2017 — 2019 yillart arasinda 3 yillik siire zarfinda kirleticilerin hangi araliklarda en yiiksek veya en
diisiik seviyelere geldigini belirlemek adina ve 6lgiilen kirletici seviyelerinin yillar bazinda aralarinda fark
olup olmadigini1 tespit etmek amaciyla varyans analizli (ANOVA) ve Post-Hoc LSD (Least Significant Dif-
ference) coklu karsilagtirma testi yapilmistir. Yapilan analiz sonuglar1 Tablo 3 ve 4’de sunulmustur
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Tablo 3
2017-2019 yillar1 arasinda PM, | ve SO, istatistikleri

Giiven Arahklar*

Kirletici Yillar N  Ortalama Std. Sapma Al Limit Ust Limit Minimum Maksimum
2017 365 56,30 41,82 51,99 60,60 13,2 239,6
PM,, 2018 365 47,83 33,94 44,34 51,32 5,7 290,6
2019 365 33,72 18,96 31,76 35,67 9,5 1248
2017 365 8,04 10,05 7,01 9,08 1,1 59,6
SO, 2018 365 8,74 10,84 7,62 9,85 0,4 65,0
2019 365 7,84 5,82 7,24 8,44 1,1 36,8

* %95 onem diizeyinde ortalamanin sahip oldugu alt ve iist limit degerler

PM,, ve SO, istatistikleri toplam 3 yillik stire boyunca, her yil igin toplam 365 adet verinin yillar bazinda
PM,  kirletici seviyelerinin ortalamalarina bakildiginda yillik ortalamalarin 95% 6nem diizeyinde ortalama-
lara ve ANOVA testi sonucuna bagl olarak birbirine esit olmadig1 goriilmiistiir. Yillar arsinda farkliliklar
oldugu tespit edilmistir (PM,; i¢in pvalue < 0,05). SO, kirletici seviyelerinin ortalamalarina bakildiginda
yillik ortalamalarin 95% 6nem diizeyinde ortalamalara ve ANOVA testi sonucuna bagl olarak birbirine esit
oldugu ve yillar arasinda farkliliklar olmadigi tespit edilmistir (SO, igin pvalue > 0,05).

Tablo 4
2017-2019 yillar1 arasinda PM, ; ve SO, kirleticilerinin ¢oklu karsilagtirma sonuglari

Kirletici (Y1l (J)Yil grrtl‘(‘l'?;“;‘) p... Kirletici (I)Yil g‘{?l g rrtli‘llz“;‘) P
2018 8,47 0,00 2018 -0,69 0,31
2017 2017
2019 22,58 0,00 2019 0,21 0,76
2017 8,47 0,00 2017 0,69 0,31
PM, 2018 SO, 2018
2019 14,11 0,00 2019 0,90 0,19
2017 22,58 0,00 2017 0,21 0,76
2019 2019
2018 14,11 0,00 2018 20,90 0,19

Post-Hoc ¢oklu karsilastirma testi LSD (Least Significant Difference) yontemi sonuglarina gére PM
icin hesaplanan en yiiksek yillik ortalama 2017 yilinda kaydedilmistir. En diisiik degerin ise 2019 yilinda
kaydedildigi tespit edilmistir. Yillara ait farkhiliklar anlamlidir (p , < 0.05). SO, i¢in en hesaplanan en
yliksek yillik ortalama 2018 yilinda kaydedilmistir. En diislik degerin ise 2019 yilinda kaydedildigi tespit
edilmistir. Yillara ait anlamli bir fark tespit edilmemistir (p_, > 0.05).

value

3.4. Hava kirleticilerinin ve Meteorolojik Parametrelerin Iliskisi

Yapilan ¢aligma kapsaminda, hava kirleticilerinin (PM  ve SO,) uzun yillik verileri ile bu ayni siire
icerisinde alinan meteorolojik verileri Carslaw ve Ropkins (2012) ve Carslaw (2015) tarafindan olusturu-
lan ve R ortaminda kullanilan “Openair” algoritmalar1 yardimiyla analiz edilmistir (Carslaw ve Ropkins,
2012; Carslaw, 2015). Hava kirleticileri ve meteorolojik parametreler arasindaki iligki olugturulan grafikler
yardimiyla agiklanmaya calisilmistir.
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Sekil 5. Hava kirleticilerinin zamansal degisimi ve aralarindaki iliski.

Sekil 5°de PM ve SO,’nin 2017-2019 yillar1 arasindaki zamansal degisimine bakildiginda ozellikle kis
doneminde bir artig géze ¢arpmakta, PM, j ve SO, nin kendi aralarindaki iligkiyi ifade eden grafige bakildi-
ginda kirleticiler arasinda giiglii bir korelasyondan bahsedilebilir. Bagka bir ifade ile PM | kirletici seviye-
lerinin artmasina kars1 SO, verilerinde de bir artis s6z konusu olmaktadir. Zamansal grafiklere gore bu olay
genellikle ki doneminde yani soguk mevsimlerde ger¢ceklesmektedir.

Hava kirleticileri (PM,, ve SO,) ve meteorolojik faktorler (sicaklik-t, riizgar hizi-ws, nem-rh, basing-p ve
karigim yiiksekligi (sabah — aksam)) arasindaki iligkinin anlasilabilmesi amaciyla her ikisi arasindaki dagi-
lim1 ifade eden grafikler olusturulmustur (Sekil 6 ve Sekil 7).
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Sekil 6. PM, | ve meteorolojik parametrelerin iligkisi.
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Sekil 6’da 2017-2019 yillar arasinda 3 yillik zaman diliminde Balikesir sehir merkezindeki hava kirleticisi
(PM,,) ve yine Balikesir sehir merkezi meteoroloji verileri (sicaklik-t, riizgar hizi-ws, nem-rh, basing-p ve
karigim ytiksekligi (sabah — aksam)) asasindaki iliskiyi agiklayan grafik Sekil 5°de sunulmustur. PM,  sevi-
yelerinde degisimlere neden en 6nemli faktorler sicaklik (t) ve riizgar hizidir (ws). Grafikten de anlagilacagi
tizere sicaklik seviyeli arttikca PM, | seviyelerinde azalma gergeklesmekte ve ayni durum riizgar hizi (ws)
icin de gecerli oldugu goriilmektedir.
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Sekil 7. SO, ve meteorolojik parametrelerin iligkisi.

Sekil 7°de 2017-2019 yillari arasinda 3 yillik zaman diliminde Balikesir sehir merkezindeki hava kirleticisi
(SO,) ve yine Balikesir sehir merkezi meteoroloji verileri (sicaklik-t, riizgar hizi-ws, nem-rh, basing-p ve
karigim yliksekligi (sabah — aksam)) asasindaki iliskiyi agiklayan grafik Sekil 6’da sunulmustur. SO, sevi-
yelerinde farklilik olusturan en 6nemli parametreler faktorler sicaklik (t) ve riizgar hizidir (ws). Grafikten
de anlagilacagi tlizere sicaklik seviyeleri arttikga SO, seviyelerinde azalma gergeklesmekte ve ayni durum
riizgar hiz1 (ws) i¢in de gegerli oldugu goriilmektedir.

3.5. Korelasyon Analizleri

Yapilan ¢oklu korelasyon analizleri (Pearson korelasyon) sonuglart Tablo 5’de sunulmustur. Balikesir
sehir merkezinde PM, | seviyelerindeki degisimler iki parametre ile iliskilendirilebilir. En yliksek kore-
lasyon katsayisina sahip qlan riizgar hizi (ws) ile PM, arasina r= -0,45 degerinde negatif bir korelasyon
oldugu tespit edilmistir. Ikinci en yiiksek korelasyon katsayisi sicaklik (t) ile PM  arasinda r= -0,34
degerinde yine negatif bir korelasyon oldugu tespit edilmistir. Ozet olarak, sehir merkezindeki dnem se-
viyesine gore sirastyla riizgar hizi (ws) ve sonrasinda sicakligin (t) azalmasi durumunda PM ; seviyeleri
artmaktadir.

Yine ayni1 sekilde, Balikesir sehir merkezinde en yiiksek korelasyon katsayisina sahip olan SO, ve sicaklik
(t) verileri arasinda r= -0,53 degerinde negatif bir korelasyon oldugu tespit edilmistir. Ikinci en yiiksek
korelasyon katsayis1 SO, ve kﬂarlslrn yliksekligi (sabah) ile arasinda ve r=0,48 degerinde pozitif bir korelas-
yon oldugu tespit edilmistir. Ozet olarak, sehir merkezindeki 6nem seviyesine gore sirastyla sicaklik (t) ve
karigim yiiksekligi (sabah) degerlerinin artmasi durumunda SO, degerlerinde azalma s6z konusudur.
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Tablo 5

Coklu korelasyon sonuglart

Karisim Karisim

PM._ SO t ws rh P viik. Sabah  Yiik. Oglen

10 2

r 1 051" -034" -045 027 028 -0,32" -0,24"
PM,,

Dyues 0,00 000 000 000 0,00 0,00 0,00
© r 051" 1 -053" -035 037 031 0,48 -0,46"
2 Pres 0,00 0,00 0,00 0,00 0,00 0,00 0,00
t r 034" -0,54° 1 024" -0,70" -0,51" 0,93° 0,94"
Puwes 0,00 0,00 0,00 0,00 0,00 0,00 0,00
r o -045 -035 0260 1 -036 -0,01 0,08 0,19"
W Punee 0,00 0,00 0,00 0,00 0,71 0,00 0,00
" r 027 037 -0,70° -036° 1 0,24 -0,59" -0,69°
Puwes 0,00 0,00 0,00 0,00 0,00 0,00 0,00
r 029 031" -051" -0,01 024 1 -0,50" 0,41°
P Puwee 0,00 0,00 000 0,71 0,00 0,00 0,00
Kangm Yik.  © 0,32 -0,49° 093" 031" -0,59° -0,50" 1 0,92"
Sabah Puwes 0,00 0,00 000 0,00 000 0,00 0,00
Kangim Yik. ¢ -025" -046" 094 0,19 -0,69° -041" 0,92° 1

Oglen Puwes 0,00 0,00 0,00 0,00 0,00 0,00 0,00

*Fark %95 6nem diizeyinde istatistiksel olarak dnemlidir

Siklikla kullanilan bir diger korelasyon yontemi olan Kendall’s Tau korelasyon analizi sonuglari Tablo 6’da
verilmistir.

Yapilan bu analizin Tablo 6’teki sonuclarina bakildiginda, bir 6nceki korelasyon analizleri (Pearson korelas-
yon) sonuglarina benzer sonuglar elde edilmistir. PM, / seviyelerindeki degisimler en yiiksek korelasyon (ne-
gatif korelasyon) katsayisina sahip olan riizgar hiz1 (ws) ile iliskilendirilirken SO, seviyelerindeki degisimler
en yiiksek korelasyon (negatif korelasyon) katsayisina sahip olan sicaklik (t) ile iliskilendirilmektedir.

Yapilan analizler kapsaminda, verilerin mevsimlere ait korelasyonlar1 da incelenmis ve mevsimlere ait
grafikleri R ortaminda olusturulmustur.

Tablo 6

Coklu korelasyon sonuglari

Kar. Yiik. Kar. Yiik.

M, t ws rh P Sabah Oslen

r 1,00 -0,20" -0,44" 0,16 0,15 -0,21" -0,15"

PM, p,. . 000 000 000 000 000 0,00

Kendall’s N 1095 1095 1095 1095 1095 1095 1095
Tau 0 ) ws h . Kar. Yikk.  Kar Yiik.
Korelasyonu 2 Sabah Oglen
r 1,00 -0,45"  -0,29"°  0,29° 021" -0,42" -0,40"

SO, .. 000 000 000 000 0,00 0,00

N 1095 1095 1095 1095 1095 1095 1095

“Fark %95 6nem diizeyinde istatistiksel olarak onemlidir.
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Sekil 8. Mevsimsel korelasyon sonuglart.

Sekil 8’de mevsimsel korelasyon analizlerine gore en yiiksek korelasyon degeri kis mevsiminde sicaklik ve
karigim yiiksekligi (sabah) verileri arasinda ve (0,85) degerinde pozitif yonlii korelasyon katsayisi olarak go-
riilmektedir. Kis mevsimlerde PM | ve riizgar hizi (ws) arasinda (-0,54) degerinde negatif korelasyon, yine kis
mevsimlerde SO, ile riizgar hiz1 (ws) arasinda (-0,47) degerinde negatif korelasyon tespit edilmistir.

3.6. Regresyon Analizleri

Hava kirleticileri (PM, ve SO,) verilerinin meteorolojik verilerden hangi diizeyde ve hangi paramet-
reden daha fazla etkilendigini yorumlayabilmek adina her bir kirletici parametre i¢in ayri ayri regresyon
modeli olusturulmustur. Olusturulan modelde kullanilan hava kirleticileri (PM,, ve SO,) verileri bagiml
degisken, calismada kullanilan tiim meteorolojik veriler ise bagimsiz degisken olarak islenmis ve her model
i¢in regresyon modelleri olusturulmustur. Model sonuglari, PM, tahminleri i¢in Tablo 7°de ve SO, tahmin-
leri i¢in Tablo 8’de sunulmustur.
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Tablo 7

PM,, i¢in regresyon modeli

Model Degiskenleri Model Katsayilar: () Pyatues RMSE F istatistigi adjR?
B, -1111,19 0,00
B, (ws) -6,46 0,00
B, (rh) -0,06 0,60
B, (p) 1,17 0,00 28,62 793 0,301
3 p b b b (pZO,OO) b
B, (®) -2,05 0,00
B (Kar. Yiik. Sabah) 0,004 0,34
B, (Kar. Yiik. Oglen) 0,011 0,00
Bo -1078,76 0,00
B1 (ws) -6,24 0,00
B2 (p) 1,14 0,00 28,60 118,91 0,301
p ’ ’ ’ (p=0,00) ’
B3 (1) -1,89 0,00
B4 (Kar. Yiik. Oglen) 0,013 0,00

Tablo 7°de PM, | degisimini agiklayabilmek i¢in tim meteorolojik parametrelerin (riizgar hizi (ws), nem (rh),
basing (p), sicaklik (t) ve karisim yiiksekligi (sabah — aksam)) gibi degiskenlerin eklenmesi ile modelin PM |
degisimini agiklayabilme orani adjR2= 0,301 olarak hesaplanmis olup nem(rh) ve karisim yiiksekligi (sabah)
verilerinin olugturulan modelde etkilerinin olmadig1 gortilmiistiir (p,  =0,60 > 0,05) (b, vy s =0-34 > 0,05).
Bu nedenle, ilk modelde anlamsiz olarak belirlenen degiskenler modelden cikartilarak, yeniden model olus-
turulmustur. Yeni olusturulan modelde kullanilan tiim degiskenlerin anlamli oldugu tespit edilmistir ve yeni
olusturulan bu modele ait hata miktari, RMSE degeri 28,60 degerine inerken ve modelin anlamliliginin dl¢iisii
olan F istatistigi ise 118,91 degerine yiikselmistir. Sonug olarak, olusturulan regresyon modeli asagidaki denk-
lem (3.1) ile ifade edilebilir.

PM;, = —1078,76 — 6,24{ws} + 1.14{p} — 1,89{t} + 0.013{Kar.Yiik. Oglen} (3.1)

Olusturulan regresyon modelinde, en etkin degisken olan riizgar hizinin (ws) 1 m/sn artmasi ile PM,; se-
viyesinde yaklasik 6,24 (~ 6) pg/m’ azalma olabilecegi ayrica, bir diger etkin degisken olan sicaklik (t)
degerinin yaklagik olarak 1 °C artmast ile PM, seviyesinde 1,89 (~2) pg/m’ azalma olabilecegi tahmin
edilmistir.

Tablo 8’de SO, tahmini igin olusturulan regresyon modelinde biitiin meteorolojik parametrelerin (rlizgar
hiz1 (ws), nem (rh), basing (p), sicaklik (t) ve karigim yiiksekligi (sabah — aksam)) eklenmesi halinde mode-
lin agiklanabilirligi (adjR?>=0,349) olarak hesaplanmis olup karisim yiiksekligi (6glen) verilerinin modelde
etkisinin olmadig1 gortlmustir (p, ., Og.=0,65 >(,05). Bunedenle, ilk modelde anlamsiz olarak belirlenen
degisken modelden ¢ikartilarak, yeniden model olusturulmustur. Yeni olusturulan modelde kullanilan tim
degiskenlerin anlamli oldugu tespit edilmistir ve yeni olusturulan modele ait hata miktari, RMSE degeri
7,39 degerine diiserken ve modelin anlamliliginin 6l¢iisii olan F istatistigi ise 118,4 degerine yiikselmistir.
Sonug olarak, olusturulan regresyon modeli asagidaki denklem (3.2) ile ifade edilebilir.

S0, = —113,1 — 1,16{ws} — 0,08{rh} + 0,136{p} — 0,86{t} + 0,003{Kar. Yiik.Sabah}  (3.2)
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Tablo 8

SO, i¢in regresyon modeli

Model Adimlar: Model Katsayilar: Pyatues RMSE F istatistigi adjR?
By -106,6 0,03
B, (ws) -1,14 0,00
B, (th) -0,08 0,01
B. (p) 0,13 0,01 7,40 98,6 0,349
5 (P ’ ’ ’ (p=0,00) ’
B, (1) -0,88 0,00
B, (kar. Yiik. Sabah) 0,003 0,01
B, (kar. Yiik. Oglen) 0,00 0,65
B, -113,1 0,02
B, (ws) -1,16 0,00
B, (rh) -0,08 0,003
: 7,39 1184 0,349
B, (p) 0,136 0,004 (p=0,00)
B, (1) -0,86 0,00
B (kar. Yiik. Sabah) 0,003 0,00

SO, i¢in olusturulan regresyon modelinde ise, en etkin degisken olan riizgar hizinin (ws) 1 m/sn artmasi ile
SO, seviyesinde yaklasik 1,16 (~1) pg/m’ azalma olabilecegi ayrica, bir diger etkin degisken olan sicaklik
(t) degerinin yaklasik olarak 1 °C artmasi ile SO, seviyesinde yaklasik 0,8 (~1) ug/m’ azalma olabilecegi
tahmin edilmistir.

3.7. Epizot Analizleri

Belirli donemlerde yasanan pik degerlerin hangi diizeyde meteorolojik parametrelerden kaynakladigini
daha iyi anlayabilmek, hem de hava kirliligine sebep olan partikiil madde (PM, ) kirleticisinin meteorolojik
verilerden (karigim yiiksekligi (sabah-6glen)) hangi diizeyde etkilendigini yorumlayabilmek i¢in epizot
donemleri belirlenmistir. Olgiim degeri 100 pg/m*’ten daha biiyiik olan ve birbirini takip eden art arda top-
lam 5 giinden daha uzun bir araliga sahip olan 6lgiim araliklari, epizot donemleri olarak se¢ilmistir. Epizot
donemleri Tablo 9°da sunulmustur.
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Tablo 9

PM,, donemsel epizot araliklar

Birinci Donem ikinci Dénem Uciincii Donem Dérdiincii Donem
. Deger . Deger . Deger . Deger
Tarih Tarih Tarih Tarih
(ng/m’) (ng/m’) (ug/m®) (ng/m’)

07.11.2017 144,66  07.12.2017 159,56  02.01.2018 101,87  19.01.2018 112,47
08.11.2017 201,65  08.12.2017 176,10  03.01.2018 101,87  20.01.2018 115,26
09.11.2017 167,11 09.12.2017 136,59  04.01.2018 101,87  29.01.2018 160,30
10.11.2017 135,20  10.12.2017 107,03  05.01.2018 101,87  30.01.2018 228,20
11.11.2017 171,12 11.12.2017 17591  06.01.2018 161,66  31.01.2018 182,29
12.11.2017 170,01 12.12.2017 154,53  07.01.2018 247,80  01.02.2018 166,07
13.11.2017 199,32 13.12.2017 168,55  08.01.2018 290,58

14.11.2017 176,38 14.12.2017 158,68  09.01.2018 211,19

15.11.2017 164,90  15.12.2017 131,20 10.01.2018 137,52

16.11.2017 118,20 11.01.2018 207,86

17.11.2017 114,00 12.01.2018 150,20

18.11.2017 114,00

19.11.2017 114,00

20.11.2017 114,00

21.11.2017 114,00

22.11.2017 114,00

23.11.2017 114,00

24.11.2017 157,15

25.11.2017 231,43

26.11.2017 213,11

27.11.2017 128,30

Tablo 9’da goriilecegi lizere PM  igin 6l¢iim degeri 100 pg/m*’ten biiyiik olan, 2017-2019 yillar1 arasinda
toplam 4 fakli donemden olusan epizot dénemleri mevcuttur. Birinci donem 07.11-27.11.2017 tarihleri ara-
sinda toplam 21 giinden olusmaktadr. Tkinci dénem 07.12-15.12.2017 tarihleri arasinda toplam 9 giinden
olusmaktadir. Ugiincii donem ise 02.01-12.01.2018 tarihleri arasinda 11 giinde gerceklesirken dordiincii
ve son epizot donemi 19.01-01.02.2018 tarihleri arasinda toplam 6 giinden ibarettir. PM,  i¢in tespit edilen
epizot donemlerinin meteorolojik parametreler (karisim yiiksekligi (sabah-6glen)) ile muhtemel iliski 6n-
celikle korelasyon analizleri ile incelenmistir. Buna gore gergeklestirilen korelasyon analizi sonuglari Tablo
10’da sunulmustur.
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Tablo 10

PM,, Epizot Donemleri i¢in korelasyon analiz sonuglari

Donem PM,, Karigim Yiik. Sabah Karisim Yiik. Oglen
r 1 -0,16 0,58"
PM,,
Poatues 0,49 0,01
r -0,16 1 0,48
1 Karigim Yiik. Sabah
pvalues 0’49 0,03
i r 0,58" 0,48 1
Karigim Yik. Oglen
Poatues 0,01 0,03
r 1 -0,67" -0,29
PMIO
Poatues 0,05 0,45
r -0,67" 1 0,43
2 Karisim Yiik. Sabah
Poatucs 0,05 0,25
. r -0,29 0,43 1
Karigim Yiik. Oglen
Pratues 0,45 0,25
r 1 -0,16 0,18
PM,,
Poatues 0,64 0,59
r -0,16 1 -0,55
3 Karisim Yik. Sabah
pvalues 0’64 0,08
. r 0,18 -0,55 1
Karigim Yiik. Oglen
pvalucs 0’59 0508
r 1 -0,71 -0,51
PM,,
pvalues 071 1 0,30
r -0,71 1 0,84"
4 Karisim Yiik. Sabah
Poatues 0,11 0,04
i -0,51 0,84 1
Karigim Yiik. Oglen
Poatues 0,30 0,04

* Fark %95 6nem diizeyinde istatistiksel olarak 6nemlidir

Balikesir sehir merkezinde donemsel PM, | seviyelerindeki pik artiglara iliskin, meteorolojik parametre-
ler (karisim yiiksekligi (sabah-aksam)) ile yapilan korelasyon analizi sonuglarina gore, birinci donemdeki
yon tespit edilmistir. Tkinci dénemde ise PM, degerleri ile karulslm yiiksekligi (sabah) degerleri ile aralarin-
da negatif yonde 0,67 degerinde korelasyon tespit edilmistir. Ugiincii ve dordiincii adimlarda ise PM | sevi-
yelerindeki degisimlerin karisim yiiksekligi (sabah-6glen) degerleri ile istatistiksel olarak dnemli diizeyde
iligki saptanmamustir (p, Sabaheaksam, 0,05).
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Tablo 11

PM,, epizot donemleri i¢in regresyon model sonuglari

Dénem B Model Katsayilari Pratues RMSE F istatistigi adjR?

1 B, 95,2 0,04
B, -0,09 0,04 25,73 12,6 0,53

B, 0,11 0,00

2 B, 2273 0,01
B, -0,05 0,10 17,75 2,40 0,26

i -0,001 0,98

3 B, 146,59 0,60
B, -0,03 0,84 72,33 0,16 -0,20

i 0,04 0,75

4 B, 309,11 0,04
B, -0,24 0,30 39,0 1,6 0,19

B, 0,04 0,75

B,: Regresyon Sabiti
B,: Karigim Yiiksekligi-Sabah
B,: Karigim Yiiksekligi-Oglen

Tablo 11°de PM verileri igin olusturulan donemsel model adimlarma gore, donemlerde modele bagimsiz
degisken olarak karisim yiiksekligi (sabah-aksam) verileri dahil edilmistir buna gore, birinci adimda dogru-
luk degerli (adjR?=0,53) olarak hesaplanmustir. ikinci, ii¢iincii ve dérdiincii adimda modele eklenen karigim
yiiksekligi verilerinin istatistiksel olarak 6nemsiz oldugu goriilmiistiir (p, Saba-aksam, = 0-03). Sonug olarak,
Tablo 11°de verilen epizot donemlerinden sadece 1. Doneme ait olan 7-27.Kasim.2017 tarihlerinde gercekle-
sen epizot donemlerinde sabah ve 6glen vakti karisim yiiksekliklerinin model sonuclarina gére anlamli oldugu
belirlenmistir. Olusturulan regresyon modeli asagida verilen denklem (3.3) ile sunulmustur.

PM;, = 95.2 — 0,09{Kar.Yiik.Sabah} + 0.11{Kar.Yiik. Oglen} (3.3)

Karigim yiikseklikleri degisimlerinin PM,  seviyelerinin tahmin edilmesi i¢in olugturulan regresyon mo-
delinde istatiksel olarak anlamli oldugu ve PM, | seviyelerinin tahmin edilmesinde, sabah vaktinde olusan
karisim yliksekliginin negatif yonde, 6gle vakti olusan karisim yiiksekliklerinin ise pozitif yonde etkili
olabilecegi diisiiniilmektedir.

3.8. HYSPLIT Model Analizleri

PM, i¢in toplam 3 yillik (2017-2019) degerlendirme siiresince epizot giinleri belirlenmistir buna gore
PM,, seviyeleri igin en yiiksek konsantrasyonlarin yasandig: tarihler sirasiyla 13.11.2017, 25.11.2017,
11.12.2017, 08.01.2018 ve 30.01.2018 olmak lizere belirlenmistir.

Epizot giiniine ait olagan digi durumun incelenmesinde HYSPLIT Model kullanilmistir. Sehir merkezinin
oldugu bolgede dis bolgelerden gelen toz tasinimlar: onem kazanmaktadir ve zaman zaman da etkili oldugu
tespit edilmistir.
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Tarihlere gore taginim senaryolart Sekil 9: (a), (b), (c). (d) ve (e) verilmistir.
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HYSPLIT modeli sonuglarina gore, PM | igin (a) 13.11.2017 tarihinde sehir merkezinde 6lgtilen 199,32 g/
m® pik deger Kuzey Afrika’dan baglayan ve Balikesir ilinin de i¢inde bulundugu iilkenin bat1 kisimlarini
etkileyen hava kiitlesi hareketinin oldugu goriilmekte. (b) 25.11.2017, (d) 08.01.2018 ve (e) 30.01.2018
tarihlerinde sehir merkezinde sirasiyla 6l¢iilen 231,43 pg/m?, 290,58 ug/m? ve 228,20 pg/m? pik degerlerin
Bat1 Avrupa’dan ve 6zellikle Bulgaristan iizerinden etkili olan yoriingelerinin iilkenin kuzey bati1 bolgeleri-
ni etkileyen hava hareketlerinden kaynaklandig: diigiiniilmektedir. Daha 6nce yapilan benzer bir caligmada,
Bulgaristan’in giiney dogu bdlgesinde bulunan ve farkli kapasitelerdeki komiirle ¢aligsan santrallerin olmast
bu bolgelerden olusabilecek yiiksek konsantrasyonlarda partikiil madde tasinimlarina neden olabilecegi
diisiiniilmektedir (Mutlu, 2019). Yine Sekil 9°’da sunulan model sonuglarindan, (c¢) 11.12.2017 tarihinde
sehir merkezinde 6lgiilen 175,91 pg/m® pik deger Kuzey Afrika’dan ve Bat1 Avrupa’dan gelen tasinim ha-
reketlerden kaynaklandigi dngoriilmektedir.

4. Sonuclar

Bu c¢alismada, Giliney Marmara bdlgesi igerisinde bulunan Balikesir sehrinde hava kirletici parametre-
lerinden olan PM,  ve SO, kirleticilerinin meteorolojik kosullar etkisinde olusumlarinin incelenmesi he-
deflenmistir. Balikesir iline ait yillik ortalama PM S konsantrasyonlari incelendiginde sehirde genel olarak
PM,, seviyelerinin mevsimsel gegis donemleri disinda ¢ok yiiksek seviyelere ulasmadigi goriilmektedir.
En yiiksek degerler Bandirma Merkez ve Balikesir Merkez Istasyonlarinda gozlemlenmistir. Balikesir Mer-
kez Istasyonlarinda dlgiilen yillik ortalama PM,  degerleri, ¢alisma donemini kapsayan yillar itibariyle
sonbahar sonlar1 ve kis mevsimlerinde sinir degerlerin tizerinde oldugu gézlemlenmistir. Balikesir il mer-
kezinde 6lgiilen y1llik ortalama SO, degerleri, calisma donemlerini igeren yillar itibariyle sinir degeri olan
20 pg/m3*in altinda oldugu gézlemlenmistir.

Hava kirleticileri (PM ; ve SO,) ve meteorolojik parametreler (sicaklik, riizgar hizi, nem, basing ve
karigim yiiksekligi (sabah — 6glen)) arasindaki iliskinin belirlenmesi amaciyla yapilan analizlerde, hava
kirleticilerinin (PM,, ve SO,), 2017-2019 yillar1 arasinda 3 yillik verilerin zamansal degisimlerini ifade
eden aylik ortalamalardan olusturulan box-plot grafiklerine gore, 6zellikle sonbaharin sonlarinda ve kis
aylarinda artis yoniinde pik seviyeler yaptig1 tespit edilmistir. Post-Hoc ¢oklu karsilastirma testi sonugla-
rma gore PM igin hesaplanan en yiiksek yillik ortalama 2017 yilinda 56,30 pg/m’ olarak kaydedilmistir.
En diisiik deger ise 2019 yilinda 33,72 ug/m* oldugu tespit edilmistir. SO, igin hesaplanan en yiiksek yillik
ortalama 2018 yilinda 8,74 ug/m? olarak kaydedilmistir. En diisiik deger ise 2019 yilinda 7,84 pg/m? oldugu
tespit edilmistir.

Hava kirleticileri (PM, ve SO,) ve meteorolojik parametrelerin arasinda ¢oklu korelasyon analizleri ya-
pilmistir. Balikesir il merkezinde PM, | seviyelerindeki degisimler iki parametre ile iliskilendirilebilir, en
yuksek korelasyon katsayisina sahip olan riizgar hizi (ws) ile PM, arasinda eksi yonde %45 oraninda
negatif bir korelasyon oldugu tespit edilmistir. Ikinci en yiiksek korelasyon katsayisi sicaklik (t) ile PM |
arasinda eksi yonde %34 oraninda negatif bir korelasyon oldugu tespit edilmistir. Balikesir il merkezinde
SO, seviyelerindeki degisimler iki parametre ile iliskilendirilebilir, en yiiksek korelasyon katsayisina sahip
olan sicaklik (t) ile SO, arasina eksi yonde %54 oraninda negatif bir korelasyon tespit edilmistir, ikinci en
ytiksek korelasyon katsayisi karigim ytiksekligi (sabah) ile SO, arasina eksi yonde %49 oraninda negatif bir
korelasyon tespit edilmistir.

Epizot analizi sadece PM,  seviyeleri igin yapilmustir. Sehir merkezinde, PM ;| seviyelerinin birbirini takip
eden ve 100 pg/m*’ten biiyiik olan giinliik seviyeler dikkate alinarak 2017-2019 yillar1 arasinda toplam
4 fakli donemden olusan epizot donemleri tespit edilmistir. Korelasyon analizi sonuglarina goére birinci
rinde korelasyon tespit edilmistir. Diger epizot donemlerinde ise istatistiksel olarak 6nemli diizeyde kore-
lasyon saptanmamustir.

Ayrica epizot giinleri i¢in yapilan HYSPLIT taginim modelleri olusturulmustur. Mekansal taginim analiz-
leri sonucuna gore, kent merkezine 6zellikle Kuzey Afrika ¢ollerinden ve Dogu Avrupa’nin endiistriyel
alanlari, 6zellikle Bulgaristan’in giineydogu kisminda bulunan komiirle ¢alisan termik santraller bolgesi
iizerinden kirletici tasinimlarinin etkili oldugu diisiiniilmektedir.
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Balikesir il merkezinde hava kalitesinin iyilestirilmesi amaci ile alinmasi gerekli tedbirler enm arz et-
mektedir. Oncelikle, daha ¢ok alanda hava kalitesinin tespiti amaciyla hava kalitesi izleme istasyon sayisi
arttirtlmalidir. Sehir merkezine ait uzun yillik meteorolojik verilerin ve kis aylarinda goriilen sicaklik
terselmesi (enverziyon) olaylarinin siirekli ve diizenli olarak gercek zamanli olarak él¢iilen hava kirleti-
cilerinin degisimlerine olan etkilerinin belirlenmesi 6nem arz etmektedir. Hava kirliligi ile miicadelede en
etkili yontem temiz yakit kullanmaktir. Bu nedenle, temiz yakit olarak en gegerli alternatif olan dogalgaz
kullanimini1 yayginlastirmak, ayrica kaliteli komiir temini ve denetimlerinin de diizenli olarak yapilmasi
gerekmektedir. Gegmis yillarda oldugibi, temiz ve yenilebilir enerji iiretimi i¢in Balikesir iline yapilacak
yatirimlarin devamliligi saglanmalidir. Sanayi tesislerinin diizenli denetimi onem arz etmektedir ve dene-
timler aksatilmadan yapilmalidir. Ulkemizin niifus ve ulasim agisindan en yogun sehirleri olan Istanbul,
[zmir ve Bursa illerini birbirine baglayan karayolu aglari ortasinda bulunan Balikesir il merkezinde trafik-
ten ve diger kirletici kaynaklarindan olusan hava kirliligi envartelerin de hazirlanmasi 6nem arz etmektedir.

Tesekkiir

Bu ¢alisma kapsaminda Balikesir Sehir merkezindeki Hava kirliligine yol agan PM, | ve SO, konsant-
rasyonlarinin meteorolojik parametreler etkisi altinda olusumlart incelenmistir. Caligmalarimizi tamamla-
yabilmemiz adina veri temini konusunda bize yardimei olan Edremit Meteoroloji Midiirliigii yetkililerine
ve Balikesir Cevre ve Sehircilik 11 Miidiirliigii yetkililerine tesekkiir ederiz.
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Accepted: 21.02.2022 in 70% alcohol. Transverse sections taken from the roots, stems, leaves, and petioles of the species
Published: 10.06.2022 were examined under a light microscope for anatomical examination. The anatomy of S. bracteata, S.
macrochlamys, S. suffruticosa, S. trichoclada species were examined. The S. suffiuticosa species was
examined in detail for the first time anatomically. The data obtained as a result of the researches were
compared with the previous studies on the Salvia section. In anatomical examinations, it was observed
that the root, stem, leaf, and petiole structures of the taxa were similar but shapes and measurements
in addition to this the number of tissue layers and pith rows are different. Also anatomically analyses,
it has been seen that hairiness formed a difference between some species. As a result of all these
discussed data, the anatomical characters such as number of ray rows in root, number of collenchyma
layers in stem, mesophyll structures in leaves, shape of midrib and number of vascular bundles in
petiole, provide important taxonomic information.
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1. Introduction

The Lamiaceae family is a very large family that includes 245 genus and 7,886 species in the world
(Anonymous, 2013). Salvia L., the most extensive genus of the Lamiaceae family, consists of close to 1,000
taxa and shows a remarkable diversity, meaning a very large and cosmopolitan mixed community (Walker
& Systma, 2007). It is found in Central and South America (500 taxa), North and West Asia (especially
in Turkey, Iran and Russia) (about 200-220 taxa), East Asia (90 taxa), Africa (about 60 taxa), and Europe
(about 36 taxa) (Harley et al., 2004). Turkey is one of the important gene centers of the Lamiaceae family.
This family is represented in 45 genara and approximately 574 taxa in our country. This family, which has
an endemism rate of approximately 44.5% in our country, is the third richest family in Turkey in terms of
the number of taxa it contains (Davis, 1965-1985: Giiner et al., 2012). The genus Salvia L. (Sage) belonging
to this family has specified as 87 species in the flora of the country, half of which are endemic (Davis, 1982;
Giner et al., 2000). According to the latest studies conducted in our country, 106 taxa of the genus Salvia,
58 of them are endemic, and the rate of endemism is 51% (Giliner et al., 2012).

Bentham (1833) made the first subgenus classification of the genus. Boissier (1875) accepted Bentham’s
classification, in Flora Orientalis and divided the Salvia species distributed in Turkey into seven sections.
Later Hedge (1972) altered the sect. Eusphace to sect. Salvia.

Salvia L. taxa, which means health in Latin; its annual or perennial plants in herb, shrub or suffruticose
form. It usually has a distinctive aromatic odor and glandular hairs. Its flowers are white, yellow, pink, blue
or purple, with two lips. It spreads in different habitats and elevations (Davis, 1965-1985). Salvia L. species
are of economic importance due to their use both medicinally and as a spice. Some of the Salvia L. species
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are grown as decorative plants in gardens and parks due to their medicinal value as well as beautiful-look-
ing flowers (Albayrak et al., 2008).

Anatomy which is greatly important as a means of connecting several important branches of modern plant
science and as one of the oldest disciplines of plant science has accumulated an enormous amount of data
(Povilus et al., 2020). In this respect, anatomical studies are important.

This investigation seeks to provide a clear understanding of anatomical features of the S. bracteata Banks &
Sol., S. macrochlamys Boiss. & Kotschy, S. suffruticosa Montbret & Aucher ex Benth., and S. trichoclada
Benth. species spreading in the Artuklu district of Mardin. Also, the anatomical characters of the S. suffruti-
cosa species belonging to the Salvia section on which we studied have not been studied in detail until now.
The anatomical value of the data obtained as a result of the study is also compared with previous studies
on the Salvia section.

2. Materials and Methods

Plant specimens of the Salvia section were collected from 11 localities in Artuklu-Mardin (Figure 1,
Table 1). Plant samples were preserved in the herbarium of Mardin Artuklu University, Vocational Higher
School of Kiziltepe. Diagnoses were prepared according to Davis (1965-1985) and Giiner et al. (2012).
Anatomical analyses were performed on samples kept in 70% alcohol. Anatomical characters of root, stem,
leaf, and petiole were examined by a light microscope (Isolab). Root, stem, leaf, and petiole cross-sections
were stained with safranine-fast green solutions (Bozdag et al. 2016). Sample sections were made manually
with the help of a razor blade. The biometric measurements of the plant parts whose anatomical structures
were examined are given in the Table 2, 3, 4, 5.
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Figure 1. Distribution map of Salvia species

Table 1

Salvia section used for anatomical studies and collected localities

Species Localities Collector’s number

S. bracteata Turkey, C8 Mardin: Artuklu, Eskikale Village, Sultankdy M.Kilig¢ 204, 219, 224
Village, Hamzabey Village

S. macrochlamys Turkey, C8 Mardin: Artuklu, Eskikale Village M.Kili¢ 218, 220, 221

S. suffruticosa Turkey, C8 Mardin: Artuklu, Sultankdy Village, Hamzabey =~ M.Kili¢ 208, 226
Village

S. trichoclada Turkey, C8 Mardin: Artuklu, Hamzabey Village M.Kili¢ 222, 229, 232
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3. Results and Discussion

Sections taken from parts of plants (root, stem, leaf, petiole) were investigated in detail and the results
are summarized below. The taxa are given in alphabetical order.

3.1. Root anatomical characteristics

Salvia bracteata: Peridermis was a thick layer, crushed, and fragmented in cross-section. Parenchyma-
tous cells under the peridermis were 5-6 rows and under it, there are 6-7 rows of phloem. Cambium was
unclear. In the xylem, besides the large tracheas, tracheids and xylem parenchyma have lignified walls. Pith
ray has 1-2 cells. The xylem is very narrow (Figure 2, Table 2).

Salvia macrochlamys: Peridermis was a thick layer, crushed, and fragmented in cross-section. Beneath the
periderm is the multi-layered parenchymal cells, and below the parenchyma, several layered sclerenchyma
groups are usually angular and contain 6-10 or more cells. There are 3-4 rows of phloem under sclerenchy-
ma groups. Cambium was unclear. In the xylem, besides the large tracheas, tracheids and xylem parenchy-
ma have lignified walls. Pith ray has 1-2 cells. The xylem is very narrow (Figure 2, Table 2).

Salvia suffruticosa: Peridermis was a thick layer, crushed, and fragmented in cross-section. Beneath the
periderm is the multi-layered parenchymal cells, and below the parenchyma, several layered sclerenchyma
groups in places. There are multi-layer of phloem under sclerenchyma groups. Cambium was unclear. In
the xylem, besides the large tracheas, tracheids and xylem parenchyma have lignified walls. Pith ray has 1-2
cells. The xylem is very narrow (Figure 2, Table 2).

Salvia trichoclada: Peridermis was a thick layer, crushed, and fragmented in cross-section. Beneath the
periderm is the multi-layered parenchymal cells, and below the parenchyma, several layered sclerenchyma
groups in places. There are multi-layer of phloem under sclerenchyma groups. Cambium was unclear. In
the xylem, besides the large tracheas, tracheid and xylem parenchyma have lignified walls. Pith ray has 2-4

cells. The xylem is very narrow (Figure 2, Table 2).

Table 2

Comparative anatomy of root of Sa/via section

Species Tissue Width (p) Length (n)
Min.—Max. Mean +S.D. Min.—Max. Mean +S.D.
S. bracteata Peridermis cell 13,46—56,27 35,52+12.91 9,30-28,35 17,70+4,87
Parenchyma cell 21,85-47,45 32,64+8,44 9,96—28,87 19,12+5,24
Trachea cell 15,93-65,91 42,55+16,21 15,28-65,34 45,07+16,11
Pith cell 7,24-39,98 35,52+12.91 6,47-22,36 17,70+4,87
S. macrochlamys  Peridermis cell 17,00-36,03 26,69+6,34 12,33—-39,98 24,84+8,10
Parenchyma cell 13,12—44,73 26,98+9,63 9,10—-38,93 20,03+10,15
Trachea cell 17,62-70,09 38,60+14,52 17,44-74,34 38,88+14,78
Pith cell 7,73-21,89 14,454+4,13 11,68-32,61 21,81+5,60
S. suffruticosa Peridermis cell 7,94-29,63 20,58+6,37 8,67-31,14 20,21+6,79
Parenchyma cell 10,20-28.,44 20,13+5,57 6,80-23,29 14,11+4,73
Trachea cell 14,96-59,63 32,29+11,98 17,40-62,62 37,49+13,47
Pith cell 4,63-21,23 9,64+4.46 6,42—-16,33 10,31+2,54
S. trichoclada Peridermis cell 7,83—43,65 28,21+9,47 5,03-21,49 12,37+3,80
Parenchyma cell 7,79-35,45 17,03+6,65 6,70—21,22 13,49+4,03
Trachea cell 11,90—45,75 29,29+10,15 9,41-53,31 30,67+13,96
Pith cell 3,35-7,61 5,68+1,26 3,97-11,87 7,63+£2,48

S.D.: Standard Deviation
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Figure 2. Cross-section of root. A, S. bracteata. B, S. macrochlamys. C, S. suffruticosa. D, S. trichoclada. Pe:
Periderm, P: Parenchyma, Sc: Sclerenchyma, Ph: Phloem, X: Xylem, Pr: Pith ray, T: Trachea, Pt: Pith region
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3.2. Stem anatomical characteristics

In all taxa were stem quadrangular in the cross-section. The epidermis is comprised of a uniseriate of
oval, nearly rectangular cells covered by a thin cuticle layer.

Salvia bracteata: The epidermis contains single or multicellular glandular and eglandular hairs. There are
5-7 rows of collenchyma cells at the corners and 3-4 rows of these cells between the corners. Collenchyma
is oval and quadrangular in shape. Parenchyma, formed by parenchymatous, cubic, and oval cells was 5-7
rowed at the sides and 4-6 rowed at the corners. There are crushed parenchymal cells between the paren-
chyma layer. 4-5 rows of sclerenchyma were located on the vascular bundles. The phloem is of 5-7 rows.
Cambium indistinct. Xylem was larger than phloem. The pith region occurs of polygonal or orbicular pa-
renchyma cells (Figure 3, Table 3).

Salvia macrochlamys: The epidermis contains glandular and eglandular hairs. There are 6-9 rows of col-
lenchyma cells at the corners and 1-3 rows of these cells between the corners. Collenchyma is oval and
quadrangular in shape. Parenchyma, formed by parenchymatous, cubic, and oval cells was 6-10 rowed at
the edges and 4-8 rowed at the corners. 3-5 rows of sclerenchyma were located on the vascular bundles. The
phloem is of several rows. Cambium indistinct. Xylem was larger than phloem. The pith region occurs of
polygonal or orbicular parenchyma cells (Figure 3, Table 3).

Salvia suffruticosa: The epidermis contains glandular and eglandular hairs. There are 8-10 rows of collen-
chyma cells at the corners and 3-4 rows of these cells between the corners. Collenchyma is oval and rec-
tangular in shape. Parenchyma, formed by parenchymatous, cubic, formless, and oval cells was 3-4 rowed
at the edges and 4-5 rowed at the corners. 1-2 rows of sclerenchyma were located on the vascular bundles.
The phloem is of several layers. Cambium indistinct. Xylem was larger than phloem. The pith region occurs
of polygonal or orbicular parenchyma cells (Figure 3, Table 3).

Salvia trichoclada: The epidermis contains glandular and eglandular hairs. There are 6-7 rows of collench-
yma cells at the corners and 1-4 rows of these cells between the corners. Collenchyma is oval, square, and
rectangular in shape. Parenchyma, formed by parenchymatous, cubic and oval cells was 3-4 rowed at the
edges and 4-6 rowed at the corners. 2-4 rows of sclerenchyma were located on the vascular bundles. The
phloem is of several layers. Cambium indistinct. Xylem was larger than phloem. The pith region occurs of
polygonal or orbicular parenchyma cells (Figure 3, Table 3).

3.3. Leaf anatomical characteristics

In all taxa were stomata present on both surfaces of the leaf (amphistomatic type) and stomata are dia-
cytic type.

Salvia bracteata: The epidermis is square, oval, and almost rectangular covered with a thin cuticle. There
are copious amounts of glandular and eglandular hairs of uni- or multi-cellular on the epidermis. Below
the upper and lower epidermis layers is the hypodermis. Palisade parenchyma cells were 2-3 rowed
and cylindrical, whereas spongy parenchyma cells were 2-3 rowed and circular or polygonal in shape.
Mesophyll type is bifacial. The adaxial surface is concave around the median vein area. Collenchyma is
below adaxial, and 2-3 rows. The vascular bundles are collateral. The arcuate vascular bundle is surroun-
ded by parenchyma cells. Under the parenchyma is the xylem. The phloem is 3-4 rows and is located
below the xylem. The abaxial surface is convex and located below it there are 4-5 rows of collenchyma
(Figure 4, Table 4).

Salvia macrochlamys: The epidermis is oval and almost rectangular covered with a thin cuticle. There
are copious amounts of glandular and eglandular hairs on the epidermis. Below the upper and lower
epidermis layers are the hypodermis. Palisade parenchyma cells are elongated rectangular, 2-3 rowed
above and 1-2 rowed below. The spongy parenchyma cells are 2-3 rowed with large intercellular spaces.
Mesophyll type is equifacial. The adaxial surface is convex around the median vein area. Collenchyma is
below adaxial, and 1-2 rows. The vascular bundles are collateral. The arcuate vascular bundle is surroun-
ded by parenchyma cells. Under the parenchyma is the xylem. The phloem is several layers and is located
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Table 3

Comparative anatomy of stem Sa/via section

Species Tissue Width (p) Length (n)
Min.—-Max. Mean +S.D. Min.—-Max. Mean +S.D.
S. bracteata Cuticle - - 1,41-6,08 3,30+1,24
Epidermis cell 8,10—24,83 16,06+3,59 6,70-16,51 11,23+2,12
Collenchyma cell 6,95-37,12 19,20+7,15 7,82-27,11 15,25+5.31
Parenchyma cell 11,86—54,36 33,38+12,61 12,20—47,18 28,50+10,51
Phloem cell 8,46—22.,44 14,76+3,78 5,64-17,16 9,08+3,051
Trachea cell 14,57-43,80 26,03+8,76 13,25-44,08 26,69+10,50
Pith cell 24,15-90,58 56,98+21,95 29,23-94,71 58,31£22,77
S. macrochlamys  Cuticle - - 2,57-8,98 5,60£1,67
Epidermis cell 10,47-28,26 17,5945,38 8,97-14,66 11,52+1,69
Collenchyma cell 15,88-35,30 24,73+6,45 13,72-32,81 21,71+£5,97
Parenchyma cell 28,28-79,94 52,54+14,67 23,12-61,51 37,90+11,29
Phloem cell 8,61-16,22 11,33+£2,12 2,93-10,60 6,27+2,08
Trachea cell 17,57-43,37 32,28+8,04 18,11-60,86 35,23+13,16
Pith cell 59,00—206,41 117,77+45,73 57,59-208,99 121,914+46,26
S. suffruticosa Cuticle - - 3,18-7,68 5,80+1,27
Epidermis cell 12,36-26,39 18,37+4,28 10,30-22,25 16,24+3,65
Collenchyma cell 10,71-33,38 24,61+6,52 9,79-32,08 23,03+5,95
Parenchyma cell 19,16-60,66 39,52+12,80 10,36—56,91 32,90£12,84
Phloem cell 4,53-12,26 7,47+1,94 2,41-8,23 5,43+1,74
Trachea cell 10,98-28,64 19,29+5,30 8,98—29,12 19,42+6,25
Pith cell 20,19-105,02 51,90+26,69 18,95-109,34 49,89+27,00
S. trichoclada Cuticle - - 2.45-6,26 3,76+0,96
Epidermis cell 6,99-23,26 15,67+4,25 7,16-16,36 11,61+2,39
Collenchyma cell 7,91-25,10 15,04+4,49 6,98-20,70 12,35+3,88
Parenchyma cell 16,71-58,63 31,97+11,21 13,61-57,68 27,75+10,92
Phloem cell 3,96-15,49 8,81£3,52 2,89-8,65 5,54+1,64
Trachea cell 9,62-24,81 17,47+4,97 9,48-30,08 18,12+5,72
Pith cell 29,31-78,66 47,27+14,30 23,44-73,04 45,76+14,32

below the xylem. The abaxial surface is convex and located below it there are 2-3 rows of collenchyma
(Figure 4, Table 4).

Salvia suffruticosa: The epidermis is oval and almost rectangular covered with a thin cuticle. There are copi-
ous amounts of glandular and eglandular hairs on the epidermis. Below the upper and lower epidermis layers
are the hypodermis. Palisade parenchyma cells were 2-3 rowed and cylindrical or broad cylindrical, whereas
spongy parenchyma cells were 1-2 rowed oval or elongated oval in shape. Mesophyll type is bifacial. The
adaxial surface is slightly concave around the median vein area. Collenchyma is below adaxial, and 1-2 rows.
The vascular bundles are collateral. The arcuate vascular bundle is surrounded by parenchyma cells. Under the
parenchyma is the xylem. The phloem is several layers and is located below the xylem. The abaxial surface is

slightly convex and located below it there are 2-3 rows of collenchyma (Figure 4, Table 4).
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Figure 3. Cross-section of stem. A, S. bracteata. B, S. macrochlamys. C, S. suffruticosa. D, S. trichocla-
da. G: Glandular hair, Eg: Eglandular hair, Ch: Compound hair, H: Hair, Cu: Cuticle, Ep: Epidermis, Co:
Collenchyma, Crp: Crushed parenchyma, P: Parenchyma, Sc: Sclerenchyma, Ph: Phloem, X: Xylem, T:
Trachea, Pt: Pith region
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Figure 4. Cross-section of leaf. A, S. bracteata. B, S. macrochlamys. C, S. suffruticosa. D, S. trichoclada.
G: Glandular hair, Eg: Eglandular hair, Ch: Compound hair, H: Hair, M: Mesophyll layer, ad: Adaxial
surface, Co: Collenchyma, Crp: Crushed parenchyma, P: Parenchyma, X: Xylem, Ph: Phloem, ab: Abaxial
surface, Ue: Upper epidermis, Le: Lower epidermis, Pp: Palisade parenchyma, Sp: Spongy parenchyma,
Hp: Hypodermis, St: Stomata
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Salvia trichoclada: The epidermis is oval and almost rectangular covered with a thin cuticle. There are
copious amounts of glandular and eglandular hairs on the epidermis. Below the upper and lower epidermis
layers are the hypodermis. Palisade parenchyma cells were 2-3 rowed and cylindrical or quadrangle, whe-
reas spongy parenchyma cells were 1-2 layered oval or elongated oval in shape. Mesophyll type is bifacial.
The adaxial surface is slightly convex around the median vein area. Collenchyma is below adaxial, and 1-2
rows. The vascular bundles are collateral. The arcuate vascular bundle is surrounded by parenchyma cells.
Under the parenchyma is the Xylem. The phloem is multi-layers and is located below the xylem. The abaxi-
al surface is slightly convex and located below it there are 2-3 rows of collenchyma (Figure 4, Table 4).

Table 4

Comparative anatomy of leaf of Salvia section

Species Tissue Width () Length (pn)
Min.—Max. Mean +S.D. Min.—Max. Mean £S.D.
S. bracteata Cuticle - - 2,15-6,38 4,27+1,38
Upper epidermis cell 6,37-40,72 20,11+10,72 6,33-23,09 13,71£5,02
Palisade parenchyma 7,47-13,31 10,87+1,57 17,47-35,51 26,14+5,08
Spongy parenchyma 7,25-15,57 12,25+2,59 6,91-19,31 12,11+4,15
Mesophyll layer - - 77,36-148,43  103,89+17,86
Lower epidermis cell 9,61-33,47 20,31+£7,93 7,66—16,12 12,05+2,21
S. macrochlamys  Cuticle - - 4,00-11,74 7,44+3,10
Upper epidermis cell 12,93-57,32 24,77+11,01 9,28-39,49 17,93£6,61
Palisade parenchyma 9,98-17,50 13,74+1,77 18,74—44,05 28,22+6,16
Spongy parenchyma 8,32—15,52 12,10£2,00 9,79-24,60 17,72+4,52
Mesophyll layer - - 155,54-207,88 180,79+15,79
Lower epidermis cell 8,15-31,00 21,14+11,68 8,24-22,77 16,13+5,46
S. suffruticosa Cuticle - - 1,85-5,77 3,22+1,17
Upper epidermis cell 11,65-37,58 20,62+6,47 8,99-19,34 14,24+2,90
Palisade parenchyma 7,11-18,78 14,02+2,82 23,40—42,66 34,50+5,18
Spongy parenchyma 9,74—-17,37 13,69+2,17 11,73-23,98 18,40+3,38
Mesophyll layer - - 172,58 =269,08 211,54+23,41
Lower epidermis cell 8,11-32.30 19,05+7,57 7,94-22.22 12,43+4,72
S. trichoclada Cuticle - - 1,96-6,61 4,14+1,56
Upper epidermis cell 9,09-43,73 20,66+8,58 11,20-31,55 19,43+5,75
Palisade parenchyma 12,71-25,34 16,82+3,23 27,46—45,48 38,38+5,64
Spongy parenchyma 11,68-21,44 16,94+3,19 9,54-25,40 16,95+3,99
Mesophyll layer - - 106,59—144,46  125,97+12,27
Lower epidermis cell 8,52-32,15 18,33+7,39 8,06—23,90 15,28+5,64
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3.4. Petiol anatomical characteristics

Salvia bracteata: In the cross-section of the petiole, the adaxial surface is slightly convex and the abaxial
surface is convex. Both surfaces are composed of almost rectangular epidermal cells and are covered with
numerous glandular and eglandular hairs. There are 2 rows of collenchyma under the adaxial and 4 rows
under the abaxial. There are polygonal and almost circular parenchyma cells surrounding the crescent-loo-
king median vascular bundle that fills the inside of the petiole. Sclerenchyma tissue surrounds the phloem,
not the xylem. There is 2 bundle at the wings of the petiole (Figure 5, Table 5).

Salvia macrochlamys: In the cross-section of the petiole, the adaxial surface is slightly convex and the
abaxial surface is convex. Both surfaces are composed of oval and almost rectangular epidermal cells and
are covered with numerous glandular and eglandular hairs. There are 1-2 layers of collenchyma under the
adaxial and 2-3 rows under the abaxial. There are polygonal and almost circular parenchyma cells sur-
rounding the arced-looking median vascular bundle that fills the inside of the petiole. Sclerenchyma tissue
surrounds the phloem, not the xylem. There is 2 bundle at the wings of the petiole (Figure 5, Table 5).

Salvia suffruticosa: In the cross-section of the petiole, the adaxial surface is slightly concave and the abaxial
surface is convex. Both surfaces are composed of oval, square, and almost rectangular epidermal cells and
are covered with numerous glandular and eglandular hairs. There are single layers of collenchyma under
the adaxial and 2-3 rows under the abaxial. There are polygonal and almost circular parenchyma cells sur-
rounding the arced-looking median vascular bundle that fills the inside of the petiole. Sclerenchyma tissue
surrounds the phloem, not the xylem. There is 2-3 bundle at the wings of the petiole (Figure 5, Table 5).

Salvia trichoclada: In the cross-section of the petiole, the adaxial surface is concave and the abaxial surface
is convex. Both surfaces are composed of oval, square, and almost rectangular epidermal cells and are co-
vered with numerous glandular and eglandular hairs. There are 1-2 rows of collenchyma under the adaxial
and 3-4 rows under the abaxial. There are polygonal and almost circular parenchyma cells surrounding the
arced-looking median vascular bundle that fills the inside of the petiole. Sclerenchyma tissue surrounds the
phloem, not the xylem. There is 2-3 bundle at the wings of the petiole (Figure 5, Table 5).

In this investigation, 4 Salvia species spread in Artuklu-Mardin have analyzed comparison in terms of their
anatomy. The anatomical measurements of the root, stem, leaf, and petiole are shown in Tables 2, 3, 4, and
5, respectively. The Salvia species used in our study belong to the Salvia section. In this section, we will
compare it with the studies on this section.

Metcalfe & Chalk (1972), regarding the root anatomy of the Lamiaceae family, stated that the pith rays of
the roots consist of 2-12 or more rows of cells. The rays of S. bracteata, S. macrochlamys, S. suffruticosa, S.
trichocloda (sect. Salvia) respectively are 1-3, 1-4(-6), 1-2, 1-3 rowed (Kahraman et al., 2010; Kahraman

2011). Our studies on the cross-sections of the roots of S. bracteata, S. macrochlamys, S. suffruticosa, S.
trichoclada revealed that the taxa comprise respectively 1-2, 1-2, 1-2, 2-4 rowed ray cells. The number of
pith rays can be used as an aid to taxonomy, to separate the section of the genus (Kahraman et al., 2010).

The stems of Lamiaceae are quadrangular, have collenchyma plating a broad area at the corners and have
sclerenchymatous tissue circumambient the vascular bundle tissue (Metcalfe & Chalk 1950). This study
is similar to that of Metcalfe and Chalk. In addition, some data obtained from the stem anatomy of Salvia
species by Kahraman (2011) are similar to the results of the current study. In addition to this, while the
collenchyma was reported by Kahraman to be 1-9 layers at the corners, 1-4 layers at the edges and also
the parenchyma contains of 1-15 layers, we have found they to respectively consist of 5-10, 1-8 and 1-10
layers. Kahraman et al. (2010) have examined the stem anatomy of S. macrochlamys species, while the
parenchyma was reported to be 2-6 layers, we have found it to consist of 4-10 layers.

The leaf mesophyll of Salvia species is entirely parenchymatic and the midrib is surrounded by collench-
ymatous cells (Metcalfe & Chalk 1972). According to the mesophyll structure, the leaves of S. macroch-
lamys is equifacial but other all species had bifacial mesophylls. Those of S. macrochlamys (Kahraman et
al., 2010) is equifacial. The palisade parenchyma had 3-5 rows in S. macrochlamys and 2-3 rows in the
other species. In his study, Kahraman (2011) showed that the anatomy data of the leaf of S. bracteata are
the same but other species different with our study. These results show that; while the structure of the vas-
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Figure 5. Cross-section of petiol. A, S. bracteata. B, S. macrochlamys. C, S. suffruticosa. D, S. trichoclada.
G: Glandular hair, ad: Adaxial surface, Co: Collenchyma, Crp: Crushed parenchyma, P: Parenchyma, X:
Xylem, Ph: Phloem, Sc: Sclerenchyma, Mb: Median bundle, Wb: Wing bundle, ab: Abaxial surface, Cu:
Cuticle, Eg: Eglandular hair
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Table 5

Comparative anatomy of petiol of Salvia section

Species Tissue Width (u) Length (n)
Min.—Max. Mean £S.D. Min.—Max. Mean +S.D.
S. bracteata Cuticle - - 2,44-7,33 4,12+1,26
Adaxial epidermis 7,61-19,59 12,76+2,82 5,01-13,78 9,17+2,33
Parenchyma cell 21,53-94,59 55,52+21,41 14,25-87,40 50,07+18,94
Trachea cell 5,55-16,74 10,65+2,82 3,17-12,71 7,78+2,50
Phloem cell 9,34-24,04 17,514+4,00 10,92-23,51 17,58+3,99
Abaxial epidermis 6,72—19,69 14,50+4,02 5,47-14,79 10,32+2,72
S. macrochlamys Cuticle - - 1,94-5.86 3,33+0,94
Adaxial epidermis 9,49-25,01 16,80+4,11 6,44-21,35 11,72+3,59
Parenchyma cell 28,94-75,52 48,05+13,12 22,38—75,21 44,30+12,98
Trachea cell 11,16-26,92 15,70+4,43 12,27-35,57 22,07+5,20
Phloem cell 5,83—-13,81 9,37+2,28 5,00—-16,62 8,12+2,70
Abaxial epidermis 8,83-22,29 15,24+3,96 6,25-20,21 10,81+3,60
S. suffruticosa Cuticle - - 2,18=7,08 4,39+1,26
Adaxial epidermis 6,24-21,67 14,46+4,13 6,02—-14,91 10,28+2,63
Parenchyma cell 21,91-108,86 62,22+22,98 20,02-98,40 59,47+25,53
Trachea cell 7,01-24,19 16,72+4,79 9,67-32,01 22,09+6,82
Phloem cell 2,48-9,82 6,45+1,95 2,66—-8,23 5,11+1,60
Abaxial epidermis 12,83-33,01 22,29+6,01 6,80—22,80 11,15+4,16
S. trichoclada Cuticle - - 2,29-5.26 3,72+0,70
Adaxial epidermis 3,67-18,96 12,19+3,79 6,53-15,31 10,50+2,28
Parenchyma cell 15,62—-64,76 41,72+13,99 12,59-70,12 44,33+15,59
Trachea cell 5,21-15,49 11,70£2,75 4,54-18,78 12,54+3,86
Phloem cell 6,00-12,84 9,91+2,20 3,70-10,16 6,89+2,04
Abaxial epidermis 4,67-20,95 12,53+4,12 4,73-15,16 9,04+2,77

cular bundles in the leaf anatomy of Sa/via species can be used for species differentiation, the structure of
Kahraman et al., 2010). In the midrib of Salvia taxa, there are 1-2
large vascular bundles or absent on sides. It is seen by Kahraman (2011) that the data on the anatomy of the
vascular bundles are compatible with our study, but the results for S. suffruticosa are different.

the palisade parenchyma cannot be used (

The anatomical features of the petiole differ between species. However, the structure of the petiole can be
used as a helpful key in taxonomic classification (Akcin et al., 2011). Accordingly to Metcalfe & Chalk
(1972), the vascular bundles in the petiole of the Lamiaceae family are very important as an identification
feature. In the petiole of Salvia species, there is a single and lobed large bundle and there are 2-3 small
helper bundles in petiolar wings.

S. cyanescens, as designated by Kahraman (2011), has 2 broad vascular bundles in the middle of the petiole
and 2-4 small bundles in its wings, S. /imbata (Kahraman & Dogan 2010) has a 4 broad vascular bundle in
the center of the petiole and 8 small lateral bundles, 4 small bundles in its wings, S. sclarea (Ozdemir & Se-
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nel 1999) has 2 large bundles in the center and 3 small bundles in the wings, and S. blepharochlaena (Ozkan
& Soy, 2007) has 1 large bundle in the center and 2 small bundles in the wings. For the petiole anatomy is
a taxonomic character in Salvia species, it can be used to distinguish taxa.

4. Conclusion

The anatomical structure of the cross-section parts of the species demonstrates typical Lamiaceae family
characteristics.

As aresult of all these discussed data, the anatomical traits such as number of ray rows in the root, number
of collenchyma layers in the stem, mesophyll forms in leaves, the shape of midrib, and number of vascular
bundles in petiole, ensure important taxonomic knowledge.

In conclusion, it is obvious that conducting and encouraging such studies will contribute to modern plant
science as well as taxonomic classification of species and genus.
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1. Introduction

In file systems it is difficult to define relationships between data therefore relational databases are de-
veloped. It is necessary to prevent possible data loss and data inconsistency in relational databases and to
ensure data integrity. In order to fulfill this requirement, the standards that relational databases should have
been defined (Haerder & Reuter, 1983). The NoSQL database approach, in which these standards are oper-
ated more flexibly, emerged as a concept in 1998. NoSQL databases provide data storage without applying
defined standards for relational databases but maintaining data integrity and consistency (Nayak, Ameya,
Anil Poriya, and Dikshay Poojary, 2013). Since NoSQL does not need structures such as tables, rows, and
columns it is not affected by structural changes and provides scalability and usability for systems containing
large data. Graph databases used under NoSQL systems consist of nodes that are very similar to real-world
entities (objects) instead of tables. Node and simple relations are used by all graph databases to fit the
model that creates the simplest representation of data (Angles, 2012). In accordance with the graph theory,
edges define the relationship between nodes in these databases. Graph databases are faster, lower cost and
simpler compared to relational databases, theoretically and often in practice (Celko, 2014). Also, the query
efficiency of Neo4j is faster than relational database (Nan & Bai, 2019). For these reasons, the use of graph
databases has continued to increase in recent years. The most popular graph database is the Neo4j database,
which we preferred in the study (Table 1).
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Table 1
October 2021 popularity ranking of graph databases according to db-engines

Rank DBMS Database Model Score
1 Neo4j Graph 57.87
2 Scrosoft Azure Multi-model 40.29
3 Virtuoso Multi-model 4.69
4 ArangoDB Multi-model 4.45
5 OrientDB Multi-model 4.05
6 GraphDB Multi-model 2.65
7 JanusGraph Graph 2.52
8 Amazon Neptune Multi-model 2.39
9 TigerGraph Graph 1.99
10 Stardog Multi-model 1.93

The ranking® is based on number of search engine results when searching for the system names, Google
Trends, Stack Overflow discussions, job offers with mentions of the systems, number of profiles in profes-
sional networks such as LinkedIn, mentions in social networks such as Twitter.

Organizations that operate with large amounts of data choose to use graph databases together with relational
databases as a hybrid on an application (Vyawahare, H. R., Pravin P. Karde, and Vilas M. Thakare, 2018).
In addition, it may be preferable to transfer a relational database completely to a graph database. Within the
scope of this study, a method and application that will enable transfer from any relational database to Neo4;j
database, which is a graph database, has been developed. The application was developed with the Java pro-
gramming language and Cypher, which is Neo4j query language, was also used in the transfer.

During the transfer, unnecessary data repetitions and design errors detected in the relational database, in
this way problems in updating, deleting, and adding operations are prevented. All of these processes are
called normalization. Normalization can be performed with many different algorithms using functional de-
pendencies (Bahmani, Amir Hassan, Mahmoud Naghibzadeh, and Behnam Bahmani, 2008), (Dongare, Y.
V.. P. S. Dhabe, and S. V. Deshmukh, 2011). Our goal is to transfer from the relational database to the graph
database without data loss. Also, we achieved functional dependencies that play a vital role in finding the
difference between good and bad database design

2. Materials and Methods

In related studies, either data is transferred to a graph database by a direct connection (JDBC) or using a
CSV formatted file contains exported data. JSON formatted files can keep hierarchical data more organized
than CSV files. In the developed method, we can transfer data from any relational database to a graph da-
tabase by using JSON. Method-1 in section 2.1 includes the pseudocode shown in Figure 1 that generates
the cypher query. This query transfers all data at once by creating nodes. Method-2 uses a different method
than Method-1 and transfers the cell as a node.

Singh, M., & Kaur, K. (2015) transferred the database containing health data created from 24 tables on
MySQL to the Neo4j database. While transferring from the relational database to the graph database, the
most used data were recorded close to each other by considering 5 cases. It has been shown that query times
give better results in this way than a relational database. While it is advantageous in medium and large-scale

Shttps://db-engines.com/en/ranking_definition
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Algorithm:Create Nodes in Graph Database
Input:Json file format of tables JSON_FLDR_LIST
Output:Graph Database
Begin Algorithm
For each FLDR in JSON_FLDR_LIST
call createCypherQuery (FLDR)
end for

function createCypherQuery (JSONfile)
NewNode.setLabelName=JSONfile.getName;
PRPmap=all values as map in JSONfile

For each ColumnName,Val in PRPmap
NewNode.setProperty=ColumnName.Val
Endfor

end function

Figure 1. The pseudocode of data migration

databases, applying these steps in the process of transferring databases with more rows but few tables will
bring extra costs.

Yelda Unal and Halit Oguztuzun (2018) used JDBC Connection and Java SQL library for extracting data
and metadata from Relational Database Management Systems. The output data was transferred to the Neo4;j
database with the Neo4J Parallel Batch Importer API. Searching for the given data value between two
thousand law data items has resulted 0.01 second in graph database and this result is ten times faster than
relational database.

Vyawahare, H. R., Karde, P. P. & Thakare, V. M. (2019), after exporting the data in the relational database as csv
file, they moved it to the graph database. Tables that have more than two foreign keys get converted to nodes and

the foreign keys to the other tables are converted as relationships. Comparing the query times between the two
databases for 5 queries after the transfer, it was observed that the graph database gave better results.

2.1. Proposed Transfer Method-1: Database Transfer Without Normalization

Most databases provide migration methodologies commonly used with relational databases. The first of
these is to transfer through file reading. JSON is unstructured data, unlike a CSV file which has to make
each row hold the same type of data. It is, therefore, more flexible. There are also databases that use JSON
as their primary data format. Due to these features, we can transfer any database to be given in JSON file
format, which we prefer, to the graph database by using Method 2-1. As in Table 2 and Table 3, the data
in the defined relational database can be exported in JSON file format via various queries or tools. In this
way, it is possible to transfer data from all databases to graph databases, regardless of the database type.
Primary and foreign key information was taken in JSON file format with the queries and these fields were
transferred to the graph database.

Table 2 Table 3

First table in database Second table in database
A B C D X Y Z T
Al B1 C1 D1 Al Y1 71 T1
A2 B2 C2 D2 A2 Y2 72 T2
A3 B3 C3 D3 A3 Y3 73 T3
A4 B4 C4 D4 A4 Y4 74 T4
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In databases that do not need normalization, all data in a row can be transfer as a single node. The transfer

is carried out by applying the steps shown in Figure 2.

A B C D
Al B1 C1 D1

4

{IIA” : "Alll‘” B” :" B lll’llc" :"c 1”’” D" :" D 1"}

4

A:Al B:B1 C:C1 D:D1

Figure 2. The process of transfer a row to the graph database

In the first stage, all nodes are created one by one without any relationships being established. The table
name creates the label of the node and all values in the row are saved to the node. The representation of the
tables is shown in Figure 3 before relationships are established between the nodes.

A: A:
B: B:
C: C:
D: D:
A: A3 A: A4
B: B3 B: B4
C:C3 C:C4
D: D3 D: D4

Figure 3. The situation before the relationship is established

X: A3
Y:Y3
Z:7Z3

Relationships between nodes are defined by associating columns designated as foreign keys. As the last step
of the transfer, for the primary key and the fields that should be unique, these fields are also performed in
the graph database with the command written with Cypher. All data were transferred as in Figure 4, and all

relationships were established in the Neo4j database.
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It is possible to give a label to the relationship established between two nodes and to keep extra data about
the relationship. A special type is not specified for the relation names, since there will not be any retroactive
transfer from the graphic database to the relational database. For this reason, Neo4j’s default relationship
type (Reltype) is used.

RELTYPE

\ 4

RELTYPE

\

RELTYPE

RELTYPE

\ 4

\ 4

Figure 4. Neo4;j database example after transfer end

2.2. Proposed Transfer Method-2: Database Transfer with Normalization

The relationship between the two data sets can be defined by the mapping function: In the representation
F: D — R, the name of the F mapping function is D and R is the data set (Ball-Rokeach & DeFleur, 1976).
Functional dependency is a match type; expressed as an arrow “—”. The representation A — B is the state-
ment that A is the determinant of B. This expression implies that for each value of A there is only one value
of B, that is, column A determines column B. Knowing the functional dependencies is a requirement for the
implementation of normalization steps.

In the study, possible functional dependencies of a table were found by using the graph database. In tables that
do not require normalization, each row is kept on a single node. Each cell is transferred to match a node on the
graph database when finding functional dependencies. Repetitive cell values in the relational database will be
added to the graph database only once. We used string similarities to detect these fields. In this way, unneces-
sary data duplication, which is one of the problems that normalization tries to solve, will be prevented. In this
study, the transfer on the normalization level up to the Third Normal Form (3NF) was controlled.

2.2.1. First Normal Form (1NF)

The INF process aims to prevent unnecessary data duplication and the steps to be taken for this are as
follows;

» Eliminating duplicate groups within a table
» Create a separate table for each related data set

» Identifying each related dataset with a primary key
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If null value occurs in table then it would be removed from table by entering corresponding data type value
(G. Sunitha & Jaya, 2013).

Columns that do not contain any data or are completely defined as null will not be transferred to the graph
database. The composite key definition (A, B) in the R (A, B, C, D, E) relationship is shown in Table 4.

Table 4

Table with composite primary key
A B C D E
Al B1 Cl DI El
Al B2 Cl D2 E2
A2 Bl C2 D1 E2
A2 B2 C2 D2 E2

Cells are places where rows and columns intersect. In transfer, each node in the graph database represents a
cell. With this method, it will be provided to remove data duplication, which is one of the requirements of the
first normal form. After the transfer, the display of the relevant table in the graph database is as in Figure 5.

Figure 5. First normal form proper transfer

In order to transfer back from the graph database to the relational database, line numbers are given to the
relation names.

2.2.2. Second Normal Form (2NF)
Two rules are defined for a table to conform to the second normal form.
1. The first should conform to the normal form.

2. If no non-key attribute is partially linked to any candidate key, it is in the second normal form (Elmasri
Ramez, 2003).
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The candidate key is the key that is suitable for use as the primary key and allows to uniquely identify the
row on which it is located. Composite keys are used in databases in cases where the use of a single column
as a primary key is not sufficient. If one or more of the columns with the primary key defines a different
column by itself, there is partial dependency and the table is not a suitable table for the second normal form.
In this study, in order to determine the partial dependencies, the relations between the nodes are checked
after the data is transferred to the graph database. Primary keys need to be checked for their relationship to
non-key nodes.

The relationship between the primary keys, nodes A and B, with other nodes is shown in Figure 6.

Y

Y

/POVV B

ROW_3 ROW_2

ROW_4 ROW_4

ROW._1 e

W

ROW_3 ROW_2

ROW_4 ROW_4

ROW_1

\

"

ROW._1 ROW 1
ROW 2 ROW_3

ROW._1 e
ROW 2 ROW 3
l - ROW_BT - l ROW_ZT

ROW 4
ROW_4 h

Figure 6. Relationship of key nodes with non-key nodes

A

For all A-type values, A {i} is always associated with a C {j} node of the same value. Since node
A1l is associated only with node C1 and node A2 is only associated with node C2, column A is the
determinant of column C and there is partial dependency. Since the same situation is detected within
nodes B and D, column B is the determinant of column C and there is partial dependence between
them.

Since it was found that there are partial dependencies for all A values and all B values with the outputs, the
functional dependencies of our table are formed as A-> C, B-> D. Partial dependencies can be removed by
applying various methods and the table can be made suitable for the second normal form (Dongare, Y. V.,
Dhabe, P. S., and Deshmukh, S. V, 2011), (Bala & Martin, 1997).
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2.2.3. Third Normal Form (3NF)

The third normal form has been developed in relation to having a direct or indirect relationship between
the records, without making unnecessary data repetition, by taking over the second normal form. R (X, Y, Z)
relationship to fit the third normal form;

* Meeting the second normal form (2NF) criteria.

» Each non-key attribute of R is non-transitive depend on every key of R (Demba, 2013).

If X > Y is defined and X is the primary key of R, then X ->Y and Y -> Z should not be together. If a col-
umn that does not have a primary key definition is capable of defining another column, there is transitivity
in the table. In the third normal form, a relationship is established between the non-key nodes on the graph
database to find whether there is transitivity or not.

Transitivity control is provided by controlling the relations of each node with other nodes as in partial de-
pendency detection. Table 5 is a sample prepared appropriately for transitivity detection, and column A is
defined as the primary key.

Table 5

Table example with transitivity
A B C D
Al B1 C1 D1
A2 B1 C1 D2
A3 B2 C2 D2

Inthe R (A, B, C, D) relationship, the A column is a key defined for the table, the cells on the graph database
are transferred to the nodes as in Figure 7.

Figure 7. Transferring table 5 to the graph database
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After the transfer, the relationships of non-key columns with each other will be examined. All binary com-
binations will be looked at. In this example, the binary combinations are B-C, B-D, and C-D. All relations
are formed as in Figure 8.

ROW_1
o
—
ROW_2
G ROW73 ’
G — G
ROWZT
G - ‘
’ ROW72 a
N
5
9 ROW_3

Figure 8. Relationships between non-key nodes

It is determined that the table is not suitable for 3NF and the transitivity must be removed. A new table
containing columns B and C should be created and the database can be easier to modify and maintain.

3. Results and Discussion

Evaluations are made using some metrics to calculate the correct transfer of data. For databases where
normalization cannot be applied, the number of relational database table rows and the number of graph
database nodes were obtained equally. After the transfer is completed, it is seen in Table 6 that the number
of rows of the tables in the relational database is equal to the Table 7 number of nodes in the graph database.
The classicmodels.db? database, where the outputs are compared, consists of 8 tables and 3,864 rows.

*https://relational fit.cvut.cz/dataset/ClassicModels
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Table 6

Relational database table names and row counts

Sql_Query Table _name Row_count
customers 122
employees 23
offices 7
Select table name as )
‘Table_name’,table_rows as orderdetails 2996
‘Row_count’ from information _schema.tables orders 326
where table schema=’classicmodels’;
payments 273
productlines 7
products 110
Table 7
Graph database node names and node counts
Cypher_Query Node Names Node_Count
customers 122
employees 23
offices 7
MATCH (n) RETURN orderdetails 2996
count(labels(n)) as
node_count, labels(n) as node_names;; orders 326
payments 273
productlines 7
products 110

Also, it is seen that the number of features kept in the node is equal to the number of cells in the relational
database. The transfer of tables created in JSON format provides a performance advantage, and it offers
a general use regardless of the type of database to be transferred. The proposed Transfer Method-1 is not
suitable for finding functional dependencies and applying normalization, so it was necessary to specify
a different transfer method. For this reason, instead of transferring the row as a node, the method of
transferring the cell as a node is applied. In order not to lose the pattern, a node is created for null-defined
cells in the relational database and a relationship is established with the cells in the same row. No nodes
have been created in the graph database for a fully null-defined column. For fields defined as keys or unique
in the relational database, these properties are defined while creating the node in order to avoid problems
while entering new data in the graph database. While determining partial dependency, the same solution is
applied for tables with one or more keys.

In the database transfer to which normalization will be applied, the relationships are named with row
numbers, and this method allows backward transfer from the graph database to the relational database. The
consistency of the results was checked by performing the transfer process for more than one database.

4. Conclusion

This paper examines what may be required to transfer data from a relational database to a graph database
consistently. The normalization level of the relational database directly affects this situation. For this reason,
we developed two methods to transfer by considering the normalization levels. The first one (method 1)
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simply converts every row to a node without any normalization. If the relational database is not 1nf, we
have applied the Inf criteria that can be found structurally on data while transferring to a graph database.
Primary keys, unique columns, empty defined fields, empty cells were checked during the transfer. In
order to ensure the 2nf and 3nf levels, functional dependencies (partial dependency and transitive) should
be determined. Functional dependencies are found by examining the relationships between nodes on the
graph database created with the transfer method 2 we propose. When functional dependencies are given in
the literature, there are various algorithmic methods for 2nf and 3nf transformations and these can be used.
Thus, after transforming to 2nf and 3nf levels, the transfer method 1 we proposed is applied, and the data
is transferred more consistently. Normalization criteria defined specifically for relational databases can
also be applied in graph databases with certain changes. In future studies, the methods of applying these
normalization level criteria to the graph database will be studied.
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Oz — Beklemesiz Akis Tipi Cizelgeleme (BATC), pratik uygulamalarindan dolay1 kapsamli bir arastirma
alanidir. BATC problemlerinde isler, makinelerde kesintisiz olarak iglem gérmek zorundadir. Bir igin
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analiz edilmistir. BATC problemlerinin ¢oziimti ile ilgili gelistirilen kesin ve yaklasik ¢oziim veren yon-
temler incelenmistir. Literatiirde 1 ve 2 makineli problemler igin optimum ¢dziim veren matematiksel
yontemler bulunurken, 3 ve daha fazla makineli problemler i¢in standart zamanda optimum ¢ziim veren
bir yontem bulunmamaktadir. Kabul edilebilir bir siire igerisinde m makine i¢eren problemlere optimum
ya da optimuma yakin ¢dziimler tiretebilmek i¢in sezgisel ve meta sezgisel yontemler gelistirilmektedir.
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1. Giris

Beklemesiz akis tipi ortaminda, siirecin baglangicindan sonuna kadar sistemin herhangi bir asamasinda,
islerin beklemesine izin verilmeksizin kesintisiz olarak yapilmasi gerekir. Ugus, tren ve ameliyat gizelgeleme
problemleri bunun birkag¢ 6rnegidir. Akis tipi ortaminda yapilmasi gereken isler ayni gorev listesine sahip
ise, igler makinelerde ayni sirada islem goriir. Akis Tipi Cizelgeleme (ATC) problemlerinin énemli bir
kismi, beklemesiz kisiti ile siiflandirilir. BATC problemlerinin ¢dziimii ile ilgili yapilan ¢aligmalarinin
cogunda iki performans dl¢iisli g6z oniinde bulundurulmaktadir. Bunlar, toplam gecikme ve tamamlanma
zamanimin en kiigiiklenmesidir. Miisteri isteklerinin yerine getirilmesinin oncelikli oldugu ortamlarda,
toplam gecikmenin performans kriteri olarak kullanilmasi gereklidir. s bitim tarihleri ile tamamlanma
siireleri arasindaki bosluklar artik¢a toplam gecikme artar.

BATC problemlerinde, isler ve islenmesi i¢in makineler kiimesi bulunmaktadir. Problemleri ¢6zerken, kii-
meler ve kiimedeki elemanlarin ¢izelgeleme problemi cinsinden ifade edilmesi gerekir. BATC problemi
icin gereken notasyon ve tanimlar asagida sunulmustur.

i=(1,2,...,m): m tane makine i¢eren kiimeyi,
j=(1,2,...,n): n tane makinelerde islenmesi gereken isin olusturdugu kiimeyi temsilen;

pi-j. isin i. makinedeki islem stiresini ifade eder.

r;: j. isin sisteme gelis zamanini ifade eder.

d;: j. isin miisteriye teslim edilecegi tarihi ifade eder.

w;. j. isin diger islere gore agirliginin yani 6nceligini belirten ifadedir.

C;: j. isin tamamlanma zamanini yani teslime hazir oldugu zamani ifade eder.

F;: Cj— ;2 j. isin tamamlanma zamanindan ;. isin hazir olma zamaninin ¢ikarilmastyla j. is igin akis zamanini
yani o isin sistemde gecirdigi zamani verir.

L;: C;—d;: j. isin tamamlanma zamanindan j. isin teslim zamaninin ¢ikarilmasiyla j. is igin gecikme zamani
elde edilir.

T;: max (C-d;, 0): Tim isler icerisindeki gecikme zamani en fazla olani isin gecikme siiresini ifade eder.

BATC problemini ifade etmek i¢in o / B / y seklindeki bir gosterim kullanilmaktadir. Bu gosterimde o maki-
nelerin bulundugu akis tipi ortamini ifade eder. B islem 6zellikleri ve beklemesiz olma durumunu ifade eder.
v ile gosterilen alanda ise performans 6lgiitli yani amag fonksiyon bilgisini ifade eder. BATC problemleri, £,
/ no-wait / C,. notasyonlari ile ifade edilir. Bu notasyonlar agsagida agiklanmigtir.

F,: Akis Tipi, islerin tamaminin ayn1 siray1 takip ettigi ve m adet makineden ayni sirayla geg¢tigi durumu
tanimlar.

no-wait: Beklemesiz, iglerin beklemesine izin verilmeksizin siirekli olarak islem gérmek zorunda oldugu
durumu tanimlar.

Conar: Amag fonksiyonu, yani performans 6l¢iitiimiiz bu boliimde ifade edilir.
BATC problemlerinin yaygin olarak kullanilan performans 6lgiim kriterleri su sekildedir;

Chae : Maksimum tamamlanma zamani
Ly Maksimum gecikme
TT: Toplam gecikme

Engin ve Gii¢lii (2018) tamamlanma zamani kriteri ile BATC probleminin matematiksel modelini, denklem
1.1, 1.2 ve 1.3’te tamimlamuslardir:

Islem siiresi: i(j, k) olmak {izere; k, makineleri ve j isleri temsil etmektedir. = = (m,m,, ..., m ) is dizilimini
temsilen minimum gecikme denklem 1.1°deki gibi olur;

m m-—1
] max , ,
mg(mj_1,m;) = i(mj_, ,1) + max [0,2 <k< m{}; i(mj—1, k) — kzl l(nj,k)}l (1.1)
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Maksimum tamamlanma (M7) zamani, ©t dizilim kiimesindeki # is ve m makine i¢in tamamlanma zamant
(M) ile kiyaslayarak denklem 1.2 ve 1.3’te tanimlanmustir.

Cmax(m) = MT (7)) = Z mg (nj_lnj) + Z i(m,, k) (1.2)
j=2 k=1
MT(n*) < M(m,,m) Vyem (1.3)

Tamamlanma zaman kriteri ile BATC problemi, nt dizilim kiimesinin tiimiinde bir * diziliminin bulunmasi
seklinde agiklanmustir.

Bu ¢alismada, BATC problemleri konusunda son yirmi bes yilda yapilan ¢alismalar detayli olarak ince-
lenmistir. BATC problemlerinin ¢6ziimii i¢in gelistirilen yontemler incelenmistir. BATC problemlerinin
¢ozlimil i¢in yeni bir hibrit dagimik arama metodu onerilmis ve literatiirde yer alan kiyaslama problemi
tizerinde bu yontem test edilmistir.

Calismanin ikinci boéliimiinde, BATC problemleri ile ilgili literatiirde yapilan calismalar agiklanmistir.
Ugiincii béliimde, dnerilen dagimik arama ydntemi ve prosediirleri verilmistir. Dérdiincii béliimde, HDA
yontemi ile BATC probleminin ¢6ziimii sunulmustur. Besinci boliimde ise BATC problemi i¢in 6nerdigi-

miz HDA algoritmasinin sonuglart ve degerlendirmesi yapilmistir.

1.1. Literatiir Arastirmasi

BATC problemleri konusunda son yirmi bes yildaki aragtirmalar asagida verilmistir.

Strusevich (1995) islem siras1 beklemesiz, iki makine ATC problemini, kontrol edilebilir makine hizlari ile
ele almistir. Amag olarak, makine hizlarinin en uygun degerlerini bulma ve en uygun zaman ¢izelgesini
belirleme olarak tanimlamistir. Espinouse, Formanowicz ve Penz (1999), sinirh sayida makine
kullanilabilirligi bulunan, iki makineli BATC problemini incelemistir. Amag¢ fonksiyonunu, maksimum
tamamlanma zamani (C, ) olarak belirlemislerdir. Kumar, Bagchi ve Sriskandarajah (2000) m-makineli
BATC igin parti akisi ve gizelgeleme sezgisellerini arastirmislardir. Calismanin amacini, ¢ok sayida akis
gerektiren birden fazla {iriin ile m-makineli BATC’ de tamamlanma zamaninin en aza indirilmesi olarak
belirlemislerdir. Moghaddam, Vahed ve Mirzaei (2008) agirlikli ortalama tamamlanma siiresini ve es
zamanlt agirlikli ortalama gecikmeyi en aza indirmek i¢in ¢ok amaglt BATC problemini ele almislardir.
Verilen problem igin yerel olarak Pareto optimal sinirini aramak amaciyla bagisiklik algoritmasini
onermislerdir. Chihaoui, Kacem, Hadj-Alouane, Dridi ve Rezg (2011) miisait olmama kisitlamasi ve farkl
serbest birakma tarihleri altindaki tamamlanma zamanini en aza indirgemek icin iki makineli BATC
problemini incelemislerdir. C6ziim igin dal-siir algoritmasi kullanmiglardir. Engin ve Gilinaydin (2011)
BATC problemini, tamamlanma zamanini en aza indirgeme amaci ile ele almislardir. Problemi ¢6zmek icin
yapay sinir aglarinin 6grenme yapisina benzeyen iyilestirilmis uyarlanabilir bir yaklagimini kullanmislardir.
Elde ettikleri sonuglari, genetik algoritma ile kiyaslayarak, iyilestirilmis uyarlanabilir 6grenme yaklagimi
algoritmasinin, BATC problemlerinde daha etkin oldugu vurgulanmistir. Aydilek ve Allahverdi (2012)
m-makineli BATC problemine yonelik iki performans olgiitiinii g6z 6niinde bulundurmuslardir. Amaci,
tamamlanma zamaninin belirli bir degerden daha biiyiik olmayacak sekilde en aza indiren bir dizi bulunmasi
olarak belirlemislerdir. Czogalla ve Fink (2012) BATC probleminin uyum yiizeyi, yiizey saglamlig1 ve bir
¢Oziimiin kalitesi ile optimum ¢dzlime olan uzaklik arasindaki korelasyonu incelemislerdir. Uyum ylizeyinin
evrimsel hesaplama ve yerel arama yontemleriyle aranmaya uygunlugunu arastirmislardir. Jolai, Rabiee ve
Asefi (2012) tarafindan sira bagiml kurulum siireleriyle, beklemesiz esnek ATC i¢in hibrit meta-sezgisel
algoritma gelistirmislerdir. Amaci, maksimum tamamlanma siiresinin en aza indirilmesi olarak
belirlemiglerdir. Uyarlanmig yayilimer rekabet algoritmasi ve popiilasyona dayali benzetilmis tavlama
birlesimi olan hibrit bir algoritma tasarlamislardir. Samarghandi ve EIMekkawy (2012) tarafindan yapilan
caligmada, ayrilabilir kurulum siireleri ve tamamlanma zamani kriterleri ile BATC problemini ¢6zmek igin

295



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Sayr 2, Sayfa: 293-308

genetik algoritma ve pargacik siirii optimizasyonunu kullanmiglardir. Caligmalarinda, her operasyonun ayri
bir kurulum siiresi oldugunu ve bir islemin kurulum siiresinin 6nceki islemlerden bagimsiz oldugunu
vurgulamiglardir. Moradinasab, Shafaei, Rabiee ve Ramezani (2013), toplam tamamlanma siiresini en aza
indirmeyi amaglayan, kurulum stireleriyle, beklemesiz iki agamali, esnek ATC problemini incelemislerdir.
Problemlerini, uyarlanabilir bir yayilimci rekabet algoritmasi ve genetik algoritma kullanarak ¢6zmiislerdir.
Wang ve Liu (2013) calismalarinda, iki asamali beklemesiz hibrit ATC icin genetik yontem dnermislerdir.
Problemin ¢6ziimiinde, iki noktali dogrusal sira gecisi operatorii ve takas mutasyon operatorii kullanildiginda
genetik algoritmanin nispeten daha iyi performans gosterdigini vurgulamiglardir. Akhshabi, Moghaddam
ve Roodposhti (2014), BATC problemini ¢6zmek icin yerel arama ydntemiyle memetik algoritmanin
birlesimine dayanan pargacik siirii optimizasyon algoritmasini 6nermislerdir. Amaci, toplam akis siiresinin
en aza indirilmesi olarak belirlemislerdir. Ayrica, 6nerilen algoritmanin, kendi kendine organize olan rastsal
gdecmen semast ile genisletildigini belirtmislerdir. Yapilan deneysel ¢calismalar ile pargacik siirii optimizasyon
tabanli memetik algoritmanin etkili bir yontem oldugu ifade etmislerdir. Allahverdi ve Aydilek (2014)
m-makineli BATC problemini, tamamlama zamaninin belirli bir degerden daha fazla olmadigi kisitlamalarina
tabi tutulan toplam tamamlanma siiresini en aza indirmek amaciyla incelemislerdir. C6zlim icin yerlestirme
algoritmasi, genetik algoritma, tavlama benzetim algoritmasi, bulut teorisi tabanli tavlama benzetim
algoritmasi ve diferansiyel evrim algoritmasi 6nermislerdir. Asefi, Jolai, Rabiee ve Araghi (2014) iki amagli,
beklemesiz esnek ATC problemi igin baskin olmayan siniflandirma genetik algoritmasi ve degisken komsu
arama yontemini birlestirerek kullanmiglardir. Beklemesiz £ asamali esnek ATC problemini, her asamada
ayni m adet makinelerin bulundugu durumu incelemislerdir. Mevcut n adet islerinin planlamasi ve boylece
n adet islerinin tamamlanma zamani ve ortalama gecikmesinin en aza indirgenmesini amaglamislardir.
Shabtay, Arviv, Stern, ve Edan (2014), ardisik makine ciftleri arasinda birden fazla robot aktarma halkast
isinde, iki kriterli BATC problemini incelemislerdir. Arastirmada, performans dlgiitleri olarak, tamamlanma
zamanini ve robot secim maliyetini almiglardir. iki kriterli en kisa yol problemi kullanarak en uygun ¢dziime
ulasmaya c¢alismiglardir. Deng, Wei, Su, ve Zhao (2015) NP (Non-Deterministic Polynomial Time:
deterministik olmayan polinomiyel zaman problemleri)-zor kombinatoriyel optimizasyon problemi olan
BATC problemi i¢in rekabetci bir es-evrimsel kuantum genetik algoritma Onermislerdir. Samarghandi
(2015a) beklemesiz akis tipi sisteminin, siraya bagli kurulum siireleri ve sunucu yan kisitlamalari ile
cizelgelenmesi problemini ele almistir. Problemin ¢dziimiinde, genetik algoritmadan yararlanmistir.
Samarghandi (2015b) bir diger ¢alismasinda, siraya bagl kurulum siireleri ve sunucu kisitlamalari olan
BATC problemini analiz etmistir. Problemi ¢6zmek i¢in iki farkli genetik algoritma gelistirmigtir. Wang,
Liu ve Chu (2015) iki asamali beklemesiz esnek ATC icin genetik algoritma gelistirmislerdir. iki noktali
dogrusal sira caprazlama operatorii ve takas mutasyon operatorii kullanildiginda genetik algoritmanin
nispeten daha iyi performans gosterdigini vurgulamislardir. Laha ve Gupta (2016) BAT(C’de tamamlanma
zamani ve toplam akis siiresini minimize etmek i¢in Macar cezasina dayanan yapisal bir algoritma
sunmuslardir. Baslangigta klasik atama problemi i¢in kullanilan Macar ceza metodundan tiiretilen yontemi,
en uygun programi elde etmek i¢in bir yerlestirme teknigi ile daha da gelistirilmis olan ilk is dizisini
olusturmak i¢in kullanmiglardir. Qi vd. (2016) ikiden fazla makine igin NP-zor oldugu bilinen BATC
problemindeki toplam akis siiresini en aza indirmek i¢in hizli yerel komsu arama algoritmasi 6nermislerdir.
Bewoor, Prakash ve Sapkal (2017) BATC problemlerini ¢ozmek icin evrimsel hibrit parcacik siirti
optimizasyon algoritmas1 dnermislerdir. Onerilen bu yéntemi, islerin toplam akis siiresini en aza indirgemek
amaciyla kullanmislardir. Samarghandi ve Behroozi (2017) karmasik tam sayili programlama, kisitlayici
programlama, numaralandirma algoritmasi kullanilarak teslim tarihi kisitlamasi ile BATC problemine
optimum ¢dziim bulmak i¢in ¢aligmiglardir. Shao, Pi ve Shao (2017) BATC problemini ¢ézmek igin
genigletilmis 6gretme-6grenme tabanli optimizasyon algoritmasi onermislerdir. Gelistirdikleri algoritmanin,
on izleme, 6gretme, 6grenme ve gozden gecgirme olarak dort asamadan olustugu belirtmislerdir. Chaudhry,
Elbadawi, Usman ve Chugtai (2018) genetik algoritmalar kullanarak BATC probleminde toplam akis
siiresinin azaltilmasi lizerine ¢alisma yapmislardir. Engin ve Giiclii (2018) maksimum tamamlama siiresini
en aza indirgeme kriteri ile BATC i¢in ¢aprazlama ve mutasyon mekanizmasina dayanan hibrit karinca
kolonisi algoritmasini onermiglerdir. Calismanin amag¢ fonksiyonunu, tamamlanma zamaninin
minimizasyonu olarak belirlemislerdir. Calismalarinda, elde ettikleri sonuglari, genetik algoritma ve
uyarlanabilir 6grenme yaklasim algoritmas1 ile kiyaslamislardir. Onerdikleri hibrit karinca koloni
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algoritmasinin, BATC problemleri i¢in daha etkin sonuglar verdigini vurgulanmislardir. Gao, Liu, Wang ve
Lu (2018) 6grenme etkisi, ortak bitis tarihi ve kontrol edilebilir ig isleme siireleri ile beklemesiz iki makineli
permiitasyon ATC problemini ¢alismiglardir. Ortak bitig tarihi atama yontemi kullanilarak problemin,
onerilen model kapsaminda polinomiyel olarak ¢oziilebilir oldugunu goéstermislerdir. Labidi, Kooli
Ladhari, Gharb1 ve Suryahatmaja (2018) iki makineli BATC probleminin, esit olmayan teslim tarihleri ve
uygun olmama kisitlamalarini hesaplamak icin bir ¢alisma yapmislardir. Problem i¢in bir matematiksel
formiilasyon nermislerdir. Gelistirdikleri modelde, dal-sinir algoritmasina yeni eklemeler yaparak standart
dal-smir algoritmalarindan daha iyi performans elde ettiklerini vurgulamiglardir. Bewoor, Chandraprakash
ve Sapkal (2019) BATC problemlerinde, tamamlanma zamanini minimize etmek ic¢in evrimsel hibrit kus
siiriisii optimizasyon algoritmasini 6nermislerdir. Algoritmada evrimsel arama, NEH ve tavlama benzetimi
algoritmasini kullanmislardir. Cheng, Ying, Li ve Hsieh (2019) siraya bagh kurulum siireleriyle karisik
BATC problemini, tamamlanma zamaninin en aza indirilmesi amaci ile ele almiglardir. Tamamlanma
zamani kriterine gore kiigiik problemleri ¢ézmek i¢in karma tamsayili dogrusal programlama modelini
sunulmustur, Orta ve biiylik boyutlu problemleri ¢é6zmek igin ikili yinelenen a¢gdzli bir meta-sezgisel
Oonermislerdir. Lin ve Ying (2019) siraya bagh kurulum siireleri ile beklemesiz akis tipi iiretim hiicresinde
tamamlanma zamani optimizasyonunu incelemislerdir. Sun, Geng, Wang ve Liu (2019) 6grenme etkisi ve
disbiikey kaynaga bagl islem siireleri ile iki makineli BATC problemini incelemislerdir. Amaci, kaynak
titkketim maliyetini ve toplam akis siiresinin minimize edilmesi olarak belirlemislerdir. Tasgetiren, Yiiksel,
Gao, Pan ve Li (2019) beklemesiz permiitasyon ATC problemini incelemislerdir. Calismanin amacini,
toplam akis siiresinin ve toplam enerji tilketiminin minimizasyonu olarak belirlemiglerdir. Bunun i¢in iki
amaclh karigik tamsayir programlama modeli gelistirmislerdir. Zhao vd. (2019) BATC probleminde
tamamlanma zamanini minimize etmek icin tek bir dalga mekanizmasina sahip, tek bir su dalgasi
optimizasyonu olarak adlandirilan su dalgasi optimizasyon algoritmasini 6nermislerdir. Zhao vd. (2019a)
faktoriyel gosterim ile BATC problemi ic¢in uyum ylizeyi analizini yapmislardir. Caligmanin amacim
tamamlanma zamaninin minimizasyonu olarak belirlemislerdir. Zhu vd. (2019) BATC problemini ¢6zmek
icin kuantumdan esinlenilmis, guguklu es arama algoritmasini Onermislerdir. Performans kriterini,
maksimum tamamlanma zamaninin minimize edilmesi olarak belirtmislerdir. Algoritmanin {i¢ agamadan
olustugunu belirtilerek bu asamalarin, kuantum temsili, guguk kusu arama diferansiyel evrimi ve yerel
komsu arama oldugunu ifade etmislerdir. Yapilan hesaplamalar sonucunda, 6nerdikleri algoritmanin kiigtik
ve orta boyutlu BATC problemlerinde etkin sonuglar verdigini vurgulamislardir. Allahverdi, Aydilek ve
Aydilek (2020) tamamlanma zamanina bagl olarak toplam gecikmeyi en aza indirmek i¢in ayr1 kurulum
siirelerine sahip, BATC problemini incelemislerdir. Blok tavlama benzetimi adi verdikleri bir algoritma ile
yinelenen arama algoritmast birlestirilerek PA algoritmasi elde etmislerdir. Chen, Li ve Wang (2020)
beklemesiz ve kullanilamayan periyod kisitlamalar ile iki makineli ATC i¢in tamamlanma zamani minimize
etmislerdir. Problem ¢6ziimii icin Gilmore ve Gomory Algoritmasi ile Johnson algoritmasini kullanmislar
ve algoritmalarin etkinligi hakkinda sayisal sonuglar vermislerdir. Ferretti ve Zavanella (2020), genel akig
tipi problemi i¢in beklemesiz ve engelleme kisitlamalar ile toplam enerji maliyetini en aza indiren bir
cizelgeleme modeli 6nermislerdir. Ara stoklar1 olmayan iki makineli bir akis atolye sistemini dikkate almig
ve ¢Oziim i¢in genetik algoritmay1 kullanmiglardir. Pourhejazy, Lin, Cheng, Ying ve Lin (2020) BATC
problemini, serbest birakma zamanlari ile optimize etmek i¢in gelistirilmis 1s1n arama algoritmasini
tasarlamiglardir. Tamamlanma zamanmi en aza indirmek icin karisik tamsayir dogrusal programlama
formiilasyonunu onermislerdir. Yerel arama tabanli 1s1n arama algoritmasi gelistirmisler ve gelistirilen
yontemlerin etkinligi sayisal analizler ile degerlendirmiglerdir. Schaller ve Valente (2020) BATC ortaminda
toplam gecikmenin en aza indirilmesi i¢in kesin bir dal-smir algoritmasi gelistirmislerdir. Iki farkli sezgisel
yontemi probleme uyarlamislar ve iki sezgisel arasinda kiyaslama yapmiglardir. Problemin yapisina dayal
olarak, hizlandirma yontemlerine sahip eklemeli arama iyilestirme prosediiriinii 6nermisler ve makul bir
siirede ¢ok daha iyilestirilmis ¢oziimler bulundugunu belirtmislerdir. Zhao, He ve Wang (2020) BATC
probleminin hem tamamlanma zaman1 hem de toplam enerjiyi en aza indirme kriterleriyle enerji agisindan
verimli ¢izelgelenmesini ele almak i¢in TS-CEA ad1 verilen probleme 6zgii bilgiye sahip iki agamal1 bir
isbirlik¢i evrimsel algoritma Onermislerdir. Zhao vd. (2020a) biiyiikk o6lgcekli BATC problemlerini,
tamamlanma zamaninin minimizasyonu kriteri ile ¢6zmek i¢in yapboz oyunundan esinlenen bir sezgisel
algoritmay1 kullanmiglardir. Biiyiik 6l¢ekli karsilagtirma 6rneklerindeki deneysel sonuglarin, algoritmanin
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en giincel sezgisel yontemlerden daha iistiin oldugunu vurgulamislardir. Allahverdi, Aydilek, Aydilek ve
Allahverdi (2021) maksimum gecikme performans 6lgiitii ile iki makineli BATC problemi i¢in daha iyi bir
baskinlik iliskisi olan sezgisel yontemler gelistirmislerdir. Onerdikleri sezgisel yontemlerin etkinligini
kanitlamak ic¢in hesaplamali deneyler yapmislardir. Basar ve Engin (2021) BATC probleminde, teslim
tarihlerini bulaniklastirarak daginik arama yontemi ile miisteri tatmin indekslerini hesaplamislardir.
Performans kriteri olarak maksimum tamamlanma zamaninin minimizasyonu ve miisteri tatmin indeksinin
maksimizasyonunu se¢mislerdir. Keskin ve Engin (2021) BATC problemini iki kriterle ¢6zmek i¢in hibrit
bir genetik yerel ve kiiresel arama algoritmasi 6nermislerdir. Calismada amag fonksiyonu olarak maksimum
tamamlanma zamani ve toplam akis zamani minimizasyonunu ele almislardir. Koulamas ve Kyparisis
(2021) BATC problemini, islerin toplam ret edilme maliyeti ile ele almislardir. Calismada, problemin
¢Oziimil i¢in liglincili dereceden polinom zamanli bir dinamik programlama algoritmasi sunmuslardir. Ayrica
caligmalarinda, islerin toplam tamamlama siiresi ve toplam reddetme maliyetini en aza indirmek i¢in ti¢iincii
dereceden bir polinom zamanli dinamik programlama algoritmasi sunmuslardir. Li, Li ve Gao (2021)
heterojen dagitilmis BATC probleminin ¢6ziimii i¢in ayrik yapay ari koloni algoritmasini kullanmislardir.
Islem siiresini azaltmak igin elde edilen komsulugun degerlendirilmesini hizlandiracak yeni bir ydntem
Oonermisler ve yapilan hesaplamalar sonucunda ayrik yapay ar1 koloni algoritmasinin, en yiiksek kalitede
coziimler elde ettigini vurgulamislardir. Zhu, Luo ve Li (2021) BATC probleminin ¢dziimii i¢in kuantumdan
esinlenilmis guguk kusunun es evrimsel algoritmasint kullanmislardir. Performans kriteri olarak
tamamlanma zamanini minimize etmeye ¢aligmiglardir. Kuantum ¢éziim olusturma, kuantum popiilasyon
evrimi ve gelismis bir yerel arama yontemini énermislerdir.

BATC problemleri ile ilgili literatiirde, son yirmi bes yilda yapilan ve yukarida verilen ¢aligmalar analiz
edildiginde, 1995-2000 yillar1 arasinda ii¢ ve 2001-2011 yillar1 arasinda da dort calismanin yapildigi
gortilmektedir. Oysa 2012-2021 yillar1 arasinda elli ti¢ ¢alismanin oldugu belirlenmistir. Bu ¢calismalarin on
iki tanesi de son iki yilda yapilan arastirmalardir. BATC problemleri ile ilgili literatiirde son yillarda yogun
caligmalarin yapildig1 gortilmektedir.

BATC probleminin ¢6ziimiinde kullanilan kesin ve meta-sezgisel yontemlere gore literatiirde yapilan bazi
caligmalar ayrica Tablo 1- 5’te verilmistir.

Tablo 1

BATC problemlerinin ¢6ziimii i¢in dal-sinir yontemini kullanan ¢aligmalar

Yil Yazar Calisma

2011 Chihaoui vd. Miisait olmama kisitlamasi ve farkli serbest birakma tarihleri altindaki
tamamlanma zamanini en aza indirgemek i¢in iki makineli BATC

2015 Wang vd. Iki asamal1 hibrit BATC igin dal-smir algoritmasi
2018 Labidi vd. Iki makineli BATC probleminin, esit olmayan teslim tarihleri ve uygun
olmama kisitlamalarini hesaplama caligmasi
2020 Schaller ve Beklemesiz bir akis tipi ortamda toplam erkenligi ve gecikmeyi en aza
Valente indirme

Tablo 1’de goriildiigii gibi Dal-simir yonteminin incelenen caligsmalar igerisinde kullaniminin yaygin
olmadig1 goriilmektedir. Bunun sebebi ise BATC problemlerinin makine sayist 3 ve 3’ ten fazla oldugu
durumlarda NP-zor sinifinda yer almasidir. Bundan dolay1 dal-sinir yontemi polinomiyel olarak ¢oziilemeyen
problemlerde, ¢6zlim siiresi ¢ok fazla artis gostermekte ve optimum sonug verememektedir.
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Tablo 2

BATC problemlerinin ¢6ziimii i¢cin Genetik Algoritma kullanan ¢alismalar

Yil Yazarlar Calisma
2000 Kumar vd. m-makineli beklemesiz akis istasyonlari i¢in parti akisi ve ¢gizelgeleme
sezgiselleri
2012 Samarghandi ve Ayrilabilir kurulum siireleri ve tamamlanma zamani kriterleri ile
ElMekkawy beklemesiz ATC problemi i¢in genetik algoritma ve pargacik siiriisi
optimizasyonu
2013 Moradinasab vd. Genetik ve uyarlanabilir yayilime1 rekabet algoritmalar ile beklemesiz
iki agamal1 hibrit ATC
2013 Wang ve Liu Iki asamali beklemesiz hibrit ATC icin genetik algoritma
2015 Deng vd. Beklemesiz ATC igin etkili es-evrimsel kuantum genetik algoritmast
2015b Samarghandi Siraya bagli kurulum siireleriyle beklemesiz akis tipi probleminin
tamamlanma zamani iizerindeki sunucu yan kisitlarn etkisinin
incelenmesi
2015a Samarghandi Siraya bagli kurulum siireleri ve sunucu kisitlamalari olan beklemesiz
bir akisg tipi sistem
2018 Chaudhry vd. Genetik algoritmalar kullanarak beklemesiz akis atdlyesinde toplam
akis siiresinin azaltilmasi
2020 Ferrettia ve Genel ATC problemi i¢in beklemesiz / engelleme kisitlamalari ile
Zavanella toplu enerji planlama

2021 Keskin ve Engin BATC problemini iki kriterle ¢ozmek igin hibrit bir genetik yerel ve
kiiresel arama algoritmasi

Genetik algoritma, bir¢ok probleme uyarlanabilir olmasi, ¢6ziim siiresini makul seviyelere diisiirebilmesi
ve optimuma oldukga yakin sonu¢ vermesinden dolay1 kullanim1 olduk¢a yaygin hale gelmistir. Tablo 2°de
goriildiigi tizere BATC problemlerinde de genetik algoritmalarin kullaniminin agirlikli oldugu agiktir.

Tablo 3

BATC problemlerinin ¢6ziimii i¢cin uyum yiizeyi analizi kullanan ¢alismalar

Yil Yazar Calisma

2012 Czogalla ve Fink  BATC problemi i¢in uyum yiizeyi analizi
2019a Zhao vd. Faktoriyel gosterim ile BATC problemi i¢in uyum yiizeyi analizi

Tablo 3’te BATC problemlerinde uyum yiizeyi analizi kullanimina bakildigi zaman olduk¢a az galisma
yapildig1 goriilmektedir.

Tablo 4

BATC problemlerinin ¢6zliimii i¢in karinca kolonisi algoritmasini kullanan ¢aligsmalar

Yil Yazar Calisma

2018 Engin ve Giiclii BATC problemleri i¢in hibrit karinca kolonisi optimizasyon yontemi
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Tablo 4’de goriildiigii lizere Karinca kolonisi algoritmasinin, NP-zor problemler i¢in makul ¢6ziim siiresinde
optimuma yakin sonuglar verdigi bilinmektedir. 2018 yilinda ise Engin ve Gii¢li, ¢alisma yapmistir. BATC
problemlerinin ¢éziimiinde sezgisel yontem kullanimi arttik¢a, hibrit ¢6ziim yontemlerinin kullaniminda da
artis olmustur. Tablo 5’te ise BATC problemleri i¢in hibrit yontem kullanilmis ¢aligmalara yer verilmistir.

Tablo 5

BATC problemlerinin ¢6ziimii i¢in hibrit yontem kullanan ¢aligmalar

Yil Yazar Calisma

2012 Jolai vd. Sira bagimli kurulum siireleriyle beklemesiz esnek bir ATC i¢in hibrit
meta-sezgisel yontem

2013  Wang ve MingLiu ki asamali beklemesiz hibrit ATC igin genetik algoritma

2013  Moradinasab vd. Genetik ve uyarlanabilir yayilime1 rekabet algoritmalar ile beklemesiz iki
asamali hibrit ATC

2014  Asefi vd. Iki hedefli, beklemesiz esnek ATC problemini ¢dzmek icin hibrit NS-
GA-II ve VNS

2014  Akhshabi vd. Toplam akis stiresi ile beklemesiz bir ATC i¢in hibrit parcacik siiriisii
optimizasyon algoritmasi

2015 Wang vd. Iki asamal1 beklemesiz hibrit ATC i¢in dal-smir yontemi

2017  Shao vd. Beklemesiz ATC problemi icin genisletilmis 6gretme-6grenme tabanl
optimizasyon algoritmasi

2017  Bewoor vd. NP-zor BATC problemlerini ¢6zmek i¢in evrimsel hibrit pargacik siirii
optimizasyonu algoritmasi

2018  Engin ve Giicli BATC problemlerini ¢ozmek i¢in hibrit karinca kolonisi optimizasyonu

2019  Bewoor vd. Beklemesiz akis tipinde tamamlanma zamanini minimize etmek i¢in ev-
rimsel hibrit kus siiriisii optimizasyon algoritmasi

2019  Tasgetiren vd. Enerji agisindan verimli BATC i¢in ayrik yapay ar1 kolonisi

2020  Allahverdi vd. Tamamlanma zamanina bagl olarak toplam gecikmeyi en aza indirmek
i¢in ayr1 kurulum siirelerine sahip, BATC problemi

2021  Allahverdi vd. Maksimum gecikme performans 6l¢iitii ile iki makineli beklemesiz akis
hatlar1 i¢in daha iyi bir baskinlik iliskisi ve sezgiseller

2021 Basar ve Engin Bulanik ortamda hazirlik siireli BATC problemi

2021  Zhu vd. BATC i¢in kuantumdan esinlenilmis guguk kusu es evrimsel algoritmast

Tablo 5’te BATC iizerine yapilan ¢alismalar incelendiginde ¢6ziim metotlarindan hibrit yontemlerin en
fazla kullanildig1 goriilmektedir. Ug ve iigten fazla makine iceren ¢izelgeleme ortamlarinda sorun énemli
derecede NP-zor oldugundan matematiksel modeller makul siire igerisinde optimum sonug verememektedir.
Bunun i¢in daha kisa siire igerisinde kabul edilebilir bir hata pay1 ile optimum sonuca yakin sonug elde
etmek amaciyla yapilan ¢alismalarda sezgisel ve meta-sezgisel yontemlerin kullanimina bagvurulmustur.
Yapilan ¢aligmalar bu kadari ile sinirli kalmamis hem CPU siiresinin hem de optimum sonuca yaklagma
hata paymin azaltilmasi i¢in farkli matematiksel, sezgisel ve meta-sezgisel ¢ozliim yontemleri birbirleri
arasinda birlestirilerek kullanilmastir.

Literatiirde, son yirmi bes yilda yapilan ¢caligmalar analiz edildiginde asagidaki bulgulara ulasilmstir.

BATC problemlerinin ¢6ziimiinde, performans kriteri olarak ¢ogunlukla (%76) maksimum tamamlanma
zamani (C, ) minimizasyonu seg¢ilmistir.
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BATC problemlerinin ¢éziimiinde, ¢ok amacglhi performans kriterleri i¢in yapilan ¢aligmalar az (%12)
sayidadir.

BATC problemlerinin ¢6zlimiinde, kesin sonug veren yontemler ile ilgili ¢ok az (%9) ¢alisma yapilmaistir.
BATC problemlerinin ¢ézlimiinde, agirlikli olarak meta-sezgisel yontemler kullanilmistir. Bu yontemlerin
icinde en ¢ok (%22) kullanilan1 Genetik Algoritmalardir.

BATC problemlerinin ¢6ziimiinde, son yillarda hibrit yontemler ¢okca (%19) tercih edilmektedir.

2. Materyal ve Yontem

Daginik arama yontemi ilk olarak Fred Glover tarafindan 1970’lerde ortaya atilmigtir. Giiniimiize
gelinceye kadar iizerinde dnemli gelistirmeler yapilmistir. {1k literatiire girdigi giinden bu yana bircok NP-
zor probleme uyarlanan dagimik arama meta-sezgiseli, oldukga etkili bir optimizasyon teknigidir. Dagimik
arama yonteminin temelinde iiretilen ¢oziimleri belleginde tutma ve en iyi ¢éziimlerin kombinasyonlar
ile daha 1yi ¢oziimler elde etmeye dayanir. Giiniimiizde farkli iyilestirme teknikleri ile birlikte kullanilan
yontemin, oldukca verimli versiyonlari literatiirde bulunmaktadir.

Daginik arama yontemi, 9 adimdan olusur (Oktay vd. 2006). Bu adimlar asagida verilmistir.

1. Baslangi¢ popiilasyonu olusturma; Baglangi¢ popiilasyonu, tim ¢éziim kiimesine yayilmis sekilde ve
iyl bireylerden olugmalidir. Bu asamada c¢esitli baglangi¢ olusturma teknikleri kullanilabilir. Baglangic
popiilasyonu olusturulduktan sonra yine ¢esitli teknikler kullanilarak popiilasyon iyilestirilir.

2. Referans kiime olusturma; Referans kiimesi iyilestirilmis olan ve iyi bireyleri igeren popiilasyondan
en iyi bireylerin seg¢ilmesi ile olusturulur. Program sonlanincaya kadar referans kiimesi gilincellemeye
devam edilir.

3. Alt kiime olusturma; Referans kiimesindeki bireylerden iyi alt kiimelerin seg¢ilmesi ile olusturulur.

4. Kombinasyon uygulama; Alt kiime elemanlarinin birbiri ile birlestirilmesi asamasidir ve yeni bireyler
ortaya ¢ikar.

5. lyilestirme; Yeni bireylerin cesitli teknikler kullanilarak iyilestirilmesine dayanan asamadir.

6. Referans kiime giincelleme; lyilestirilmis olan yeni bireyler ile referans kiimesindeki bireyler bu asama-
da kryaslanir ve yeni bireylerin daha iyi olmast durumunda referans kiimesi giincellenir.

7. Yeni referans kiimesi olusturma kriteri; Yeni bir referans kiimesine ihtiya¢ duyuluncaya kadar {igten
altrya kadar adimlarin tekrarlanmasi gerektigini belirten kriterdir.

8. Yeni popiilasyon olusturma kriteri; Yeni bir popiilasyona ihtiya¢ duyuluncaya kadar ikiden yediye kadar
adimlarm tekrarlanmasi gerektigini belirten kriterdir.

9. Sonlanma kriteri; Programin ne zaman sonlanmasi gerektigini i¢eren kriterdir. Program sonlanincaya
kadar 1°den 8’e kadar adimlar tekrar edilir.

Cizelgeleme problemlerine ¢6ziim iiretmek i¢in kullanilmis daginik arama yontemi ile ilgili literatiirde
yapilmig olan ¢aligmalar asagida 6zetlenmistir.

Nowicki ve Smutnicki (2006) akis tipi probleminde daginik arama yonteminin etkinligini incelemiglerdir.
Coziim i¢in tabu arama yontemi ve daginik arama yonteminin entegrasyonu kullanmislardir. Problem
boyutu artmasina ragmen algoritmanin iyi 6zelliklerinin 6l¢eklenebilir olarak kaldigini1 vurgulamislardir.
Bozejko ve Wodecki (2007) ATC problemini, iglerin tamamlanma siireleri toplaminin en aza indirilmesi
kriteri ile ele almislardir. Problemi ¢6zmek i¢in dagmik arama yontemine dayali paralel algoritma
kullanmiglardir. Elde edilen sonuglart diger ¢6ziim yontemleri ile kiyaslamig ve paralel hesaplamalar
sonucunda siiper lineer hizlanma gdzlemlendigini belirtmiglerdir. Haq, Saravanan, Vivekraj ve Prasad
(2007) genel bir ATC problemi i¢in daginik arama yontemini kullanmiglardir. Daginik arama yonteminin
Tabu arama yaklasimi ile kiyaslama yapmislar ve dagmik aramanin 6énemli derecede daha iyi ¢6ziim
verdigi aciklamislardir. Saravanan, Haq, Vivekraj ve Prasad (2008) permiitasyon ATC problemleri i¢in
daginik arama yonteminin performans degerlendirmesini yapmislardir. Amag¢ fonksiyonunu, islerin
tamamlanma zamaninin minimizasyonu olarak belirlemislerdir. Engin, Kahraman ve Yilmaz (2009)
¢ok amacli permiitasyon, bulanik ATC problemini ¢6zmek i¢in bir daginik arama metodu 6nermislerdir.
Ortalama gecikme ve geciken i sayisint minimize etmeyi amag¢lamislardir. Kaya, Akgobek ve Engin (2011)
erken ve gec cezali, ortak teslim tarihli ATC problemleri i¢in daginik arama yontemini kullanmiglardir.
Engin, Yilmaz, Baysal ve Sarucan (2013) kullanilabilirlik kisitl atdlye tipi problemler i¢in daginik arama
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yontemini onermislerdir. Naderi ve Ruiz (2014) dagitilmis permiitasyon ATC probleminin ¢éziimii igin
bir dagmik arama kullanmiglardir. Amag¢ fonksiyonunu tamamlanma zamani minimizasyonu olarak
belirlemislerdir. Cicekli ve Bozkurt (2016) tarafindan yapilmis olan ¢aligmada, akis tipi problemlerinin
daginik arama yontemi ile ¢oziimii yapilmigtir. Arastirmada, Reeves tarafindan olusturulmus rec41 akis
tipi problemler ¢ozlilmustiir. Riahi, Khorramizadeh, Newton ve Sattar (2017) karisik engellemeli, ATC
problemini ele almiglardir. Caligmada amag kriteri olarak tamamlanma zamanini belirlemislerdir. Problemi
¢ozmek i¢in dagmik aramanin baslangic asamasinda, NEH sezgiselinin degistirilmis bir yontemini
kullanmiglardir. Yang, Li, Wang, Liu ve Luo (2017) dagitilmis permiitasyon ATC probleminde, toplam
gecikmeyi minimize etmek i¢in daginik arama algoritmasini dnermislerdir. Problemi bosta kalma ve teslim
tarihleri dahil olmak iizere gergek uygulama kisitlamalar1 dikkate alarak incelemislerdir. Calismada daginik
arama tabanlt memetik algoritmay1 6nermislerdir. Algoritmanin baslangi¢ ¢oziimii ve alt kiime olusturma
mekanizmas igin birlesik sezgisel tarama kullanmiglardir. Iyilestirme mekanizmasi icin ise ii¢ asamali
tavlama benzetimi yontemini probleme uyarlamislardir. Alsaidi, Muhsen ve Ali (2020) NP-zor problemleri
cozmek icin Meerkat Klan algoritmasina dayali degistirilmis daginik arama algoritmasini 6nermislerdir.
Onerilen algoritmay1 gezgin satic1 ve esnek is cizelgeleme problemine uygulamislardir. Calismalarinda
yapilan hesaplamali deneyler sonucunda, onerdikleri degistirilmis daginik arama algoritmasinin, Meerkat
Klan algoritmasindan ve daginik arama algoritmasindan daha iyi oldugunu vurgulamislardir. Tan vd.
(2020) pota tahsisini dikkate alarak bir ¢elik tiretimi-siirekli dokiim ¢izelgeleme problemini incelemislerdir.
Caligmalarinda en hizli tiretimi ve en az enerji tilketimini saglamak i¢in, maksimum tamamlanma zamanint,
bosta kalma cezalarimi ve bekleme siiresiyle ilgili enerji tiiketimi cezalarini en aza indirmeyi amaglayan
karma bir tamsay1 matematiksel programlama modelini sunmuslardir. Problemi ¢6zmek i¢in, daginik arama
ve karma tamsay1 programlamanin kombinasyonuna dayali iki asamali bir yaklagim gelistirmiglerdir.

3. Bulgular ve Tartisma

BATC probleminin ¢éziimii i¢in hibrit bir daginik arama algoritmasi Onerilmistir. Algoritma, Visual
Basic dilinde yazilmistir. BATC problemleri, Windows Intel Core i5 64 bit islemcili, 2.5 GHz ve 4 GB
RAM’i olan bir bilgisayarda test edilmistir. Onerilen algoritmani adimlar1 Sekil 1’de verilmistir.

HDA algoritmasinin parametreleri, tam faktoriyel deney tasarimi yardimi ile belirlenmistir. Parametre
optimizasyonu yapilirken kullanilan parametre degerleri asagida verilmistir;

Baslangi¢ popiilasyon boyutu: 5, 10, 15, 20, 25, 30
Alt kiime boyutu: 10, 20, 30, 40, 50, 60

Alt kiime giincelleme sayist: 5, 10, 20, 30, 40, 50
Referans kiime boyutu: 3, 4, 5

Referans kiime giincelleme sayisi: 5, 10, 20, 30, 40
herasyon sayist: 10, 20, 30, 40, 50, 60

Tam faktoriyel deney tasarimi sonucunda, BATC problemlerin ¢dziimiinde kullanilan en iyi parametre
degerleri asagidaki gibi belirlenmistir.

Baslangi¢ poptilasyon boyutu: 15

Alt kiime boyutu: 30

Alt kiime giincelleme sayisi: 10
Referans kiime boyutu: 3

Referans kiime giincelleme sayisi: 10
Iterasyon sayisi: 40

HDA algoritmasinin standart daginik arama algoritmasindan farkliliklari, baslangi¢ popiilasyonu ve alt
kiime olusturma siirecinden kaynaklanmaktadir. Baglangi¢ popiilasyonu olusturulurken NEH algoritmasi
ve rastsal yontem kullanilmistir. Alt kiime olugturulurken ise yerel arama yontemi kullanilmistir.

BATC probleminin ¢oziimii ile ilgili bir 6rnek verilmistir. Rassal olarak olusturulmus 3 is 3 makineden
olusan bir BATC probleminin islem ve hazirlik siireleri Tablo 6’da verilmistir. Ornek problem, 6nerilen
HDA algoritmas ile ¢6ziilerek minimum tamamlanma siiresi 40 olarak hesaplanmistir. Bu problemin Gantt
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Baslangig degerlerini ayarla;
Is sayisL. makine savisy, Islem siireleri. Hazuhk siireleri

Daguuk Arama Parametrelerini ayarla;
Baslangi¢ popiilasyonu boyutu. Referans kiime boyutu, Alt
kiime boyutu, Durdwma kriteri

Referans kilmesi olugtur;
Caprazlama uygula. NEH algoritmas: ve rassal olarak ilk popiilasyonu olustur;

Her birey igin Cmax’1 hesapla ve uyguniugu degerlendir. Her birey i¢in Cmax’1 hesapla.
Referans kilme giincelleme sayis1 kadar gimeelle.

i

Alt Kiime olustur;
Yerel arama yap.
Her birey igin Cmax’1 hesapla ve uyguniugu degerlendir.
Alt kilme giincelleme savisi kadar giincelle.

Cdziim kombinasyonu

Sonlanma
kriferi?

Havr

Sekil 1. Hibrit Daginik Arama algoritmasinin ¢6ziim adimlar1

semasi Sekil 2°de verilmistir. P i isinin j makinesindeki islem siiresini, Sij ise 7 iginin j makinesindeki
hazirlik siiresini ifade etmektedir.

Tablo 6

3 is 3 makine problemi iglem ve hazirlik siireleri

Isler j1 jz j3
P, 5 6 6
i2 4 5 5
P, 7 7 9
S, 3 5 2
S, 1 2 4
S, 5 1 3
ml Pil1) P31} P21}
m2 P(1,2) Pi3.2) P(2,2)
m3 P13} Fi3.3) P(23)

1 23 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Sekil 2. BATC 3 is 3 makine problemi 1-3-2 ig sirasina ait Gantt gemasi

Sekil 2°de goriildigi tizere islerin 1-3-2 ig sirasinda 1. ig 19 birim zamanda 3. is 31 birim zamanda 2. is 40
birim zamanda tamamlanmaktadir. Tim iglerin maksimum tamamlanma zamani olan C, _ degeri ise son
makineden son igin bitis zamani olan 40’ a esittir.
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Literatiirde Engin ve Giinaydin (2011) tarafindan olusturulan BATC kiyaslama problemleri, onerilen
Hibrit Daginik Arama algoritmasi ile ¢ozilmistlir. Problemler n-ig x m-makine olmak {izere her grupta
a, b ve c tipi 6rnekler yer almaktadir. Elde edilen sonuglar, Engin ve Giinaydin (2011) tarafindan 6nerilen
Hibrit Uyarlanabilir Ogrenme Yaklasim (HUOY) algoritmasi ve Engin ve Giinaydi (2018) tarafindan
onerilen Hibrit Karinca Kolonileri Optimizasyon (HKKO) algoritmasi ile kiyaslanmistir. Ayrica kiyaslama
problemleri, CPLEX (Dogrusal, karma tamsayilt v.d. programlama i¢in matematiksel bir ¢dziim arac1)
Optimizer ile matematiksel model olarak ¢6ziilmiis optimum sonuglara gore degerlendirilmistir. Kiyaslama
problemlerinden b grubunda yer alan 16 tanesi i¢in Onerilen HDA algoritmasi, HKKO algoritmas1 ve
HUOQOY algoritmast ile elde edilen max-tamamlanma zamani (C, ) degerlerinin, CPLEX ile elde edilmis
optimum -C degerlerinden yiizde sapmalari denklem 3.1 yardimi ile hesaplanmigtir ve sonuglar Tablo
7°de verilmistir. Hazirlik siireleri [1, 10] ve islem siireleri [1, 50] arasinda uniform dagilima uygun olarak
tiiretilen bu problemler b grubu olarak isimlendirilmektedir.

(Hibrit Dagimik Arama Cmax) — (Optimum Cmax)
Sapma (%) = - x 100 3.1
Optimum Cmax

Tablo 7

Sezgisel yontemlerin karsilagtirma sonuglari

Problem Cmax %Sapma

nx m-b HKKO HUOY HDA CPLEX HKKO HUOY HDA
8x2 255 255 255 255 0.0000 0.0000 0.0000
8x3 302 304 290 290 4.1379 4.8276 0.0000
8x5 398 398 396 396 0.5051 0.5051 0.0000
8x8 518 518 518 518 0.0000 0.0000 0.0000
8x10 602 602 602 602 0.0000 0.0000 0.0000
8x15 775 777 773 773 0.2587 0.5174 0.0000
8x20 892 892 887 887 0.5637 0.5637 0.0000
8x25 1062 1069 1050 1050 1.1429 1.8095 0.0000
10x2 342 344 337 337 1.4837 2.0772 0.0000
10x3 362 367 362 362 0.0000 1.3812 0.0000
10x5 501 513 462 462 8.4416 11.039 0.0000
10x8 614 623 571 571 7.5306 9.1068 0.0000
10x10 656 679 612 612 7.1895 10.947 0.0000
10x15 856 879 849 849 0.8245 3.5336 0.0000
10x20 1062 1081 1043 1043 1.8217 3.6433 0.0000
10x25 1215 1248 1195 1195 1.6736 44351 0.0000

Tablo 7’de goriildiigli lizere HDA yontemi ile 16 problemin tamaminda optimum ¢6ziim bulunmustur.
16 test problemi icin HKKO algoritmasi ortalama %2.223 HUQY algoritmas1 %3.3992 ve énerilen HDA
algoritmasi da %0.0000 optimum sonugtan sapma degerine ulagsmistir. Algoritmalarin maksimum CPU
zamanlari; HKKO algoritmasi i¢in 110 saniye, HUOY algoritmasi igin 110 saniye ve onerilen HDA
algoritmast i¢in 155 saniye olarak ol¢iilmiistiir.
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4. Sonuclar

Bu galismada, BATC problemlerinin literatlir analizi yapilmig ve bu tir problemleri ¢ozmek igin
Hibrit Dagimik Arama yontemi Onerilmistir. Hibrit Dagimik Arama metodunun etkinligini kanitlamak
icin literatiirde yer alan kiyaslama problemleri ¢oziilerek elde edilen sonuglar, Engin ve Giinaydin (2011)
tarafindan onerilen Hibrit Uyarlanabilir Ogrenme Yaklasim algoritmasi ve Engin ve Giiclii (2018) tarafindan
onerilen Hibrit Karinca Kolonileri Optimizasyon algoritmasi ile karsilastirilmisti. HDA algoritmasi 16
problemin tamaminda optimum sonug¢ vermistir. HUOY algoritmas1 16 problemden 3 tanesinde optimum
sonu¢ vermistir. HKKO algoritmasi da 16 problemden 4 tanesinde optimum sonuca ulagsmistir. Onerilen
HDA algoritmasi, BATC problemlerinin ¢6ziimiinde basarili sonuglar vermektedir.

Gelecekte yapilacak olan ¢alismalarda, HDA algoritmasinin, ¢ok amagli BATC problemlerinin ¢6ziimiinde
kullanabilecegi dnerilmektedir. BATC problemleri iizerine bundan sonra yapilacak c¢alismalarda, dagimik
arama algoritmasi icin farkli baslangi¢ ¢coziim ve iyilestirme metotlar1 kullanilarak gelistirilmesi, ¢6zim
kalitesinin artmasina ve islem siirelerinin azaltilmasina katki saglayacagi dngoriilmektedir.
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Article History Abstract — Meteorology stations sold in the market have various difficulties in terms of their use,
Received: 19.08.2021 also these systems are costly to obtain. With state of the art sensor technologies, the development of

mini weather stations has become easier. In this study it was aimed to develop a prototype low-cost
Accepted: 11.01.2022 weather station using temperature, relative humidity, ultraviolet (UV), light dependent resistor (LDR),
Published: 10.06.2022 rain and soil moisture sensors to collect major meteorological data. The collected data transmitted
to the remote station for logging via a GSM module and the information was sent to the database
in the internet environment. In addition, the data from the sensors are organized by correlation. The
classification was made according to the data obtained from the rain sensor and the relationship
between the other 5 sensors used in the device to the rain classification was examined. Sensor data
were scaled between 0-1 with min-max normalization before being subjected to deep learning and
machine learning training. In the Decision Tree (DT) a model score of 0.96 was obtained by choosing
the maximum depth of 2. The artificial neural network (ANN) deep learning yielded a classification
score of 0.92 using 4 hidden layers and 100 epochs in the artificial neural network model.
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1. Introduction

It is of great importance that environmental data such as relative humidity, precipitation, temperature,
UV can be collected and recorded over a time period for agricultural purposes. The sensor networks make it
easy and possible to store, evaluate and automate environmental data collection systems (Valada, Kohanbash
& Kantor, 2010). With the improvements in technology the sensory systems have become popular because
of their advantages such as smaller size, low cost and accessibility.

Using such networks meteorological data can be used to control the production process by instant and si-
multaneous monitoring. The data transmitted by the smart sensors during a predetermined time interval is
collected by a main station located in a server. Then, the decision making systems can interpret the data for
agricultural warning, drought, yield, disease, activity management, crop status information, transition to the

phenological stage etc. (Zhang, Wang & Wang, 2002).

Sirohi, Tanwar, Himanshu & Jindal (2016) used wireless sensor network to produce weather-related con-
clusions after processing the information collected from temperature, humidity, and smoke sensors. They
reported that it can be promising system in operating the automatic irrigation systems. Ucgun & Kaplan
(2017) developed a mini weather station system with an Arduino-based processor that allows predicting

data from temperature, humidity, pressure and rain sensors. Kumari, Kasliwal & Valakunde (2018) pre-
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sented an Android and internet-of-things-based (IoT) intelligent environment monitoring system. The de-
veloped system is capable of measuring some environmental characteristics such as air, water, and soil. As
a result, the system includes a variety of sensors employed with Raspberry Pi card. Durrani, Khurram &
Khan (2019) developed a smart weather station. Their design is outfitted with a number of environmental
sensors that communicates with the cloud. Furthermore, using machine learning algorithms, they can fore-
cast future weather data. Joshi, Mistry, Khan, Motekar & Chaugule (2021) developed a mini weather station
using DHT11 Temperature and Humidity sensor, MQ7 Gas Sensor and MPX10DP Pressure sensor. They
reported that all these sensor data can be used in electronic modelling in the cloud environment.

Machine learning (ML) has been becoming a very useful tool in engineering since it significantly reduces
the computational time (Bhagat, Tung & Yaseen, 2020). With the recent advancements in ML techniques, it
started to be used as a statistical prediction and classification method in meteorology. Thus, a very convenient
method has emerged for estimating data at different scales (Bochtis, Liakos, Busato, Moshou & Pearson,
2018). Supervised machine learning ensures the predictability of the output based on the classes created. This
depends on accuracy of training and testing of the model for better classification or predictions. Abyaneh,
Varkeshi, Golmohammadi & Mohammadi (2016) has reported the performance of artificial neural networks
(ANNSs) in soil temperature predictions. Gagne, McGovern & Xue (2014) investigated how several machine
learning algorithms performed in creating probabilistic, deterministic, and quantile precipitation forecasts for
individual grid locations over the central United States. They reported by constantly leveraging the potential
of the available information, machine learning techniques can improve precipitation forecasts. Huang, Lin,
Huang & Xing (2017) used the K-nearest neighbour (KNN) method to execute rainfall forecasting in Beijing,
and the empirical findings showed that this method produces good predicting results. Young & Liu (2015)
suggested a physically based and artificial neural network hybrid model to improve rainfall-runoff modelling.
The two components of the hybrid model based on separate philosophies, in particular, complement each
other in terms of intrinsic strengths and limits. Manandhar, Dev, Lee, Meng & Winkler (2019) proposed to use
the 4-year (2012-2015) database weather features for rainfall prediction by using machine-learning algorithm.
In comparison to previous research, this strategy considerably lowers the rate of false alarms Ortiz-Garcia

Salcedo-Sanz & Casanova-Mateo (2014) presented a study on the performance of the Support Vector Ma-
chine (SVM) in a problem of daily precipitation prediction. They showed that comparing alternative approach
to predict precipitation show that the SVM is the best of the classification models considered. Mehr (2021)
predicted the standardized precipitation index and standardized precipitation evaporation index in cities of
central Ankara and Antalya, respectively. He reported that gradient boosting decision tree (GBT) is a prom-
ising technique in drought classification. Mohapatra, Rakesh, Purwar & Dimri (2021) classified 117 years of
precipitation data from 36 meteorological stations (1901-2017) in India as dry, wet and transitional periods
using cluster analysis approach. Hwang, Orenstein, Cohen, Pfeiffer & Mackey (2019) developed a database
that can predict seasonal temperature and precipitation data using local linear regression and k-nearest neigh-
bour models. They reported that both models give better temperature and precipitation forecasts than the US
Climate Forecasting System. Yeditha, Kasi, Rathinasamy & Agarwal (2020) developed an artificial neural
network model to compare precipitation data obtained from 2 different satellite drivers with classical weather
station data. They reported that the model is more promising than other benchmark models and has the poten-
tial to foresee extraordinary surge occasions.

In this study, a low-cost weather station is developed employing cloud-based database management and
machine learning techniques to predict precipitation. In the cloud-based web service, readings of 5 different
environmental sensors values incorporated into the Arduino microprocessor. The decision trees (DT) and
artificial neural networks (ANN) deep learning model are used to develop models that can predict precipi-
tation using sensory data.

2. Materials and Methods
2.1 Database

Daily weather data is collected with the prototype weather station placed nearby a research greenhouse
located on the Canakkale Onsekiz Mart University, Faculty of Agriculture campus between 14.01.2021
and 23.02.2021. The data coming from the sensors were recorded in the MySQL web-based database with
I-minute intervals via the GSM module. Due to its web-based nature, the outputs of the sensor values can
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be monitored without the need for installation on any device with internet access. The flow chart of the
system is shown in Figure 1.

) f
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Figure 1. The flowchart of the system

Data from the Arduino Rain sensor is classified as dry or wet conditions. Depending on the sensor response,
the differences in precipitation values can be graded and give an idea about the intensity of the rain. Thresh-
old values of rain sensor data are given in Table 1. All sensor data were taken at 1-minute intervals and
stored in an internet-based database. Binning and min-max scaler methods were applied on the dataset and
noisy data were eliminated.

Table 1

Rain sensor thresholds

Sensitive Area Capacitance Ratio Thresholds Precipitation
it
Range-Dry  Range-Water (pF) Capz(loc/:) )ance Class

(“0) (o)
81-100 0-20 100 0 Between 0 and 76 0
61-80 21-40 176 76 Between 77 and 232 1
41-60 41-60 232 232 Between 233 and 359 2
21-40 61-80 300 300 Between 233 and 300 3

0-20 81-100 359 359 >=359 4

Due to the high stability of the support and the inalterability of the “sensitive” surface, the Arduino rain
sensor ensures exceptional reliability, even after cleaning with solvents and/or working hard situations.
Furthermore, in the presence of water, the capacitance rises to high levels compared to dry conditions, with
a359% change in the ratio (Ardiansyah et al., 2018). When the system detects rain, it classifies precipitation
according to the threshold values given in Table 1. The rain sensor’s output value has a sensitivity range of
0 to 100 %. The resulting response is in the sensitivity of dry environments if the value is near to 100 %.
The ensuing response will be in the damp and humid environments if the value is near to the minimal value.
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2.1.1 Binning Method

Data binning, also known as bucketing, is a pre-processing technique for reducing the impact of modest
observation errors. The original data values are separated into small intervals known as bins, and then a
general value produced for that bin is used to replace them. This smooths the input data and, in the case of
limited datasets, may lower the likelihood of overfitting (Teanby, 2006).

The continuous data received from the Arduino Rain sensor should be spread over the range. For this, the
binning method operation to clean out the outliers by finding the Min and Max values were used in this
study. The normalization step of the Binning limits in the Dataset and the corresponding precipitation
classes are shown in Table 2, and then the Min Max scaler method is used.

Table 2

Few precipitation forecast records after binning normalization

Binning Limits Arduino Rain Sensor Output Precipitation Forecast
0 55 0
77 139 1
233 185 1
300 255 2
359 304 3
973 968 4

As a result of normalization of rain sensor data with Binning Limits, each 10712 records were grouped.
The mean value of each group was calculated and thus the min — max scaler method was used based on the
group averages.

2.1.2 Min Max Scaler

MinMaxScaler subtracts the feature’s minimum value from each value in the feature, then divides by
the range. The range is the difference between the maximum and least values at the start. The shape of the
original distribution is preserved by Min- Max Scaler. It has no effect on the information included in the
original data. The default range for the feature returned by MinMaxScaler is 0 to 1 (Tian & Chen, 2021).

All sensor values were inserted into the MinMaxScaler method and noisy data were eliminated based on the
means of features. After the elimination of 569 outlier data in Jupyter Notebook, remainder 53.563 readings
were used in modelling purposes. MinMaxScaler equivalent of some records is given Table 3.

Table 3

Min-max scaler equivalent of some records

Id Rain Ratio TNS NTC LDR uv Temp RH Precipitation
Class

1 0.041169 0.0 0.609342  0.990536 0.092227 0.605263 0.152778 0
640 0.050465  0.247688 0.609342 0.0 0.0 0.236842 0.833333 1
1010 0.034529  0.273381 0.607219 0.066246 0.0 0.157895 0.944444 2
16850  0.841965  0.346351 0.602972 0.366982 0.544137 0.394737 0.777778 3
47550  0.837981  0.417266 0.0 0.0 0.0 0.289474 0.833333 4
53563  0.830013  0.191161 0.755839 0.107256 0.050066 0.394737 0.263889 1
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Normalization calculation was made with the min and max values found. From the dataset, 0.1% of data
was removed that contradicted the means value of each sensor. Then, the models were developed.

2.2 Electronics Components Used In Device

Arduino microprocessor has been used primarily as a control card in order to enable the sensors, circuits
and other auxiliary materials. Arduino is an open source physical programming platform that includes an
Atmel AVR microcontroller and additional peripherals. It can perform basic input and output applications
using the Processing/wiring programming language, stands out with its features such as being open source,
easy to use libraries, and easy availability. In the study, Arduino Uno R3 board based on Atmega328
microprocessor was used.

The device has been developed by integrating Grove - UV ultraviolet sensor (SeeedStudio, Shenzhen,
China), (Figure 2.a), DHT11 temperature and humidity sensor (Aosong Electronic Co., Guangzhou,
China), (Figure 2.b), LDR light detection sensor (Robotistan, Basaksehir, Istanbul), (Figure 2.c), 100K
NTC thermistor (Shiheng Electronics, Nanjing City, China), Arduino rain sensor (Robotistan, Basaksehir,
Istanbul), (Figure 2.d), capacitive soil moisture sensor (DFRobot, Shangai, China), (Figure 2.e) and
SIM900 GSM/GPRS module (Elecrow, Shenzhen, China) to Arduino Uno R3 microcontroller (Arduino
LCC, Boston, Massachusetts, USA). The picture of the developed system in operation is shown in Figure 3.

(@ (®) O] (@ ®

Figure 2. Grove-uv sensor (a), temperature and humidity sensor (b), ldr sensor (c), rain sensor (d), soil
moisture sensor (e)
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A schematic representation of the data transfer and database management steps is given in Figure 4.

Uploading the software Defining the names of the Sending and distributing
libraries in the Arduino sensors as characters in the digital data to the URL
order to provide data address
transmission via the GSM
— B N— A N—— —
y \ 4
Identifying the characters and Determining USB and GSM Sending data packets to Ar-
pin numbers and converting bandwidth and defining the duino memory and naming
voltage values to temperature AT commands the data by dividing into
values columns

Figure 4. Data transfer and database development steps

2.3 Decision Tree

This method is a tool that approximates the goal functions and shows the learning function. A DT is
a descriptive and predictive model in tree view. This model helps the decision maker to consider which
factors to consider when making a decision, and to determine how each factor relates to the different
outcomes of the decision in the past. The DTs are widely used among data mining classification models
since they are cheap to set up in data mining, easy to interpret, easy to integrate with database systems, and
satisfactory reliability (Pal and Mather, 2003).

In order to create a classification tree, there is a feature that best determines the examples in the learning
set. With this feature, a branch and leaves of the tree are decomposed and a new sample set is created. From
the examples on this decomposed branch, a new determinant feature is found and new branches are created
(Covert and Thomas, 1991).

Entropy measurement is used to find the gain of information. Entropy is randomness, uncertainty, and
the probability of an unexpected occurrence. To calculate the information gain of a system, let’s say if S

contains records from Ci class i = (1, ... ,n), the information required to classify a record is calculated by

equation 2.1.

Information (s, s S,) = Zn (ﬁ) (lo (ﬁ)) 2.1
1,525+ Sn 1 \s 92\ .

Equation 2.2 is used to find the entropy of a variable A with the values (al, a2, ..., av) it can take as many
as(j=1,2,...,v).

(@) x Information (s{,S3, ..., Sp) (2.2)

v
Entropy (A) = z

j=1
The information gain obtained by branching the tree using variable A is found by equation 2.3.
Gain (A) = Information (s4,s3,...,S,) — Entropy(A) (2.3)

The Gini index assumes that all variables are continuous. The division is made over the variable with the
discrimination that gives the lowest gini index value that disrupts this continuity. If a data set T contains
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N records in n different classes, pi determines the relative frequency of class j in T and the Gini index is
calculated by equation 2.4.

Gini(T) = 1 - Y%, pp (2.4)

If the data set T1 and T2 are divided into two parts of size N1 and N2, respectively, the gini index is chosen
from the variable with the lowest separation according to equation 2.5.

. N . N .
GiNiseparation = Tl x Gini (T{) + TZ x Gini (T,) (2.5)

Within the scope of the study, the flow chart of the decision tree model is given in Figure 5.

Loading of panda and Selecting the rainfall class Dropping ID, Rain Ratio,

numpy libraries and colurqn fqr classification Rzipfall Class and Time
datazet | and displaying the columns attributes from the data set

4

Processing the decision tree Selection and spliting of

Showine the model <: model and fitting training <: training and test data
owing fhe mode and test data to the model

Figure 5. The flowchart of the decision tree

In the study, using the sklearn.model selection library, 80% of the whole data set was chosen as training
data and 20% as test data.

2.4 Artificial Neural Networks

The ANNSs process the incoming data, compare it with the previously trained information and calculate
how much the trained information and the incoming data correspond to each other. The success of the
system increases in direct proportion to the success of introducing the examples related to the subject or
problem. The networks are trained with pre-selected examples that have the characteristics of the problem
to be defined. The response of the system is then reviewed. Training continues until the desired accuracy
is reached. The networks increase their accuracy by using the information they learn not only during the
training phase but also when it is used (Dongare, Kharde & Kachare, 2012).

An ANN consists of three segments including input, hidden, and output layers. Input layer is the input
variables presented to model. Hidden layers are the collection of data processing units followed by vy,
output, layer. Data processing elements in the hidden layers process the data reaching the network and
provide the desired outputs. Results vary depending on the characteristics and weights of the data processing
units and their interconnections (Anitescu, Atroshchenko, Alajlan & Rabcezuk, 2019). This process can be
mathematically expressed and is found by equation 2.6.

y = fQE wixi+bw;x; +b) (2.6)

Where; wi is the weight vector, 1 is the number of the vectors (inputs), xi is the input vector, b is the bias, f
is the transfer function and y is the output.
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All models were developed in the Jupyter Notebook web-based Python program. Libraries run in DT
model are pandas, numpy, sklearn.model selection, DecisionTreeClassifier, sklearn.metrics, matplotlib
and seaborn packages. In the ANN deep learning model, 80% of the dataset as training, 10% as test, and
the remaining 10% as validation data was used. Libraries run in the ANN model are absolute import,
division, print_function, unicode literals, tensorflow, tensorflow.keras, sklearn.model selection, seaborn,
tf.keras.utils.to_categorical, tf.keras.Sequential, tf.keras.layers.Dense, tf.keras.losses.BinaryCrossentropy,
matplotlib packages.

3. Results and Discussion

The data obtained from the sensors were recorded temporally in Microsoft Excel format on the internet.
Noisy data was eliminated with data pre-processing steps on Excel, and then the data set was converted to
csv format. With this format, Decision Tree and Artificial Neural Networks models were created in the online
interface of Jupyter Notebook. In both methods, alternative models were created with different parameters.
The model with the lowest error between the dates of 14.01.2021-23.02.2021 and the combination including
all sensor data were finally selected. In addition, maximum depth success was tested according to the new
data sets in the study. The relationship between the data received from the sensors and the rain class outputs

is given in Figure 6.
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Figure 6. Relationship between sensor data and precipitation classes

As can be seen in Figure 6, the precipitation class mostly coincided with 0 and 4 classes during the
measurement period. The reason for this is that the device is sensitive to wet and dry conditions. Thus, it
will contribute to the determination of the precipitation intensity and later to increase the accuracy score in
the modelling phase.

For the Decision Tree Model, all attribute values are defined in variable X of the model, and rainfall class
values are defined in variable y, as provided in Table 1. The DT is formed as given in Figure 7.

X[2] <= 0.5
gini = 0.512
samples = 53563
value = [35792, 6916, 2177, 495, 8183]

class = y[0]
Try w‘lse
X[4] <=5.5 X[1] <= 29.5
gini = 0.709 gini = 0.402

samples = 8973
value = [1951, 2451, 994, 18, 3559]
class = y[4]

samples = 44590
value = [33841, 4465, 1183, 477, 4624]
class = y[0]

\

: I

gini = 0.692
samples = 5720
value = [1647, 2450, 994, 16, 613]
class = y[1]

gini = 0.366
samples = 43069
value = [33826, 3283, 1079, 472, 4409]
class = y[0]

gini = 0.371
samples = 1521

value = [15, 1182, 104, 5, 215]

class = y[1]

Figure 7. The schematic representation of the decision tree
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Gini represents the probability of occurrence of the class, sample values represent the number of samples,
and class represents the classification. The reason why the root of the tree starts from the 0 class in the
Figure 7 is that there is a precipitation parameter that corresponds to the 0 class at most in the data set.
The lowest gini values of the 0 and 4 classes in the leaves of the tree structure show that these classes are
correctly separated in the model according to their frequencies.

In comparing the classification algorithms included in the test set, the performance report is shown in Table
4. The performance of the Decision Tree model between precipitation forecast outputs and actual values is
compared. The resulting confusion matrix is given in Figure 8.

Table 4

Model report of decision tree

Accuracy Precision Recall F-1 Score Model Score =~ Cohen-Kappa
Score
0,94 0,98 0,97 0,97 0,96 0,99

As can be seen from Table 4, the performance indicators of the model, such as accuracy, precision recall
F-1 score and cohen score, all took high values between 0.94-0.99, showing that the model gave successful
results in classification.

o 7.1e+03
- 6000
- 13e+03
- 4500
F
S~
=
-3000
m ) ] 11le+02
- 1500
< q g 0 ' g -0
0 1 2 3 4
Predicted

Figure 8. The confusion matrix of the model

The performance of the Decision Tree model between precipitation predicted outputs and truth values is
compared. Precipitation forecasts in classes 0, 1 and 4 with the highest frequencies were also correctly
reflected in the confusion matrix metric, showing that the classification performance of the model was high.

ANN deep learning classification was made according to the classes in Table 1. Four hidden layers with
varying numbers of neurons were created. The number of neurons at each hidden layer and activation
functions of the layers are given in Figure 9. These parameters were selected based on trial and error
method. The combination of model parameters that yielded the best accuracy was selected.
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kernel (123x64)
bias (54)

InputLayer dense_3

Softmax

Figure 9. Neural network structure

In the fitting phase of the model, the epoch number of 100 and BinaryCrossentropy are chosen as the loss
function. In addition, the data were distributed in 32 groups. The relationship of training and validation data
to epoch and accuracy rates is shown in Figure 10.
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Figure 10. The relationship of training and validation values with accuracy and epoch number (a), The
relationship of training and validation loss values to accuracy and epoch number (b)

Epoch is the number of iterations during the training phase of the model. As can be concluded from Figure
10, around 100 epochs the accuracy of the model becomes consistent at 0.92. Obtained accuracies were
determined using test data. Comparison table with similar studies was given in Table 5.

Table 5

Comparison table with similar studies

Author Gagne, McGover. Huang, Lin, Young & Manandhar, Ortiz-Garcia, Shah, Garg,
& Xue (2014) Huang & Xing Liu (2015) Dev, Lee, Salcedo-Sanz Sisodiya,
2017 Meng & & Casanova- Dube &
Winkler (2019) Mateo (2014) Sharma (2018)

Dataset Center for Beijing Water The weather ~ Madrid-Barajas National
Analysisand Meteorological ~Resources station in International Centers for
Prediction of Information Agency, Singapore Airport Environmental
Storms (CAPS) Center Taiwan automatic Prediction
2010 SSEF system station
Year 2014 2014 2015 2019 2014 2018
Study Logistic K-nearest ANN Support Vector  Support Vector Random
Group Regression and neighbor Machine Machine Forest
(Model) Random Forest (KNN) (SVM) (SVM)
Accuracy 0.78 and 0.77 0.49 0.92 0.80 0.80 0.71
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As seen in Table 5, precipitation forecasts were made using different datasets and models. As a result of 6
studies, the highest accuracy was found to be 0.92 in Young & Liu (2015). When the said study and this
study were compared, the Decision Tree model, which had a higher model score, was found to be 0.96.

4. Conclusion

Developing sensor and artificial intelligence technologies provide many conveniences in agriculture
and environmental sectors as well as in other sectors. In this context, sensing environmental parameters
with sensors, processing and making them meaningful with artificial intelligence helps in solving many
agricultural problems. Agriculture is a production system that is largely dependent on natural conditions.
Therefore, it is vital to measure natural or environmental factors and store these measurements in a database.
The most important of these environmental factors are temperature, relative humidity and precipitation.
Another important issue in agricultural studies is the development of methods, models or systems that will
provide estimation of these environmental factors. In this study, a portable weather station is developed that
will measure the main climatic parameters affecting agricultural production systems, transfer these data
via wireless systems and store them in the cloud database. It is aimed develop a system and the database
working together and also low cost. In addition, meteorological data obtained from the developed prototype
system are evaluated in popular artificial intelligence models and precipitation forecasts are made. At the
end of the study, The DR score was 0.96 and the ANN score was 0.92. The obtained accuracies were reached
by using the test data. The results of the research revealed that both ANN deep learning and DT models can
predict precipitation using the aforementioned sensor data. It has been demonstrated that the devices and
models developed with this study can make precipitation predictions with high scores and instantly. In the
next stage, it is aimed to increase the number and quality of sensors in the developed system, to collect data
in a longer period and to make it more functional by integrating it with irrigation systems.
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Oz — Bu galisma, sulu gézeltilerden Ni(II) iyonlarinin uzaklastiriimast igin portakal kabugu atigmin
(PKA) deger-lendirilmesini anlatmaktadir. Adsorpsiyon verimi i¢in; pH, baslangi¢ metal iyon konsant-
rasyonu, temas siiresi ve sicaklik gibi farkli parametrelerin etkileri arastirildi. Ni (II) iyonu i¢in, en iyi
baslangi¢ konsantrasyonunun 150 mg/L, adsorpsiyon temas siiresinin 100 dakika ve ¢ozelti pH'min 6.27
oldugu sartlarin en uygun ¢alisma kosullar1 oldugu belirlendi. Portakal kabugu atiginin yiizey 6zellik-
leri, taramali elektron mikroskobu (SEM), enerji dagilimli spektroskopi ve Fourier doniisiimii kizilotesi
spektroskopisi (FT-IR) kullanilarak arastirildi. Sonuglar, izoterm verilerinin, kimyasal adsorpsiyona ve
islemin olas1 tersinmezligine karsilik gelen Langmuir izoterm modeline (Freundlich, Dubinin- Radus-
hkevich ve Temkin modelleriyle karsilastirildiginda) uydugunu gosterdi. Ni (II) igin adsorpsiyon kapa-
sitesi 298 K, 308 K ve 318 K'de sirasiyla 4.92, 5.90 ve 8.04 mg/g olarak hesaplanmistir. Adsorp-siyon
kinetik verileri sonucunda Ni (II) metal iyonunun kinetigi incelendiginde, (Yalanci birinci derece, Ya-
lanci ikinci derece, Weber- Morris ve Elovich kinetik modelleri) adsorpsiyonunun Yalanci ikinci derece
kinetik modele (pseudo-second-order) uydugu belirlendi. Termodinamik g¢aligmalar portakal kabugu
tizerinde Ni(I) iyonunun adsorpsiyonunun kendiliginden ve endotermik oldugunu gostermistir. Atik
portakal kabuklarinin, yiiksek uzak-lastirma kapasitesi, kolay bulunabilirligi, disiik maliyeti, kullanila-
bilir bir tarimsal atik olmasi, geri doniisiimii ve ¢evreye zarar vermemesi gibi nedenlerle sulu ortamdan
Ni(Il) iyonlarinin alinmasinda farkli adsorbanlarla kargilastirildiginda, etkili ve alternatif bir malzeme
oldugu goriilmiistiir.
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Abstract — This study describes the evaluation of orange peel waste (PKA) for the removal of Ni(II) ions
from aqueous solutions. The effects of different parameters such as pH, initial metal ion concentration,
contact time were investigated for adsorption efficiency. It was determined that the best initial Ni (II) ion
concentration was 150 mg/L, adsorption contact time was 100 min, and solution pH was 6.27. The sur-
face properties of the orange peel waste were investigated using scanning electron microscopy (SEM),
energy dispersive spectroscopy, scanning and Fourier transform infrared spectroscopy (FT-IR). The re-
sults showed that the isotherm data fit the Langmuir isotherm model, which corresponds to chemisorp-
tion and possible irreversibility of the process. The adsorption capacity for Ni (II) was calculated to be
4.92, 5.90 and 8.04 mg/g at 298 K, 308 K and 318 K, respectively. As a result of the adsorption kinetic
data, it was determined that the adsorption of Ni (II) metal ion fits the pseudo-second-order kinetic mod-
el. Thermodynamic studies showed that the adsorption of Ni(I) ion on orange peel is spontaneous and
endothermic. It has been seen that OPW is an effective and alternative material for the uptake of Ni (II)
ions from the aqueous medium due to its high removal capacity, availability and low cost.
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1. Giris

Diinya genelinde artan sanayilesme ve kentlesme ile birlikte agir metal kirliliginin artmasi insan
ve canli yasamini ciddi bir sekilde tehdit etmektedir (Riaz, Murtaza, Saifullah, ve Farooq. 2018).Bu
nedenle 6zellikle igme suyu kaynaklarinda, tarim topraklarinda, gida maddelerinde ve hatta atik sularda
agir metaller diizeyinde kisitlayici diizenlemeler getirilmistir. Bilinen uzaklastirma yontemleri arasinda
daha ucuz ve kullanigh olanlar tercih edilmektedir. Madencilik ve elektronik gibi bir¢ok endiistri,
yiliksek agir metal icerigine sahip atiklar iiretir. Bu endiistriyel atiklar genellikle su kaynaklarinin agir
metallerle kirlenmesinden sorumludur (Ofudje vd., 2017). Bazi metaller biyokimyasal faaliyetler i¢in
gerekli olmakla birlikte, Cu, Ni, Mn, Co, Pb, Cd ve Zn gibi baz1 agir metallerin fazlaligi ve hatta eser
seviyeleri insan, hayvan ve bitkilerin yasamini ciddi sekilde etkileyebilir (Ofudje, Williams, Asogwa
ve Awotula, 2013).

Sanayi sektoriindeki artis ayn1 zamanda agir metal iyonlarinin kullaniminda da artisa neden oldugundan,
agir metaller endiistriyel faaliyetlerle dere yatagi, akarsu, nehir gibi ortamlara belirtilen sinirin tizerinde
bosaltilmaktadirlar. Bu da su akintilarinin giin gectikce kirlenmesine yol agmaktadir (Manikandaraja
ve Senthilkumaran, 2014). Nikel, elektrokaplama, madencilik, aritma ve boya endiistrilerinde yaygin
olarak kullanilan toksik bir agir metal iyonudur. Asir1 dozda nikel insan viicudunda biriktiginde kronik
astim, prostat ve girtlak kanseri gibi tehlikeli saglik sorunlarina neden olur (Bhattacharyya ve Gupta,
2008; Yavuz, Altunkaynak ve Giizel, 2003). Agir metallerin atik sudan uzaklastirilmasi icin ¢esitli
yontemler arasinda kimyasal ¢okeltme, iyon degisimi, elektrokimyasal teknikler, membran filtrasyonu,
biyolojik islemler ve adsorpsiyon yer alir (Tiimsek ve Karabacakoglu, 2012). Adsorbat molekiillerinin
adsorban yiizeyinde biriktiginde meydana gelen fiziksel ve kimyasal olaylara dayanan adsorpsiyon
yontemleri, basta diisiik yatirnm maliyetleri, kolay ve yliksek uzaklastirma kapasiteleri, ¢cevre dostu,
dogal adsorbanlar kullanma olasiligi nedeniyle diger yontemlere gore bazi avantajlar sunar. Canli
organizmalar i¢in zararli olan agir metallerin atik sulardan uzaklastirilmasi i¢in ¢esitli adsorbanlar
gelistirilmistir (Tamjidi, Esmaeili ve Moghadas, 2019). Bu amagla, Zeolit, kil diatomit, bugday samant,
aktif karbon, montmorrillonit, atik biyokiitle vb. bircok dogal adsorban kullanilmaktadir (Bhatnagar ve
Minocha, 2010; Guiza, 2017; Hanif, Bhatti ve Hanif, 2009; Sales, de Melo Camargo, Aratjo, Carvalho-

Silva ve Signini, 2021).

Cevresel dogal tarimsal atiklarin agir metallerin uzaklastirilmasinda adsorban olarak kullanimi hem
maliyetlerinin diisiik olmasi, hem de ikincil atik olusturmamalart nedeniyle kullanim1 giinden giine
daha da artmaktadir. Diinyanin bir¢ok bolgesinde, 6zellikle Cin’de, portakal agaclarinin genis bir ekimi
vardir. Portakal meyve tiiketimi, tlim narenciye {iretiminin %75’ini olusturmaktadir (Lasheen, Ammar
ve Ibrahim, 2012). Bu, 6zellikle gelismekte olan iilkelerde ciddi bir atik sorununa neden olur. Ornegin,
2012 yilinda yalnizca Cin 32,7 milyon ton atiga neden olmustur (Abdelhafez ve Li, 2016). Sekil 1’de
gorildiigl gibi Portakal kabugu, adsorban materyal olarak uygun olan seliiloz, pektin (galakturonik
asit), hemiseliiloz, lignin ve ¢esitli diisiik molekiiler agirlikli hidrokarbonlari igermektedir (Husoon
Al-Azzawi, Al-Hiyaly, 2013). Pektin, birgok karboksil grubuna sahip galakturonik asit igeren hiicre
duvari polisakkaritidir ve ¢ift degerli katyonlara baglanma kapasitesine sahiptir (Schiewer ve Balaria,
2009).

Portakal kabugu atiklari, gidaisleme endiistrilerinden, meyve suyu liretim tesisleri ve evsel atiklardan, licretsiz
bir sekilde temin edilebilir. Bu nedenle adsorpsiyon ¢alismalarinda en ¢ok tercih edilen adsorbanlardan
biridir (Bhatnagar, Sillanpdd ve Witek-Krowiak, 2015). Ekonomik degeri ¢ok diisiik olan portakal kabugu
genellikle cevreye atilarak ¢evre kirliligine neden olur. Etkinligi, fiyati ve ¢evreye karst davranigi géz oniine
alindiginda su ortamindan metal ayirma i¢in alternatif bir adsorban olarak kullanilabilir. Karbonca zengin
tarimsal atiklar diizenli olarak depolanir ve agir metal iyonlarini atik sulardan uzaklastirmak i¢in adsorban
olarak kullanilirsa tarimsal atiklarin ekonomik degeri artacak ve bu atiklarin gevre kirliligi {izerindeki
olumsuz etkileri azalacaktir (Rafatullah, Sulaiman, Hashim ve Ahmad, 2010).

Bu c¢alismada, sulu ¢ozeltilerden Ni (II) iyonlarinin uzaklastirilmasinda etkili bir adsorban olarak atik
portakal kabugunun kullanilabilirligi arastirilmigtir. Baslangi¢ metal iyon konsantrasyonu, ¢ozelti pH’1,
temas siiresi ve sicaklik gibi calisma degiskenlerinin portakal kabugu tarafindan metal iyonlarinin
uzaklastirilma kapasitesi iizerindeki etkisi arastirildi. Adsorpsiyon kapasitesi, denge izoterm, kinetik ve
termodinamik parametreler degerlendirilerek belirlendi.
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Sekil 1. Portakal Kabugu yapisinda bulunan bazi molekiiller A. Seliilloz B. Hemiseliiloz C. Pektin D. Lig-
nin (Sun, Sun, Fowler ve Baird, 2005; Valenzuela, Jones ve Agrawal, 2000).

2. Materyal ve Yontem
2.1. Portakal Kabugu

Calismada kullanilan portakal kabugu atiklar1 Tiirkiye’nin Antalya bolgesindeki market ve pazarlardan
rastgele alinmistir. Toplanan atik portakal kabuklar1 6nce saf su ile yikanip kurutulduktan sonra 6giitiiciide
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ince toz haline getirilerek 100 mikronluk elekten gegirilmistir. Hazirlanan portakal kabugu atiklart hi¢bir
kimyasal isleme tabi tutulmadan deneylerde kullanilmistir.

2.2. Adsorbat Cozeltileri

Calismada kullanilan tiim kimyasallar Merck ve Sigma Aldrich’ten temin edilirken Ni(NO,),-6H,0 Sig-
ma Aldrich’ten temin edilmistir. Adsorpsiyon ¢aligmalarinda kullanilacak farkli konsantrasyonlardaki met-
al iyon gozeltileri igin gerekli miktarda Ni(NO,),-6H,O distile suda ¢oziilerek hazirlanmigtir. Cozeltilerin
pH’10.1 M NaOH ve 0.1 M HCI ¢ozeltileri kullanilarak ayarlandi.

2.3. Seri Calismalar

Adsorpsiyon deneyleri, 100-1000 mg/L konsantrasyon araliginda 25 mL ¢6zelti kullanilarak 100 rpm ka-
ristirma hizinda 250 mL konik siselerde gergeklestirilmistir. Adsorpsiyondan sonra karisimin siiziilerek, sivi
ortamda kalan Ni(Il) iyonu atomik absorpsiyon spektrofotometresi (AAS) kullanilarak belirlendi. AAS ile
6l¢lim yapilmadan 6nce 100-500 mg/L derigim araliginda standart Ni(Il) ¢ozeltileri ile AAS’de dl¢limler ya-
pilarak cihaz ayarlandi. Yapilan bu 6n islemden sonra derisimi bilinmeyen numunelerin 6l¢iimii yapildi. Ger-
¢eklestirilen bu islem sonucunda derisimi belli olan standartlara karsi Ni(Il) ¢ozeltierinin derigimi belirlendi.

Dengede PKA iizerinde adsorbe edilen Ni(Il) iyonlarinin miktari, qe(mg/g), asagidaki Denklem 2.1 ile
hesaplandi:

Ci— Ce

qe=—,—V (2.1)

Burada C, ve C_(mg/L) sirastyla Ni(II) iyonunun baslangi¢ ve denge konsantrasyonu, V (L) metal iyonlart
¢ozeltisinin hacmive W(g) PKA kiitlesidir.

2.3.1. Ni (IT) iyonlarlmn Baslangi¢c Konsantrasyonunun Adsorpsiyon Uzerindeki Etkisi

Baglangi¢ konsantrasyonunun adsorpsiyon iizerine etkisi ile ilgili yaptigimiz literatiir taramasinda kulla-
nilan adsorban miktarlar1 genellikle farklilik gostermektedir. Ornegin bis (hidroksietil) tereftalatta renk-
lendiricilerin etkili bir sekilde uzaklastirilmasi i¢in 0.1 g iyon degistirici re¢ineler adsorban kullanilmisken
(Huang vd., 2021) yapilan farkli bir ¢alismada ise bazi agir metallerin uzaklastirilmasinda 1 g kaolin ad-
sorban olarak kullanilmistir (Yavuz vd., 2003). Literatiirdeki bu ¢alismalardan yola ¢ikarak ¢aligmamizda
bu degerlerin arasinda bir deger olan 0.5 g adsorbanla ¢alistik. Bu islem i¢in; 100 ile 1000 mg/L arasinda
degisen konsantrasyonlarda 25 mL Ni(Il) metal iyonu ¢ozeltileri almarak 0.5 g portakal kabuguna ilave
edildi (De Souza vd., 2012) ve bir ¢alkalayicida 298, 308 ve 318 K’de 120 dakika calkalandi. Daha sonra
adsorplanmadan kalan metal iyonu miktar1 Atomik Absorpsiyon Spektrofotometresi kullanilarak Slgiildi
ve birim kiitle bagina adsorbe edilen Ni(II) iyonu miktart Denklem 2.1 kullanilarak hesaplandi. Bu sekilde,
maksimum adsorpsiyonun meydana geldigi optimal baslangi¢ Ni(Il) iyon konsantrasyonu belirlendi.

2.3.2. Temas Siiresinin Adsorpsiyona Etkisinin Belirlenmesi

Calkalama stiresinin etkisini belirlemek i¢in deney 10-120 dakikalik bir zaman araliginda gergeklestirilmistir.
Dogal pH’1 6.27 olan 25 mL 150 mg/L Ni(Il) iyon ¢ozeltisi alindi ve 0.5 g PKA {izerine ilave edildi. 10
dakikalik araliklarla alinan numunelerde adsorbe edilmemis halde kalan Ni(II) iyon konsantrasyonlart AAS
cihaz ile 6l¢tilmistiir. Elde edilen verilerle adsorbe edilen miktar (qe) hesaplanarak, doygunluga ulasilan
adsorpsiyon siireleri belirlenmistir.

2.3.3. Adsorpsiyona pH’1n etkisi

Sifir yiik noktas1 (PZC), adsorban yiizeyinin nétr bir yiike sahip oldugu pH olarak tanimlanir. Bu calis-
mada, PZC’yi belirlemek i¢in 0,5 g PKA (30 °C), farkli baslangic pH degerlerinde (1.93, 3.04, 3.98, 4.95,
5.93, 6.96, 8.04, 9.07, 9.95 ve 11.22) hazirlanan 50 mL ¢ozelti ile karistirtlmistir. HC1 ve NaOH ¢ozeltileri
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kullanilarak ¢dzeltinin iyonik giicti 0.1 mol/L KCI eklenerek degistirildi. Dengeye ulastiktan sonra (24
saat), son pH degeri 6l¢iildii, bu verilere dayali olarak, son pH’a kars1 ilk pH grafigi ¢izilerek son pH sabit
degerine karsilik gelen PZC’nin pH’1 belirlendi (Guilarduci, Mesquita, Martelli ve Gorgulho, 2006).

pH’1n adsorpsiyon kapasitesi tizerindeki etkisini incelemek i¢in 0.5 g PKA iizerine 25 mL 150 mg/L Ni(II)
iyon ¢ozeltisi eklenmis ve pH=2 ile pH=7 arasinda deneyler yapilmistir. Belirlenen optimum ¢alkalama
siireleri i¢inde calkalandiktan sonra AAS cihazi ile adsorbe edilmemis metal iyonlarinin konsantrasyonlari
belirlendi. Elde edilen verilerle adsorbe edilen miktar (qe) hesaplanmis ve doygunluga ulastigi optimum pH
degeri belirlenmistir. Istenilen pH degeri, HC1 ve NaOH ¢ozeltileri ile ayarlanmustr.

2.4. Adsorban karakterizasyonu

PKA’da bulunan farkli fonksiyonel gruplari tanimlamak ve PKA’ya Ni(Il) iyonunun baglanmasindan
hangi gruplarin sorumlu oldugunu belirlemek i¢in Fourier transform IR spektrometrisi (FTIR) analizi kulla-
nild1. Yiizey morfolojisi ve temel analiz, taramali1 elektron mikroskobu (SEM) JEOL (model JISM-6010LA)
ile enerji dagilimli X-1511 spektroskopisi (EDS) kullanilarak incelenmistir.

3. Sonuglar ve Tartisma
3.1. Adsorpsiyon Oncesi ve Sonrasi Adsorbanin Karakterizasyonu
3.1.1. SEM/EDS ve Spesifik Yiizey Alan1 Analizi

Adsorban malzemenin ylizey morfolojisi, uzaklagtirma islemi sirasinda yiizey degisikliklerini gozlemle-
mek i¢in taramali elektron mikroskobu ile incelenmistir. Sekil 2(A) malzemenin adsorpsiyondan énceki SEM
mikrograflari, diizensiz ve agisal sekillere ve genis bir boyut aralifina sahip iyi tanimlanmis pargaciklarin
varhigini gostermektedir. Ni(Il) alimindan sonra, PK A’nin morfolojisi biraz degisti ve daha biiyiik kristall-
er iizerinde dagilmis kiiciik topaklanma meydana gelmistir, bu da Ni(Il) adsorpsiyonu i¢in Sekil 2(B)’de
gosterildigi gibi yiizeyde yeni kimyasal tiirlerin olustugunu gosterir. PKA yiizeyindeki bu yeni doku, metal
iyonlarinin sulu ¢ozeltilerden uzaklastirilmasi sirasinda bir ¢ziinme-¢okelme mekanizmasinin gergeklestigi-
ni gostermektedir (De Angelis, Medeghini, Conte ve Mignardi, 2017).

Element wt%  Atomik %

1c G 5071 58.02
0K 4859 4174
o Cak 070 024
|
cl0.’.:|

Ak

Element wt%  Atomik %

CK 5341 60.50
{ 0O K 45.24 38.72
“la Cak 0.60 0.21
Ni K 0.75 0.17

i _ e N

Sekil 2. PKA’nin SEM mikrografi ve EDS’si: a) adsorpsiyondan dnce b) adsorpsiyondan sonra
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3.1.2. FTIR analizi

FTIR spektrumlari, portakal kabugu yiizeyinde, metal iyonlariin adsorbana baglanmasindan sorumlu
karbonil, amin, amid, hidroksil gibi potansiyel adsorpsiyon bolgelerini belirlemek igin kullanildi. FTIR
spektrumlari, Sekil 3’te gosterildigi gibi, Ni(II) adsorpsiyonundan dnce ve sonra kaydedildi. PKA, 3284
cm de O-H titresimleri olarak tanimlanan tepe noktast olan farkli fonksiyonel gruplar gosterirken, 2925
cm’ tepe noktasi, Alkanlar grubu (-CH) gerilmesi olarak tanindi. 1635 cm™ tepe noktasi, karbonil(C=0)
gruplariin gerilmesidir. 1014 cm-1’de gosterilen pik, esterlerin ve karboksilik asit gruplarinin C-O bagina
atifta bulunulabilir (Ofudje, Williams, Asogwa ve Awotula, 2013). Ni(Il) iyonlarinin alinmasi iizerine, bu
fonksiyonel gruplarin olasi katilimini gdsteren tepe konumlarinda kaymalar gdzlemlendi. Ornegin, 2925
ve 1014 cm™ de goriilen pikler sirasiyla 2918 ve 1012 cm™! e kayarken, 3284 ile 1635 cm™! deki pikler ise
sirastyla 3298 ve 1645 cm™! seklinde kayma meydana gelmistir.

1 P,

:PEI_-".:-.‘?}I. ek ____.-____,.f'--" = “-'ﬁ"‘.‘_
\ : il \ -
I P’ b T -
3198 \ » e
1645 hY
| o
1 | .
E | '-.\.. Yy
% :Pijf._-\." \ - ™ —_
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Sekil 3. PKA ve PKA-Ni’in FTIR spektrumlari

3.2. Seri Deneyler
3.2.1. Baslangic Konsantrasyonun Etkisi

(Cozeltinin baslangi¢ konsantrasyonu adsorpsiyon iglemi {izerinde 6nemli bir etkiye sahiptir. Bu ¢aligmada,
kinetik parametrelerin, adsorpsiyon siiresi ve baslangi¢c konsantrasyonunun fonksiyonu olarak adsorpsiy-
on oranlarinda olast degisiklikler gosterdigi diistiniilmektedir (Lopes, Dos Anjos, Vieira ve Cestari, 2003;
Vargas, Cazetta, Kunita, Silva ve Almeida, 2011). Bu etkiyi belirlemek i¢in; 100 ile 1000 mg/L arasinda
degisen konsantrasyonlarda 25 mL Ni(II) metal iyonu ¢ozeltileri alinarak 0.5 g portakal kabuguna ilave
edildi ve bir ¢alkalayicida 298, 308 ve 318 K’de 120 dakika siireyle ¢alkalandi. Daha sonra adsorplan-
madan kalan metal iyonu miktar1 Atomik Absorpsiyon Spektrofotometresi kullanilarak 6l¢iildii. PKA ile
sulu ¢ozeltiden uzaklastirilan metal iyonlarinin miktarina baglangi¢ konsantrasyonunun etkisi Sekil 4’te
gosterilmektedir. Metal iyon ¢dzeltisinin konsantrasonu arttikga Ni(Il) iyonlarinin adsorpsiyonu belli bir
derisime kadar artarken sonrasinda sabit kaldig1 goriilmiistiir. Bu muhtemelen, PKA’nin aktif bolgelerinin
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Ni(Il) iyonlariyla doygunluga ulagmasindan dolayidir (Mondal, Janardhan, Meena ve Biswas, 2017). Sekil
4’te de goriildiigii gibi, 298, 308, 318 K’de adsorplanan metal iyonu derisimi sirasiyla 82.55, 85.07 ve 93.73
mg/L olarak belirlenmistir. Bu durum sicakligin artmasiyla adsorsiyonun arttigini gosterir. Elde edilen bu
verilere dayanarak ¢caligmanin bundan sonraki asamalarinda 150 mg/L Ni(Il) iyon ¢6zeltisi ile ¢alisilmistir.
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Sekil 4. PKA ile Ni (II)’nin uzaklastirilmasinda baslangi¢c konsantrasyonunun etkisi (0.5 g adsorban kiitle,
C,= 100 -1000 mg/L ve V =25 mL)

3.2.2. pH’1n Adsorpsiyon Uzerindeki Etkisi
PZC, bir yiizeydeki elektrik yiikii yogunlugunun sifir oldugu durumu tanimlar ve adsorban yiizey

yiikiiniin agirlikli olarak pozitiften negatife degistigi pH’1 kontrol etmek i¢in belirlenir. Portakal kabugu nu-
munelerinin adsorpsiyon kapasitesi, iyon degisimi ve fiziksel adsorpsiyon ile ilgilidir (Ilhan, Cabuk, Filik
ve Caliskan, 2004). Bu mekanizmalar genellikle, adsorpsiyon siirecini etkileyen pH degisimi ile degistir-
ilebildikleri sulu bir ortamda metal tiirlerini yakalayip tutabilen yiizey gruplarini igerir (Aksu ve Isoglu,
2005). Bu nedenle, portakal kabugunun asit-baz davranigina iliskin bir 6n ¢alisma, PZC tayini yoluyla

gerceklestirilmistir Sekil SA.

PZC pH degeri 3.66 olarak bulundu. PZC’den daha diisiik pH degerlerinde ¢ozeltiler i¢in, adsorban genel
olarak pozitif yiizey yiikleri ve daha yiiksek pH degerlerinde yiizey yiikleri negatif olacaktir (De Souza
vd., 2012). PKA i¢in, cogunlukla PZC’nin pH 5.0’1n altinda oldugu goézlemlendi ve pozitif metal iyonlarini
agirlikh olarak ¢eken negatif ylizey yikleri gosterdi.

Cozeltinin pH’1, metal iyonlarimin ¢oziiniirliigii ve adsorpsiyon islemi iizerinde dnemli bir etkiye sahip-
tir. PKA ile sulu ¢ozeltiden uzaklastirilan metal iyonlarinin miktaria ¢6zelti pH’inin etkisi Sekil 5B’de
gosterilmektedir. Metal iyon ¢ozeltisinin pH’1 azaldik¢a Ni(II) iyonlarinin adsorpsiyon miktar1 azalir. Bu
muhtemelen, PKA’nin aktif bolgeleri i¢in Ni(I) iyonlariyla rekabet eden diisiik pH’ta fazla H+ iyonlarimin
varligindan kaynaklanmaktadir. Yiiksek pH’da adsorpsiyon verimindeki azalma, esas olarak ¢oziiniir hi-
droksil komplekslerinin olusumundan kaynaklanmaktadir (Vimala ve Das, 2009). Bu islem i¢in, 0.5 g PKA
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tizerine 25 mL 150 mg/L Ni(Il) iyon ¢ozeltisi eklenmis ve pH=2 ile pH=7 arasinda yapilan deneyler so-
nucunda adsorpsiyon kapasitesinin 3.49 ile 4.12 mg/g arasinda degistigi hesaplanmistir. Komplekslerin
olusumunu dnlemek i¢in tiim deneyler, 6.27°lik dogal ¢ozelti pH’inda gerceklestirilmistir.

pHin pH
Sekil 5. A) PKA sifir yiik noktasi (PZC) karakterizasyonu. B) PKA ile Ni (II)'nin uzaklastiriimasinda pH’1n
etkisi, pH 2.0-7.0 (0.5 g adsorban kiitle, C/ = 150 mg/L ve V = 25 mL)

3.2.3. Temas Siiresinin Etkisi

Adsorpsiyon ¢aligsmalarinda 6nemli parametrelerden biri, adsorban ile ¢6zeltideki metal iyonlari arasindaki
temas siiresidir. PKA ile Ni(II) giderimi {izerine temas siiresinin etkisi Sekil 6’da gosterilmistir. Adsorpsiy-
on, 150 mg/L Ni(II) ¢ozeltisi ve 0.5 g adsorban alinarak optimum pH’da ve 298, 308, 318 K sicakliklarda
gerceklestirilmistir. Sekil 6’da gortildigl gibi 10-120 dakikalik bir zaman araliginda elde edilen verilerle
ge grafiginin zamana kars1 grafigi ¢izilerek denge siiresinin 100 dakika oldugu belirlendi. Ni(Il) giderimi
baslangigta 100 dakikaya kadar diizglin bir artis gosterdi. Adsorpsiyon siiresinin artmastyla Ni(II) iyon-
larinin uzaklastirilmasindaki artigin 100 dakika sonra sabit kalma egiliminde olmasinin nedeni mevcut
alanlarin doygunlugundan kaynaklanmaktadir (Li, Zhang, Sheng ve Qing, 2018). Sekil 6’da, 150 mg/L
baslangi¢ konsantrasyonunda 298, 308, 318 K calisma sicakliklarinda dengede tutulan Ni(Il) iyonlarmin
miktar1 sirastyla 4.13 mg/g, 4.23 mg/g ve 4.69 mg/g olarak belirlenmistir.
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Sekil 6. PKA ile Ni (II)' nin uzaklastirmasi lizerine temas siiresinin etkisi (0.5 g adsorban kiitle, C, = 150
mg/L, V=25mL ve pH = 6.27)
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3.2.4. Kinetik Calismalar

Portakal kabugu atig1 tizerine Ni(I) iyonlarinin adsorpsiyonunda zaman ve hiz sinirlayici adimin etkis-
ini belirlemek i¢in ¢esitli kinetik modeller kullanildi. Bunlar; yalanci birinci derece, yalanci ikinci derece,
Elovich ve Weber-Morris kinetik modelleridir. Lagergren’in yalanci birinci dereceden denklemi Denklem
3.1 asagidaki gibi ifade edilir (Guo ve Wang, 2019).

In (qe — q) = Inqe — kqt (3.1)

Burada q, ve q, (mg/g) sirasiyla dengede ve t zamaninda adsorbe edilen miktarlardir. k, (dak™") yalanci
birinci dereceden hiz sabitidir. k, sabiti ve qe degeri, In(q, — q,) ve t arasindaki grafigin egim ve kaydirma
degerinden hesaplanir.

Ho-McKay’in yalanci ikinci mertebeden denklemi asagidaki Denklem 3.2°deki gibi ifade edilir.

t t 1

E - q_e + k2(qe)2 (32)

Burada, k, (g/mg-dak) yalanci ikinci dereceden hiz sabiti ve qe denge adsorpsiyon kapasitesidir. q, degeri
ve k, sabiti, t/qt - t grafiginin egim ve kayma degerinden hesaplanir (Ho ve McKay, 1998).

Elovich denklemi Denklem 3.3’teki gibi ifade edilir.

qc = 3In(ap) +;Int (3.3)

Burada o (mg/g.dak.) baglangi¢ sorpsiyon hizidir ve B (g/mg) kimyasal adsorpsiyon aktivasyon enerjisi
ve ylizey kaplamasi ile ilgilidir. 1/ B, serbest adsorpsiyon bolgelerini temsil eder; grafik qt’ye karsi Int’dir
ve genel Elovich denklemi adsorpsiyonda kimyasal absorpsiyonu tanimlar (Wu, Tseng ve Juang, 2009a).
Parcacik ici difiizyon (Weber-Morris) kinetik modeli Denklem 3.4’te oldugu gibi ifade edilir (Abukhadra
Dardir, Shaban, Ahmed ve Soliman, 2018).

q: = kqt®> +C 3.4)

Burada Kd (mg/g.min®%) reaksiyon hiz sabiti, C ise olusan sinir tabakasinin kalinligina bagli olarak elde
edilebilecek kesisim noktasidir. Weber-Morris modeline (Wu, Tseng ve Juang, 2009b) gore, Kd, qt’ye
kars1 t*° grafiginin egiminden hesaplanir ve C, kesisme noktasindan hesaplanir (Sekil 7C). Grafikle-
rdeki egriler tam olarak dogrusal degildir ve baslangi¢c noktasindan sapmistir. Bu, adsorpsiyon islem-
inin iki farkli adimda gergeklestigini gosterir. Ilk adimda yiizey adsorpsiyonu (sinir tabakasi etkisi)
gerceklesirken, ikinci adimda partikiil i¢i veya gozenek diflizyonu ger¢eklesir (Kumar ve Gaur, 2011).
Ilk asamadaki diiz ¢izginin Sekil 7°deki grafikte baslangi¢ noktasindan gegmemesi, PKA tarafindan
Ni(II) metal iyonlarinin adsorpsiyonunda partikiil i¢i difiizyonun tek kontrol adimi olmadigini gos-
termektedir (Wu, Tseng ve Juang, 2009b). iyonlarin adsorban yiizeye dogru hareketliligini varsayan
partikiil i¢i diflizyon modeline gore, Ni (II) i¢in Kd degeri 298, 308 ve 318 K’te sirastyla 0.15, 0.12
ve 0.09 mg/g.dak’s olarak hesaplanmistir. Ayni ¢aligma sartlarinda Ni(IT) i¢in C parametresi sirasiyla
2.55, 3.09 ve 3.69 mg/g’dir. C degeri, hiz sinirlayict adimi 6nemli 6lgiide etkileyen sinir tabakanin
kalinligim gosterdiginden, C degeri daha biiyiik oldugunda dis kiitle transferine kars1 bir direng olma
olasilig1 vardir.
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Sekil 7. PKA iizerinde Ni(Il) adsorpsiyonu i¢in (A) Yalanci birinci derece (B) Yalanci ikinci derce (C)
Weber- Morris (D) Elovich modeli grafikleri (0.5 g adsorban kiitle, C; = 150 mg/L ve V =25 mL)

Ni (II)’in PK A iizerine adsorpsiyonu i¢in kinetik parametreler Tablo 1’de gosterilmektedir. R? belirleme kat-
sayisinin disiik degerleri ve q,_ . ve q, ., arasindaki fark yalanci birinci dereceden, partikiil i¢i difiizyon
ve Elovich modellerinin bu ¢alismada kullanilan katyonlarin adsorpsiyonunu agiklamak i¢in uygun ol-
madigin1 gosterir. Ote yandan, deneylerle belirlenen degere yakin teorik adsorpsiyon kapasitesi ve nispeten
yiiksek R? degerleri, yalanci ikinci dereceden modelin PKA tarafindan metal katyonlar1 adsorpsiyonunun
kinetigini tatmin edici bir sekilde tanimladigini gosterir. Hesaplanan k, Ni (II) degerleri sicaklik 298”den
318 K’ne yiikseldikge artar ve bu da etkilesimlerin sicakliga bagl oldugunu gosterir.

Yalanc1 ikinci dereceden model tarafindan iyi temsil edilen iyon metallerinin benzer bir adsorpsiyon kinetigi,
diger adsorbanlarda da gozlenmistir. Bu ¢alismalara demir oksit kapli yumurta kabugu tozu tizerine Cu (II)
(Ahmad ve Kumar, 2012), ve Na ile aktiflestirilmis Misir bentoniti tizerinde Pb(II), Cd(IT) ve Ni(Il)'nin ¢cok
bilesenli adsorpsiyonu (Taha, Shreadah, Ahmed ve Heiba, 2016) drnek olarak verilebilir.

Tablo 1; adsorpsiyonun reaksiyon hiz sabitlerinin (k,) sicakliktaki artigla arttigim gostermektedir ve bu
degerler, lineerlestirilmis Arrhenius denklemi Denklem 3.5 ile aktivasyon enerjisi Ea (J/mol)’y1 belirlemek
icin kullanilmigtir. Bu denklemde, A Arrhenius iistel faktorii, R gaz sabiti ve T (K) ¢6zeltinin sicakligidir.
Aktivasyon enerjileri, Arrhenius grafiginin (Ink,’ye kars1 1/ T) diiz ¢izgilerinin egimlerinden (-Ea / R) ko-
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layca belirlenebilir. PKA iizerinde Ni (II) adsorpsiyonu i¢in Ea’nin sonucu 22.47Kj/mol’dir. Adsorpsiyon
siirecinin dogasi dikkate alindiginda, zayif kuvvetler baskin oldugundan fiziksel sogurma i¢in aktivasyon
enerjisi 4,2 Kj/mol’den daha azdir (Taha, Shreadah, Ahmed, ve Heiba, 2016). Ote yandan, kemisorpsiyonda
yer alan daha giiclii kuvvetler, aktive edilmis islemler icin 8.4 ile 83.7 Kj/mol arasinda aktivasyon enetjisi
degerlerine yol acar. Bu nedenle, bu ¢alismada hesaplanan Ea degerleri, PKA {izerindeki metal iyonlarinin
adsorpsiyonunu kontrol eden ana olay olarak aktiflestirilmis kemisorpsiyon oldugunu gostermektedir. Ek
olarak, Ea’nin pozitif degeri, sicakliktaki artisin adsorpsiyonu destekledigini gostermektedir.

Ea
Ink, = InA — o (3.5)
Tablo 1

Ni (IT)’in farkli sicakliklarda PKA iizerine adsorpsiyonu i¢in kinetik parametreler.

Yalanci Birinci Derece Modeli Yalana ikinci Derece Modeli
(K) Dogru denklemi R? k, Ingm Dogru denklemi  R? k, qm
298 y=-0.0336x+0.6638 0.62 0.03 0.66 y=0.2283x+1.6959 0.99 0.03 4.38
308 y=-0.0214x-0.0302 0.36 0.02 -0.03  y=0.225x+1.255 099 0.04 444
318 y=-0.0166x-0.2144 0.19 0.01 -0.21  y=0.2089x+0.8224 0.99 0.05 4.78

Weber- Morris(intrapartikiil Difiizyon) Modeli Elovich Modeli

Dogru denklemi R? K, C Dogru denklemi R* f o
298 y=0.1569x+2.5515 0.93 0.15 2.55 y=0.5205x+1.6956 095 192 13.53
308 y=0.1125x+3.0978 0.97 0.12 3.09 y=0.3646x+2.5185 0.95 2.74 364.51

318 y=0.0925x+3.6942 0.92 0.09 3.69 y=0.3053x+3.1958 094 3.27 10736.15

3.2.5. Denge Calismalari

Atik portakal kabugunun denge davranigini arastirmak i¢in Langmuir, Freundlich, Temkin ve Dubi-
nin-Radushkevich izoterm modelleri kullanilmistir. Izoterm modelleri, adsorban malzemenin yiizey
Ozelliklerini ve adsorban tarafindan adsorbe edilen adsorbat miktari ile ¢ozeltide adsorbe edilmeden kalan
adsorbat miktar1 arasindaki iligkiyi ifade eder (Foo ve Hameed, 2010). Langmuir izoterm modeli, PKA
tizerinde Ni(Il) iyonlarinin tek tabakali adsorpsiyonuna dayanmaktadir. Langmuir adsorpsiyon izoterminin
lineer formu Denklem 3.6’de verilmistir.

C 1 C
—= (3.6)

qe qmax.Kj, qmax

Bu denklemde; q, (mg/g); birim kiitle bagina adsorbe edilen metal iyonlarinin miktari, Ce (mg/L); denge
aninda ¢ozeltide bulunan metal iyon derisimi, q_ (mg/g); maksimum adsorpsiyon kapasitesi, K, (L/mg);
baglanma bolgelerinin afinitesine ve adsorpsiyon enerjisine kargilik gelen ampirik sabittir. K, ve q__ degeri,
Ce/qe ve Ce arasindaki grafigin egim ve kaydirma degerinden hesaplanir.

Freundlich izoterm modeli, ¢ok katmanli adsorpsiyon, adsorban yiizeyinin heterojenligi ve adsorban ile
adsorbat arasindaki molekiiler etkilesimleri dikkate alir. Freundlich izoterm modelinin lineer formu asagida
verilen Denklem 3.7 ile ifade edilir.

logge = logks + (1/n) logce (3.7)
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Bu denklemde; q, (mg/g); birim kiitle bagina adsorbe edilen metal iyonlariin miktari, C_(mg/L); dengede
¢ozeltide kalan metal iyon konsantrasyonu, K, ve n sirastyla adsorpsiyon yogunlugunu ve adsorpsiyon
kapsitesini gosteren Freundlich sabitleridir.

Dubinin-Radushkevich izoterm modeli, adsorpsiyonun homojen ve heterojen yiizeylerde meydana gelebi-
lecegini 6ngorerek fiziksel ve kimyasal adsorpsiyonun ayirt edilmesini saglar (Nguyen ve Do, 2001). Bu
model Denklem 3.8 ve 3.9°da verilmistir.

Inq, = In‘hnax_KDRg2 (3.9)

€ =RTIn(1+ Cie) (3.9)

Burada K ;, Dubinin-Radushkevich sabitidir, ge dengede adsorbe edilen maksimum adsorbat miktaridir,
gm (mg/g) maksimum adsorpsiyon miktaridir, € Polanyi potansiyelidir, R gaz sabiti ve T sicakligi (K) ifade

eder.

Temkin izoterm modeli, tim molekiillerin adsorpsiyon isisinin artan yiizey kaplamasi ile lineer olarak
azaldigini varsayarak, heterojen sistemlerde adsorban-adsorbat etkilesimlerini hesaba katar (Wu vd., 2016).
Ek olarak, maksimum baglanma enerjisine kadar diizglin bir baglanma enerjisi dagilimi Temkin modelini
karakterize eder. Bu 6zellikler, Denklem 3.10’da verilen matematiksel modelde maksimum baglanma ener-
jisine karsilik gelen denge baglanma sabiti AT (L/mg) ve adsorpsiyon 1sisiyla ilgili bT (J/mol) ile temsil
edilir.

RT
e = br +1In (ArCe) (3.10)

Langmuir, Freundlich, Dubinin-Radushkevich, Temkin izoterm modellerinin adsorpsiyon denge verileri
Sekil 8’de gosterilmistir. Bu 4 farkli izoterm modelinin hesaplanan parametreleri de Tablo 2’de listelen-
mistir. R? degerleri karsilastirildiginda, Langmuir modeli, PKA {izerinde Ni(IT) adsorpsiyonu i¢in en uygun
izoterm modelidir. Bu modelin uygunlugu ayn1 zamanda islemin kimyasal adsorpsiyonunu ve olas1 tersin-
mezligini de dogrular. Ni(II)’nin PKA tizerindeki Langmuir maksimum adsorpsiyon kapasitesi 298, 308 ve
318 K’de sirasiyla 4.92, 5.90 ve 8.04 mg/g olarak belirlenmistir. Bu, tek katmanli bir kaplamaya karsilik
geldi. Bu 6zellik, PKA’nin Ni(II) iyonu i¢in iyi bir adsorpsiyon kapasitesine sahip oldugunu gosterir.

Tablo 2

Ni(II) iyonlariin PKA {izerine adsorpsiyonu i¢in izoterm parametreleri.

izoterm modeli Sabitler 298 K 308 K 318K
K, (L/mg) 0.02 0.02 0.01
Langmuir q,,-(Mmg/g) 4.92 5.90 8.04
R 0.96 0.95 0.95
n 2.35 2.10 1.78
Freundlich K, 0.47 0.45 0.34
R? 0.77 0.85 0.91
A, (L/mg) 0.21 0.17 0.11
Temkin b, (J/mol) 2197.21 1747.11 1386.52
R? 0.81 0.86 0.94
K, » 5.10° 7.10° 6.10°
Dubinin-Radushkevich E (kj/mol) 10 8.45 9.12
R? 0.81 0.95 0.93
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Sekil 8. (A) Ni (IT) adsorpsiyon konsantrasyonunun PK A iizerindeki etkisi. (B) Langmuir izoterm grafikleri;
(C) Freundlich izoterm grafikleri; (D) Dubinin- Radushkevich izoterm grafikleri; (E)Temkin izoterm
grafikleri (0.5 g adsorban kiitle, C; = 50 - 300 mg/L ve V =25 mL)

Ni (II) iyonlarimin sulu ¢ozeltilerden adsorpsiyonu i¢in daha dnce benzer galismalar yapilmistir (Tablo
3). Bu calismada elde edilen maksimum adsorpsiyon kapasitelerini literatiirde bildirilen diger baz1 deger-
lerle karsilagtirmaktadir. Sonuglar incelendiginde, PKA kullanilarak sulu ¢ozeltilerden Ni(Il) iyonlarinin
uzaklastirilmasindaki adsorpsiyon kapasitesinin, benzer adsorbanlar kullanilarak bulunan degerlerin ba-
zilarindan daha iyi oldugu goriilmiistiir. Ancak adsorpsiyon kapasitesinin modifikasyon islemi uygulanan
adsorbanlarin bazilarindan daha diisiik oldugu da goriilmektedir.
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Tablo 3

Ni(Il) giderimi i¢in farkli adsorbanlarin adsorpsiyon kapasitelerinin karsilastirilmasi

Adsorban Adsorpsiyon Kaynak

kapasitesi (mg/g)
Piring samani 3.95 (Wu vd. 2016)
Kaolin 1.67 (Yavuz vd., 2003)
Siyah Havug 6.49 (Giizel, Yakut ve Topal, 2008)
Demlenmis ¢ay atiklari 1.16 (Celebi, Gok ve Gok, 2020)
Oksitlenmis MWCNT’ler (Cok Duvarli Karbon ~ 7.94 (Chen ve Wang, 2006)
Nanotiipler)
Aktiflestirilmemis protonlanmis maya 9.01 (Padmavathy, 2008)
Meranti talast 35.97 (Rafatullah vd., 2009)
Grafen oksit (GO) 38.61 (Najafi vd., 2015)
jatoba-do-cerrado (Hymenaea stigonocarpa) 17.86 (Sales vd., 2021)
meyvesinin ezilmig kabugu
Nar kabuklart 52.00 (Bhatnagar ve Minocha, 2010)
Atik portakal kabugu 4.92 (298K)

5.90 (308K) Bu Caligma

8.04 (318K)

3.2.6.Termodinamik Calismalar

Sicakligin Ni(II)’nin PKA ile adsorpsiyonuna etkisi arastirild1 ve termodinamik sabitler Tablo 4’te ver-
ildi. Serbest enerji degisim degerleri (AG®) Denklem 3.11°deki iliskiden hesaplandi.

AG® = AH? — TAS® = —RTInk) (3.11)

Burada R ideal gaz sabiti, T Kelvin cinsinden sicaklik ve denge sabitidir ve Denklem 3.12’den (Lima, Hos-
seini-Bandegharaei, Moreno-Pirajan ve Anastopoulos, 2019) hesaplanabilir. Bu denklem, denge sabitini
(K) en 1iyi izoterm modelinden boyutsuz bir termodinamik denge sabitine doniistiirtir.

__ (1000KM)[Adsorbat]®

KO
e Y

(3.12)

Denklem 3.13’te, M adsorbat molekiil agirligi, [Adsorbat]o standart adsorbat konsantrasyonu (1 mol/L) ve
v, adsorbat ¢ozeltisi seyreltildiginde tiniter olan aktivite katsayisidir (boyutsuz) (Lima, Hosseini-Bande-
gharaei, Moreno-Pirajan ve Anastopoulos, 2019).

Entalpi ve entropi degisiklikleri, Denklem 3.13’teki Langmuir denge sabiti ile ilgilidir. AS® ve AH®, In ile
1/T arasindaki grafigin kesigiminden ve egiminden elde edilebilir (Sekil 6).

(0] 0]
K¢ = =—— Z (3.13)
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Beklendigi gibi, dagilim sabiti (InK,) sicakliga gii¢lii bir bagimlilik gosterdi ve sicaklik arttikga Ni(II)
adsorpsiyonu i¢in daha yiiksek degerler elde edildi. AS®, bir sistemin kaos derecesini tanimlar. Bu parame-
trenin pozitif degeri, adsorpsiyon islemi sirasinda kati/sivi ara yiizeyindeki serbestlik derecesinin arttigini
gosterir (Gupta, 1998). Ni(Il) i¢in pozitif bir AH® (+7.18 Kj/mol) degeri, PKA {izerinde Ni (II) adsorpsi-
yonunun endotermik bir siire¢ oldugunu gosterir. Negatif AG® degerleri, PKA tizerinde Ni(II) adsorpsiy-
onunun termodinamik olarak kendiliginden ve dogal oldugunu gosterdi. Ayrica artan sicaklikla AG°’deki
azalma, Ni(II) adsorpsiyon isleminin daha yiiksek sicakliklarda daha uygun hale geldigini gostermektedir.

Tablo 4

PKA tizerine Ni (II) adsorpsiyonunun hesaplanan Gibbs serbest enerjisi, entalpisi ve entropisi.

Metal Sicaklik (K) InK, AG (Kj/mol) AH (Kj/mol) AS’(J/mol.K)
298 5.50 -13.63

Ni (I) 308 5.65 -14.18 7.18 70.01
318 5.68 -15.08

4. Sonuclar

Bu calismada, portakal kabugu atig1 tizerine Ni(II) iyonunun adsorpsiyonu arastirtlmistir. Bu kapsam-
da optimum calisma kosullarin belirlenmesi i¢in; pH, baslangi¢ konsantrasyonu, temas siiresi, sicaklik
etkisi gibi farkli parametreler i¢in adsorpsiyon deneyleri gergeklestirildi. Ni(II)’nin sudan uzaklastiril-
masinda baslangi¢ ¢ozelti konsantrasyonu, zaman ve pH’in etkileri belirlendi. 0.5 g PKA kullanilarak sulu
¢ozeltiden maksimum Ni(Il) iyonlarinin uzaklastirilmasi i¢in en uygun c¢alisma kosullari; baslangi¢ metal
iyon konsantrasyonu 150 mg/L, ortam pH’siin ¢6zeltinin dogal pH degeri olan 6.27 ve temas siiresi 100
dakika olarak belirlendi. PKA, Ni(Il) iyonu (4.92 (298K), 5.90 (308K), 8.04 (318K) mg/g) i¢in iyi uzak-
lagtirma kapasitesi sundu. 120 dakikalik bir temas siiresi ve 25 mL Ni(II) ¢ozeltisi ile gergeklestirilen denge
calismasi sonucunda, Langmuir izotermi kullanilarak Ni(Il)’nin adsorpsiyon izotermi tanimlanmustir. Kine-
tik calismalar sonucunda elde edilen kinetik veriler, Ni(Il)’nin PKA {izerine adsorpsiyonunun yalanci ikinci
dereceden kinetik denklem ile modellenebilecegini gostermistir. Adsorpsiyon isleminden 6nce ve sonra
PKA’nin SEM ve FTIR analizleri ile ylizey 6zellikleri incelendi. Bu analizler sonucunda Ni(Il) iyonlarinin
PKA yiizeylinde kiimelendigi goriildii. Hesaplanan termodinamik parametreler ile Ni(II) iyonlarinin PKA
tizerine adsorpsiyonunun kendiliginden ve endotermik oldugu belirlendi. Bu ¢alismanin sonuglari portakal
kabugu atiginin sulu ¢ozeltilerden Ni(Il) giderimi igin ekonomik, ¢evre dostu ve bol miktarda kolay bu-
lunabilen bir kaynak olarak kullanilabilecegi gibi yiiksek maliyetli adsorbanlara da alternatif olabilecegi
sonucunu ortaya ¢ikarmigtir.

Yazar Katkilar
Mutlu CANPOLAT: Calisma icin gerekli verileri toplayip ¢aligsmanin istatistiksel analizlerini yapmustir.

Yalgin ALTUNKAYNAK: Calisma i¢in gerekli verileri toplayip, analizleri yapmis ve makaleyi yazmistir.

Cikar Catismasi

Cikar catigmasi bildirmemislerdir.
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