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Abstract

The practice of estimating the direction of the signal emitted from signal sources using linear antenna arrays is used effectively in both military
and civilian radar systems. While the number of signal sources was single in the first studies, the systems that estimated the direction angle of
the source have now gained the ability to estimate the direction angle of the signals emitted from more than one signal source at the same time
with high accuracy, thanks to the deepening researches. In this study, it is aimed to estimate the angle of incidence of noisy signals emitted from
multiple signal sources with the least error by using the Matrix Pencil Method and linear antenna array, which is one of the signal subspace
analysis methods. In addition, the signals are separated from the noise factor by using the Singular Value Decomposition method. Simulations
have been carried out in many different scenarios, and it has been shown that the combination of Matrix Pencil Method and Singular Value
Decomposition methods can be used for highly accurate results in estimating the direction of multiple signals coming into the antenna array.

Keywords: “matrix pencil, singular value decomposition, array signal processing, doa estimation, linear antenna array.”

1. Giris

Sinyal gelis agis1 tahmini {izerine yapilan galigmalar, aragtirmacilar tarafindan uzun yillardir nemli bir ugras alani olmustur.
Tek ya da birden fazla sinyal kaynagindan yayilan sinyallerin yoniiniin agisi, belirli geometriye sahip anten dizileri kullanilarak
sinyal isleme teknikleri ile tahmin edilebilir oldugu ¢alismalar sonucunda ortaya ¢ikmstir. Birgok pratik sinyal isleme probleminde
amag, temel gercek sinyallerin bagh oldugu bir dizi sabit parametreyi 6lciimlerden tahmin etmektir. Ornegin, bir anten dizisinde
alinan sinyaller kiimesi goz oniine alindiginda, diziye ¢arpan sinyallerin gelis yonlerinin tahmin edilmesi, radar, sonar, elektronik
gozetleme ve sismik kesif gibi oldukga alanlarda 6nemlidir. Yiiksek ¢oziiniirliikklii frekans tahmini, Doppler radari ve sistem
tanimlama dahil olmak {izere ¢ok sayida uygulamada kullanilir. Tahmin edilecek parametreler, gézlemlere bagli parametrelerdir.
Ornek verecek olursak, diizlem dalgalarin gelis yonii tahminini saglamak icin yeterli veri toplamak gerekir ve istenen dogruluk
ancak yeterince uzun olan gozlem araligi sabit iken elde edilebilir [1].

Literatiirde dizi verisi islenmesi, sinyal kaynaklarina ait parametrelerin dizi antenler kullanilarak elde edilmesi olarak
adlandirilir. Bu durum, 1s1ma kavramina uygun olarak iletilen sinyallerin islenmesi ile ilgilidir. Serbest uzayda yerlestirilmis halde
bulunan sinyal kaynaklarmin dizi antenler {izerine 1g1ma yapmasi sonucu elde edilen sinyallerle ilgili biitiin parametrelerin
kestirilmesi asil amag olarak goriilmektedir. Bu parametreler arasinda baglicalari; kaynak sayisi, kaynaklarin yatay ve yiikselis
acilar1, konumlar ve frekanslari olarak sayilabilir [2].

Sinyal gelis a¢is1 tahmin problemlerinde, Capon’un maksimum olabilirlik (Maximum Likelihood) yontemi [3] ve Burg’un
maksimum entropi (Maximum Entropy) yontemi [4] dahil olmak iizere ¢esitli yaklasimlar olmustur. Genellikle basarili olmalarina
ve yaygin olarak kullanilmalarina ragmen, bu yontemlerin belirli temel simirlamalar1 vardir. Bunlar, parametre tahminlerinde
yanlilik ve hassasiyettir. Ciinkii biiyiik 6l¢iide olgiimlerin yanlis bir modelini (6rnegin, 6zel ARMA yerine AR) kullanirlar.
Pisarenko, bir kovaryans matris yaklagimi kullanarak toplamsal giiriiltiide parametrelerin tahminini yaparak, veri modelinin
yapisindan yararlanan ilk arastirmacilardan biridir [5]. Schmidt [6] ve ayr1 olarak Bienvenu ve Kopp [7], keyfi formdaki anten
dizilerini kullanarak yon bulan ilk arastirmacilardir. Ozellikle Schmidt, bunu 6nce giiriiltiiniin yoklugunda tam bir geometrik ¢6ziim
tiireterek, ardindan giiriiltiiniin varliginda makul bir yaklagik ¢6ziim elde etmek i¢in geometrik kavramlart akillica genisleterek
basarmugtir. Ortaya ¢ikan algoritma MUSIC (¢oklu sinyal smiflandirmasi) olarak adlandirilmig ve bu algoritma genis capta
incelenmistir. MUSIC algoritmasinin {izerine kuruldugu geometrik kavramlar, ¢ok daha genis bir alt uzay tabanli algoritmalar
smifinin temelini olusturur. Schmidt’in oncii ¢alismasindan bu yana, alt uzay yaklagimina dayali birkag¢ teknik gelistirilmistir.

1Sorumlu Yazar. Tel: +905456384883
E-posta adresi: aytasnilay@gmail.com
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Ozellikle, Paulraj, Roy ve Kailath [8, 9, 10] tarafindan &nerilen ESPRIT teknigi (donel degismezlik teknikleri araciligiyla sinyal
parametrelerinin tahmini) bu yontemlerden biridir. Nispeten daha yakin zamanlarda, Ottersten ve Kailath’in [11] klasik maksimum
olabilirlik yontemi ve agirlikli alt uzay uydurma gibi ¢ok boyutlu tekniklerdeki sonuglar, potansiyel olarak iistiin
performanslarindan dolay1 dikkat ¢ekmistir. Hata ¢esitlemesinde Cramer-Rao alt sinirini elde eden tahminler yapmak i¢in optimal
bir agirhiklandirma segimi gosterilmistir [12].

1986 yilinda, yon bulma galismalar1 hiz kazanmis ve Sibul, uyarlanabilir bir anten dizisi kullanarak yapilan 1simada, Tekil
Deger Ayrisimi anten sayisimin kaynak sayisindan fazla olmasi problemini ¢6zmek i¢in kullanilmigtir [13]. Hua ve Sarkar, 1990
yilinda, Tekil Deger Ayrisimi yontemi ile Matris Kalem yontemini giiriiltiilii bir sinyale ait genellestirilmis 6zdegerleri bulmak
icin kullanmustir [14]. Sarkar ve Pereira, 1995 yilinda, Matris Kalem yontemini bir siniis sinyaline ait karmagik iistel fonksiyonlarin
toplamini tahmin etmek i¢in uygulamig ve ayrintilartyla incelemistir [15]. Yilmazer, Sarkar ve Salazar-Palma, sinyalden aldiklar1
tek ornek ve ¢oklu 6rnekle sinyalin gelis acist tespitini ESPRIT yontemi ile Matris Kalem yontemini birlikte kullanarak 2010
yilinda yapmiglardir [16]. Parametre tahmini [17]’de yapilmis, [18]°de, dogrusal ve gembersel anten dizisine iki boyutlu Matris
Kalem yontemi uygulanmustir. [19]’da Matris Kalem y6ntemi ile iki sinyal kaynagi kullanilmis ve sonuglar sunulmustur.

Bu ¢aligmada, Matris Kalem yontemi ve Tekil Deger Ayrisimi yontemi kullanilarak dogrusal bir anten dizisine 1igima yapan
sinyallerin gelis agis1 tahmini yapilmigtir. Coklu sinyal kaynaklar1 kullanilmis olup farkli senaryolar igin simiilasyonlar
sunulmustur. Diger ¢alismalardan farkli olarak ayni anda 151ma yapan kaynak sayisi birden fazla olmasi durumu incelenmistir.
Onerilen yontemin, gelis agis1 tahmini {izerine etkisini incelemek igin sinyal kaynaklarinin agilar1 ve giiriiltii seviyeleri
degistirilmigtir. Ayrica anten elemani sayisinin degisimi de analiz edilerek dogrusal anten dizisindeki etkisi elde edilen sonuglar
ile birlikte sunulmustur. Birbirinden farkli gelis agilarina sahip giiriiltiilii sinyallerin gelis yonleri, Matris Kalem ve Tekil Deger
Ayrisimi yontemleri ile tahmin edilip, elde edilen sonuclarin RMSE degerleri karsilagtirmali olarak gosterilmistir.

2. Matris Kalem ve Tekil Deger Ayrisimi Yontemlerinin Sinyal Veri Modeline Uygulanmasi

Matris Kalem yontemi yiiksek hassasiyetle kutup ve genlik verilerinin iistel sinyal verilerinden elde edilmesini saglar. Bu
yontem de diger kestirim yontemleri gibi alt uzay yaklasimi tabanli bir yontemdir. Matris Kalem yontemini diger MLE, MUSIC
ve ESPRIT yontemlerinden ayiran en 6nemli fark tiim bu yontemler, R korelasyon matrisine bagimli olarak gérev yaparken Matris
Kalem yonteminin korelasyon matrisine ihtiya¢ duymamasidir. Korelasyon matrisini tahmin etmek 6nemli bir hesaplama yiikiidiir,
¢linkli N anten elemani sayisi olmak iizere, K>2N olan veri sinyalinin en az K (anlik goriintiiler) 6rnegine ihtiyag vardir. Dogal
varsayim, tiim K 6rneklerinin ayni istatistikleri takip etmeleri, yani verilerin homojen olmasidir. Bu, Matris Kalem olarak bilinen
“istatistiksel olmayan” veya “dogrudan veri alan1” tekniginin gelistirilmesini motive etmistir. [14]. Matris Kalem yontemi, aslen
bir sistemin kutuplarin tahmini i¢in gelistirilmistir ancak ayni zamanda sinyal gelis a¢isi tahminine de uygulanabilir. Orijinal Matris
Kalem yonteminde zaman indeksi olan n i¢in alinan veriler asagidaki sekilde verilir.

M
Xy = Z Apzy +ny €y
m=1
Zy, = eIkdsn®) g =12 ... M (2)

Burada giiriiltli iceren sinyallere Matris Kalem yonteminin uygulanmasi i¢in 6ncelikle x,, vektoriiniin, diizgiin dogrusal anten
dizisinde anten elemanlarinin besleme noktasinda 6lgiilen gerilim kiimesi oldugu varsayilir. M adet sinyal kaynaginin oldugu
varsayilmistir. A, uyarim katsayisini, z,, sistemin kutuplarini ve n,, ortalama beyaz Gauss giiriiltiisiinii ifade eder. Esitlik 2°de, k
degeri dalga numarasini, d degeri antenler aras1 mesafeyi, 6 ise kaynaktan gelen sinyalin agisin1 gosterir.

Yontemin uygulanmasinda amag, verilen x,, sinyalinden z,,, degerlerini tahmin etmektedir (n = 0,1,---, N — 1). Bu problemde,
veriler N adet anten elemanlarinin terminallerinde alinir ve ayni teoriksel sekilde anten dizisine uygulanir. Boylelikle, orijinal
Matris Kalem algoritmasi sinyal gelis a¢is1 tahmini i¢in de gegerli olmus olur. Matris Kalem y6ntemi, bir korelasyon matrisi tahmin
etmeden ESPRIT teknigiyle birgok benzerlik igerir. Y6ntemi uygulamak igin orijinal veri vektoriinden elde edilmis iki tane matris
tanimlanir.

Xo X1 X

x x e x
Xo=| Sy ®3)

AN-L-1 XN-L 7 XAN-2](y_pyxp
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xl xz cee xL
X2 X3 X4
X, = : : . : 4)
AN-L XN-L+1 7 XN-1d v pyx

Esitlik 3 ve Esitlik 4’te verilen L, kalem parametresi olarak adlandirilir. L degeri, algoritmanin en iyi sonucu verebilmesi i¢in N /2
ile N/3 arasinda segilmelidir. Ayrica asagida kalem parametresinin saglamasi gereken diger sartlar da verilmistir.

M <L<N-—L, Ndegerigiftise (5)
M<L<N-L+1, Ndegeritekise (6)
Matris Kalem yontemini, teorinin temelini esas alarak asagidaki esitlikleri yazabiliriz.
X, = Z,AZ, (7)
X, =Z,AyZ, (8)

Burada 3, tahmin etmek istedigimiz diyagonal matristir. Tanimlanan matrisler asagida verilmistir.

1 1 1
z,=| 7 N ©)
Zl(N—L—l) ZéN—L—l) ZIEIN_L_l) I
1 z zl(L_l)
z,=|t = o (10)
1 Z;V, zg‘_l) VXL
zz O 0
p=|% 2 0 (11)
0 O Zvd o m
a; O 0
a=|% 0 (12)
0 0 (770 P

Burada, X, ve X; matrislerinin ranki M’dir. Esitlik 13’de Matris Kalem yonteminin bu matrislere uygulanmis hali verilmistir.
X, — X, =Z,Aly — ANZ, (13)
[Xo, X1] matris ¢iftinin genellestirilmis 6zdegerlerini bulmak i¢in sistemin kutuplari olan z,, degerlerinin bulunmasi gerekir.
X.q—2X,q=0 (14)
Esitlik 14°de, genellestirilmis 6zvektor olan q’nun korelasyon matrisinin 6zvektorleriyle higbir iligkisi olmadigi unutulmamalidir.

Bu matris ¢iftinin M adet olan genellestirilmis 6zdegerleri, z,, degerlerinin tahminlerini olusturur. Boylelikle sinyal gelis agisi
tahmini Esitlik 15 kullanilarak elde edilebilir.

6 = cos™?! [W] ,m=12,....M (15)
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Matris Kalem yontemi, sinyalin giriiltii igermesi durumunda giiriiltii alt uzaymi ayirt edemez. Bu nedenle dogrusal anten
dizisine gelen sinyalin giiriiltii icermesi halinde ilk olarak Tekil Deger Ayrisimi yonteminin uygulanmas: gerekmektedir. Tekil
Deger Ayrisimi yontemi, giiriiltii igeren sinyallerde, giiriiltiiyii sinyal alt uzaymndan ayirt etme islemini gerceklestirir. Boylece,
giirtiltiiden arinmis olan sinyal, Matris Kalem algoritmasi ile islenebilir. X matrisine Tekil Deger Ayrisimi yontemi uygulandiginda
Esitlik 16 elde edilir.

[X] = [U][S][v]® (16)
Verilen denklemde [U] ve [V] iiniter matristir, [S] matrisi kdsegen matristir ve [X] nin tekil degerlerini igermektedir. Kaynaktan

gelen sinyallere bahsedilen islemler uygulandiktan sonra filtrelenmis matris olusturma islemi yapilir. Burada matris [V'] ile
gosteriliir ve [V] matrisinin M adet baskin sag tekil vektorlerinden olusmaktadir.

V'] =[v,vy, ..., vy] 17

Diger tekil degerlere oranla, M + 1’den L degerine kadar olan sag tekil vektorler oldukea kiigiik degerlerdedir ve atilmasi gerekir.

Oyleyse,
[X,] = [U][s"][v3]" (18)
[X,] = [U][s"][V5]" (19)
elde edilir. Burada, [V'] matrisinin son sirasi silindiginde [V;'] matrisi olusturulur. [V'] matrisinin ilk siras1 silindiginde [V, ] matrisi

olusturulur. [S] matrisinin baskin tekil degerlerinin oldugu M siitundan ise [S’] matrisi meydana gelir. Oyleyse, Esitlik 20’nin
Ozdegerleri, giiriiltii iceren sinyallerin gelis agisini tahmin etmek i¢in kullanilmasi gereken esitliktir.

{va]? = Avi]"} - {73 {[va]"3* — Al (20)

Buradan elde edilen 6zdegerler ile Esitlik 15 kullanilarak giiriiltiilii sinyallerde isaret gelis agisi kestirimi yapilir. Matris Kalem
yontemini herhangi bir sinyale uygulama adimlar1 Tablo 1’de 6zetlenmistir.

Tablo 1. Matris Kalem ve Tekil Deger Ayrisimi Yontemlerinin Uygulanmasi

Matris Kalem Algoritmasinin Uygulanmasi

1)  Veri matrisi, sinyal kaynaklarindan gelen sinyal tarafindan tiretilir.
Anten dizisine gelen sinyal giriiltii iceriyorsa, Matris Kalem yontemi

2)  uygulanmadan 6nce Tekil Deger Ayrisimi uygulanmalidir. Bu yontem,
gliriiltiili sinyaller i¢in filtreleme iglevi goriir.

3)  Filtrelenmis sinyal elde edilir.

4)  Veri matrisi MP islevine gore yeniden yapilandirilir.

5)  Yeniden olusturulan veri matrisinin 6z degerleri hesaplanir.

6)  Sinyal gelis agisi tahmini hesaplanir.

3. Simiilasyon Sonuclar1

Bu calismada, 6nerilen algoritma dogrusal anten dizisi kullanilarak birgok durum igin analiz edilmistir. Oncelikle sinyal
kaynaklarmin sayis1 degistirilerek gelis agis1 tahmini yapilmistir. Anten dizisine aymi frekans ve faza sahip {i¢ uyumlu sinyal
kaynag1 [85°, 75°, 60°]lik farkl1 agilardan 1s1ma yaptig1 varsayilmistir. Bu sinyal kaynaklarina 45°lik ayni faz ve frekansa sahip
bir kaynak daha eklenmistir. N degeri 18, L degeri 6 ve anten dizisi elemanlar1 arasindaki mesafe 1/2 olarak alinmistir. Tiim
simiilasyonlarda, anlik goriintii sayis1 1 adet alinmustir. Her bir senaryoda m = 1000 deneme yapilir, 1000 farkli tahmin sonucu
bulunur ve bu 1000 farkli sonug kullanilarak ortalama tahmin degeri hesaplanir. Anten dizisine ayni anda ¢arpan toplam 4 sinyal
kaynag1 oldugunda elde edilen sinyal gelis agis1 tahmininin sonuglar1 Tablo 2’de gosterildigi gibidir. Performans degerlendirmesi,
tahmini 6; ve gercek O; sinyal gelis acilar1 arasindaki ortalama karekok hatasma (RMSE) dayanmaktadir. RMSE =
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M (6] —6)2/m olarak hesaplanmistir. Elde edile sonuglara gére, sinyal kaynagi sayisi artsa da Matris Kalem ydntemi
kaynaklar1 birbirinden yiiksek dogrulukla ayirt edebilmektedir.

Diger simiilasyonda, degisen sinyal kaynagi sayilari ile ortalama RMSE degerleri karsilastirilmistir. Sinyal kaynaklarinin yine
[85°,75°,60°,45lik farkli acilardan 1s1ma yaptig1 varsayilmstir. Simiilasyon sonuglari, Sekil 1'de sunulmustur. Sonuglara gore
sinyal kaynaklarinin sayisi arttikca RMSE ve yiizde hatas1 dogru orantili olarak yiikselir. Sonuglar, Matris Kalem yénteminin artan
sayida sinyal kaynagi ile iyi sonuglar verdigini gostermistir.

Tablo 2. Farkh sayida sinyal kaynaklar icin gelis acis1 tahminleri ve RMSE ile yiizde hata degerlendirmesi

. Sinyal .
Sinyal o RMSE  Yiizde Hata
0; Kaynagi 0] o o
No Sayisi ©) (%)
Sin.l 85 84.9425 0.0575 0.0691
Sin.2 75 3 75.0777 0.0777 0.1026
Sin.3 60 60.0245 0.0245 0.0408
Sin.1 85 85.0456 0.0536 0.0911
Sin.2 75 4 74.9029 0.1294 0.3129
Sin.3 60 59.9601 0.0665 0.3830
Sin.4 45 44.9309 0.0691 0.1535
5
4 | -
3 l— —
E
=
wn
=
~
2 l— —
1 | -
0 \ \ \
1 2 3 4

Sinyal Kaynag1 Sayis1
Sekil 1. Degisen sayida sinyal kaynagi ile toplam ortalama RMSE, M=[1,2,3 4].

Sekil 2’de verilen simiilasyonda, degisen sayida anten N = [10;36] ile 4 sinyal kaynag1 analizinin sonuglar1 sunulmustur. SNR
degeri 30 dB’ye esittir. Sekil 2’de anten elemanlarinin sayisi artttkga RMSE hatalarinin azaldigi goriilmektedir. Gelen sinyalin
ac1s1 tahmininin dogrulugu, N sayisi ile degisen L parametresinin se¢iminden etkilenir. Simiilasyon sonuglarina dayanarak, 12°den
fazla antenden olusan bir dogrusal anten dizisi se¢ilmesi gerektigi anlagilmigtir. Ayrica dnerilen yontemin bir diger sinirlamasi,
iletilen sinyallerin sayisinin anten elemanlarinin sayisinin yarisini gegememesidir. Anten elemanlarinin sayisi arttikga Matris
Kalem ydnteminin performansi da artmaktadir.
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Diger bir simiilasyonda, Sekil 3, sinyal kaynaklar1 M = [1;4] ¢esitli SNR seviyeleri ile sinyaller anten dizisine iletilir [0;35] dB.
Burada N degeri 20 olarak alinmustir. Sonuglar, SNR seviyesi arttik¢a giiriiltiiniin azaldigini ve hatalarin yaklasik 102°den 10~2’ye
distiigiinii gostermistir. Aynt SNR’nin giiriiltiisiine kiyasla sinyal kaynagi sayisi arttikga RMSE degerinin de arttigi gozlenmistir.
Degisen SNR degerine ragmen Matris Kalem yonteminin 1 sinyal kaynagindan 4 sinyal kaynagina kadar yiiksek dogruluk degerleri
elde ettigi gorillmistiir.
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10% £ g
102 | .
S*’*ﬁf”\ E
10! Eg E
B 100 =
wn = .|
b= B -
~ I =
10! E =
, | [—e—M=1 |
077 E | o M=2 0
N M=3 N
| M=4 |
10-3 | | | | |
0 5 10 15 20 25 30 35

SNR (dB)

Sekil 3. Farkh sayida kaynak icin SNR ile gelis acis1 tahmininin RMSE degerleri.
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Sinyal kaynagi sayisi 4 igin elde edilen Tablo 3’de, sinyal gelis agis1 tahmininde simiilasyon sonuglart ESPRIT yontemi ile
karsilagtirilmigtir. Parametrik sinyal gelis agis1 tahmini algoritmalari arasinda ESPRIT, diger parametrik algoritmalara kiyasla
diistik hesaplama karmasikligi sundugu i¢in en yaygin kullanilanlardan biridir. Bu nedenle sonuglar ESPRIT ile karsilastirilmistir.
Bilindigi gibi ESPRIT yonteminde ayni frekans ve faz kaynaklar1 kullanilarak a¢1 tahmini yapilamaz. Bu nedenle 4 farkli frekans
sinyal kaynagi kullanilmaktadir. Boylelikle Matris Kalem yonteminin farkli frekanslardaki performansi da analiz edilmistir. N
degeri 14 olarak alimmigtir. SNR degeri 35 dB’ye esittir. Ayrica anlik goriintii sayis1 Matris Kalem yonteminde 1, ESPRIT
algoritmasinda ise 1024 olarak alinmigtir. ESPRIT tarafindan tahmin edilen tiim durumlarda, Matris Kalem yontemine kiyasla
yiizde hatas1 daha yiiksek elde edildigi goriilmistiir. Tiim bunlar dikkate alindiginda, Matris Kalem yonteminin farkli senaryolarda
da az hata ile calistig1 gdzlemlenmistir.

Tablo 3. ESPRIT ile Matris Kalem yonteminin 4 sinyal kaynag icin gelis acis1 tahmininin yiizde hata karsilastirmasi

Sinyal 0 ESPRIT  ESPRIT Matris Kalem  Matris Kalem

No L (CA) (% Hata) (CH) (% Hata)
Sin.1 85 87.5784 3.033 84.9815 0.0217
Sin.2 75 74.0612 1.2517 75.0155 0.2066
Sin.3 60 59.7829 0.3618 60.0804 0.1340
Sin.4 45 45.0044 0.0097 45.0021 0.0046

4. Sonug ve Degerlendirme

Bu makalede, ilk olarak 4 tane uyumlu ve daha sonra 4 tane uyumsuz sinyal kaynagi kullanarak dogrusal anten dizisi ile sinyalin
gelis agisim1 tahmin etmek i¢in Matris Kalem yontemi ile Tekil Deger Ayrisimi yontemini sunulmustur. Bu alanda literatiirde
yapilan ¢aligmalarin daha da gelistirilmesi adina, bu ¢alismada, ¢ok sayida sinyal kaynagi ile Matris Kalem yontemi ile gelis agist
tahmininin uygulamasi incelenmistir. Boylelikle dnerilen algoritmanin 2°den fazla, 4’e kadar sinyal kaynagi sayisiyla iyi ¢alistigi
kamtlanmistir. Onerilen algoritmalarin performanslari, sinyal kaynagi sayisi, anten elemani sayisi, gesitli SNR seviyeleri ve farkli
frekanslar agisindan analiz edilmistir. Simiilasyon sonuglari, Matris Kalem algoritmasinin, ¢ok diisiik hatalarla birden ¢ok sinyal
kaynagindan gelen sinyalin agilarin1 tahmin edebildigini g6stermistir. Ayrica bu algoritma, 4 farkli agidan gelen sinyallerin
arasindaki a¢1 farki 10 derece kadar kiigiik oldugunda bile sinyalleri birbirinden ayirt edebilir. Boylelikle, yalnizca 1 anlik gériinti
kullanilarak 4 taneye kadar sinyal kaynaginin gelis yonlerinin tahmin edilebilecegi gosterilmistir.
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Abstract

Hydrological drought refers to the decrease in the amount of water found in surface or groundwater resources and monitoring of this natural
disaster is very important due to causing serious problems in drinking and irrigation water supply and hydroelectric energy production. In this
study, hydrological drought analysis was made for two streams in Bolu city located in the Western Black Sea Region in the north of Turkey and
3, 6 and 12 month streamflow drought indices were calculated by using the Streamflow Drought Index method. For this aim, the streamflow data
of Bolu stream - Besdegirmen and Ulusu - Afatlar streamflow monitoring stations were used. According to the results, extreme and severe
droughts were determined for two stream flow stations and it is seen that drought periods varied between 1 and 9 years. The most severe and
longest droughts were detected for Bolu stream - Besdegirmen station. Mild droughts are much higher than moderate, severe and extreme
droughts. It has been observed that the severity and number of drought for Bolu stream - Besdegirmen station have increased in recent years. In
order to reduce the effects of hydrological drought, hydrological drought should be monitored continuously and necessary precautions should be
taken regarding the management of water resources. People should be informed about water consumption and so waste should be prevented. In
terms of irrigation water, drip irrigation method should be used instead of flood irrigation or sprinkler irrigation methods. For this aim, farmers
should be made aware of this issue. Alternative renewable energy sources or other energy sources should be used for reductions in hydroelectric
energy production.

Keywords: ” Streamflow Drought Index, Drought, Bolu.”

1. Giris

Meteorolojik, tarimsal, hidrolojik ve sosyo-ekonomik gibi siniflara ayrilarak incelenen kuraklik, etkileri son derece yikici olan
ve bu nedenle siirekli izlenmesi gereken dogal bir afettir. Meteorolojik kuraklik yagis miktarlarindaki, tarimsal kuraklik ise zemin
nemindeki azalma sonucu ortaya ¢ikan kurakliklardir. Hidrolojik kuraklik ise akarsu akim miktarlarindaki azalma ya da gol, baraj
g06li gibi yiizeysel su kaynaklar ile yeralt1 su kaynaklarindaki seviye diismesi sonucu ile meydana gelen kurakliktir. Buradaki
azalma ya da seviye diismesi genellikle uzun yillar ortalamasi dikkate alinarak belirlenmekte olup uzun bir siire boyunca devam
edebilir. Sosyo-ekonomik kuraklik ise yaganan kurakliklar ile baglantili olarak sosyal ve ekonomik yagamda meydana gelen
olumsuzluklarla kendini gosteren kurakliktir.

Hidrolojik kuraklik bir¢ok olumsuz etkiye neden olmaktadir. Akarsulardaki su miktarmin azalmasi durumunda dogal
gollerimizdeki ya da gesitli amaglar i¢in kullamlan barajlarda ciddi sorunlar yasanabilir. igme suyu ihtiyacim karsilayan
barajlardaki su seviyesinin azalmasi sonucunda icme suyu sikintis1 ortaya cikabilir. Tarimsal sulama amacli barajlardaki su
seviyesinin azalmasi sonucunda tarimda sulama suyu sikintist olusabilir. Hidroelektrik enerji iiretimi yapilan barajlardaki su
seviyesinin azalmasi sonucunda hidroelektrik enerji iiretiminde azalma yasanabilir. igme veya sulama amagli yeralt1 suyunun
kullanildig: yerlerde yeralti su seviyesi daha da diisebilir. Ulasim amagh kullanilan nehirlerde ulasim yapilamayabilir. Turizm ve
rekreasyon amagli kullanilan géller hidrolojik kuraklik sonucunda tamamen kuruyabilirler. Tiim bu nedenlerle su kaynaklariin
projelendirilmesi ile etkin ve siirdiiriilebilir yonetiminin gerceklestirilmesi agisindan hidrolojik kurakligin izlenmesi ve kuraklik
durumuna gore gerekli 6nlemlerin alinmasi gereklidir.

Diinyanin ¢esitli bolgelerinde hidrolojik kuraklig1 aragtirmak amaciyla cesitli calismalar yapilmustir. Tabari ve ark. Kuzeybati
Iran igin [1], Zhao ve ark. Cin'deki Jinghe Nehri Havzasi i¢in [2], Hong ve ark. Cin’deki Yukari Yangtze Nehir Havzas1 igin [3],
Akbari ve ark. fran’daki Chenar Rahdar havzasi icin [4], Zhiyong ve ark. Xijiang Nehri Havzas1 i¢in [5], Won ve ark. Kore'nin
Cheongmicheon havzasi i¢in [6], Fendekova ve ark. Slovakya i¢in [7] hidrolojik kuraklik analizi yapmiglardir.

1Sorumlu Yazar. Tel.: +90-374-254-1000/4945 ; fax: +090-374-253-4548 .
E-posta adresi: onarslansdu@hotmail.com
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Ulkemizde de hidrolojik kuraklig1 arastirmak amaciyla cesitli calismalar yapilmistir. Giimiis Asi havzasi icin [8], Giimiis ve
Algin Seyhan-Ceyhan Nehir Havzalari i¢in [9], Ozfidaner ve ark. Seyhan Havzas1 i¢in [10], Y1ldiz Firat Havzas1 igin [11], Erogluer

ve Apaydin Ankara Nallithan i¢in [12] hidrolojik kuraklik analizi yapmustir. Yapilan bu ¢aligmalarda ciddi hidrolojik kurakliklar
tespit edilmisgtir.

Bu calismada Bolu ilindeki eksiksiz akim verisine sahip iki akim gézlem istasyonunun akim verileri ve akim kuraklik indeksi
kullanilarak hidrolojik kuraklik analizi yapilmistir.

2. Materyal ve Metot
2.1. Cahsma Alam ve Veriler

30°32’ - 32°36’ Dogu boylamlari ile 40°06° - 41°01° Kuzey enlemleri arasindan yer alan Bolu’nun kuzey kesimlerinde Bati
Karadeniz iklimi goriiliiyor iken giiney kesimlerinde i¢ Anadolu iklimi goriilmektedir. Ortalama 1000 m yiikseltide bulunan Bolu
34.336 hektar1 sulu ve 83.794 hektar1 kuru olmak iizere 118.130 hektar tarim alanina sahiptir. Bu alan Bolu’nun % 15’ine ve
Tiirkiye tarim alanlarmin % 0,5 ine karsilik gelmektedir [13]. TUIK verilerine gére 2020 yil1 niifusu 314 bin 802 kisidir.

Bolu ili Bati1 Karadeniz ve Sakarya havzalar {izerinde yer almaktadir. Bu ¢alismada Bolu’nun Bati Karadeniz Havzasi’nda
bulunan, eksiksiz akim verisi sahip ve Sekil 1°de gosterilen iki akim gbzlem istasyonuna ait veriler kullanilmigtir. Bat1 Karadeniz
Havzasi’nda bulunan diger akim gozlem istasyonlari ile Sakarya Havzasi igerisindeki akim gdzlem istasyonlara ait akim
verilerinde eksiklikler oldugundan bu ¢aligmada kullanilmamistir. Bu ¢alismada kullanilan iki akim gézlem istasyonunun akim
verileri Devlet Su isleri’nden temin edilmis olup kullanilan akim gozlem istasyonlarina ait bilgiler Tablo 1'de ve akim verileri ise
Sekil 2°de verilmistir.

Sekil 1. Tiirkiye su kaynaklar1 haritasi [14] ve calismada kullamlan Bolu ili’ndeki akim gozlem istasyonlarin yerleri.

Tablo 1. Akim gozlem istasyonlarina ait bilgiler

No Adi Konumu Incelenen dsnem
1334  Bolu Cay1 - Besdegirmen 31°55'48" D -40° 53' 12" K 1982 - 2011
1327 Ulusu - Afatlar 32°15'03" D -40°44'32"K 1982 - 2011
BOLU CAYI - BESDEGIRMEN ULUSU- AFATLAR
120 160
—~ 100 _ 140
N = 120
g Lo ; 100
—E 60 —E 80
E 4 £ 8
= = 40
< 20 < 20
[¢] 1]
Aylar Aylar

Sekil 2. Cahsmada kullanilan akim gézlem istasyonlarina ait akim verileri.
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2.2.  Akim Kuraklik indisi

Akarsularin aylik akim verilerinin kullanildigi ve 3, 6, 9 ve 12 aylik olmak {izere farkli periyotlar i¢in hidrolojik kuraklik
degerlendirmesinin yapilabildigi bu yontem Nalbantis [ 15] tarafindan gelistirilmistir. Kuraklik indisi Esitlik 1, 2, 3 ve 4 kullanilarak
hesaplanmaktadir.

3k
Vik = Z Qij,k=1234 1)
j=3lk-1)+1
6k
V= Y Quk=12 @
j=6(k-1)+1
12
Vik = Z Qi) ©)
j=1
Vik = Vi

AKl;y = Jk=1,2734 (4)

k

Burada i hidrolojik y1l1, j Ekim aymdan baslayip Eyliil ayinda son bulan hidrolojik y1la ait ay1, Vixi’inci hidrolojik yilin k’mc1
referans periyoduna ait kiimiilatif akim hacmini (m®), V_k kiimiilatif hacmin ortalamasin1 (m3), Sk kiimiilatif hacmin standart
sapmasini (m®) ve AKlixi’inci hidrolojik yilin k’inc1 referans periyoduna ait akim kuraklik indisini gdstermektedir. Esitlik 1°de
k=1 oldugunda Ekim-Aralik dénemi AKI 3 Ekim olarak, k=2 oldugunda Ocak-Mart dénemi AKI 3 Ocak olarak, k=3 oldugunda
Nisan-Haziran donemi AKI 3 Nisan olarak, k=4 oldugunda Temmuz-Eyliil dénemi AKI 3 Temmuz olarak ifade edilmektedir.
Esitlik 2°de k=1 oldugunda Ekim-Mart dénemi AKI 6 Ekim olarak, k=2 oldugunda Nisan-Eyliil dénemi AKI 6 Nisan olarak ifade
edilmektedir. Esitlik 3’te k degeri olmayip Ekim-Aralik donemi AKi 12 Ekim olarak ifade edilmektedir. Yontemde AKI
degerlerine gore 4 kuraklik ve 4 nemlilik olmak iizere 8 sinif bulunmakta olup bu siniflar Tablo 2°de verilmistir.

Tablo 2. AKI Degerlerine iliskin simiflandirma [3]

AKIi Simiflandirma
AKi<-2 Asirt Kurak (AK)
—2<AKi<-15 Siddetli Kurak (SK)
-15<AKi<-1 Orta Kurak (OK)
-1<AKi<0 Hafif Kurak (HK)
0<AKi<1 Hafif Nemli (HN)
1< AKi<15 Orta Nemli (ON)
15<AKi<2 Siddetli Nemli (SN)
1AKI>2 Asirt Nemli (AN)

3. Bulgular ve Tartisma

Bolu Cay1 Besdegirmen istasyonu akim degerleri kullanilarak hesaplanmis 3, 6 ve 12 aylik AKI degerleri Sekil 3 te verilmistir.
En siddetli kurakliklar AKi 3 Ekim icin -3,43 degeri ve AKI 3 Ocak icin -3,46 degeri ile 2011 yilinda, AKI 3 Nisan i¢in -1,92
degeri ile 1994 yilinda, AKI 3 Temmuz i¢in -2,22 degeri ile 2010 yilinda, AKI 6 Ekim i¢in -3,82 degeri ve AKI 6 Nisan igin -2,01
degeri ve AKI 12 Ekim igin -3,17 degeri ile 2011 yilinda yasanmustir. Tiim bu degerler AKI 3 Nisan hari¢ asir1 kurak sinifina
girmektedir ve cogu 2011 yilinda gergeklesmistir. En nemli durumlar ise AKI 3 Ekim igin 1,77 degeri ile 1984 yilinda, AKi 3
Ocak igin 1,57 degeri ile 1986 yilinda, AKI 3 Nisan igin 2,17 degeri ile 1997 yilinda, AKI 3 Temmuz igin 1,75 degeri ile 1983
yilinda, AKI 6 Ekim igin 1,73 degeri ile 1998 yilinda, AKI 6 Nisan igin 2,17 degeri ile 1997 yilinda ve AKI 12 Ekim igin 2,04
degeri ile 1998 yilinda yasanmustir. Tiim bu degerler 1998 yilindan énce gerceklesmis olup AKI 3 Nisan ve AKI 6 Nisan hari¢
siddetli nemli sinifina girmektedir. Sekil 3’teki grafikler incelendiginde tiim periyotlar i¢in hidrolojik kuraklik sayisinin, siiresinin
ve siddetinin son yillara dogru arttig1 goriilmiistiir.
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Sekil 3.Bolu Cay1 Besdegirmen istasyonunu akim degerleri icin hesaplannms AKi degerleri.

Bolu Cay1 Besdegirmen istasyonu AKI degerleri kullanilarak hesaplanan hafif, orta, siddetli, asir1 ve toplam nemlilik ve
kuraklik yiizdeleri Sekil 4’te verilmistir. Hafif nemli dénem yiizdesinin orta, siddetli ve ¢ok siddetli nemlilik yiizdelerine, hafif
siddetli kuraklik yiizdelerinin ise orta, siddetli ve ¢ok siddetli kuraklik yiizdelerine gore ¢ok daha fazla oldugu goriilmiistiir. Aki 3
Ekim igin toplam kuraklik yiizdesi toplam nemlilik yiizdesinden daha biiyiiktiir. AKI 3 Nisan i¢in yiizdeler esitken AKI 3 Ocak,
AKI 3 Nisan, AKI 3 Temmuz, AKI 6 Ekim, AKI 6 Nisan ve AKI 12 Ekim icin yagish donem yiizdesi daha biiyiik ¢ikmustir.
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Sekil 4.Bolu Cay1 Besdegirmen istasyonu akim degerleri icin kuraklik ve nemlilik yiizdeleri.

Bolu Cay1 Besdegirmen istasyonu i¢in yasanan hidrolojik kuraklik sayilar1 ve siireleri Sekil 5’te verilmistir. Grafikler
incelendiginde kuraklik siireleri AKi 3 Ekim igin 1 ile 9 y1l, AKI 3 Ocak igin 1 ile 2 y1l, AKi 3 Nisan igin 1 ile 7 y1l, AKI 3 Temmuz
i¢in 1 ile 3 y11, AKI 6 Ekim i¢in 1 ile 2 y1l, AKI 6 Nisan i¢in 1 ile 6 y1l ve AKI 12 Ekim i¢in 1 ile 4 y1l arasinda degismistir. Kisa
stiren kurakliklar daha ¢ok olmakla birlikte az da olsa 6 ile 9 y1l arasinda degisen uzun siireli kurakliklar mevcuttur.
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Sekil 5.Bolu Cay1 Besdegirmen istasyonu akim degerleri i¢in kurakhik sayilari ve siireleri.

Ulusu Afatlar istasyonu akim degerleri kullanilarak hesaplanmis 3, 6 ve 12 aylik AKI degerleri Sekil 6 da verilmistir. En
siddetli kurakliklar AKI 3 Ekim igin -1,27 degeri ile 2005 yilinda, AKI 3 Ocak i¢in -2,26 degeri ile 2001 yilinda, AKi 3 Nisan i¢in
-2,39 degeri ile 1989 yilinda, AKI 3 Temmuz igin -1,79 degeri ile 1994 yilinda, AKI 6 Ekim icin -2,27 degeri ile 2001 yilinda,
AKI 6 Nisan igin -2,37 degeri ile 1989 yilinda ve AKI 12 Ekim igin -2,56 degeri ile 1994 yilinda yasanmistir. Tiim bu degerlerin
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cogu agir1 kurak sinifina girmektedir. En nemli durumlar ise AKI 3 Ekim i¢in 2,53 degeri ile 1982 yilinda, AKI 3 Ocak icin 2,98
degeri ile 2010 yilinda, AKI 3 Nisan icin 1,80 degeri ile 1998 yilinda, AKI 3 Temmuz i¢in 2,73 degeri ile 1983 yilinda, AKI 6
Ekim igin 2,67 degeri ile 2010 yilinda, AKI 6 Nisan i¢in 1,74 degeri ile 1998 yilinda ve AKi 12 Ekim icin 1,74 degeri ile 1998
yilinda yaganmustir. Tiim bu degerlerin ¢ogu siddetli nemli sinifina girmektedir. Sekil 6’daki grafikler incelendiginde tiim periyotlar

icin hidrolojik kuraklik siirelerinin son yillara dogru artt1g1 ancak siddet olarak azaldig1 goriilmiistiir.
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Sekil 6.Ulusu Afatlar istasyonunu akim degerleri icin hesaplanmis AKI degerleri.

Ulusu Afatlar istasyonu AKI degerleri kullanilarak hesaplanan hafif, orta, siddetli, asir1 ve toplam nemlilik ve kuraklik
yiizdeleri Sekil 7°de verilmistir. Hafif nemli dénem yiizdesinin orta, siddetli ve ¢ok siddetli nemlilik yiizdelerine, hafif siddetli
kuraklik yiizdelerinin ise orta, siddetli ve ¢ok siddetli kuraklik yiizdelerine gére ¢ok daha fazla oldugu gériilmiistiir. AKI 3 Ekim,
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AKI 3 Ocak ve AKI 3 Temmuz icin toplam kuraklik yiizdesi toplam nemlilik yiizdesinden daha biiyiiktiir. AKi 6 Ekim i¢in yiizdeler

esitken AKI 3 Nisan, AKI 6 Nisan ve AKI 12 Ekim i¢in yagish dénem yiizdesi daha biiyiik ¢ikmistir.
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Sekil 7.Ulusu Afatlar istasyonu akim degerleri icin kuraklik ve nemlilik yiizdeleri.

Ulusu Afatlar istasyonu igin yasanan hidrolojik kuraklik sayilar1 ve siireleri Sekil 8’de verilmistir. Grafikler incelendiginde
kuraklik siireleri AKI 3 Ekim igin 1 ile 7 y1l, AKI 3 Ocak igin 1 ile 5 y1l, AKI 3 Nisan ve AKI 3 Temmuz i¢in 1 ile 3 y1l, AKI 6
Ekim igin 1 ile 4 y1l ve AKI 6 Nisan ve AKI 12 Ekim i¢in 1 ile 3 yil arasinda degismistir. Kisa siiren kurakliklar daha ¢ok olmakla
birlikte az da olsa 5 ile 7 y1l arasinda degisen uzun siireli kurakliklar mevcuttur.
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Sekil 8. Ulusu Afatlar istasyonu akim degerleri i¢in kuraklik sayilar ve siireleri.
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4. Sonug¢

Bu ¢alismada Bolu’da eksiksiz akim verisi bulunan iki akim gézlem istasyonu verileri kullanilarak 3, 6 ve 12 aylik periyotlar
icin hidrolojik kuraklik analizi yapilmis ve asagidaki sonuglara varilmistir.

e Her iki akim gozlem istasyonu i¢in asir1 ve siddetli hidrolojik kurakliklar tespit edilmis olup hafif siddetli kurakliklar orta,
siddetli ve ¢ok asir1 kurak durumlara gore ¢ok daha fazladir.

e  Kuraklik siireleri 1 ile 9 y1l arasinda degismektedir.

e Bolu ¢ay1 Besdegirmen akim gozlem istasyonunda yasanan kurakliklar Ulusu Afatlar akim gozlem istasyonunda yasanan
kurakliklara gore cogunlukla daha siddetli ve daha uzun siirelidir.

e Bolu ¢ay1 Besdegirmen akim gézlem istasyonu i¢in kuraklik siddetinin ve sayisinin son yillarda arttigi tespit edilmistir. En
siddetli kurakliklarin ¢ogu arastirma doneminin son yili olan 2011 yilinda gozlenmistir. Ulusu Afatlar akim gozlem
istasyonu i¢in ise hidrolojik kuraklik siirelerinin son yillara dogru arttig1 ancak siddet olarak azaldigi belirlenmistir.

Hidrolojik kurakligin etkilerini azaltmak amaciyla hidrolojik kuraklik devamli olarak izlenmeli ve su kaynaklarinin yonetimi
ile ilgili gerekli 6nlemler alinmalidir. Insanlar kullanma suyu tiiketimi konusunda bilgilendirilmeli ve israf 6nlenmelidir. Sulama
suyu agisindan salma sulama veya yagmurlama sulama yontemleri yerine damla sulama yontemi kullanilmalidir ve bu konuda
ciftciler bilinglendirilmelidir. Hidroelektrik enerji iiretimi konusunda yasanan azalmalara yonelik alternatif yenilebilir enerji
kaynaklar1 ya da diger enerji kaynaklari kullanilmalidir.

TesekKkiir

Veri temini icin Devlet Su Isleri’ ne tesekkiir ederim.
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Abstract

This paper presents a multi-scale modeling approach involving interfacial interactions to predict the elastic properties and mechanical behavior
of single-layer graphene-reinforced nanocomposites under tension load. A multi-scale model was developed using the finite element method of
the tripartite structure consisting of graphene in epoxy, the interfacial region and their VVan Der Walls interactions. The effect of graphene chirality
was investigated by proposing a methodology of graphene-Van Der Walls interactions-polymer with determined geometric dimensions.
Parametric modeling was performed to model the interactions between Van Der Walls, graphene and interface material atoms using the finite
element method with molecular mechanics approach. Numerical analysis of graphene nanoparticles by embedding them in an epoxy with their
real dimensions is not an appropriate task today. In particular, it is not possible to analyze these real graphene nanoparticles as multiple by
randomly dispersing them in the epoxy polymer. Therefore, in this research, a model was developed to overcome this problem and to investigate
the effect of molecular interactions on loads in different axes. The results show that graphene nanocomposites in armchair geometry give higher
stress values and behave more rigidly. As the volume ratio increases, the mechanical performances increase. It is seen that the graphene direction
is much stronger than the thickness direction. It is clear that the volume ratio effect in the thickness direction has a slight effect on the tensile
behavior.

Keywords: “Graphene, Nanocomposite, Finite element method, Representative volume element, VVan der Walls interactions”

1. Giris

Biitiin canlilarin en temel elementi karbon elementidir. Karbonun allatroplarindan biri de grafittir. Bir tek karbon atomu
kalmligindaki grafit katmanina grafen yap1 denir [1]. Grafen levhalar, bilinen malzemeler arasinda en ince, en giiglii ve en sert
malzemeler olarak kabul edilmektedir. Bu karbon bazli malzemeler iizerindeki en erken ¢alismalarin 1960'lara kadar izi siiriilebilir.
Bununla birlikte, yalnizca son on yilda birkag katmanli grafit diizlem nanoyapilari iiretilmis ve karakterize edilmistir [2]. Karbon-
karbon atomlar1 arasindaki kovalent bag, yapiy1 bilinen en saglam malzemelerden biri yapmaktadir. KNT’ler (Karbon Nanotiipler)
miilkemmel diizeyde fiziksel ve mekanik 6zelliklere sahip, diisiik yogunluklu nanoyapilardir. Genel olarak kullanilan celik
malzemelerden ¢ok yiiksek elastik modiilii, egme modiilii, uzama, tokluk gibi 6zellikleri vardir [3]. Epoksi polimerler, miikemmel
yapismalari, 6nemli mekanik ve yiiksek elektriksel yalitim oOzellikleri ve nispeten iyi kimyasal direngleri nedeniyle iyi
bilinmektedir. Epoksi artik mikro elektronikten havacilik yapilarina kadar gesitli uygulamalarda yaygin olarak kullanilmaktadir.
Tek bir grafen tabakanin yuvarlamasiyla olusturulan yapiya tek duvarl karbon nanotiip (SWCNT) denilmektedir [1]. Spanos ve
digerleri [4] grafen bazli kompozitlerde elastik mekanik 6zelliklerin verimli hesaplanmasi i¢in {i¢ boyutlu bir mikromekanik yar1
stirekli sonlu eleman formiilasyonu uygulamistir. Heterojen bir yaklasim izleyerek matrisi ve araylizey davranigini tanimlamak i¢in
makroskopik 6zellikler kullanildi. Grafen tabakasinin ayrik dogasi ortaya ¢ikarilmis ve kompozit modelde atomistik mikro yapisina
olan bagimlilik dikkate alinmigtir. Bu hibrit yontem, matrisin molekiiler nano yapisinin ayrintili temsilinden kaginilmasi nedeniyle
¢ekicidir ve hesaplama maliyeti ve karmasikligindaki 6nemli azalma nedeniyle tercih edilebilir. Sonuglar, grafen bazli bir
kompozitin elastik mekanik 6zelliklerinin, kullanilan grafen levhanin boyutuna, hacim fraksiyonuna ve ayrica arayiiz bolgesinin
sertligine bagh oldugunu ortaya koymaktadir. Ayetullahi ve digerleri [5] bir polimer/tek duvarli karbon nanotiip (SWNT)
nanokompozitinin ¢ekme, egilme ve burulma yiiklemesi altinda dogrusal olmayan ozellikleri i¢in ¢ok Olcekli modelleme
sunmustur. Hem armchair hem de zigzag SWNT'lerin mekanik &zelliklerini tahmin etmek i¢in molekiiler mekanik teorisine
dayanan bir sonlu eleman (FE) modeli gelistirdiler. Esdeger kiris eleman1 daha sonra, SWNT ile polimer arasindaki ara fazin
mekanik tepki {izerindeki etkilerinin incelenebilecegi silindirik bir temsili hacim eleman1 (RVE) olusturmak icin kullanildi.

1 Sorumlu Yazar. Tel.: +90-352-207-6666-32155.
E-posta adresi: ucaliskan@erciyes.edu.tr
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Sonuglar, ara fazin nanokompozit sertligi iizerinde kiiciik bir etkisi olmasina ragmen (Tek duvarli nano tiip uzunlugu)/(RVE
uzunlugu) oraninin, nanokompozit sertligini énemli 6l¢iide etkiledigini gosterdi. Khalili ve Haghbin [6] ¢ok 6l¢ekli malzeme
modellemesi kullanarak nanokompozitlerin dogrusal olmayan ¢ekme davranisi lizerindeki nanotiip spesifikasyonlarinin roliinii
arastirmiglardir. Ayrica, dogrusal olmayan modellenmis SWCNT'lerin kompozitleri iizerindeki ¢ap, kiralite ve hacim
fraksiyonunun etkisini de incelediler. Polimer igine gomiilii farkli SWCNT'lerden olusan ¢esitli RVE'leri birlestirmek igin ¢ok
6lgekli modelleme uygulandi. Nanokompozitlerin elde edilen gerilme-sekil degistirme egrileri, Zigzaglar yerine armchair Tek
duvarli nano tiiplerin kullanilmasinin, ¢gekme yiiklemesinde nanokompozitleri daha sert hale getirdigini ortaya koydu. Ayrica
KNT'nin ¢ap1, gerilme-sekil degistirme egrileri tizerinde ters bir etkiye sahipti. Kiralite ve tiirden bagimsiz olarak daha kiigiik ¢apl
KNT'lerin kullanilmasi, nanokompozitleri gerilimde daha giiclii hale getirdi. Ayrica, ¢apin etkisi, KNT'lerin daha yiiksek hacim
fraksiyonlarinda daha belirgindi. Tserpes ve digerleri [7] karbon nanotiiple giiglendirilmis kompozitlerin ¢ekme davranisinm
modellemek i¢in ¢ok dlcekli temsili bir hacim elemanini arastirdi. izole edilmis karbon nanotiiplerin davranigim simiile etmek igin
degistirilmis Morse atomlar arasi potansiyeline dayanan ilerleyici bir kiritlma modeli ve matrisi modellemek ve RVE'yi olusturmak
i¢in sonlu elemanlar yontemi kullanildi. Nanokompozitin ¢gekme davranisi iizerindeki arayiizey kesme mukavemetinin etkisi de
azaldig1 bulundu. Zeng ve digerleri [8] polimer nanokompozitlerin modellenmesi i¢in mikromekanik ve sonlu elemanlar yontemi
(FEM) gibi orta olgekli veya makro Olgekli tekniklerin simirlamalarim arastirmuglardir. Sonlu elemanlar ve mikromekanik
yontemler Dbirlestirilerek yeni bir yaklasim olan Sonlu Elemanlar-Mikro gelistirildi. Bu yaklasim, grafen / epoksi
nanokompozitlerin polimerde rastgele dagitilmis grafen levhalar ile sertligini tahmin edebilmektedir. Sonlu eleman simiilasyonu
kullanilarak, polimer matrisin bir siireklilik fazi oldugu varsayilmistir ve fazlar arasi bolgedeki Van der Waals etkilesimleri
dogrusal olmayan yay elemanlar1 kullanilarak simiile edildi. Atomistik modelleme yaklasimi kullanilarak, grafen levhanin her
karbon-karbon bagi yapisal bir kiris olarak modellendi. Sonlu elemanlar yontemi ile hizalanmig grafen levhalara sahip
nanokompozitlerin modiilii hesaplandiktan sonra, rasgele dagitilmis grafen levhalara sahip nanokompozitlerin sertligi tahmin
edilmistir. Guo ve digerleri [9] grafen takviyeli kompozitlerin mekanik o6zelliklerini analiz etmek igin yeni bir ¢ok olgekli
simiilasyon yontemi Onerdi. Atomistik ve makroskopik 6lgekler, dnerilen sonlu eleman modelleme yaklasiminda birlestirilmistir.
Nano 6l¢ekli analizde, grafenin bir uzay g¢ergeve yapist segildi, karbon atomlari diigiimler olarak tanimlandi ve karbon-karbon
kovalent baglar1 nano 6lgekli kiriglerle temsil edildi. Matrisin ve arayiiziin makroskopik homojen izotropik modeli, kompozitlerin
temsili hacim elemanina dahil edildi. Grafen hacim orani ve farkli egim agilarinin kompozitlerin mekanik 6zellikleri iizerindeki
etkisi eksenel gerilim altinda incelenmistir. Simiilasyon sonuglari, grafen hacim fraksiyonundaki artisla birlikte kompozitlerin
Young modiillerinin 6nemli 6lgiide arttigini gosterdi. Kompozitlerin Young modiilleri, biiyiik 6lgiide grafenin boyutuna bagliydi.
Khalili ve Haghbin [10] darbe yiiklerinde tek duvarli karbon nanotiip takviyeli nanokompozitlerde takviye malzemelerinin ana
tasarim parametrelerinin etkisini aragtirmak i¢in ¢ok &lgekli malzeme modellemesi uygulamislardir. Ayrica KNT ¢apinin,
kiralitesinin ve hacim fraksiyonunun nanokompozitlerin farkli temsili hacim elemanlarmin darbe davranisi izerindeki etkisini de
incelediler. KNT’leri molekiiler mekanikteki atomik yapilarina dayali olarak sonlu elemanlar modelleme yaziliminda uzay gergeve
yapilarindaki kirig elemanlari araciligryla modellediler. Cesitli temsili hacim elemanlar bir gekme darbe yiikiine maruz birakildi ve
elde edilen tepkiler, nanokompozit yapilardaki KNT'lerin etkili tasarim parametrelerini degerlendirmek i¢in analiz edildi. Darbeden
sonraki bir zaman periyodunda temsili hacim elemanlarin sekil degistirme enerjisi yogunlugu ve eksenel sekil degistirme
salimimlari seklindeki sonuglar, matrise KNT'lerin eklenmesi nedeniyle nanokompozitlerin darbe davraniginda biiyiik bir gelisme
oldugunu goéstermektedir. temsili hacim elemanlarda daha kiiciik ¢apli KNT'lerin uygulanmasi, nanokompozitlerde daha iyi bir
darbe mukavemetine neden oldu. Parashar ve Mertiny [11] grafen ile modifiye edilmis polimer nanokompozitlerin kirtlma
Ozelliklerini inceledi. Sonlu elemanlar ortaminda ii¢ boyutlu temsili hacim elemani tabanli ¢ok 6lgekli bir model gelistirilmistir.
Grafen tabakalar1 atomistik bir durumda modellenirken, polimer matrisi bir siireklilik olarak modellenmistir. Grafen/polimer
nanokompozitlerin kirtlma 6zellikleri sanal ¢atlak kapatma teknigi ile birlikte incelenmistir. Sonuglar, grafen ile gii¢lendirilmis bir
polimerde yatan bir ¢atlak icin gerinim enerjisi salmim hizi acisindan kirilma 6zelliklerinin etkilendigini gostermektedir.
Mortazavi ve digerleri [12] grafen epoksi nanokompozitlerin etkin termal iletkenligini degerlendirmek igin molekiiler dinamik
(MD) ve sonlu eleman ydntemlerini kullanan ¢ok lgekli bir sema gelistirdi. Onerilen hiyerarsik cok dlcekli yaklasim, ii¢ farkli
olcegi iceriyordu. ilk olarak, atomik olgekte grafen epoksi birlesiminde termal iletimin arastirilmasi i¢in MD simiilasyonlari
kullanildi. Elde ettikleri sonuglar, iki farkli sertlestirici kimyasal i¢in tek katmanli grafenin 1sil iletkenliginin epoksi matriste
yaklastk %30 oraninda azaldigim gosterdi. Kumar ve Srivastava [13] sonlu elemanlar yontemini kullanarak siirekli ortam
mekanigine dayali 3 boyutlu nano 6lgekli temsili hacim elemant kullanarak KNT ve grafen bazli nanokompozitlerin etkili elastik
ozelliklerini degerlendirmeyi ve karsilastirmay1 amacladi. Cesitli elastik sabitleri degerlendirmek i¢in temsili hacim elemanlarin
sonlu elemani modeline farkli periyodik yer degistirme sinir kosullart uygulandi. Matris malzemesinin, hacim fraksiyonunun ve
takviye uzunlugunun elastik 6zellikler iizerindeki etkileri de incelenmistir. Ongériilen sonuglar, analitik ve/veya yar1 deneysel
sonuglar ve literatiirdeki mevcut sonuglar ile dogrulanmigtir. KNT ve grafen bazli nanokompozitlerin tiim elastik sertlik
Ozelliklerinin matris malzemesine gore daha iyi oldugu bulunmus olmasmna ragmen, sirasiyla KNT ve grafen bazlh
nanokompozitlerde diizlem dis1 ve diizlem igi sertlik 6zellikleri daha iyi gelismistir. Ayrica uzun nanodolgularin (grafen ve KNT),
kisa boy ile karsilastirildiginda elde edilen nanokompozitlerin normal elastik modiiliinii arttirmada daha etkili oldugu sonucuna
varilmigtir. Ahmadia ve digerleri [14] ¢ok O6lgekli karbon nanotiip/karbon fiber takviyeli polietilenden yapilmis L-sekilli
numunelerin egilme testi altindaki davranisini genisletilmis sonlu elemanlar yontemini kullanarak arastirmistir. Cok olgekli
kompozitin mekanik 6zellikleri, stokastik bir sonlu eleman modu ile elde edildi. Baslangigta, nanotiiplerin mekanik 6zelliklerini
nano Olgekte hesaplamak igin molekiiler dinamik simiilasyonlar: kullanildi. Daha sonra sonlu elemanlar yontemi kullanilarak
karbon nanotiip/polietilen nanokompozitin 6zellikleri elde edilmistir. Matrisin mekanik &zellikleri, nanotiip takviyeli polietilenin
ozellikleri olarak diisiiniildiigiinde, bir sonraki olgekte karbon fiberler kompozitlere dahil edilmistir. Hadden ve digerleri [15]
grafen nanoplateletler (GNP)/epoksi kompozitlerin elastik 6zelliklerini tahmin etmek igin hiyerarsik ¢ok olgekli bir modelleme
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yontemi gelistirilmis ve deneysel olarak dogrulamislardir. Cok 6lgekli modelleme yontemi, molekiiler diizeyde MD simiilasyonunu
ve mikroskobik diizeyde mikromekanik simiilasyonu igerir. Modeli dogrulamak ve modelleme yonteminin yeteneklerine iliskin
ispat saglamak i¢in modellenen malzemelerin numunelerinin tiretimi ve testi kullanildi. Elde edilen verilere gore, gelistirilen ¢ok
olgekli modelleme yontemi dogrudur ve GNP ile giiglendirilmis kompozitlerin mekanik davranisina fiziksel iggori
saglayabilir,kompozitteki GNP hacim fraksiyonu,ve GNP dagilim kalitesinin, kompozitin enine gerilme 6zellikleri izerinde gii¢li
bir etkiye sahip oldugu sonuglarina varilmistir. Manta ve digerleri [16] deneysel verilerle bir grafen/polimer nanokompozitin
elektriksel tepkisini simiile eden ve gelistirilen sayisal yontemi dogruladi. Yaklagimlari ¢ok 6lgekli yonteme dayanan hizalanmig
ve rastgele dagitilmis nanopargaciklar: hesaba katan bir birim hiicre ve temsili bir hacim elemandan (RVE) olusuyordu. Birim
hiicre diizeyinde, malzeme nano zellikleri (dolgu geometrisi, elektriksel bilesen ve arayiizey 6zellikleri) bir yerel direng cebirsel
matrisine entegre edilmistir. Malzeme mimarisi daha sonra birim hiicre elektriksel 6zelliklerinin kullanict tanimli dagilimi ile mikro
diizeyde modellenmistir. Istatistiksel bir 6rnek incelenerek ve ortalama elektrik tepkisi, dogrudan (DC) ve alternatif akim (AC)
Ol¢iimleriyle karsilagtirildi. Modelin gelismis nanokompozit sistemleri tasarlamak ve optimize etmek igin etkili, esnek ve zaman
acisindan verimli bir ara¢ oldugu kanitlandi. Gresil ve digerleri [17] grafen nanokompozitin termal yayilimini () ve ilgili a'y1 bir
dagilim indeksi ile Olgen, temassiz kizilotesi termografi haritalama kullanarak nicel bir dagilim karakterizasyon yontemi
sunmustur. Onerilen yéntemin ana avantaji, sistemin termal &zelliklerini 6lgmenin yani sira, daha az ¢aba ve maliyetle genis bir
alan tizerindeki dagilimi degerlendirebilmesiydi. Bu termal haritalamanin ger¢ek ¢oziiniirliigii, grafen nano levhaciklarin (GNP)
dagilimimin dogru bir resmini veren piksel bagina 200 um'ye ulagti. Dagilim sonrasi iglem, kompozitin yonlii termal iletkenliginde
GNP'nin agirlik¢a %5'inde %400'e varan artisa kadar bir gelisme gosterdi. Maxwell-Garnet etkili ortam yaklagimi, 6l¢iilen verilerle
olumlu sekilde karsilastirilan termal iletkenligi tahmin etmek igin 6nerildi. Malzeme davranislarinin modellenmesinde niimerik ve
analitik yOntemler aragtirmacilar tarafindan siklikla kullanilmaktadir. Malzeme teknolojilerinin gelismesinde ise farkli
konseptlerdeki malzemelerin kullanilmasi ile niimerik analizler-sonlu elemanlar ve sonlu farklar yontemleri kabiliyetleri geregi
daha 6n plana gikmaktadir [18-20].

Calismada farkli hacim oranlarinda ve kiral geometrisinde grafen takviyeli polimerik nanokompozitlerin farkli yiikleme
yonerindeki cekme davraniglar1 arastirilmigtir. Cekme davraniglari tespitinde sayisal olarak ¢ok 6lcekli analiz teknigi kullanilmastir.
Caligmanin dikkat c¢ekici noktasi ise grafen/polimer arayiizeylerinde olusan van der walls baglarinin dikkate alinarak sayisal
modele adapte edilmesidir. PYTHON dilinde parametrik olarak gergeklestirilen analzilerin gerilme-sekil degistirme davranislar
ortaya konmustur.

2. Cok Olcekli Modelleme
2.1. Grafen Tabakasimin Geometrisi

Grafen tabakasi, her bir atomun 1.421 A uzunlugundaki ¢ok giiclii kovalent baglarla en yakin {i¢ komsuya baglandig1 karbon
atomlar1 arasindaki altigen baglardan olusan bir kafestir. Grafen levhalarinin birgogunun mekanik ve elektriksel ozellikleri,
ozellikle baglarin atomik diizenini tanimlayan vektoriin yoniine ve uzunluguna baghdir. Bu vektor, yani kiral vektor veya kiralite
indeksi Cp, grafen tabakasindaki birim hiicrenin iki a; Ve a, vektoriinden tiretilir. Kiral vektor, n birim a; ve m birim a;'den olusur

(Sekil 1) [6]:
Cp =nd, + md,, bn=m D
(n, m) ile belirtilen kiralite indeksi, grafen levha tizerindeki kiral vektdriin uzunlugunu ve yoniinii temsil etmektedir. Kiral indeks

ile ilgili olarak, ii¢ tip grafen tabakasi tanimlanmigtir. Armchair grafen tabakalari (n, n) ile ve Zigzag grafen tabakalari (n, 0) ile
tanimlanir. Farkli kiralite indekslerine sahip olanlar, Kiral grafen levhalardir.

Sekil 1. Grafen Tabakasimin Geometrisi
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2.2. Molekiiler Mekanik Modelleme

Hesaplamali nanobilimde, birka¢ yiiz ila milyarlarca atom igeren bir sistemin enerjisi, atomlar arasi potansiyeller
kullanilarak degerlendirilir. Bir n-cisim nanoyapisinin toplam potansiyel enerji fonksiyonu, her zaman, kendisini olusturan
atomlarin koordinatlar1 cinsinden ifade edilebilen konfigiirasyon potansiyel enerjisini ifade ettigi anlagilmistir. En basit yol, bu
enerjiyi iki ve ii¢ cisim vb. potansiyel enerji fonksiyonlarini igeren bir kiime agilimi olarak agagidaki gibi ifade etmektir [6],

1 1
Hy = ;Ei i Vz(ri:rj) +§Zi2j¢i2k¢i,j V3(Ti,7”j,7‘k) +... 2

burada Vp, n-cisim atomlar arasi potansiyel fonksiyonlardir. Potansiyeller atomik koordinatlarin fonksiyonlaridir, ancak pratikte
atomlar aras1 mesafeler cinsinden ifade edilirler. Bu nedenle potansiyel enerji, atomlar arasi ayrilmaya ve ayrica tek tek atomlar
baglayan baglar arasindaki agilara baglidir.

Molekiiler mekanikte, grafen levhalar, karbon atomlari igeren biiyiik bir molekiil olarak kabul edilir. Bu nedenle, potansiyel enerji
fonksiyonu, yalnizca karbon atomlarinin gekirdeklerinin goreceli konumuna bagl olan sterik potansiyel enerji seklinde ifade edilir.
Bir nanoyapi1 kuvvet alaninin genel formu su sekilde ifade edilir [6]:

U=ZUT+ZU9+ZU®+ZUW+ZUU11W 3)

burada U, bag gerilmesidir, Uy bag agis1 biikiilmesidir, Uy dihedral a¢1 burulmasidir, Uy, diizlem dist burulmadir ve
Uy, qw molekiildeki bagli olmayan Van der Waals etkilesimleridir.

2 0-"-Q & o
¢ %" ¢ 2"/ —o
®) O 3

Sekil 2. Atomlar arasi baglarin potansiyel olusumlari

Molekiiler mekanik modelleme yontemi, klasik yap1 mekaniginde bir uzay cergevesi olarak GNP yapisinin atomik 6zelliklerini
simiile etmeyi amaglamaktadir. Bu nedenle, grafen levhalardaki karbon atomlar1 ¢cergevedeki eklemler olarak kabul edilir ve buna
karsilik olarak karbon baglari yiik tagtyan kirig elemanlari olarak kabul edilir (Sekil 2). Basit harmonik fonksiyonlar ve Amber
kuvvet alani, molekiiler mekanikte potansiyel enerji terimlerini tanimlamak i¢in asagidaki gibi uygulanir [ 6]:

Uy = 2k (r —10)? = 2 ky (Ar)? (4)
Up =5 ko(60 = 60)? =2 ko(46)? (5)
Ur = S ke(t = 10)? = S ke (AT)? (6)

burada k., kg, k. sirasiyla bag germe kuvveti, bag agisi bilkkme kuvveti ve burulma direnci sabitidir ve Ar, A8 and At sembolleri bag
germe artisini, bag agisi degisimini ve burulma agisi degisimini temsil eder. Yapi mekaniginde, L uzunlugunda bir karbon bagini
temsil eden tiniform bir kirig elemaninin deformasyonlardan kaynaklanan gerinim enerjisi asagidaki gibi ifade edilir [6]:

1 (L N2 1N%2L  1EA

Ua=3 )y gadl =555 =57 (A1) ™)
1 ,LT? 1T%2L 1GJ

Up =3y gdb=5¢ =57 (0B ®)
1 (L M2 2EI 1EI

Un =3 b b ="7a% =57 Qo) ©

Uy, Ur ve Uy, sirasiyla saf eksenel kuvvet N, saf egilme momenti M ve saf burulma T nedeniyle bir kiris elemaninin gerinim
enerjileridir. AL, & and Ap sirastyla eksenel gerilme deformasyonu, kirisin uglarindaki doniis agisi ve kirisin uglari arasindaki bagil
donistiir. Simdi, Denklemler'de yapisal mekanikteki gerinim enerjileri arasinda dogrudan bir iliski kurarak. (7)—(9) ve molekiiler
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mekanikte potansiyel enerjiler, Denk. (4)—(6), aym deformasyonlar1 varsayarak, kirig elemanlarinin elastik (Young modiilii E ve
kesme modiilii G) ve geometrik 6zellikleri (L uzunlugu ve kesit alan1 A) su sekilde elde edilir [6]:

EA

EI GJ
L :kr: TIkg, T:kT' (10)

carbon atom

1
FE mesh node

f">< K
\_

*®

/ equlvalent beam

Sekil 3. Uzay-kafes yontemi ile modellenen grafen levha

Kolaylik saglamak i¢in kirig elemanlar1 dairesel bir kesit olarak kabul edilir (Sekil 3). Amber kuvvet alanindan molekiiler mekanik
parametrelerinin bilinmesiyle, kiris elemanlarinin E, G ve ¢ap1 (d), asagidaki iliskiler yoluyla yapisal mekanik modellemede
uygulanmaya hazirdir [6]:

_ ko _ KkEL _ k#k.L
d = 4\/1@’ E= amky’ G = 8mk? (11)

k, =938 kcal mol™* A™2 = 6.52x10"7 Nnm™?!

kg = 126 kcal mol™* rad=? = 8.76x1071° N nm~* rad 2 (12)
k. = 40 kcal mol~* rad=% = 2.78x107° N nm~! rad 2

Bu formiilasyon, dairesel iki diigiimlii kiris elemanlar1 igin tiiretilen matris sistemi g¢oziilerek sonlu elemanlar yonteminde
uygulanmistir. Her diiglimiin alt1 serbestlik derecesi (DOF), {i¢ 6teleme (X, y, z) ve li¢ donme serbestlik derecesi (DoF) vardir.

2.3.  Grafen/Polimer Arayiizeyi Molekiiler Etkilesimler (Van der Walls Baglar)

Nanokompozitlerde nano dolgu maddesi olarak grafenin kullanilmasinin temel amaci, yiikii matristen nanopargaciklara
aktarmak ve sonug¢ olarak nanokompozitlerin sertligini iyilestirmektir. Bu yiik transferi temel olarak nanopartikiiller ve matris
arasindaki Van der Waals etkilegimleri araciligiyla gergeklestirilir. Grafen takviyeli polimerlerde polimerin hacim orani grafenden
cok daha biiyiik oldugu i¢in, polimer zincirlerindeki molekiiler etkilesimi grafenin modellendigi yaklasimla modellemek ¢ok
zordur. Bu nedenle polimer, modelleme prosediiriinde bir uzlasma olarak mikro Slgekte bir siirekli ortam olarak modellenir.
Polimeri olusturmak i¢in 8 diigiimlii kati elemanlar kullanilir ve izotopik davranis varsayilir. Young modiilii ve Poisson regine
orani sirastyla 2 GPa ve 0.35 olarak kabul edilmistir. Polimer ile iligkili elementlerin boyutu, grafen {izerindeki altigen halkalar
kadar kiigiik se¢ilir.

Polimerin grafen ve polimer zincirleri arasindaki etkilesimler, zayif elektrostatik ve van der Waals (vdW) kuvvetleri araciligiyla
gerceklesir. VAW kuvveti ile karsilagtirildiginda, grafen ve polimer arasindaki etkilesimi tamimlamada elektrostatik kuvvetin
katkis1 ihmal edilebilir [21]. vdW kuvveti, agagidaki gibi Lennard Jones “6—12 potansiyeli” temelinde etkilesen iki atom arasindaki
mesafe cinsinden ifade edilir [21]:

Fuaw = 2]~ (2)" + 05 (9)'] 3)

T
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Sekil 4. vdW etkilesimleri icin Kuvvet-Yer degistirme egrisi

e ve o, sirastyla 0.4396 kJmol—1 ve 0.3851 nm bityiikligiinde Lennard-Jones parametreleridir [22]. Van der Waals, grafenin karbon
atomlar1 ve ¢evresindeki polimerin i¢ ylizeyinin diigiimleri arasindaki etkilesimler, eksenel translasyon konektor tipi (CONN3D2)
kullanilarak modellenmistir. Atomik seviyede kuvvet-yer degistirme davranigina (Denk. (13)) karsilik gelen verileri (Sekil 4), Van
der Waals etkilesimlerinin dogrusal olmayan davranigini tariflemek i¢in yazilima bir kod aracilig1 ile adapte edilmistir. Polimerin
diigiimleri ile grafen arasinda bu etkilesimleri olusturmak i¢in bir kod yazilmistir. Bu sekilde, sadece grafen diigiimii (atom) ve
polimerin bitisik diigiimleri arasindaki Van der Walls etkilesimi olusturulmustur. Sekil 5’te VAW etkilesimlerinin sonlu elemanlar

modeli gosterilmektedir.

Sekil 5. Grafen tabakasi, polimer ve VAW etkilesimleri

2.4. Temsili Hacim Eleman ve Sayisal Model

Bu ¢aligmada, molekiiler yapisal modellemenin uygulanmasi i¢in alt1 serbestlik derecesine sahip lineer Euler-Bernoulli kiris
elemanlar1 kullanilmigstir. Bu eleman, E ve G gibi bilinen elastik parametrelere ve ayrica molekiiler yapisal modelleme yénteminden

elde edilen ¢apa dayanmaktadir. Kiris elemanlari, molekiiler yapisindaki karbon atomlariin koordinatlar1 aracilifiyla geometrik
olarak modellenen bir uzay-gergeve yapisina uygulanir. Koordinatlar, bir nanomalzeme modelleme programi kullanilarak elde
edilmistir. Kirig elemanlari, grafen levhalarin kiralitesi ile ilgili olarak iki uygun karbon atomu arasinda yer alir. Bu ¢aligmada iki
farkli grafen levha kullanilmistir. Sekil 6, ABAQUS'ta [23] grafen levhalarin modellenmesini ve kullanimini gostermektedir.
Istenilen kril indeksine gore grafenler nanomalzeme modelleme yaziliminda ¢izilmis, her bir atomun koordinatlari {i¢ boyutlu
olarak satir satir istenmistir. Sonlu elemanlar yaziliminda uzay-kafes yontemi ile kiris eleman modellenmesi sirasinda daha once

alinan koordinatlar adapte edilerek parametrik olarak modellenmistir.
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Sekil 6. ABAQUS’de modellenen grafen tabakalari

Nanokompozitlerin ¢ok dlgekli malzeme modellemesindeki ana ilke, analiz edilecek malzeme sisteminin bir temsilcisi olarak bir
Temsili Eleman (Representative volume element, RVE) olusturmaktir. Bir GNP/polimer nanokompozitinin sayisal
simiilasyonunda, nano parcacik molekiiler mekanik tarafindan daha dogru bir sekilde modellenirken, kompozit mukavemeti ve
sertligi tizerinde daha az dnemli etkiye sahip olan polimer kismi, FEM'de bir siireklilik olarak ortak kat1 elementlerle temsil edilir.

Bu ¢alismada polimer, Young modiilii 2 GPa ve Poisson orani 0.35 olan lineer elastik bir malzeme olarak kabul edilmistir. Uzayda
her bir diigiim igin alt1 serbestlik derecesine sahip dogrusal kiibik sekiz diigiimlii elemanlar, Sonlu elemanlardaki polimer kismini
birbirine baglamak i¢in kullanilir. GNP parametrelerinin etkisini arastirmak igin farkli temsili hacim eleman diizenlemeleri
modellenmistir. Temsili hacim elemanlar farkli miktarlarda polimer i¢ine gomiilmiis 2 farkl: farkli armcahir (6,6) ve Zigzag (10,0)
GNP boyutundan olusur. GNP'ler, polimer ile ayn1 uzunlukta temsili hacim elemanin ortasinda bulunur. GNP hacim oram
ABAQUS ile hesaplanir ve GNP’ nin kalinhig grafit levhalardaki ara katman bosluguna esit olarak alinir, yani 0.34 nm’dir [13].
Sekil 7, ABAQUS’ta modellenen GNP ve ¢evreleyen polimeri igeren bir temsili hacim eleman1 géstermektedir.

LI L)

c L

ekil 7. Polimer, grafen tabakasi ve molekiiler etkilesimleri iceren ve ABAQUS’de modellenen temsili hacim eleman
S g § ¢

GNP ile cevreleyen polimer arasindaki etkilesim, ¢ok fazli malzeme modellemede kritik bir noktadir. Bu nedenle, ABAQUS'ta bir
yetenek olarak "gomiilii eleman", arayiizii temsili hacim elemanlart modellemek i¢in kullanilir. Bu yetenek, ¢ok fazli yapilarda
takviye elemanlar1 igin basartyla kullanilmaktadir. Analiz prosediiriinde, her bir RVE'nin bir ucu tamamen sinirlandirtlmistir ve
%10 sekil degistirme elde edene kadar diger uca artimli bir eksenel yer degistirme uygulanmistir. Bu yontem, temsisi hacim
elemanlarin ¢ekme davraniginin degerlendirilmesinde yaygin olarak kullanilir [14]. Kiris elemanlarmin GNP igindeki dogrusal
olmama durumu goz oniine alindiginda, analizin genel olarak dogrusal olmayan sonuglar vermesine olanak saglanmistir. Normal
gerilme, sekil degistiren bolgelerden toplam kuvvet ¢iktisi ile istenir ve yazilim ¢iktilarindan hesaplanir.

Bu calismada, GNP parametrelerinin nanokompozitlerin ¢ekme davranisi tizerindeki etkisini arastirmak igin (6, 6) Armchair ve
(10, 0) Zigzag GNP'ler olmak tizere dort tip GNP kullanilmigtir. Polimere %1, %2 ve %5 hacim oranlarinda eklenmistir. Armchair
(6, 6) ve Zigzag (10, 0) GNP'ler hemen hemen esit uzunluktadir.
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3. Sonuclar

Nanokompozitlerin gerilme davranisi ilizerindeki grafen levha ozelliklerinin roliinii arastirmak i¢in ¢ok Slgekli malzeme
modellemesi kullamilmigtir. Ozellikle, dogrusal olmayan modellenmis grafenlerin kiralite ve hacim fraksiyonlarinin
nanokompozitleri tizerindeki etkisi malzemelerin atomlar1 arasindaki etkilesimlerinde dikkate alinmasi ile incelenmistir. Polimer
icine gdmiilii farkli GNP'lerden olusan cesitli temsisi hacim elemanlar1 birlestirmek igin ¢ok 6lgekli modelleme uygulanmistir.
Grafen levhalar, uzay cerceve yapilari durumunda atomik yapilarina dayali olarak siirekli ortam mekaniginde modellenmistir. Bu
yapidaki nanopartikiiller, molekiiler mekanikteki karbon baglarimin 6zelliklerine benzeyecek sekilde tanimlanir. Temsisi hacim
elemanlarin polimer kismi, modelleme kolaylig1 acisindan lineer elastik siirekli malzeme olarak modellenmistir.

.
i

Sekil 8. Cekme yiikii altindaki grafen ve VAW baglar

Her biri % 1, 2 ve 5 hacim oranminda ve ayn1 geometrik 6zelliklerde iki farkl krilite endeksine sahip (6,6), armchair ve (10,0),
zigzag GNP'den olusan 6 RVE, ayr1 agsamali prosediirlerde analiz edilmistir. (6,6) ve (10,0) GNP'lerin neredeyse esit uzunlukta

(2,3 nm) iki farkl tiir grafen yapisitir. Hacim oraninin ¢ekme davranigi lizerindeki etkisi grafen dogrultusunda ve kalinlik
dogrultusunda olmak iizere ¢ok boyutlu olarak aragtirilmistir.
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Sekil 9. Polimerik nanokompozitin grafen dogrultusundaki (y yonii) ¢cekme davramsina grafen krilitesi ve hacim oram etkisi
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c) Armchair-Zigzag

Sekil 10. Polimerik nanokompozitin grafenin kalinlik dogrultusundaki (z yonii) ¢cekme davramsina grafen Krilitesi ve hacim orani
etkisi

Sekil 8 ¢cekme yiikii altindaki grafen nanokompozitin arayiizey baglarini gostermektedir. Sekilden de gortildiigii gibi grafenin her
bir atomu kendisi ¢cevreleyen polimer atomlari ile bag kurmaktadir. Bag kurulmasinda Sekil 4’deki grafikten ortaya ¢ikan bir kural
vardir. Atomik seviyede kuvvet yer degistirme egrisine gore yaklasik 8 nm’den sonra atomlar arasi ¢keim kuvveti 0 (sifir)’a
yaklagmaktadir. Bu durum bag kurulumunun modellenmesinde kullanilmistir. Yazilan bir program ile uzayda bag kurma ihtimali
olan grafen ve polimer atomlarinin koordinatlar1 alinarak ve tekrar uzayda iki nokta arasindaki uzaklik hesabi yapilarak uzakligi
8 nm’den kii¢iik olan tiim grafen ve polimer atomlar arasinda bag kurulmustur. Burada en 6nemli nokta polimer atomlarinin
belirlenmesidir ¢iinkii grafen atomlar1 grafen geometrisinden dolayi sabittir. Polimer atomlari ise kullaniciya baglidir. Yapilan 6n
¢alismalar sonucunda polimer atomlarinin yerleri yaklasik olarak grafen hiicresi boyutlarinda ayarlanmistir. Olusturulan bag sayisi

yazilim agisindan sinirlidir. Bu ¢aligmada kullanilan grafen geometrisi sabit oldugu i¢in analizlerde olugan ortalama VAW baglari
say1st 10000 adettir.

Sekil 9’da ise temsili hacim eleman olan polimerik nanokompozitin grafen dogrultusundaki (y yonii) ¢ekme davramslar farkh
hacim orani ve kiral geometriye sahip grafenler igin verilmistir. Grafen dogrultusundan kasit grafenin eni veya boyunun
dogrultusudur. Grafenin yiik tasidig1 bu yondeki etkisi asikar olurken diger yondeki etkiside merak uyandiran diger bir konudur.
Grafenin polimer icerisindeki hacim orani arttik¢a gerilme seviyeleri arttmistir. Analizler lineer elastik oldugu i¢in lineer bir artig
goriilmektedir. Benzer durum zigzag kriliteye sahip nanokompozitlerde de goziikmektedir. Armchair ve zigzag geometriye sahip
nankompozitlerin sonuglarinda ise armchair geometrideki nanokompozitlerin daha yiiksek gerilme seviyesine ulastigi sonucu
¢ikmaktadir. Sekil 10 benzer sekilde nanokompozitlerin diger yondeki (grafen kalinlik yonii) ¢ekme altindaki gerilme sekil
degistirme degisimini vermektedir. Grafen kalinlik boyunca nano seviyede ¢ok diisiik yiikler tasimaktadir. Ancak grafen-polimer
arasindaki kurulan baglar nedeni ile yiik tasima kabiliyetinin polimer-grafen-polimer arasindaki yiik transferi ile modellemek
caligmanin bagarisimt géstermektedir. Kalinlik boyunca yiik tagima kapasitesi az olsa da saf polimerin mekanik 6zelligini grafen
takviyesi iyilestirmistir. Saf polimerin gerilme seviyesi 150 MPa civarinda olurken hacim oranina gore sirasi ile % 1, 2 ve 5
armchair geometrili grafen takviyeli nanokompzoitlerin en biiyiik gerilme seviyeleri 184, 190 ve 210 MPa civarinda olmustur.
Benzer durum zigzag geometrili nanokompozitlerde de vardir. Armchair ve zigzag geometrili nanokompozitler karsilastirildiginda
ise gerilme seviyelerinin ¢cok yakin oldugu sonucu ¢ikmaktadir.
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4. Yorum ve Oneriler

GNP'lerin kiralite ve hacim fraksiyonunun nanokompozitlerinin ¢ekme davranigi tizerindeki etkisi aragtirilmigtir. ABAQUS
yazilimida ¢ok Ol¢ekli malzeme modellemesi, GNP/polimer nanokompozitin temsili bir hacim elemani iizerindeki ¢ekme
yiiklemesini simiile etmek i¢in kullanilmistir. GNP'ler, molekiiler mekanikte uzay c¢ergeve yapilari olarak degistirilmis Morse
potansiyeli araciligiyla atomik yapilarina gére modellenmistir. Temsili hacim elemanlarda GNP ve polimer olusturularak farkli
boyutlardaki farkli miktarlarda Armchair ve Zigzag GNP’ler ile arayiiz modellemesi yapilmigtir. Arayiizey etkilesimleri VAW
baglar ile modellenmistirg Temsili hacim elemanlarin elde edilen gerilme sekil degistirme egrileri, nanokompozitlerin gerilme
davraniginin, GNP'lerin hacim fraksiyonu ve kiralitesine bagimliligini1 géstermistir. Temsili hacim elemanlar1 Armchair GNP'leri
ile kullanmak, ozellikle daha yiiksek uygulanan gerilmelerde, ¢ekme yiiklemesi altinda daha yiiksek mukavemet ve tokluk ile
sonuglanmistir. Benzer sekilde daha yiiksek hacim orani ile de bu durum saglanmistir. Grafenin kalinlik yoniindeki davranisi ise
saf polimerin mekanik 6zelliklerini az da olsa anlamli sekilde iyilestirmistir.
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Abstract

The research was conducted to determine the relationship between the xenophobic attitudes of midwifery students towards refugees
and their conscientiousness. The descriptive and cross-sectional study was conducted with students studying in the midwifery
department of a health sciences faculty between April 15 and May 15, 2021. The population of the study consisted of midwifery
students (N=368), and the sample consisted of 218 students who voluntarily agreed to participate in the research. “Personal
Information Form”, “Conscious Intelligence Scale” and “Xenophobia Scale” were used as data collection tools. According to the
xenophobia scale total scores of the students participating in the study, it was determined that xenophobia was below the moderate
level and the conscientious intelligence scores were quite high. A statistically significant difference was found between the students'
grades and the total scores of the xenophobia scale. As a result of the correlation analysis performed to determine the relationship
between the scales, no significant relationship was found between the total scores obtained from the scales. Positive and weak
(r=.144, p=0.034) between the total score of the Xenophaobia scale and the ethical values sub-dimension of the Conscientious
Intelligence Scale, and weak (r=-.191,) between the total score of the Xenophobia scale and the compassion sub-dimension of the
Conscientious Intelligence Scale. p=0.005) relationship was determined. In the study, it was determined that midwifery students'
fear of refugees was below the medium level and their conscientious intelligence scores were quite high. This research will fill the
gap in the field and will provide a new perspective on the approach and communication to refugees in the provision of health
services.

Keywords: Midwifery, Refugee, Xenophobia, Conscientious Intelligence, Midwifery student

1. Giris

Gog “insanlarin bir cografya lizerinde anlamli bir etki yaratacak bir siirede gergeklestirdigi yer degistirme” ya da “bireylerin
veya gruplarin, sosyal, ekonomik, kiiltiirel ve siyasal nedenlerden dolay1 yasamlarin siirdiirdiikleri yerden, hayatlarinin tamamini
ya da bir kismini gegirmek {izere bagka yere yerlesmek kosuluyla yer degistirmeleri” olarak tanimlanmaktadir (Gumiis ve Bilgili,
2015). Literatiirde gd¢ eden bireylerle ilgili bazi tanimlamalar yapilmistir. Miilteci "irki, dini, milliyeti, belli bir sosyal gruba
mensubiyeti veya siyasi diislinceleri nedeniyle zuliim gorecegi konusunda hakli bir korku tagiyan ve bu yiizden iilkesinden ayrilan
ve korkusu nedeniyle geri donemeyen veya donmek istemeyen kisiler” olarak tanimlanmistir ve bu bireylere 6zel statii ve hukuki
koruma garanti edilmistir (Birlesmis Milletler Miilteci Orgiitii [UNHCR], 1967).

Kiiresellesme ile diinya genelinde giderek artan uluslararast go¢ olayi, iginde bulundugumuz ¢agin “gécler ¢agi” olarak
nitelendirilmesine yol agmistir (Miller ve Castles, 2008). Istatistikler bu durumun ulasti1 boyutlarin azimsanamayacak dlciide
olduguna dikkat cekmektedir. Birlesmis Milletler Miilteci Orgiitii’niin (UNHCR) 2019 kiiresel egilimler raporunda; 2019 yiliin
sonuna gelindiginde diinya genelinde 79.5 milyon insan zuliim, ¢atigma, siddet, insan haklar1 ihlalleri veya kamu diizenini ciddi
sekilde bozan olaylar sonucunda zorla gog ettikleri belirtilmektedir. Yine ayni rapora gore Tiirkiye, cogu Suriyeli miilteci (%92)
olmak iizere, 3.9 milyon insanla sinir &tesi yerinden edilmis en yiiksek sayida insana ev sahipligi yapmaktadir (UNHCR, 2019).

Miiltecilerin gog¢ olayiyla birlikte yer degistirmeleri onlan fiziksel, sosyal ve psikolojik olmak iizere pek ¢ok agidan
etkilemektedir (UNHCR, 2019). Bu durumlarin yani sira gog¢ eden bireyleri etkileyen bir diger durumda heniiz ev sahibi ilkeye
ulasmadan baglayan zenofobik tutumdur. Yabanci diismanlifi ya da yabanci korkusu (Zenofobi) Yunanca bir kelime olup,
literatlirde “farkli tilkenin insanlarina kars1 duygusal ve davranigsal olarak sergilenen dnyargi” olarak tanimlanmaktadir (Yakushko,
2008). Uluslararas1 Calisma Orgiitii (ILO) yabanc1 diismanlhigini “insanlar1 toplumda ya da ulusal kimlige yabanci olduklari algisina
dayanarak reddeden, dislayan ve ¢ogu zaman suglayici davranis ile dnyargilar” olarak tanimlamaktadir (ILO, 2001). Yabanci
diismanligi tutumuna maruz kalan bireyler ev sahibi iilkede kendilerini degersiz hissetmekte ve egitim saglik gibi temel
ihtiyaglardan yararlanma konusunda korku yasayabilmektedirler. Miiltecilere yonelik saglik hizmetlerine erisim konusunda ev
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sahibi tilkenin saglik personellerinin zenofobik tutumu, iletisim problemlerine ve saglik bakimi alma konusunda engellere neden
olmaktadir (Suleman et. al., 2018). Oysa saglik alanindaki tiim meslek mensuplarinin empati yapabilen, hastalara kars1 hosgoriili
ve sabirli bireyler olmasi gerekmektedir. Bu 6zelliklerin yani sira saglik profesyonellerinin vicdan yetisine de sahip olmasi
gerekmektedir. Viedan “kisinin kendi ahlak degerlerini dolaysiz bir bigimde kendiliginden yargilamasini saglayan i¢ yeti ya da
kisiyi bunu yapmaya yonelten i¢ duyu” olarak tanimlanmaktadir (imamoglu, 2010).

Vicdan konusunda literatiire Akt1 ve arkadaslari tarafindan (2017) yakin zamanda “vicdani zeka” kavrami kazandirilmastir.
Nitekim literatiirde saglik alaninda vicdani zeka konusunda arastirmalar mevcuttur (Urgan, 2020; Boz ve ark., 2019). Arama
Kurtarma Dernegi (AKUT) biinyesinde goniillii hizmet sunan saglik profesyonellerinin vicdani zekd ve yasam tatmini ile is
performansinin arastirildigr bir ¢alismada vicdani zekad diizeylerinin is performanslarinin artmasinda etkili bir faktor oldugu
sonucuna ulasilmistir (Urgan, 2020). Boz ve arkadaslar1 (2019) vicdani zeka ile is performansi arasinda anlamli iliskiler
bulmuglardir. Literatiir tarandiginda saglik alaninda miiltecilere yonelik yabanci diigmanligi tutumu ve vicdani zeka 6zellikleri
arasindaki iligkinin incelendigi bir ¢alismaya rastlanmamustir. Bu aragtirma alandaki boslugu doldurarak saglik hizmeti sunumunda
miiltecilere yaklasim ve iletisim konusunda yeni bir bakis a¢is1 kazandiracaktir.

Bu ¢alisma miiltecilerle dgrencilik donemlerinden itibaren klinik uygulamalarinda karsilagarak onlara sunulan saglik
hizmetlerinde gorev alan ebelik 6grencileri ile yiriitiilmiistiir. Calisma ebelik 6grencilerinin gé¢menlere/miiltecilere yonelik
yabanct diismanligi tutumlari, bazi degiskenlerin etkisi ve vicdani zekd ozellikleri arasindaki iliskinin belirlenmesi amaciyla
yapilmigtir. Amag dogrultusunda asagidaki sorulara cevap aranmistir:

1. Ebelik 6grencilerinin yabanci diismanligi (zenofobi) tutumlari ne diizeydedir?

2. Ebelik dgrencilerinin yabanci diismanlig1 diizeyleri cesitli degiskenlerin (cinsiyet, 6grenim goriilen birim, sinif diizeyi,
algilanan gelir diizeyi, gog ile ilgili egitim alma durumu, iiniversiteye gelmeden once yasanilan yerlesim yeri) etkisi var midir?

3. Ogrencilerin vicdani zeka diizeyleri nasildir?

4. Ogrencilerin zenofobik tutumlar1 ve vicdani zeka dzellikleri arasindaki iliski nedir?

2. Materyal ve Yontemler
2.1. Arastirmanin Tiirii, Evren ve Orneklem

Bu ¢alisma, tanimlayici ve kesitsel tipte (15 Nisan-15 Mayis 2021), Tiirkiye’de bir iiniversitenin Saglik Bilimleri Fakiiltesi
Ebelik Boliimiinde 6grenim gormekte olan 6grencileri ile gergeklestirilmistir. Calismanin evrenini, Tiirkiye’de, Orta Karadeniz
bolgesinde bir Saglik Bilimleri Fakiiltesi Ebelik Boliimiinde okuyan dgrenciler (N=368) olusturmustur. Arastirmanin 6rneklemi
icin evreni bilinen 6rneklem hesabina gidilmis ve %90 giiven aralig1 ve +5 sapma degeri ile 190 ebelik 6grencisi alinmasi gerektigi
hesaplanmistir. Aragtirma goniillii olarak katilmay1 kabul eden 218 6grenci ile tamamlanmustir.

2.2. Veri Toplama Aracglar

Calismada veri toplama araci olarak; ebelik boliimii 6grencilerinin tanimlayict 6zelliklerini belirlemeye yonelik anket formu,
Vicdani Zeka Olgegi (VZO) ve Yabanci Diismanligi (Zenofobi Olgegi-ZO) kullanilmistir. VZO ve ZO’niin kullanimi igin
yazarlardan elektronik posta yoluyla izin alinmustir.

Kisisel bilgi formu: Arastirmacilar tarafindan ilgili literatiir (Urgan, 2020; Boz ve ark., 2019; Turan, 2018; Sengiil ve Bulut,
2020) taranarak olusturulan soru formu katilimcilarin sosyo-demografik 6zelliklerini belirlemeye yonelik 12 sorudan olusmaktadir.

Zenofobi Olgegi (Z0)(Yabanct Diismanligt): Bozdag ve Kocatiirk (2017) tarafindan gelistirilen Yabanci1 Diismanhgi Olgegi,
bireylerin gogmenlere yonelik tutumlarini, gdgmen korkularini 6l¢gmek amaciyla gelistirilmis tig alt boyuttan olusan (nefret, korku
ve asagilama), 18 maddeden olusan (7. ve 11. maddeler ters kodlu) besli likert tipte bir dlgektir. Olgekte “Kesinlikle Katilmiyorum
(1)” ile “Kesinlikle Katiliyorum (5)” arasinda degisen puanlama derecesi kullanilmistir. Olgegin Cronbach Alfa giivenirlik
katsayis1 0.86°dir. Olgekten alinabilecek en diisiik puan 18, en yiiksek puan ise 90 olup; Slgekten alinan puanlar arttik¢a zenofobik
(yabanci diismanligi) tutum diizeyi artmaktadir (Bozdag ve Kocatiirk, 2017). Bu ¢aligmada 6lgegin Cronbach Alfa katsayisi
0.89’dur.

Vicdani Zeka Olgegi (VZ0): Akt ve ark. (2017) tarafindan gelistirilen Vicdani Zeka Olgegi 5°li likert tipinde 32 maddeden
(1, 2, 3, 4 ve 5. sorular ters kodlu) olusmaktadir. Olgek, etik degerler, ahlaki duyarlilik, yaratictya kars1 sorumluluk, merhamet,
bilingli farkindalik, toplumsal duyarhlik ve bilgelik olmak iizere yedi alt boyuttan olusmaktadir. Olgekte hi¢ Katilmryorum’dan
(1), Tamamen Katiliyoruma (5) degisen bir puanlama derecesi kullanilmistir. Olgegin Cronbach alfa katsayisi 0.85 olarak
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bulunmustur. Bu 6lgekten alinabilecek en diisiik puan 32 iken en yiiksek puan 160’tir. Olgekten alinan puan arttikca vicdani zeka
diizeyinin arttig1 gézlenmektedir. Bu ¢alismada 6l¢egin Cronbach alfa katsayis1 0.94 tiir.

2.3. Verilerin Toplanmasi

Pandemi siireci nedeniyle, verilerin toplanmasi i¢in Ebelik Boliimii 6grencilerine Google Forms {izerinden hazirlanan online
anketler iletilmis ve veriler 15 Nisan-15 Mayis 2021 tarih araliginda toplanmistir. Anket formlarini doldurma islemi yaklasik olarak
8-10 dakika siirmustiir.

2.4. Verilerin Analizi

Veriler bilgisayarda uygun paket program kullanilarak degerlendirilmistir. Sayisal verilerin analizinde sayi, ylizde ve
ortalamalar kullanilmistir. Verilerin normal dagilima uygunlugu Kolmogorov-Smirnov testi ile analiz edilmis normal dagilim
gostermeyen degiskenler icin grup karsilastirmalarinda Mann-Whitney U testi uygulanmistir. Degiskenler arasindaki korelasyon
Spearman Korelasyon testi ile incelenmistir. Kategorik degiskenlerin analizinde Kruskal Wallis testi kullanilmigtir. Elde edilen
sonuglar verilerin dagilimi +/-1 araliginda tespit edilmistir. Bilyiikoztiirk (2007) bu degerlerin +/-1 araliginda yer almasinin
normallikten asir1 sapmalar olmamasi seklinde yorumlamaktadir. Istatistiksel anlamlilik diizeyi p<0,05 olarak kabul edilmistir.

2.5. Arastirmanin Etik Yonii

Calisma 6ncesinde lgek izinleri ve Tokat Gaziosmanpasa Universitesi Sosyal ve Beseri Bilimler Arastirma Etik Kurulu’ndan
02.04.21 tarihli 01-29 karar sayist ile etik onay alinmistir. Kurum arastirma uygulama izni alimmustir. Ogrenciler Google online
form iizerinden ¢aligmanin amaci hakkinda bilgilendirilmis ve ¢alismaya katilmay1 goniillii olarak kabul ettiklerine dair secenegi
isaretlemelerinin ardindan ¢alismaya katilmislardir.

2.6. Arastirmanin Simirhiiklar:

Arastirmanin olasi sinirliliklari; 6rneklem hacmi igerisinde veri toplanan 6grenci grubunun, 1. ve 2. Siniflarinin meslek etigi
dersini almamig olmasi, pandemi nedeni ile heniiz klinik uygulama deneyimlerinin az olmasi, bir saglik¢1 olma 6zelligi ile insani
degerlendirebilme becerisi heniiz yeterli gelismemis ve dolayisi ile yabanci diismanhigi ile vicdani zeka degerlerini etkilemis
olabilir. Ayrica bu konu hakkinda daha 6nceden yapilan aragtirmalarin bulunmamasi online geribildirim yontemi ile elde edilen
veriler olmasi gibi nedenlerle elde edilen veriler tiim ebelik 6grencilerine genellenemez.

3. Bulgular

Ogrencilerin yas ortalamasi 20.78+1.38 (min=18, max=27) yildir. Caliymamiza katilan 6grencilerin %33.5°i ebelik béliimii 1.
siifta 6grenim gormektedir. Ogrencilerin %74.8’i ebelik meslegini isteyerek sectigini belirtmislerdir. Ogrencilerin Ebelik
meslegini segme nedenleri sorgulandiginda %54.1°i maddi nedenler sebebiyle segtigini ve 6grencilerin %55°1 ailesinde ya da yakin
cevresinde ebe bir tanidiginin olmadigini ifade etmislerdir. Ogrencilerin %52.8’i ebelikte meslek etigi dersi aldigini kiiltiirleraras
ebelikle ilgili bilgi almadigini (%52.8) ve klinik uygulamalar sirasinda en az bir kez miilteci kadinlara saglik hizmeti sundugunu
(%56) belirtmislerdir. Miilteci kadinlara saglik hizmeti sunan 6grencilerin sundugu saglik hizmetinin yeri sorgulandiginda;
ogrencilerin %39.3’1 kadin hastaliklar1 servisi, %38.5’1 dogumhane, %17.2’si kadin hastaliklar1 servisi ve dogumhane seklinde
yanit vermislerdir. Milteci kadinlara saglik hizmeti sunarken &grencilerin en ¢ok zorlandiklari konulari, 6grencilerin %91.8’i
iletisim, %8.2’si kiiltiirel farkliliklar olarak bildirmislerdir (Tablo 1).

Tablo 1. Ogrencilerin tamitic1 6zellikleri ve miiltecilere hizmet sunma durumlarina gore dagilim (n=218)

Ozellikler n %
Simf
1.siif 73 335
2.smif 30 13.8
3.smf 62 28.4
4. smf 53 24.3
Ebelik meslegini isteyerek secme durumu

Evet 163 74.8
Hayir 55 25.2

Ebelik meslegini secme nedeni
Maddi nedenler 118 54.1
Manevi nedenler 69 31.7
Hem maddi hem manevi nedenler 15 7.3
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Diger 16 6.9
Ailede ya da yakin ¢evrede ebe tamdik olmasi
Evet 98 45.0
Hayir 120 55.0
Ebelikte meslek etigi dersi alma durumu
Evet 115 52.8
Hayir 103 47.2
Kiiltiirlerarasi ebelikle ilgili bilgi alma durumu
Evet 103 47.2
Hayir 115 52.8

Klinik uygulamalarda en az 1 kez miilteci kadinlara saghk
hizmeti sunma durumu
Evet 122 56.0
Hayir 96 44.0
Miilteci kadinlara saghk hizmeti sunan 6grencilerin sundugu
saghik hizmetinin yeri*

Kadin hastaliklar servisi 48 39.3
Dogumhane 47 38.5
Kadin hastaliklar servisi ve dogumhane 21 17.2
Aile saglig1 merkezi 3 25
Poliklinik 3 2.5
Miilteci kadinlara saghk hizmeti sunarken en ¢ok zorlanilan
konu*
Tletisim 112 91.8
Kiiltiirel farkliliklar 10 8.2
Toplam 218 100

*:n=122 6grenci lizerinden hesaplama yapilmistir.

Tablo 2’de Ogrencilerin ZO toplam puan ortalamast 46.93£11.47 (min=20, max=90) olarak bulunmustur. ZO toplam
puanlarina gore 6grencilerin yabanci diismanlig1 puan diizeylerinin diisiik diizeyde oldugu sdylenebilir. ZO nefret alt boyutu puan
ortalamasi 16.55+4.51 (min=7, max=35), korku alt boyutu puan ortalamast 21.05+5.11 (min=8, max=35), asagilama alt boyutu
puan ortalamast 9.31+3.46 (min=4, max=20)’dir. Ogrencilerin VZO toplam puan ortalamasi 125.44+15.41 (min=48, max=157)
olarak bulunmustur. VZO etik degerler alt boyutu puan ortalamasi 11.04+3.71 (min=>5, max=24), ahlaki duyarlilik alt boyutu puan
ortalamasi 21.76+3.35 (min=8, max=25), yaraticiya karst sorumluluk alt boyutu puan ortalamasi 16.26+2.63 (min=7, max=20),
merhamet alt boyutu puan ortalamasi 22.24+3.33 (min=5, max=25), bilingli farkindalik alt boyutu puan ortalamasi 20.66+3.35
(min=6, max=25), toplumsal duyarlilik alt boyutu puan ortalamasi 16.68+2.69 (min=7, max=20) ve bilgelik alt boyutu puan
ortalamasi 16.77+2.73 (min=4, max=20)’tiir (Tablo 2).

Tablo 2. Ogrencilerin Zenofobi Olcegi ve Vicdani Zeka Olcegi toplam puan ortalamalar

Olcekler ve Alt Boyutlar X*+S8S ( min-max)
Toplam Puan 46.93+11.47 (20-90)
Zenofobi Olcegi Nefret alt boyutu 16.55+4.51 (7-35)
Korku alt boyutu 21.05+5.11 (8-35)
Asagilama alt boyutu 9.31+3.46 (4-20)
Toplam Puan 125.44+15.41 (48-157)
Etik degerler alt boyutu 11.04+3.71 (5-24)
. Ahlaki duyarlilik alt boyutu 21.76+3.35 (8-25)
Vicdani Zeka Olgegi Yaratictya karst sorumluluk 16.26+2.63 (7-20)
alt boyutu
Merhamet alt boyutu 22.24+3.33 (5-25)
Bilingli farkindalik alt boyutu 20.66+3.35 (6-25)
Toplumsal duyarlilik alt boyutu 16.68+2.69 (7-20)
Bilgelik alt boyutu 16.77+2.73 (4-20)

* X= Ortalama

Caligmaya katilan &grencilerin bazi tamitict dzelliklerine gore ZO ve VZO toplam puanlar1 arasindaki iliski Tablo 3’te
verilmistir. Ogrencilerin siniflar1 ve ZO toplam puanlar1 arasinda istatistiksel olarak anlamli diizeyde fark bulunmustur. Yapilan
post-hoc analizinde farkin kaynagina bakildiginda; farkin 1-4., 1-2., ve 1-3. siiflar arasinda oldugu tespit edilmistir.

Ogrencilerin ebelik meslegini isteyerek segme durumlari ve ZO toplam puanlar1 arasinda istatistiksel olarak anlamli diizeyde
bir fark bulunmustur. Gruplar arasinda ebelik boliimiinii isteyerek se¢gmeyen grup lehine istatistiksel agidan p<0,05 diizeyinde
anlamli bir farklilik saptanmugtir. Ogrencilerin ebelikte meslek etigi dersi alma ve ZO toplam puanlari arasinda dersi alanlar lehine
istatistiksel olarak anlamli diizeyde fark bulunmustur. Ogrencilerin kiiltiirleraras: ebelikle ilgili bilgi alma durumlari ve ZO toplam
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puanlar arasinda istatistiksel olarak anlamli diizeyde fark bulunmustur. Gruplar arasinda kiiltiirlerarasi ebelikle ilgili bilgi alan
grup lehine istatistiksel agidan p<0,05 diizeyinde anlamli bir farklilik saptanmustir.

Ogrencilerin klinik uygulamalarda en az 1 kez miilteci kadinlara saglik hizmeti sunma durumlari ve ZO toplam puanlar
arasinda istatistiksel olarak anlamli diizeyde fark bulunmustur. Gruplar arasinda klinik uygulamalarda en az 1 kez miilteci kadinlara
saglik hizmeti sunan grup lehine istatistiksel agidan p<0,05 diizeyinde anlamli bir farklilik saptanmustir.

Ogrencilerin miilteci kadinlara saglik hizmeti sundugu yer ve ZO toplam puanlari arasinda istatistiksel olarak fark
saptanmamistir. Ogrencilerin miilteci kadinlara saglik hizmeti sunarken en ¢ok zorlandiklari konu ve ZO toplam puanlari arasinda
istatistiksel olarak fark saptanmamistir. Ogrencilerin VZO toplam puanlar1 ve Tablo 3’te verilen tanitici 6zellikleri arasinda
istatistiksel olarak anlamli fark bulunamamigtir (Tablo 3).

Olgekler arasindaki iliskiyi belirlemek amaciyla yapilan korelasyon analizi sonucunda, ZO ile VZO toplam puani arasinda
anlaml bir iliski bulunmamistir (r=p>0.05) (Tablo4). ZO ile VZO alt boyutlar1 arasindaki iliski Tablo 4’te verilmistir. Buna gore
Z0 toplam puani ile VZO etik degerler alt boyutu puan: arasinda pozitif yénde zayif (r=.144, p=0.034), ZO toplam puani ile VZO
merhamet alt boyutu arasinda negatif yonde zayif (r=-.191, p=0.005) iliski saptanmistir. VZO toplam puani ile ZO nefret alt boyutu
arasinda negatif yonde zayif diizeyde iliski bulunmustur (r=-.172, p=0.011). ZO nefret alt boyutu ile VZO etik degerler alt boyutu
arasinda pozitif yonde zayif diizeyde (r=.157, p=0.020), ahlaki duyarlilik (r=-.164, p=0.015), merhamet (r=-.285, p=0.000),
toplumsal duyarhilik (r=-.192, p=0.004) ve bilgelik (r=-.188, p=0.005) alt boyutlar1 arasinda negatif yonde zay1f diizeyde bir iligki
saptanmistir. Ayrica ZO asagilama alt boyutu ile VZO etik degerler alt boyutu arasinda pozitif yonde zayif diizeyde (r=.201,
p=0.003), merhamet alt boyutu arasinda negatif yonde zayif diizeyde (r=.153, p=0.024) iliski oldugu goériilmiistiir (Tablo 4).

Tablo 3. Ogrencilerin bazi tamtic1 6zelliklerine gére Zenofobi Olcegi ve Vicdani Zeka Olcegi toplam puan ortalamalarimn

karsilastirilmasi
Z0 Toplam Test Degeri VZO Toplam Test Degeri
Ozellikler Puan Puan
Smif
1. smif 42.38+10.93 KW=20.565 126.32+15,71 KW=4.267
2. smif 50.26+13.80 p=0.000 120.73+17,87 p=0.234
3. smif 49.56+9.57 124.27+16,43
4. smuf 48.22+11.17 128.28+11,44
Ebelik meslegini isteyerek
secme
Evet 46.09+11.83 Z=-2.690 125.42+15,32 Z=-0.040
Hayir 49.41+10.04 p=0.007 125.50+15,83 p=0.968
Ailede ya da yakin ¢evrede
ebe tamidik olmasi Z=-0.465 Z=-1.313
Evet 46.84+12.06 p=0.642 126.97+14,32 p=0.189
Hayir 47.00£11.01 124.20+16,20
Ebelikte meslek etigi dersi Z=-3.273 Z=-0.438
alma 48.94+10.31 p=0.001 126.12+14,43 P=0.661
Dersi alan 44.67+12.31 124.69+16,48
Dersi almayan
Kiiltiirleraras: ebelikle ilgili
bilgi alma durumu Z=-2.654 Z=-0.635
Evet 49.07+11.67 P=0.008 126.10+15,26 P=0.526
Hayir 45.00+10.99 124.86+15,59
Klinik uygulamalarda en az
1 kez miilteci kadinlara saghk
hizmeti sunma durumu
Evet
Hayir 48.32+11.34 Z=-2.190 126.63+14,84 Z=-1.465
45.15+11.45 P=0.028 123.94+16,06 P=0.143
Miilteci kadinlara saghk
hizmeti sunan 6grencilerin
sundugu saghk hizmetinin yeri*
Kadin hastaliklar servisi
Dogumbhane 47.47+10.92 KWw=3.288 124.16+17,78 KW=3.660
Kadin hastaliklar servisi ve 48.29+10.12 P=0.511 129.38+12,73 P=0.454
dogumhane 48.19+12.13 125.09+11,26
Aile sagligi merkezi
Poliklinik 55.33+£2.30 128.66+18,55
56.33+30.98 131.66+12,74
Miilteci kadinlara saghk
hizmeti sunarken en ¢cok
zorlamlan konu*
Iletisim 48.79£11.16 Z=-1.859 126.51+15,23 Z=-1.055
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Kiiltiirel farkliliklar 41.60+11.25 P=0.063 120.60+18,08 P=0.291

KW: Kruskal Wallis Testi,U: Mann-Whitney U Testi

Tablo 4. Zenofobi Olgedi ve Vicdani Zeka Olgegi arasindaki korelasyon

Zenofobi Olcegi
Toplam Nefret alt Korku alt Asagilama
boyutu boyutu alt boyutu
Toplam s -.072 -172* .010 -.026
p 0.289 0.011 0.887 0.697
Etik degerler alt boyutu s 144* 157* .079 .201**
% p 0.034 0.020 0.247 0.003
3 Ahlaki duyarhlik alt s -.039 -.164* .060 -.063
o) boyutu p 0.563 0.015 0.378 0.352
< Yaraticiya karst s -.055 -127 014 -.020
N sorumluluk alt boyutu p 0.421 0.061 0.833 0.771
‘g Merhamet alt boyutu s -191** -.285** -074 -.153*
< p 0.005 0.000 0.279 0.024
= Bilingli farkindahk alt s -.019 -071 014 .006
boyutu p 0.777 0.298 0.837 0.932
Toplumsal duyarhhk alt s -.106 -.192%* -.033 -.060
boyutu p 0.119 0.004 0.627 0.381
Bilgelik alt boyutu s -.115 -.188** -.008 -.120
p 0.092 0.005 0.904 0.076

*p<0,05; **p<0,01; rs: Spearman korelasyon katsayisi

4. Tartisma

Ebelik 6grencilerinin miiltecilere yonelik zenofobik tutumlari, vicdani zeka puanlarina bazi sosyo-demografik etkenlerin etkisi
ve Olgek puanlar arasindaki iliskinin degerlendirilmesi amaciyla yapilan ¢aligmada; 6grencilerin gogmen korkularinin orta diizeyin
altinda oldugu; nefret, korku ve asagilama alt boyutlarindan alinan puanlarin ortalamanin altinda oldugu belirlenmistir. Bir saglik
okulundaki 6grencilerin zenofobik tutumlarinin ortalamanin altinda olmasinin gelecekte verilecek hizmet, bakimin kalite ve
memnuniyetini artirmaya, daha insancil, ayrim yapmadan bakim saglamaya katki saglayacag diisiiniilmektedir ve bu 6nemlidir.
Saglik okulu 6grencileri ile yapilmis galigma bulunmamakta ancak, {iniversite 6grencileri ile yapilan bir ¢alismada 6grencilerin
zenofobi diizeylerinin diisiik oldugu belirtilmistir (Bozdag, 2020). Literatiirde diger caligmalarda da {iniversite 6grencilerinin
zenofobi diizeylerinin disiik oldugu, calismamizin sonuglart ile benzer oldugu sdylenebilir (Kayitesi ve Mwaba, 2014;
Coetzee,2012).

Calismamizda sosyo-demografik degiskenlerden meslegini sevmeden secenlerin zenofobi puanlarinin anlamli derecede daha
yiiksek oldugu, bu durumunda etik dersi almis olsa dahi gégmenle klinikte karsilagsanlarda da olumsuz etki yaratarak anlamli
derecede diger ogrencilere oranla daha fazla zenofobik tutum sergiledikleri gbzlenmistir. Bunu nedenlerinden birinin etik
duyarliliklar: diisiik olan 6grencilerde zenofobik tutumun artmasi olarak gosterilebilir.

Aragtirmamizda &grencilerin dortte {igli ebelik meslegini isteyerek segmistir. Bizim ¢alismamiza benzer bicimde Ding ve
arkadaglar1 (2017), yaptiklar1 galigmada ogrencilerin dortte tigiiniin boliimii isteyerek tercih ettigini belirlemistir. Bagka bir
caligmada ise ebelik boliimii 6grencilerinin neredeyse yarisinin meslegi isteyerek tercih ettigini belirlemiglerdir (Ay ve ark., 2018).
Bu ¢alismalari aksine bazi aragtirmalarda ebelik mesleginin adaylar tarafindan yeterince taninmadan segildigini, meslek se¢imini
is bulma ve ekonomik olarak getirisinin daha fazla olmasi, insana duyulan ilgi, aile ve yakinlarinin istegi, okul giris puaninin diisiik
olmasi gibi nedenlerle, gogunlugunun meslegi istemeden sectigi saptanmistir (Bilgi Ocakgi, 2011). Calisma hayatinda basarili
olmasmin ve doyuma ulagmasinin; adayin meslege girerken tasidigi giidiilere bagli oldugu ve motivasyonun &grencinin
kendisinden gelmesi gerektigi belirtilmektedir. Meslegi severek ya da isteyerek segcmek hizmet verecek gruba yonelik olumlu
davranis sergilemede her zaman etkili olmustur (Tuzcuoglu, 1994). Bu nedenle bizim ¢alismamizda da meslek tercihinin 6zellikle
zenofobik tutumu etkiledigi (p<0.05) goriilmektedir. Calismamizda 6grencilerin ebelik meslegini isteyerek se¢gme durumlari ile
70 toplam puanlari arasinda istatistiksel diizeyde anlamli fark bulunmustur.

Katilimeilarin vicdani zeka puanlari, 6grenim gordiikleri sinif, ebelik meslegini isteyerek secme, ailede tanidik ebe olmasi,
ebelik meslek etik dersi almasi, kiiltiirlerarasi ebelikle ilgili bilgi alma durumlari, klinik uygulamalarda en az 1 kez miilteci
kadinlara saglik hizmeti sunma, meslegi isteyerek segme karsilastirildiginda aralarinda fark olmadigi belirlenmistir. Genel olarak
ebelik 6grencilerinin toplamda 125.44+15.41 puan alarak olduk¢a yiiksek vicdani bir zekaya sahip olduklari; ahlaki degerler,
yaraticiya kargi sorumluluk alt boyutlarinda istatistiksel olarak anlamli bir farkliliga rastlanmazken; etik degerler boyutunda orta,
merhamet, bilingli farkindalik, toplumsal duyarlilik, bilgelik alt boyutlarinda ise ortanin oldukga iizerinde puana sahip olduklar
tespit edilmistir. Genel olarak ebelik 6grencilerinin kadin cinsiyette olmasinin (Sengiil ve Bulut, 2020), ebelik egitimi dgretilerinin
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olumlu etkilerinin buna neden oldugu, dgrencilerin daha vicdani zekaya; merhamet, bilingli farkindalik, toplumsal duyarlilik,
bilgelik gibi 6zelliklere sahip olduklari sdylenebilir (Tarhan, 2015). Vicdani zekanin bireyin sorumluluklarinin farkinda olmasi ve
i¢ biling diizeyi ile iliskili hareket bilesimleri olarak tanimlandig: dikkate alinirsa, 6grencilerin vicdani degerlerden hareket etmekte
daha iyi olabilecekleri sdylenebilir. Bu yetenekleri ile de 6grenciler daha iyi diizeyde bildiklerini yeni problemlerin ¢dziimiinde
kullanma, mantikli akil yiiriitme, sosyal ve kiiltiirel cevreye uyum igin kararlar alma &zelliklerine sahipler denilebilir (Akgiindiiz,
2001).

Aragtirmamizda 6grencileri 3. sinifa geldiklerinde miifredatlar1 geregi hem meslek etigi derslerini hem de dogum gibi meslek
derslerini almakta ve klinik uygulamalara yogun bicimde ¢ikmaktadirlar. Ogrencilerin ZO toplam puanlari ile ebelikte meslek etigi
dersi alma ile benzer bigimde iist siniflarda olmalari, kiiltiirlerarasi ebelikle ilgili bilgi alma durumlari, klinik uygulamalarda en az
1 kez miilteci kadinlara saglik hizmeti sunma, meslegi isteyerek secme karsilastirildiginda, derslerin iceriginde insan ayrimi
yapilmamasi ve etik ilkelerle ilgili ¢ok fazla konu islemelerine ragmen &grencilerin zenofobik tutum sergiledikleri istatistiksel
olarak anlamli bigimde farkli bulunmustur. Ebelikte meslek etigi dersi miifredat geregi meslek mensubu bireylere temel meslek
etik degerlerinin kazandirildigi bir derstir. Bu derse ragmen bazi ebelik 6grencilerinde egitimde kazandirilmaya calisilan adalet,
esitlik, karsimizdaki insan1 bir insan olarak tanimak, onu anlamak ve onun tarafindan anlagilmak gibi degerlerin kazandirilmasinin,
“yabanci diismanlig1, vatandas olmayan gruplara yabanci kdkenleri ya da uyruklari temel alinarak olumsuz alg1 ve uygulamalardan
olusan ayrimcilik” (Crush ve Ramachandran, 2009) tutumunu engelleyemedigi goriilmektedir. Yine bu durum &grencilerin
yaklasik ticte birlik kisminin meslegini isteyerek segmemesinden etkilenmis olabilir.

Caligmaya katilan dgrencilerin mevcut bulunduklari simiflari ve ZO toplam puanlar arasinda yine istatistiksel olarak anlaml
diizeyde fark bulunmustur. Yapilan post-hoc analizinde farkin kaynagina bakildiginda; 1-4., 1-2., ve 1-3. siniflar arasinda oldugu
tespit edilmistir. Bu fark tigiincii ve dordiincii sinif 6grencilerindedir mesleki deneyimlerini diger 6grencilere gore daha fazla
olmasina ragmen yabanci uyruklar1 temel alarak olumsuz algi ve uygulamalardan olusan ayrimcilik tutumlarmin olmasi
diistindiiriictidiir. Psikolojide kullanilan fobi kelimesi, akla yatkin ve somut bir nedene dayanmaksizin kisinin kaygi diizeyinin
yiikselmesi anlamina geldigi i¢in, yabanci korkusu yasanmis herhangi bir deneyime dayanmadan ortaya g¢ikabilmektedir. Siireci
baslatan bu durum sonucunda korkulan seyden hoslanmama, tedirginlik, nefret, 6fke, tiksinme gibi duygular ortaya ¢ikmakta ve
diismanca tavir alma diizeyine varabilmektedir (Akgiindiiz, 2001). Ogrencilerin deneyimli olmasinin ZO tutumunu azaltmaya
etkisinin olmamasi bu nedenlerden kaynaklanmis olabilir.

Sengiil ve Bulut, (2020) arastirmalarinda vicdani zeka alt toplam puanlart ile katilimcilarin 6grenim gordiikleri sinif degiskenine
gore gruplar arast ve gruplar igi farki istatistiksel olarak anlamli bulunmuslardir. Bir bagka aragtirmada katilimcilarin 6grenim
gordiikleri sinif degiskenine gore vicdani zeka diizeyleri incelendiginde; ahlaki degerler, yaraticiya karsi sorumluluk alt
boyutlarinda istatistiksel olarak anlamli bir farkliliga rastlanmazken; etik degerler, merhamet, bilingli farkindalik, toplumsal
duyarlilik, bilgelik alt boyutlarinda istatistiksel olarak anlamli farkhilik tespit edilmistir (Turan, 2018). Arastirmamizda bu
bulgularin aksine vicdani zeka dlgeginden alinan puanlar ile sinif degiskeni arasinda anlamli bir iliski bulunmamuistir. Korelasyon
analizi ile vicdani zeka puani ve zenofobik tutum arasindaki iliski degerlendirilmis ve aralarinda anlamli bir iligki bulunmamistir

(r=p>0.05).

Vicdani zekanin da 6grencilerin zenofobik tutumlarina etkisinin olmadigi, sadece pozitif yonde bir iligki oldugu belirlenmistir.
Vicdani zeka etik alt boyutuna bakildiginda puan artik¢a etik duyarliligin azaldig: dolayist ile 6grencilerin daha fazla zenofobik
tutum sergiledikleri ve aralarinda zayif yénde bir iliski oldugu sdylenebilir (r=.144, p=0.034). Incinebilir grupta olan miiltecilerin
karsilagtig1 fiziksel zorluklarin yani sira zenofobik tutum onlarin daha dezavantajli hale getirmektedir. Ancak 6grencilerin etik
duyarhilig1 arttik¢a daha az zenofobik tutuma sahip olmalari sevindirici ve 6nemli bir bulgudur.

Yine ZO toplam puani ile VZO merhamet alt boyutu arasinda negatif zayif yonde bir iliski oldugu, burada merhameti yiiksek
olan dgrencilerin daha azalan bicimde zenofobik tutum sergiledikleri bu tutumunda sevindirici oldugu sdylenebilir. Ogrencilerin
VZO toplam puani ve ahlaki duyarlilik, merhamet, toplumsal duyarhlik ve bilgelik alt boyutu ile ZO nefret, asagilama alt boyutu
arasinda, negatif yonde zayif diizeyde iliski bulunmustur. Nefret duygularinin vicdani zeka arttikca azaliyor olmasi dnemli bir
bulgudur, ebelik dgrencilerinin genel VZO puaninin yiiksekligi diisiiniiliince daha yiiksek ahlaki duyarlilik, merhamet, toplumsal
duyarlilik ve bilgelik duygularinin yabanci diismanligi, nefretin azaltacagini sdylemek olasidir. Saglik calisanlari bireylerin en zor,
en 6zel, en sikintili anlarinda yanlarinda olan ve onlara saglik hizmeti sunan meslek grubudur. Dezavantajli gruba bakim verirken
ebelik 6grencilerinin daha duyarli yaklasilmasini saglayacaktir.

Birgok uluslararasi kurulug, merhametin ebelik bakimmin merkezinde ve gebelik, dogum ve dogum sonrasi donemlerde
kadinlara, bebeklere ve ailelere yetenekli, bilgili ve sefkatli bakim saglayan bir profesyonel oldugunu belirtmistir (Ergin ve ark.,
2020). Calismamizda ZO asagilama alt boyutu ile VZO’nin etik degerler, ahlaki duyarlilik alt boyutu arasinda pozitif yonde zayif
diizeyde, merhamet alt boyutu arasinda ise negatif yonde zayif diizeyde bir iligki oldugu belirlenmistir. Ebelik dgrencilerini de
literatiirde belirtildigi gibi profesyonellige adim atarken egitimleri geregi, etik degerler, ahlaki duyarliliklar1 ve merhamet arttik¢a
yabanci diismanligi/korkusunun azalmasinin goriilmesi oldukca énemlidir.
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5. Sonug Ve Oneriler

Calismada Ebelik 6grencilerinin gégmen korkularinin orta diizeyin altinda oldugu, vicdani zeka puanlarinin oldukg¢a yiiksek
oldugu, meslegini sevmeyerek secenlerde zenofobi puanlarinin diger 6grencilere gore daha yiiksek oldugu saptanmistir. Vicdani
zeka bireyin eylemlerini yerine getirirken bir denetleme mekanizmasi olusturarak insan davranislarini organize eder. Bu duruma
saglik profesyonelleri agisindan bakildig1 zaman bireylerin ihtiyaclarina daha duyarh yaklasmalarim saglar. Ozellikle incinebilir
gruplara saglik hizmeti sunarken bu durum daha da 6n plana ¢ikmaktadir.

Miiltecilere primer saglik hizmeti sunan grupta yer alan ebelere dgrencilik dénemlerinden itibaren bu konuda egitimler
verilerek, kiiltiirlerarasi ebelik dersinin yayginlastirilarak zenofobik tutumun daha da azaltilmas hedeflenebilir. Ebelik meslek etigi
dersinin igerigi diizenlenerek kiiltiirlerarast ebelik konusunun eklenmesi Onerilebilir. Ayrica bu konuda farkli 6rneklemlerde
caligilmasi Onerilir.

Cikar Catismasi

Yazarlar ¢ikar catismasi olmadigini beyan ederler.

Tesekkiir

Aragtirmaya katilimlarindan dolay1 Ebelik Boliimii 6grencilerine tesekkiirlerimizi sunariz. Bu ¢aligma 5. Uluslararasi 6 Ulusal
Ebelik Kongresi’nde sozel bildiri olarak sunulmustur.
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Abstract

The animal husbandry sector is becoming a rapidly developing sector in Turkey and more waste is emerging in animal husbandry enterprises. It
is necessary to dispose of these wastes that have a negative environmental impact. In search of new energy sources, it is becoming increasingly
important to dispose of organic waste and use it in biogas production as an alternative energy source. Expanding the production of biogas will be
very effective both in reducing external dependence on energy and in reducing the carbonG emissions that cause global warming. There are
various studies in the literature on biogas potential calculations in Tokat province. In this study, animal species were given in detail, and district-
based calculations were made and total biogas production potential was determined for Tokat, Turkey by taking into account different animal
types according to 2020 Turkish Statistical Institute (TUIK) data. Different energy equivalent transformations that can be obtained depending on
the biogas potential have been studied. The amount of benefits in TL that can be obtained for conversions has been determined. According to the
total number of animals, the total amount of waste in the province was determined to be 249596 tons per year. The annual amount of biogas that
can be obtained from waste is 49.92 x 108 m2. It has been determined that this amount can be converted into 1133 x102 GJ thermal energy, 234.62
GWh electrical energy, and 32.95 x 10° liters. It has been calculated that 85636252 TL will be used for the conversion of biogas to electrical
energy and 215822500 TL will be used for the conversion of diesel fuel.

Keywords:”Manure, Biogas, Methane, Diesel Fuel, Energy”

1. Introduction

Population growth and technological developments in the world increase the need for energy every day. Energy consumption
worldwide is estimated to increase by approximately 49% from 2007 to 2035 [1]. Fossil-derived fuels can run out over time. In
addition, limited fossil fuel resources make countries dependent on the outside. Too much use of fossil fuels poses significant
threats to the future of the world. In addition to increasing greenhouse gas emissions due to fossil fuel use, the release of other
pollutants has also increased [2,3]. Alternative energy sources have become very important in recent years because they do not
pollute the environment and are environmentally friendly. Extensive research and investments have been made in recent years for
the use of alternative energy sources [4,5]. Most developed countries carry out projects and research aimed at improving energy
efficiency, sustainability of industrial production, and improving energy savings [6]. Furthermore, European Union member states
have set their energy efficiency targets to reduce energy consumption by 2030. As in other countries, extensive investments and
research are being carried out to evaluate alternative energy sources that exist in our country [7,8]. Among the targets for 2020,
production from renewable energy sources in the world will be around 2.3-3.3 MTEP (million tons of oil equivalent) [9]. It is
estimated that biomass energy, an important renewable energy source, can meet approximately 25% of global energy needs [10].
Biogas, which is an alternative energy source, stands out among these sources because it is cheap, environmentally friendly, and
easily applicable in rural areas. As in other countries, increasing the energy deficit in Turkey is important for meeting the energy
needs of biogas-producing facilities [11]. Biogas energy can be produced from microalgae, food and agricultural waste, animal
fertilizers, poultry waste, municipal solid waste, industrial waste, forest waste, and various energy plants. These organic wastes are
converted into biogas with 52% CHa, 45% CO,, 3% H.S, Oz, N2, Hz, and CO in an anaerobic environment by the effect of
microbiological flora. CO; and other components, except CHa in the content of biogas, are removed, methane is purified and heat
and electricity production is carried out [12].

Abdeshahian et al. (2016), investigated the biogas potential of Malaysia using waste from farm animals and determined that
this energy value was approximately 4.6 billion m® and that the electrical energy obtained from biogas was 8 270 GWh [13]. Tasova
(2017) found that in Tokat, Turkey average annual wet waste and biogas potential values of poultry in 2010-2014 were 6052.60
kg and 472095.60 m?, respectively [14]. Doruk and Bozdeveci (2017) calculated the potential of biogas based on animal wastes
occurring in Denizli, Turkey center and districts. According to 2014 data across Denizli, the total number of animals was 4 370
129, and the daily amount of fertilizer consists of 4 578 889 kg per day. The results showed that 70.16 m® of biogas can be produced
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from animal wastes in Denizli. The energy equivalent of the annual biogas potential from animal wastes was 46.30 million liters
of diesel fuel, and the equivalent of electrical energy was 329 million kwh! [15]. Meyer et al (2018) examined the biomass and
biogas energy potential of the member states of the European Union. They stressed that more technological developments need to
be made to use biomass resources efficiently [16]. Kandemir and Agikkalp (2019) determined the evolution of the number and
waste of animals in Bilecik, Turkey between 2011 and 2017. Theoretical biogas from animal fertilizers and the equivalent of
electrical energy that can be produced from biogas was found to be the most in 2017 with approximately 280.5 GWh [17]. Can
(2020) examined the power generation capacity from municipal solid waste in Turkey. In the study, it was emphasized that the
potential for renewable energy generation is high if landfill gases are used in Turkey [18]. Caglayan (2020) calculated the potential
amount of waste that will consist of cattle and small animals of 14 provinces belonging to the Eastern Anatolia region of Turkey.
In the study, biogas energy that can be produced from these wastes and the number of people who will benefit from this energy
were determined. As a result of the study, about 95.4% of the population of the Central District of Ardahan province could meet
its energy needs from biogas energy if the necessary facility was established [19]. Gengyilmaz and Segkin (2020) determined the
biogas energy potential of Cankiri, Turkey-based on animal waste. Biochemical methane production potential and its contribution
to electricity production were calculated and energy analysis was made by creating a regional map for each district. In addition,
electricity and CO2 emissions from biogas production were calculated [9]. Ay and Kaya (2020) determined the theoretical biogas
potential and electrical energy production of Kahramanmaras, Turkey using five different models. As a result of the models used,
it was calculated that the theoretical biogas potential of Kahramanmaras province is in the range of 37.5 — 137 million m® [20].
Aslan et al. (2021) determined that the renewable energy resources potential of Adiyaman, Turkey is 251.252 MW/year from solar,
wind, hydroelectric energy and 1.330 MW/year from biogas energy potential [21]. Kurnuc et al. (2021) calculated the energy
potential of Erzincan, Turkey from animal waste. The results show that approximately 15.5 million m3/year biogas potential can
be produced from animal waste in Erzincan [22].

In this study, biogas production potential was determined for Tokat, which has many livestock enterprises. The details of the
animal species were also included in the study. The possible use of these wastes in energy production and their contribution to the
economy has been calculated. In Turkey, animal manure is generally stored in open areas and creates various environmental
problems. Animal wastes can be used as fertilizer on agricultural lands, as well as for heating and cooking in rural areas. The
energy obtained from direct combustion is relatively lower than the energy obtained by converting manure to biogas. The use of
manure on agricultural lands is also more economical than directly burning it into energy. The reason why biogas facilities are not
used sufficiently in rural areas is the lack of technical, economic, and sustainable facilities. In general, biogas plant design should
take into account animal and plant waste potentials and geographical locations. Climatic and production conditions must be taken
into account. In this study, these conditions were tried to be taken into account. low cost, high efficiency, easy to install, operate
and maintain systems should be designed and built. There are various studies in the literature on biogas potential calculations in
Tokat province [23-28]. However, in this study, animal species were given in detail, and district-based calculations were made. In
addition, data for 2020 were used. Tokat livestock sector plays an important role in Tokat's provincial income. It is quite clear that
the use of animal wastes depending on manure management techniques and calculations will make a positive contribution to the
province of Tokat, both environmentally and economically. Calculations and estimations made in this study will contribute to
sustainable waste management for the province of Tokat. Such calculations are also of great importance in terms of climate change,
which is the biggest problem of today.

2. Materials and Method

Tokat is located in the interior of the Central Black Sea region of Turkey. Its area is 9958 km?. It is between the latitudes of 39°
51' — 40° 55' north and the longitudes of 35° 27'- 37-39' East. There are 12 districts, including the Central District. 370,446 ha of
agricultural land constitute 37% of its area. 30% of agricultural areas are irrigated agriculture. Tokat also has 67.398 agricultural
enterprises. Most of the enterprises are in the form of small family enterprises, 44% of which are plant production and 56% of
which are animal production. Its economy is based on agriculture, animal husbandry, industry, and trade. Large and small animal
breeding is widely carried out. Cattle and buffalo are raised in lowland areas, sheep and goats are raised in mountainous areas. In
addition, poultry and beekeeping are carried out, as well as fishing in the lakes. Four important animal products are obtained
through dairy cattle, fattening cattle, beekeeping, and trout farming activities. In 2020, 128,326 tons of milk production and 2.6
million eggs were produced by small and cattle farming activities in the province. The share of milk obtained by dairy farming in
Turkey is 1.5% [29]. According to statistics Turkey (TUIK) data for 2020, Tokat's total animal presence is 1016988 units. 31% of
these animals are dairy cattle, meat cattle, and calves, 44.6% are sheep and goats, 23.9% are egg chickens, turkeys, geese, and
ducks, 0.5% are horses, donkeys, and mules. Animal presence by county is given in Table 1 [30].

Table 1. Number of animals
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N Dairy Horse Egg Goose
District Cattie Meat Cattle Calf Sheep Goat D:Anuligy Chicken Turkey Duck
Almus 6715 894 4128 13445 860 254 6700 200 1050
Artova 6810 1685 3797 12183 1012 19 3575 340 835

Basciftlik 3517 1011 1082 7705 13 32 0 0 0
Erbaa 23461 7180 7898 87779 8102 188 33421 182 1336
Center 45255 5423 15617 78404 28045 2097 42300 865 6050
Niksar 15170 4088 8310 37430 1875 635 11800 280 720
Pazar 8232 1659 4355 12000 1200 25 2300 200 1310
Resadiye 7010 2366 4254 33096 1898 164 3165 8 318
Sulusaray 6593 1219 3358 7418 1455 82 5200 430 3060
Turhal 32485 11635 11390 48102 18850 426 62250 380 1140
Yesilyurt 5103 1239 5126 8618 2185 16 18010 165 3525
Zile 24826 5836 16190 27776 14540 527 26000 1000 5500
Total 185177 44235 85505 373956 80035 4465 214721 4050 24844

In this study, the daily waste amounts and characteristics accepted in the livestock sector in Turkey were taken into account.
Daily manure quantities depending on the type of animal wet manure formation per unit animal (kg/day-animal), solids ratio,
volatile solids ratio, volatile solid contents, are given in Table 2. The formulas used in this study are given in equations (1-4).
Symbols and abbreviations used in equations are shown in the nomenclature section [31].

Table 2. Admissions used in the study

Animal type (kg?(fay:nfgi ) RW (%) PVS (%) I‘)\/{j

Dairy Cattle 43.00 13.95 83.36 65
Meat Cattle 29.00 14.66 84.65 25
Calf 2.48 8.39 44.23 50
Sheep 2.40 27.50 83.63 13
Goat 2.05 31.71 73.06 13
Horse-Donkey-Mule 20.40 29.41 66.67 29
Egg Chicken 0.13 25.88 77.27 99
Turkey 0.38 25.53 75.83 68
Goose-Duck 0.33 28.18 61.28 68

TAM = OAM x AN (1)

TWM = TAM x AVM )

SM = TWM x RW (3)

TVS = SM x PVS (4)

The amount of biogas production was considered to be about 200 m® per unit ton of dry fertilizer. The heating value of biogas
was taken into account as 22.7 MJ/m3. The amount of heat provided by 1 m? of biogas is equivalent to 4.7 kWh of electricity and
0.66 diesel fuel [3]. 1m? biogas has 60% methane content, as well as 1 kWh of electricity savings equivalent to approximately 0.58
kg of CO; emissions [32,33]. According to the report of the Turkish Energy Market Regulatory Board dated 18.03.2021, the price
of diesel fuel was accepted as 6.55 TL. As of 01.07.2020, the average residential electricity prices to be applied for the third quarter
of 2020 were 0.366 TL [34,35]. The population distribution of Tokat province by the district in 2020 is given in Table 3 [36]. A
family of five people is known as 0.15 m? daily use for one hour of lighting, daily cooking needs: 0.35 m? since it is used for 8
hours of lighting purposes daily, the total daily need is taken as about 3 m? days [19].

Table 3. Population of Tokat, Turkey
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District Population District Population
Center 203395 Almus 23825
Erbaa 98342 Pazar 13209
Turhal 79776 Yesilyurt 8871
Niksar 61119 Artova 8132
Zile 54368 Sulusaray 7083
Resadiye 34211 Basciftlik 5530

3. Results and Discussion

Tokat is one of the important provinces of Turkey in terms of animal husbandry. For this reason, the amount of animal manure
is quite high. According to TUIK 2020 data, the amount of manure calculated based on different animal numbers is determined at
the district level and given in Figure 1. In the calculation, the coefficients and formulas given in Table 2 were used for animal type.
The calculated amount of waste fertilizer was determined to be 249596 tons per year throughout the province. The amount of waste
fertilizer calculated according to different types of animals was the largest number of animals in the Central District (59413 tons).
This district is followed by Turhal (44441 tons), Zile (33024 tons), and Erbaa (32908 tons) districts. The county where the amount
of waste fertilizer is the least is Basciftlik (4738 tons) district.

60
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i Ul

Manure (103 ton / year )

Figure 1. Animal Manure Quantity

Fertilizer formation amounts are potential production and in practice, only a certain part can be collected. The ability to collect
animal manure is related to the time when animals are indoors and the ability to accumulate waste that occurs indoors. In Turkey,
the amount of useful fertilizer that can be collected from animal manure has been defined as technical biogas potential. Depending
on the type of animal, different coefficients are used in the literature with the duration of the animals ' stay in a closed environment.
In this study, the coefficients and formulas in Table 2 were used in the calculation of the biogas potential. The theoretically
calculated amount of biogas in Tokat province is 49.92 x 10° m? for 2020. According to the proportional distribution of this amount
by district, 23.8% of the Center is accounted for, depending on the amount of waste. The district with the least proportion is
Baggiftlik with 1.9%. Center is followed by Turhal with 17.8%, Zile with 13.2%, and Erbaa with 13.1% respectively.


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

148

12
10
g 8
E
© 6
o
—
2
g 4
[ra)
2 ‘ U J
) R AR
&N & & S F S &S > SN
S xO RS Q S N Y & $ L. A4

Figure 2. Biogas Amount

The degree of purity of the biogas produced is determined by the methane content. In a general approach, the gas produced by
a biogas plant must have a methane content of at least 60% to run smoothly. Figure 3 shows that 29.95 x 108 m® of methane gas
can be produced from a total annual amount of 49.92x10% m® of biogas. According to the distribution of methane gas by animal
type, it consists of 94.4% (dairy cattle, meat cattle, and calves), 4.6% (sheep and goats), 0.02% (egg chicken, turkey, goose, and
duck), 0.08% (horse, donkey, and mule). The Center district with 7.13x10° m® has the most methane production, while the
Basciftlik has the least methane production with 0.57 x10® m2,

Methane(10% m3/ year)
N

Figure 3. Amount of Methane

The equivalent value of heat energy that can be obtained depending on the amount of biogas in Tokat is given in Figure 4.
Accordingly, 1133 x10° GJ thermal energy can be obtained from the total annual amount of biogas. Accordingly, when the thermal
energy equivalent is examined based on districts, the energy potential is greater in the districts where the amount of biogas is
greater, and in the districts where the amount of biogas is less. The districts where heat energy is the least of the districts are;
Center, Turhal, Zile, Erbaa, Niksar, Pazar, Resadiye, Artova, Almus, Sulusaray, Yesilyurt and Basciftlik respectively.
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The equivalent value of electrical energy that can be obtained from biogas in Tokat is given in Figure 5. Accordingly, 234.62
GWh of electricity will be generated from biogas from 49.92x10° m3, which can be produced annually. It is clear that this potential
is directly proportional to the amount of biogas production. 55.85 GWh of electrical energy is obtained from 11.88x10% m® of
biogas in Center, where biogas is the most abundant, while 4.45 GWh of electrical energy can be produced from 0.95x10% m? of
biogas in Basciftlik. Turhal, Zile, and Erbaa followed Center where the most electrical energy can be produced, respectively.
According to Tokat's 2019 TUIK data, electricity consumption per capita was 1348 kWh, and total electricity consumption was
825.98 GWh. The population of Tokat as of 2020 was 597861 people. If electricity consumption per capita in 2020 was similar to
2019, the electricity needs of 29% of the total population can be met. In addition, if biogas is converted to electrical energy,
85636300 TL will be useful. It means that approximately 136079 tons of CO; per year can be prevented by obtaining biogas from
animal waste.
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Figure 5. Electrical Energy Equivalent

The equivalent value of diesel fuel that can be obtained from biogas in Tokat is given in Figure 6. Accordingly, 32.95 x 10°
liters of diesel fuel can be produced from biogas from 49.92x106 m3, which can be produced annually, while the most diesel fuel
production occurs in the central district, followed by Turhal, Zile, and Erbaa respectively. The least diesel fuel production was in
Basgiftlik district, where the amount of biogas was the least. In the case of converting biogas to fuel approximately 215822500 TL
of benefit will be provided.
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Figure 6. Diesel Fuel Equivalent

According to 2020 data, Tokat has a population of 597861 people. The number of people who can benefit from biogas
production according to the district population and the benefit values that can be achieved by converting biogas to electricity and
fuel energy is seen in Table 4. A total of 49.92x10% m® biogas can be obtained annually in the study. 45586 people will be able to
benefit from this amount of biogas. This represents approximately 8% of the total population. By evaluating Tokat's biogas
production potential of animal wastes, it will be possible to provide an annual benefit of 85636252 TL from electricity sources. In
addition, depending on the amount of biogas production, its benefits in diesel equivalent and TL were calculated. Accordingly, the
benefit that will be provided when the diesel equivalent value is accepted will be 215800362 TL.

Table 4. Benefits from biogas production

Biogas Benefits Benefit from Electricity Benefit from Diesel Fuel
A Biogas References .
District Amount Population =~ Number of i\r/t)/ﬂu;:tlon TL Amﬁunt TL
(10°m®/year) People ( SR {15

Almus 1.77 23825 1612 8298860 3029084 1165372 7633185
Artova 1.81 8132 1656 8523149 3110949 1196868 7839484
Bagciftlik 0.95 5530 865 4453859 1625659 625436 4096603
Erbaa 6.60 98342 6010 30933648 11290782 4343874 28452375
Center 11.89 203395 10851 55848644 20384755 = 7842576 51368870
Niksar 4.16 61119 3797 19540766 7132380 2744023 17973348
Pazar 2.15 13209 1965 10114222 3691691 1420295 9302932
Resadiye 2.03 34211 1854 9539442 3481896 1339581 8774257
Sulusaray 1.72 7083 1570 8079452 2948999 1134561 7431376
Turhal 8.89 79776 8117 41775258 15247969 5866313 38424349
Yesilyurt 1.38 8871 1257 6469993 2361547 908552 5951017
Zile 6.61 54368 6032 31042577 11330541 4359170 28552566

4. Conclusion

Many studies have been conducted to assess the potential for biogas production in Turkey on a regional or urban basis. These
studies, it is aimed to determine the energy potential of various biogas sources. The biogas potential of Tokat province, one of the
cities of its economy based on agriculture and animal husbandry, according to the number of animals and its conversion to other
energy sources equivalent to this potential, were evaluated. As in similar studies in the literature, animal numbers were obtained
from TUIK.

The total number of cattle (dairy cattle, meat cattle, and calves) in Tokat is 314917, the number of small animals (sheep and
goats) is 453991, the number of animals with nails (horses, donkeys, and mules) is 4465 and the number of poultry is 243615.
According to the theoretical calculation obtained in the study, the total amount of waste in Tokat was determined as 249596
tons/year. According to these waste amounts, the total biogas potential of Tokat was calculated as 49919121 m®/year. The total
annual electricity generation potential that can be generated from biogas is 214619871 kWh. In addition, 1133x10° GJ/year heat
energy production can be achieved in the province by benefiting from the same source biogas production potential.
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Considering the biogas potential of Tokat province, which has a total annual electricity generation potential of 234619871
kWhe, the energy to be produced will be able to meet the electricity needs of approximately 43500 households, considering a
household of 4 people. In addition, 136079 tons of CO, emissions can be prevented by converting biogas to electricity. By
evaluating the waste in Tokat province, it is seen that an annual benefit of 85636252 TL will be provided from electricity sources.
The benefit to be provided when the diesel equivalent value is accepted will be 215800362 TL.

With the development of technology, the increase in the number of agricultural vehicles powered by biogas will reduce the
dependence on diesel, which is the highest expenditure of the farmer. With the reduction of dependence on diesel, each farmer will
be able to make his fuel and use it in agricultural production. The establishment of biogas facilities will not only develop an
environmentally friendly system but will also play a key role in the development of our country's agriculture.

Nomenclature

OAM: Amount of manure an animal can produce in a year (kg/year-animal)

AN: Animal number

TWM: Total amount of wet manure that can be produced by animals in one year (kg/year)
TAM; Total amount of manure that can be produced by animals in one year (kg/year)
AVM: Available manure ratio

SM is the total amount of solids in the annually collected manure (kg/year),

RW is the ratio of solids in the wet manure (%).

TVS: The total amount of volatile solids per year in wet manure (kg/year),

PVS: The proportion of volatile solids in the number of solids
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Abstract

In this study, a test device has been developed that can be used to test various vehicle cables and cable harnesses in the automotive sector. The
test device can make basic measurements such as conductivity, short circuit, voltage, resistance, capacity, and specific measurements such as
diodes and active relays among the number of test points varying between 128-1024. It performs the programmed tests step by step by processing
the Test Source Code (*.tkk) files prepared with the designed Interface Program, loaded from the SD memory card in the device. The tester
system consists of a selection of test source codes to be run and a general-purpose USB barcode reader, a general-purpose barcode printer, external
LED units, an Optional External Unit (OHB) that offer a larger screen and various features if desired, and monitor. The OHB unit can be a
Raspberry PI based mini-computer that can be mounted inside or outside the device, or any Windows based computer or Industrial computer can
be used if desired. The test device realized has been operated stably with all its functions and has been successfully tested.

Keywords: “Functional Testing, Capasitor Measurement, STM32, Harness Tester”

1. Giris

Ticari ve askeri amagh kullanilan her tiirlii kara, hava ve deniz tasitinin seri iiretiminde, arag i¢i kablo ve kablo aginin miisteri
ihtiyacina gore imalati 6nemli asamalardan birini olusturmaktadir [1]. Kablo ve kablo donanimlari ile arag¢ i¢indeki birimlere
elektrik iletimi saglanmakta ve gesitli elektronik ve kontrol devrelerinin veri alma, gonderme ve haberlesme fonksiyonlari
yiriitilmektedir [2]. Kablo ve kablo donanimlarinda olusabilecek her tiirlii kusur, biiyiik aksakliklara neden olabilmektedir.
Uretimden kaynaklanacak olasi hatalarin gdzden kagirilmasi, aracin diger sistemlerinin iiretiminde ve entegrasyonunda is giicii ve
zaman kayiplarina neden olacaktir. Kablo donanimlarindaki olasi hatalarin tespiti amaciyla iiretim tesislerinde her arag tipi i¢in
farkli test pano ve diizenekleri kullanilmaktadir. Bu diizenekler ile baglanilan kablo aglarimin bir test cihazi sistemi ile dogrulugu
kontrol edilmektedir [3]. Sekil 1’de araglarda kullanilan 6rnek kablo aginin goriintiisii verilmistir.
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Sekil 1. Kablo Ag1 (Kablo Demeti)

Gliniimiiz otomotiv sektoriinde kablo yonlendirme, kablo yerlestirme, kablo bag1 ve yapiskan bant ile demetleme ve kablo test
asamalar1 tam otonom robotik siireglerle igletilmesi miimkiin olmayan is siirecleri i¢inde yer almaktadir [4]. Bu nedenle montaj
hattindaki adimlarin pek ¢ogu operatorler yardimi ile manuel olarak yiiriitiilmektedir.

Bu caligma kapsaminda, otomotiv sektoriindeki kablo aglar1 basta olmak {izere, baski devre (PCB) ve elektronik kart
iiretimlerinde dogrulama testlerinde kullanilabilecek bir test cihazi ve bununla baglantili olarak gesitli elektronik donanim ve
yazilim bilesenleri i¢eren bir test sistemi gelistirilmistir. Bu test sistemi ile iletkenlik, direng, kapasite, diyot, gerilim, aktif ve pasif
role dlglimleri yapilabilmektedir. Piyasada farkli markalarin test {iriinleri bulunmasina ragmen, literatiirde bu alanda az sayida
calisma sunulmustur [5-9].

Tasarlanan test cihazi igerisinde; anakart, giris/cikis test noktalarini iceren G/C kartlar1 ve kullanici ile etkilesimi saglayan
donanimlar igeren goriintiileme kart1 olarak 3 temel devre bulunmaktadir. Anakart ve G/C kartlari, STM32 serisi ARM tabanli
mikrodenetleyiciler kullanilarak gelistirilmistir. Anakartin tizerinde direng, gerilim ve kapasite dl¢iimlerini ger¢eklestirmek igin
cesitli dlglim devreleri konumlandirilmigtir.  Bu 6lgiim devreleri, test cihazinin ¢ikis pinlerine, analog anahtarlar tizerinden
baglanarak 6lgtimler gergeklestirilir. Her bir G/C kart1 128 test pini icermektedir. Ve ihtiyaca gore test cihazi igerisine en fazla 8
adette kadar G/C kart1 eklenerek, 128-1024 arasi 6l¢iim noktasi i¢eren bir cihaz olusturulabilmektedir.

Test sisteminin 6nemli bir pargasi da test kaynak kodlariin hazirlandigi bir kullanici arayiiz yazilimidir. Arayiiz yazilimi, MVC
(Model View Controller) yazilim mimarisi tabanli Visual Studio .Net platformunda C# programlama dili kullanilarak
gelistirilmistir. Test cihazinda islenecek test prosediirlerinin girilmesi, bu testlerde kullanilacak olan parametrelerin belirlenmesi
ve test cihazina aktarilabilecek bir formata doniistliriilmesi islemleri kullanici arayiiz yazilimi vasitasiyla gerceklestirilmektedir.

Gergeklestirilen bu calismada, cihaza ait donanimsal bilesenler ve islevleri ikinci boliimde sunulmustur. Ugiincii boliimde,
cihazin isledigi test komutlarini iireten (*.tkk dosyasini) kullanici arayiiz yazilimi ve opsiyonel harici birime ait yazilimsal tasarim
caligmalarina yer verilmistir. Sonrasinda, tasarlanan prototip test cihazi i¢in hedeflenen tasarim kriterlerinin saglanip saglanmadig:
ve performans testlerinden bahsedilmektedir.

2. Test Cihazi Donanimsal Bilesenleri

Tasarlanan cihaz, temel olarak icerisindeki 6l¢iim devrelerinin giris-cikislarini, analog anahtarlar kullanarak, yapisinda bulunan
1024’¢ kadar genisletilebilen G/C pinlerine baglar ve bdylelikle pinlere bagl olan arag kablo donanimlarini ya da baski devreleri
tizerinde ¢esitli 6l¢iimleri gergeklestirmektedir. Bu amagla, test cihazi biinyesinde anakart, goriintiileme kart1 ve G/C kart1 olarak
adlandirilan devreler bulunmaktadir.

Test cihazinin yiiriitecegi program kodu, bilgisayarda kurulu olan bir arayiiz yazilimi ile hazirlanmaktadir. Bu arayiiz programi
kullanilarak test islemleri tanimlanmakta ve test kaynak kodu (tkk) olarak adlandirilan bir dosya iiretilmektedir. Uretilen bu kaynak
kodlar, SD kart ile cihaza yiiklenerek isletilmektedir. Cihazda islenecek tkk dosyalari, el ile ya da cihaza USB portu iizerinden
baglanan bir barkod okuyucu ile segilip, ¢alistirilmaktadir. Test sonunda istenildiginde RS-232 portu iizerinden cihaza baglanan
bir barkod yazicisiyla test ve iiriine ait bilgiler basilabilmektedir.
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Sekil 2. Test cihazi blok diyagrami

Bunun disinda, test sonuglarinin anlik olarak biiyiik bir ekranda goriintiilenebilmesi i¢in, bir OHB birimi bulunmaktadir. Bu
birimin tasariminda, Raspberry Pi igeren mini bilgisayar kullanilmistir ve istenildiginde cihaz anakartina monte edilebilmekte ya
da ayr olarak ¢aligtirilmaktadir. Tasarlanan test sisteminin bilesenleri blok diyagram olarak Sekil 2’de ve genel goriiniimii Sekil
3’te goriilebilmektedir.

Sekil 3. Tasarlanan Test Sistemi ve Ekipmanlari

Test cihazinin bilesenleri olan; anakart, G/C kartlar1 ve goriintilleme kartt bir kutu igerisine Sekil 4°de verildigi gibi
yerlestirilmistir. OHB birimi anakartin {izerine monte edilmistir. Sekil 4.a’da cihazin arka kisimdan goriiniisii verilmistir. En {iste
anakart konumlandirilmistir ve iizerinde besleme girisi, USB ve RS-232 iletisim portlar1 ve Raspberry Pi ¢ikis portlart gibi dis
ortama agilan baglanti soketleri bulunmaktadir. Bunun diginda gorseldeki test cihazinda, 2 adet G/C kart1 kullanilmig ve toplamda
256 noktadan Ol¢iim yapabilen bir cihaz yapist elde edilmistir. Sekil 4.b ve c ile cihazin 6n goriiniisii verilmistir. Burada,
goriintiileme kartina ait SD kart girisi, LCD ekran, butonlar ve Raspberry Pi ait HDMI ¢ikist bulunmaktadir. Bu devrelerin yapi ve
islevleri asagida sunulmustur.
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(b)

Sekil 4. Test cihazinin baglant1 noktalari a) arka, b) 6n ve c) sol yan.

2.1. Anakart Tasarmm

Cihazin temel islevlerini gergeklestiren karttir. 3 adet RS-232, 1 adet RS-232/USB, 1 adet USB Host portu tizerinden ¢esitli
birimler ile iletisim saglamaktadir. Bunun disinda, anakart tizerinde 6l¢iim ve kademe ayarlamalari i¢in anahtarlama devreleri
bulunmaktadir. Cihazin tiim besleme hatti, anakart tizerinden diger kartlara dagitilmaktadir. Tasarimda ARM Cortex-M4 tabanl
STM32F407 islemcisi kullanilmistir. Bu islemci, 168MIPS hizinda kayan noktal (floating point) bir islemcidir. Islemcinin SWD
olarak programlanmasi amaciyla gerekli pinler disariya alinmistir. Anakart yazilimi, bu islemci i¢in CUBEMX IDE derleyicisi
kullanilarak gerceklestirilmistir.

Test cihazinda bulanan anakart iizerindeki 6l¢iim bdliimiinde, gerilim ve direng 6lgiimlerinde kullanilmasi amaci ile Op-Amp’l1
ayarlanabilir kazanca sahip bir amplifikator devresi bulunmaktadir. Ayrica, kiiclik degerli kapasitor dlgiimleri i¢in relaksasyon
osilator devresi kullanilmaktadir. Bunun disinda genel amagh kullanim igin bir ayarlanabilir sabit akim kaynagi devresi
barindirmaktadir. Cesitli analog anahtar yapilar1 kullanilarak bu 6l¢iim devreleri icin kademe ve etkin olup olmama ayarlamalari
yapilmaktadir.

Cihazin biinyesinde bulunan RS-232 iletisim birimlerinden 2 tanesi i¢in arabirim tasariminda, 3.3V besleme ile calisan
MAX3232 entegresi kullanilmaktadir. Bu portlara, termal yazici ve gesitli ek devreler baglanabilmektedir. Diger bir RS-232/USB
biriminin tasariminda ise FTDI FT232 arayiiz entegresi kullanilmistir. Bu portla, Raspberry Pi kullanan harici goriintiileme
birimine (OHB) ya da bagka bir bilgisayara baglanilabilmektedir. OHB dahili ve harici olarak baglanabilmektedir. Dahili
baglandig: taktirde, anakart {izerinden beslenerek ek bir adaptdr kullanimi gereksinimi ortadan kalkmaktadir. Cihazda barkod
okuyucu, USB baglant1 noktasi iizerinden kullanilmaktadir. Cihaz i¢in zamanlama verisi, ST islemci igerisinde bulunan RTC
(Gergek Zamanlh Tarih Saat) modiilii kullanilarak tutulmaktadir. Enerji kesildiginde, tarih ve saat bilgilerinde sifirlanma
yagsanmamasl i¢in anakartta CR2032 pil kullanilarak islemcinin batarya pinine baglanmistir.

Anakartin yaptig1 islem temel olarak, SD Kart {izerinde bulunan test dosyalarinin islenmesi, test komutlarina gére G/C kartlar1
tizerindeki pinlere I2C protokolil ile erisilmesi ve anakart biinyesinde bulunan 6l¢iim devrelerine baglantilarini gercgeklestirilerek
6l¢iim sonuglarinin elde edilmesidir. Ayrica, test sisteminde, dahili ya da harici OHB varsa, test durumu hakkinda RS-232
tizerinden veri gondermektedir.

Cihazin enerjisi, 12V/5A’lik standart bir SMPS (Switching Mode Power Supply-Anahtarlamali Gii¢ Kaynagi) adaptor ile
anakartin arkasinda konumlandirilmis soket lizerinden saglanmaktadir. Anakartta, oncelikle bu +12V’lik tek giristen, devrede
bulunan op-amp ve analog ¢oklayicilarin beslenebilmesi i¢in negatif polarite de igeren simetrik besleme devresi bulunmaktadir.
Bunun tasariminda 6nce, izoleli bir DA/DA konverter yapist kullanilarak bagimsiz bir 12V kaynak iiretilir. Sonrasinda, -12V
olacak sekilde, giris ile seri baglanarak simetrik kaynak elde edilmektedir. Anakartta, OHB birimi anakart lizerine monte edildigi
durumda enerjilendirilebilmesi i¢in giris 12V tan beslenen, bir DA algaltic1 konvertor entegre devresi (LM2576) kullanilarak
tasarlanmig, SV/3A’lik bir besleme devresi bulunmaktadir. Sekil 5’te tasarlanan test cihazi anakartinin goriintiisii sunulmustur.
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Sekil 5. Test Cihaz1 Anakarti

2.2. G/C Kart1 Tasarimi

G/C karti, dlgiim birimini kablo donanimimin uglarina baglantisini saglayan devredir. Her bir G/C karti, 128 adet pin
icermektedir. Maksimum 8§ adet G/C kart1 baglanarak 1024 farkli test noktas: olusturulabilir. Devre, anakarttan gelen 6l¢lim
kanallarin1 (CH1, CH2 ve CH3) yine anakarttan 12C iletisimi ile bildirilen test pinlerine baglantisini saglar. Bunun i¢in yapisinda
bulunan analog anahtarlar1 kontrol eder. G/C karti, ST firmasina ait ARM Cortex-M3 tabanlit STM32F100C6T6BTR islemcisi
kullanilarak tasarlanmistir. Istenilen sayida kullamlabilen G/C kartlarina besleme, anakart iizerinden 12V gerilim seviyesinde
gelmektedir. Bu besleme hatti kullanilarak, G/C karti tizerindeki lojik entegrelerin ihtiyaci olan 5V ve iglemcinin beslemesi
amactyla 3.3V gerilim seviyeleri iretilmektedir.

Bir adet anakart ve pin ihtiyacina gore istenilen sayida G/C karti, bir baglant1 kart1 tizerindeki kendileri i¢in ayrilmig olan
slotlara yerlestirilerek birlestirilir. Bu yapiya, anakart {izerinde bulunan baglant1 noktasina, bir gériintiileme kart1 da eklenerek test
cihaz1 elde edilir. Biitiin G/C kartlar1, ayni hat iizerinden yardimci (slave) modda 12C hattina baglidir ve yonetici (master) olan
anakart iglemcisini dinlemektedirler. Anakarttan G/C kartlarina génderilen komutlar, o an test edilecek noktanin pin numarasi ve
hangi 6l¢iim kanalina (CH1, CH2 ve CH3) baglanacag: bilgisidir. Komutlar gonderilirken hangi G/C kartina gidecek ise onun
adres bilgisi eklenerek iletisim hattina yollanir. G/C kartlarin baslangigta tanimli sabit adresleri yoktur. Baglant1 kartinda, hangi
slota takili iseler o slota gore adres degeri alirlar. Calismasi i¢in 6rnek verecek olursak; G/C karti, anakarttan, CH2 kanalin1 85.
pine bagla gibi bir komut aldiginda, bu kanala bagli olan analog anahtarlarin adres hatlarina buna uygun gerekli bilgiyi yiikler ve
ilgili baglant1 gergeklestirir.

Sekil 6. Test Cihaz1 G/C Karti

G/C pinleri, cihazin dis ortama agik olan, her tiirlii temas ve etkiye maruz kalan uglaridir. Cihazin, yanliglikla olusabilecek kisa
devre durumlarindan ya da pinlere uygulanabilecek yiiksek gerilim seviyelerinden zarar gormemesi endiistriyel bir kullanim igin
olduk¢a onemlidir. Bu nedenle, G/C kartinin tasarimi asamasinda ESD (Elektro-Statik Desarj) koruma devresi olarak, G/C
pinlerine seri bir direng ve paralel TVS diyot kullanilmasi kararlastirilmgtir.
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2.3. Goriintiilleme Kart

Goriintiileme karti, cihazin 6n tarafinda anakarta monte edilecek sekilde konumlandirilmistir. Yapisinda kullanict etkilesimi
icin 6 adet basmali buton bulunmaktadir. Test sonuglari ve cihaz meniilerinin goriintiilenmesi i¢in 4x20 karakter LCD
kullanilmistir. Bunun disinda SD kart yuvasi ve buzzer birimleri bu kartin igerisindedir. Karta ait gorseller Sekil 7°de verilmistir.

Sekil 7. Test Cihaz1 Goriintiileme Karti

3. Test Cihaza Yazilim Bilesenleri

Tasarlanan test sisteminin iki ana yazilim birleseni bulunmaktadir. Ilki test edilmesi istenilen kablo ve kablo agmin baglanti
bilgilerinin ve parametrelerinin belirlendigi kullanici arayiiz yazilimi, digeri ise testi ger¢eklestiren operatorii yonlendirmek ve test

cihaz ile sunucu bilgisayar arasinda veri iletisimi saglamak icin kullanilacak olan OHB iizerinde kosan yazilimdir. Bu yazilimlarin
ayrintilarina asagida deginilmistir.

3.1. Kullanic1 Arayiiz Yazilimi

Sistem icerisinde test islemlerini donanimsal diizeyde gergeklestiren test cihazinin yerine getirmesi gereken test prosediirlerinin
ve bu testlerde kullanilacak olan parametrelerin test dncesinde belirlenme ve test cihazina aktarilabilecek bir formata doniistiiriillme
islemlerinin tamami kullanici arayiiz yazilimi igerisinde gerceklestirilir. Yazilim, MVC mimarisi temelli Visual Studio .Net
platformunda C# programlama dili kullanilarak gelistirilmistir. Kullanici tarafindan girilen bilgilerin kayit altinda tutulmasi igin
herhangi bir isletim sistemine bagli kalmadan ¢aligabilen, agik kaynak kodlu SQLite veritabani kullanilmistir.

Arayiiz yaziliminda proje bazli yapilan her degisikligin kim tarafindan ve ne zaman yapildiginin takip edilebilmesi adina
yazilim ilk c¢alistirildiginda kullanict tercihi yapilmaktadir. Ardindan, Sekil 8°de goésterilmis olan ana ekran vasitasiyla kullanici,
test edilecek olan kablo aginda yer alan soketleri ve bu soketlerde kullanilan pinleri belirlemektedir.
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Sekil 8. Kullanic1 arayiiz yazihm ana ekram

Ayni zamanda tanimlanan soketlerin, OHB ekraninda testi gergeklestiren operatdrii bilgilendirmek ve hatalar1 daha ¢abuk fark
etmesini saglamak igin gorsellik saglayacak soket resimlerinin de bu ekran iizerinden girilebilmesi saglanir. Bu soket resimleri
veritaban1 dosyasinda ilgili soket ile iligkilendirilerek saklanir. Yine test edilecek kablo agi igerisinde bulunacak elektronik
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bilesenlerin de test oncesinde bu yazilim vasitasiyla belirlenmesi gerekmektedir. Yazilim ana ekranindan bilesen belirleme
sekmesiyle bu belirlemelerin yapilmasina bir drnek Sekil 9°da gosterilmistir. Duigtim, direng, kapasitdr, diyot, aktif role ve pasif
role bilesenleri bu meniiden belirlenebilmektedirler. Ol¢limii yapilacak bu devre elemanlariin degerleri ve tdleranslari programa
girilmektedir.

Tanimli Bilesenler
Ara

Ozellider

Sekil 9. Bilesen belirleme ekram

Soketler ve bilegenler belirlendikten sonra testi yapilacak kablo aginda bulunan baglantilarin programa girilmesi gerekmektedir.
Bu veri girisleri de baglantilar1 belirleme sekmesi altinda Sekil 10.a’da gosterildigi gibi gergeklestirilmektedir. Her bir baglanti
kaynagm nereden ¢iktig1, soket adi ve pin numarasi secilerek, hedefte nereye gidecegi, yine soket ve pin numarasi belirtilerek
yapilir.

Test edilecek olan kablo agindaki biitiin baglant1 noktalar1 belirlendikten sonra gergeklestirilecek olan testin nasil bir yol
izlenerek yapilacaginin belirlenmesi gerekmektedir. Bu belirleme isleminin de arayiiz yaziliminda yapildigi sekme, is akis olarak
belirtilmistir (Sekil 10.b). Kurgulanacak olan test prosediiriine gore test cihazinin icra edecegi test siiregleri burada belirlendikten
sonra, son asamada tkk dosyas1 olusturulur ve test cihazi bu dosyada yer alan adimlara gore test islemini icra eder.
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Sekil 10. (a) Baglanti belirleme sekmesi (b) is akis belirleme sekmesi

3.2.  OHB Yazilim

Bu birimin tasariminda, tek bir kart bilgisayar olan Raspberry Pi 3 B+ modeli kullanilmistir. Aslen Linux tabanli mini bir kart
bilgisayar olan Raspberry Pi, Windows tabanli bilgisayarlara gére 6nemli bir maliyet istiinliigii oldugu igin tercih edilmistir. Bu
birimin kullanimi opsiyoneldir. Test sistemlerinde daha biiylik ekranda goriintiileme amactyla kullanilan bu yapi, ayn1 zamanda
tkk dosyalarmin transferi (OHB’den Cihaza) ve hata raporlama islevlerine de sahiptir. OHB birimi, cihazin diginda ayr1 olarak
kullanilabilecegi gibi istenilirse cihaz icerisine de monte edilebilmektedir. OHB birimine ait yazilim, C# dilinde hazirlanmis ve
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MONO destegi ile ¢alistirilmaktadir. OHB yazilimi, C# dili kullanildiginda gelistirildiginden dolay1, Windows platformlarinda da
calisabilen esnek bir yapidadir.

Cihaz, test islemi yaptigi durumda, her bir test rutinini icra ederken test isleminin sonucunu seri iletisim ile OHB birimine
bildirmektedir. OHB birimi de eszamanli olarak ayni tkk dosyasini islemektedir. Herhangi bir test satirinin isletilmesi sirasinda
ilgili pinlerde olmasi gereken degerlerin diginda bir komponent varsa ya da dlgiilen degerler tolerans araliklarinin diginda ise bu
bilgi cihaz tarafindan OHB birimine bildirilir. OHB birimi de bu pinlere ait soket goriintiilerini ekranda gosterir ve ilgili pinleri
yanip sonen bir kare igerisinde test operatoriine aktarir. Operatdr, aktarilan bu bilgi ile sorunu ¢éziimler ya da testi sonlandirabilir.
Ekranda gosterilen soket gorsellerine ait resim dosyalari, tkk dosyasinin disinda bir veritabaninda bulunmaktadir. Soket gorselleri
bu veritabanindan alinirken, kablo rengi gibi bilgiler tkk dosyasindan okunarak olusturulur ve monitdrde soket resmi iizerinde
goriintiilenerek operator bilgilendirilir.

4. Cihazin Islevleri ve Testleri

Tasarim agamasindan sonra, iiretilen prototip test cihazi iizerinde, tiim cihaz iglevlerinin ayr1 ayri testleri yapilmistir. Test edilen
Olgtimler; iletkenlik, direng oOlglimleri, kutuplu ve kutupsuz kapasitdr Olglimleri (bu iki Ol¢iim ayri1 devre yapilar ile
gergeklestirilmektedir), diyot Olglimii, aktif ve pasif rdole Olglimleridir. Bu o6lgiimler igin yapilan performans gelistirme
calismalarinda; kademe secenekleri igeren dlgiimler i¢in otomatik kademe ayarlama yazilimlari ve 6l¢iim sonuglarini iyilestirmek
icin kalibrasyon yazilimlar1 gibi ek algoritmalar hazirlanarak test edilmis ve dogrulanmistir.

Oncelikle tasarlanan test cihazinin genel islevleri ve yeteneklerinden bahsedecek olursak: Test cihazinda galistirilan test kaynak
kodu, elle ya da barkodu okutularak segilir ve SD karttan okunur. Tkk dosya uzantisina sahip olan bu test dosyasindaki her bir
satir, bir test adimina karsilik gelmektedir. Eger cihaz icerisindeki SD hafiza kartinda, barkodu okutulan tkk dosyas1 bulunmuyorsa,
cihaz tarafindan OHB biriminden istenir, burada mevcut ise cihaza transfer edilir. Ayrica, cihaz ile OHB arasinda tkk dosyalarmin
yani sira barkod yazdirmada kullanilan *.prn uzantil etiket dosyalar1 da aktarilabilmektedir.

Tkk icerisindeki komutlar iki tiirdiir; birincisi, 6lciim komutlaridir, ikinci tiir ise is akist saglayan komutlardir. Is-akis
komutlarinin, program akigini yonlendirme, cihaz degiskenleri iizerinde islem yapma gibi ¢esitli farkli islevleri bulmaktadirlar.
Cihazdaki komutlar1 irdelersek; “Basla” komutu ile tkk dosyast baglamaktadir. “Bildirim” komutu ile ekranda 3 adet 16 karakter
metin gosterilir, tanimlanan siire kadar bekler ve cihaz hafizasindaki melodilerden biri igletilebilir. “Test” komutu ile
gerceklestirilecek teste ait parametreler bildirilir (esik direng degeri, short testi yapilip yapilmayacagi, etap tekrari sayisi vs).
“Raporla” komutu ile cihazin 6l¢iim sonuglar ya da 6lgiim hatalar1 SD karta yazilir. “Etiket” fonksiyonu ile hafizada bulanan bir
prn dosyasinda belirtilen sayida etiket bastirtlir. “Git” komutu ile program belirli bir komut satirina dallandirilir. “Yesil Buton” ve
“Kirmizi Buton” fonksiyonlar1 ile bu butonlara basildiginda programin belli satirlarina dallanma islevi gerceklestirilir.
“Zamanlayict Ayarla” komutu ile tanimlanmis siire kadar beklenir sonrasinda program belli bir adres satira dallandirilir. “Soru”
komutu ile cihazin tanimlanmig bir pinin lojik durumuna goére program belli bir adres satirina dallandirilir. “Barkod Oku”
fonksiyonu ile barkottan okunan veri cihazin belirtilmis bir degiskenine yiiklenir. “Metin Bildirim” komutu ile cihazdaki string bir
degiskene komutta belirtilen deger atanir. “Karar” komutu ile cihaz degiskenlerinin (sayisal ya da string tipi) belirli bir degerde
olmasi/olamamasi/biiyiik/biiyiik esit/ kiigiik/ kiigiik esit durumlart i¢in belirli bir komut satirina dallandirilir. “Metin Ayarla”
komutu ile cihazin string tipi degiskenleri {izerinde islemler gergeklestirilir; substring, character filling vb. “Sayac Ayarla” komutu
ile cihazin sayisal degiskenleri iizerinde islemler yapilir; deger ata, bir arttir, bir azalt, diger bir degiskene ata vb. “Cikis Ayarla”
fonksiyonu ile cihazin test noktalari pinlerinden belirtilmis olandan lojik 0/1 bilgisi ayarlanir. “Soket Birak” fonksiyonu ile cihazin
belirtilmis olan ¢ikis pininden, 1sn siireyle lojik 1 sonrasinda lojik O (puls) iiretilir. “Giris Oku” komutu ile cihazin belirtilmis olan
pinindeki bilgi, lojik olarak okunur. Yukarida iglevlerinden bahsedilen ve tkk igerisinde belirlenen 7 test ve 18 akig komutu tiim
islevleri ile testleri yapilmis ve dogrulanmustir.

Prototip cihazin test calismalar1 esnasinda, islev testlerinin yani sira performans testleri de gergeklestirilmistir. Test sonuglarina
gore, cihaz, %1-2 gibi bir hata orani ile direng ve kapasitor degerlerini 6l¢ebilmektedir. Cihazda, kapasite dlgiimiiniin dogru bir
sekilde, az hata ile yapilabilmesi i¢in, kapasite degerine gore minimum 1-2sn araliginda bir siireye ihtiya¢ bulunmaktadir.

Arag i¢i kablo donanimlarinda test edilecek noktalarin biiyiik ¢ogunlugu kablolardir. Kablo testleri, iletkenlik 6l¢timii olarak
isimlendirilen 6zellik ile gergeklestirilmektedir. Cihazda, diren¢ ve iletkenlik ol¢iimii, dort hassasiyet kademeli bir opampl
yiikselteg devresi ile yapilmaktadir. Bir diren¢ 6l¢limii sirasinda anakart islemcisi tarafindan gergeklestirilen islemler; otomatik
hassasiyet kademe belirleme algoritmasi, direng 6l¢iimii igin ADC’den drnek alma ve direng degerini hesaplama, 12C hatt iizerinde
G/C kartlarinin pinlerini 6l¢iim devresinin kanallarina baglama, seri iletisimle test sunucunun OHB birimine yollanmasi adimlarini
icermektedir. Direng ol¢limii ne kadar yavas gergeklestirilirse o kadar dogru olglim yapilabilmektedir. Yavas ¢aligmadan
kastedilen, daha fazla ADC ol¢iimii gergeklestirilip ortalama alinmasi, sinyaller {izerindeki tranzientlerinin durumlardan
etkilenmemek i¢in 6l¢iime baglamadan 6nce bir siire beklenmesi, ADC isleminin daha diisiik saat darbesinde gergeklestirilmesidir.
Yavas calismada, %1 gibi bir hata orani ile 6l¢iimlerin gergeklestirildigi goriilmiistiir. Hizl1 test gerceklestirildigi durumda ise (1sn
icinde 50-80 test gibi) dl¢lim devrelerinin transientleri, hat iizerinde bulunan analog anahtarlar, uzun test kablolar1 ve ek amagh
kullanilan birgok soketin varligi, sonuglarin dogruluk oranlarini etkilemektedir. Cihaz {izerinde ¢esitli performans iyilestirmeler
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yapildiktan sonra, bir direng ya da iletkenlik 6l¢iimil i¢in gegen siire 12.2’ms olarak dl¢iilmiistiir. Bu da yaklagik olarak saniyede
83 6l¢iim isleminin yapilabilecegi anlamina gelmektedir. Olgiim sirasinda, 6lgiim devresinin hassasiyeti igin tasarlanan otomatik
kademe ayar1 algoritmasinin igletilmesi sirasinda 2 kez 64 dongiiliik ADC islemi gerceklestirilmektedir. Her bir 64 dongiilik ADC
okumasi, 4ms zaman almaktadir. 12.2ms’lik toplam zamanin 8 ms’si bu is i¢in harcanmaktadir. G/C kartlartyla 12C iletisimi
kullanilarak 6lgiim pinlerinin test noktalarina baglanmasi ve ayrilmasi 2.2ms siirmektedir. 15200bps hizinda OHB ile veri
haberlesmesi i¢in harcanan siire ise 1.2ms’dir. Geri kalan 0.8ms’lik kisimda, ADC degerinden direng degerinin hesaplanmasi, bir
sonraki komutun SD karttan alinip okunmasi ve ¢oziilmesi gibi islemler yapilmaktadir.

Sadece iletkenlik testlerinde kullanilmas1 amaciyla bazi hiz optimizasyonu algoritmalari {izerine calisilmistir. iletkenlik dl¢iimii
sirasinda gerceklestirilen, direng 6lglim ve hesaplama rutinleri i¢in gerekli olan 12.2ms’lik siire, otomatik kademeli direng okuma
algoritmasini ¢ikarilarak 6.2ms’ye kadar diistirlilmiistiir. Sadece bu degisiklikle hiz, saniyede 160 Sl¢lime ¢ikarilmistir. Bunun
disinda, 12C iletisimi 4 kat1 bir hizla yapilabilecegi ongdriisii, OHB iletisiminin kismi devreye alinip ¢ikarilabilmesi ve ADC
orneklemesinin 64 yerine daha diisiik cevrim ortalamalari ile gerceklestirilmesi ile bir iletkenlik 6l¢lim zamani 2ms’lere
indirilebilecegi (saniyede 500 kablo testi) diistiniilmektedir. Cihaz endiistriyel ortamda test gercek kablo donanimi ile test edilmig
ve gorseli Sekil 11°de sunulmustur.

Sekil 11. Nursan AS biinyesinde gerceklestirilen test calismalari

5. Sonug

Bu ¢alismada, direng, iletkenlik, diyot, kapasite, aktif/pasif role 6l¢iimii yapabilen, SD karttan aldigi program kodu icerisindeki
7 farkli test ve 18 farkli akis komutunu isleyebilen, program kodu disinda kullanilan pinlerdeki olmamasi gereken iletkenlik ve
kisa devrelerin tespiti yapabilen bir test cihazi sistemi ve onun programlama arayiizleri gerceklestirilmistir. Tasarim, endiistriyel
kriterler géz oniinde bulundurularak, EMC sartlarina uygun, ESD ve ¢esitli koruma yapilari igeren, son iiriinde kullanilabilecek bir
sekilde gerceklestirilmistir. Bu ¢aligma ile literatiirdeki az sayida olan kablo donanimi test cihazi tasarimi ¢aligmalarina katki
sunulmustur. Piyasada kullanilan diriinler ile karsilagtirildiginda hiz ve performans agisindan benzer sonuglar elde edilmistir.
Ayrica, yiiksek SD kart hafiza kapasite kullanimina imkan tanimasi, daha fazla sayida test kodunun hafizada tutulabilmesi, oldukg¢a
diisiik maliyete sahip olmasi, test sonuglariin raporlanmasina imkan vermesi, yeni tip USB barkod okuyucularini desteklemesi,
USB {iizerinden bilgisayar baglantisi yapilabilmesi, esnek ve gelistirmeye agik olmasi gibi iistiinliiklere sahiptir.
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Abstract

This article proposes an opposite based learning (OBL) enhanced crow search algorithm (CSA) version for solving optimization problems. The
proposed method, named the opposite based CSA (ObCSA), starts searching with individuals with higher fitness in the initial phase of the
evolutionary process. In this way, it is aimed to improve the convergence performance of the basic CSA. To validate the proposed method, a set
of benchmark test suit of different of features is chosen. Its convergence characteristic and statistical results are compared with the basic CSA.
The results obtained show that the proposed method improves the convergence performance of the basic CSA. And the statistical results indicate
that it manages to reach the near optimal solution and increases the quality of the solution.

Keywords: “Crow search algorithm, opposite based learning, optimization”

1. Introduction

Over the past 20 years, behavioral patterns of swarm-based organisms have inspired the development of many optimization
methods. While the teachings of living things individually and in the swarm determine their behavioral strategies in maintaining
their vital activities, these strategies are modeled and turn into an effective search tool in reaching the optimal solution of a problem.
Ant colony optimization (ACO), particle swarm optimization (PSO), artificial bee colony (ABC), lion optimization algorithm
(LOA) and cuckoo search algorithm (CS) are the most famous of these [1-5]. These metaheuristics generally have similar
evolutionary processing phases, although the behavioral patterns of the swarm or creature they represent may differ. They use
computational phases such as the random distribution of search agents in the search space, the creation of new agents, random
selections, and the continuation of the search through iterations.

On the other hand, various approaches to improve the search skills and performance of metaheuristics are adapted to their
processing phases. The approaches such as dynamic population [6], weighted accelerations [7], chaotic mapping [8] are the
preferred methods. One of the places where performance improvement is made is the initialization phase. In this phase, search
agents are randomly distributed to the search space. They are evaluated according to their fitness value and transferred to the next
processing phases. However, since their initial distribution is random, individuals with low fitness also participate in the
computational process. Instead, starting the evolution with individuals with high fitness in the initial phase will undoubtedly
accelerate the global solution and increase the convergence performance of the algorithm. In this context, one of the suggested
approaches is the opposite-based learning strategy (OBL) [9]. This strategy evaluates the opposite position in the search space of
a generated position. Because a solution based on opposite location may be closer to the global solution than a randomly generated
solution [9]. The results indicating that the OBL approach increases the algorithm performance are presented in various studies in
the literature. To improve the performance of the PSO, the OBL approach is applied to the PSO and it is reported to produce good
results [10]. Wang et al. [11] are modified the harmony search algorithm (HSA) with OBL and applied to global optimization
problems. The obtained results show that the developed approach improves the convergence performance and the solution quality.
In another study, Dinkar and Deep [12] are developed the antlion optimizer (ALO) version using OBL. The performance was
observed by applying the developed method to the control systems. Zhao et al. [13] are derived the OBL-ABC algorithm using the
OBL approach. It is noted that the derived algorithm is suitable for solving complex functions. In addition, it has been presented
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in other studies that OBL improves algorithm performance [14-16]. As a result, the OBL approach speeds up the search process
and improves the convergence performance.

The CSA algorithm is one of the new metaheuristics developed on the intelligence behavior of crows [17]. It manipulates the
crows' ability to hide and remember their food. It is a population-based metaheuristic that uses random selection and has few self-
parameters. In this paper, the OBL strategy is adapted to the CSA algorithm to improve its convergence performance. Two ObCSA
methods are derived by integrating different OBL approaches into CSA. The developed methods are applied to high-dimensional
test functions and their performances are compared.

2. Basic CSA

The CSA is a new metaheuristic inspired by the intelligence behavior of crows [17]. It mimics the behavior of crows to hide
and find their food. Its evolution process starts with the random distribution of crows in the search space. For an n-dimensional
problem, the initialization phase is defined as:

_ 1 2 n
xi,ite_number - I:Xi,ite_number' Xi,ite_number ’ "'Xi,ite_number] (1)

Here, X; i, numper FEPresents the position of the i crow and the ite_number represents the number of iterations.

Each crow position is evaluated according to the objective function and their fitness values are calculated. This fitness value
actually represents the solution quality of the crow. All positions visited by the crows during the search process are recorded in
their own memory as in Eq. (2).

_ 1 2 n
M iite_number — [mi,ite_number ! mi,ite_number ! "'mi,ite_number] (2)

The next position of a crow is generated as in Eq. (3), depending on the awareness probability (AP) and flight length (fl)
parameters. The new location produced is evaluated according to the objective function and the fitness value is calculated. Then,
the selection process is made for the new location as in Eq. (4).

X _ Xi,ite_number + rl ﬂ'(mi,ite_number - Xi,ite_number) rl > AP
He_number = andom otherwise @
m _ If f (Xi,ite_number+l) > f (mi,ite_number) Xi,ite_number+l (4)
i,ite_number+1 —
PSR else m

i,ite_number

Evolutionary operations are continued until the number of maximum iterations (ite_max) is reached. The best solution is
returned when the stopping criterion is met.

3. Opposite based CSA (ObCSA)

In the classical CSA algorithm, the initialization positions of the crows are randomly distributed over the search space. In this
case, the computational process is started with individuals with a lower fitness value. As a result, the convergence performance of
the algorithm may decrease. According to the OBL approach proposed by Tizhoosh [9], a solution generated based on opposition
is closer to the global solution than a randomly generated solution. In this way, the process of reaching a global solution can be
accelerated.

In this paper, two different OBL approaches are used for the proposed opposite based CSA algorithms. In the first one (ObCSA-
1), half of the population is randomly generated, while the other half is determined as the opposing positions of these individuals.

For the second algorithm (ObCSA-2), the initial individuals are generated both randomly and with their opposite positions.
Afterwards, they are selected according to their fitness values and the position with the better fit is included in the initialization
phase. Thus, the evolutionary calculation begins with individuals with higher fitness values. The pseudocode of the proposed
ObCSA methods is shown in Figure 1.
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4. Simulation Results

In this section, the proposed ObCSA methods are applied to the benchmark set given in Table 1 to demonstrate their
performance. These test functions are classified into two groups as unimodal (UM) and multimodal (MM). The first four functions
are UM and have a single global optimum. The remaining functions are MM and have too many local optima. The two-dimensional
graphs of the test functions used are shown in Figures 2 and 3.

Initialize
Define the PopSize, ite_max, fl, AP, x_min, x_max and dimension
/{No Opposite
form=1: PopSize
xPop(m,:) = x_min + ( x_max —x_min } .* rand(1,Dim});
end
//Opposite ==1
Lenght = round(PopSize/2);
form=1:Lenght
xPop(m,:) = x_min + ( x_max —x_min } .* rand(1,Dim);
xPop(m+PopSize-Lenght,:) = x_min + x_max - xPop(m,:);
end
//Opposite ==
for m =1 : PopSize
x_Temp = x_min + ( x_max — x_min ) .* rand(1,Dim};
xOps = x_min + x_max —x_Temp;
y_Temp = Objective_Function(x_Temp);
yOps = Objective_Function(xOps);
if y_Temp <=yOps
xPop(m,:) = x_Temp;
else
xPop(m,:) = xOps;
end
ite_number=1
Evaluate
yPop(m) = Objective_Function(xPop(m,:));
Generate the crow’'s new position
While ite<ite_max
Update the crow’s new position according to Eq(3)
Update the memory of crows in Eq(2)
ite_number=ite_number+1
End
Return the position of best crow

Figure 1. Pseudo code of ObCSA

Table 1. The benchmark set used in experiments

Type Definition Name S

n i 2 Schwefel’s problem 3 N
um  f = ZH(ZHXJ') 1o [-100,100]
um  f,= Zi”j[loo(x”l —x2)?+(% 1) ] Rosenbrock [-30,30]"
UM =3 (% +08)) step 100,100
UM f, = Z-n,lixi4 +random(0,1) Quartic noise [-1.28,1.28]"
MM =" [x*—~10Cos(27x)+10] Rastrigin [-5.125.12]"
MM f = —ZOeXp(—O.Z /%ZL X J—exp (%z:_lcos(brxi))+20+e Ackley [-32,32]"

L S e X Generalized Griewank - n
MM fo=—o>" x’—] .cos| & |+1 eneralized Griewan [-600,600]

7 4000 ZI:I i=1 (\/l_j

sin? (37x,) + 3 H(x —1)%[1+sin? (37x .
MM f8 :i ( 1) Z|=1( i ) [ ( |+1)] +Ziﬂ:1u(xi,5,100’4) Penalized2 [_50’50]n
10 | +(x, —1)*[1+sin’ (27%,.,) |
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Simulation studies have been performed on PC with the specifications of core i7 8GB. All methods are run 50 times for 50-
dimensional functions. The settling parameters of CSA and ObCSA are follows: PopSize=25, ite_max=500, AP=1 and fl=1.
Statistical results obtained for UM functions are given in Table 2 and convergence curves for the best solution are given in Figure
4, respectively.

According to Table 2, ObCSA-1 produces the best solutions considering Best value for all UM functions. The convergence
curves in Figure 4 also support these results. The ObCSA-1 algorithm has a higher convergence rate than the others. Considering

the Mean values, ObCSA methods are more successful than basic CSA in f; and f; functions.

Statistical results obtained for MM functions are given in Table 3 and convergence curves for the best solution are given in
Figure 5, respectively. According to Table 3, ObCSA-1 produces the best solutions in fs, f; and fs functions. In fs function, ObCSA-
2 achieves better result than others. Considering the Mean values, ObCSA methods are more successful than basic CSA in fs and

fg functions.

Table 2. The statistical results of UM functions

f Methods Best Mean Worst Std.

f1 CSA 1.245876e-05 1.208577e+02 9.494972e+02 2.789620e+02
ObCSA-1 5.548655e-08 3.972850e+01 2.411449e+02 8.133670e+01
ObCSA-2 3.948795e-02 6.913407e+02 3.394790e+03 1.059401e+03

f2 CSA 1.772417e-08 9.587184e-02 8.357679¢e-01 2.471808e-01
ObCSA-1 6.547443e-09 3.552517e-01 1.638986e+00 5.800647e-01
ObCSA-2 9.913657e-08 2.320926e-01 1.308630e+00 3.941654e-01

fa CSA 9.015058e-11 1.775855e-02 1.111651e-01 3.677735e-02
ObCSA-1 5.099702e-13 2.671550e-02 1.854854e-01 5.464461e-02
ObCSA-2 4.467390e-11 3.731923e-01 1.630211e+00 6.031711e-01

fa CSA 2.847369e-04 1.971604e-03 6.521443e-03 2.247900e-03
ObCSA-1 1.215682e-04 1.960128e-03 8.490555e-03 2.576609e-03
ObCSA-2 2.819505e-04 6.346028e-04 1.470637e-03 3.346326e-04

Objective Function

Objective Function
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In MM functions, the final value is more important than the convergence rate. Because the problem has too many local optima,
the method used gets stuck to the local optimum. In Fig. 5, although the convergence rate of the basic CSA is high, it produces
larger error values. This means that the CSA gets stuck in the local optima. The proposed ObCSA methods reach lower error values

than basic CSA.

Table 3. The statistical results of MM functions

f Methods Best Mean Worst Std.
fs CSA 1.705853e-10 7.967219e-02 7.551901e-01 2.252569e-01
ObCSA-1 7.332623e-11 7.726171e-03 5.483126e-02 1.621960e-02
ObCSA-2 8.951062e-12 1.210252e-01 6.427200e-01 1.861955e-01
fe CSA 4.163119e-06 2.011804e-02 1.286980e-01 4.190452e-02
ObCSA-1 1.026417e-07 4.053685e-02 1.720274e-01 6.485713e-02
ObCSA-2 1.138841e-07 7.631362e-02 5.845917e-01 1.723064e-01
fz CSA 1.020848e-10 9.164123e-02 5.909100e-01 1.871892e-01
ObCSA-1 1.098233e-12 1.463629e-01 7.858924e-01 2.349170e-01
ObCSA-2 1.162426e-11 1.763992e-01 7.500073e-01 2.853353e-01
fg CSA 1553088e-11  3.635947e-03  1928421e-02  6.162485¢-03
ObCSA-1  3.365973e-16 7.754907¢-03 ~  4.285018e-02 1.292313¢-02
ObCSA-2  2581291e-12  25092147¢-03  1.399344e-02  4.931962e-03
a b
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5. Conclusions
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Figure 5. The convergence curves of MM functions (a) fs; (b); fs; (c) f7; (d) fs

The fact that the search algorithms start to search with a uniformly distributed population in the search space may cause a
decrease in performance. Using opposite position instead of sequentially generated random values can produce solutions with
better fitness values. Thus, the evolutionary computation starts with solution candidates with higher fitness values, and as a result,
the process of reaching the global solution is accelerated. In this paper, opposite-based initialization strategies are integrated into
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the CSA algorithm. Two ObCSA methods were derived and their performances were compared with the basic CSA. The results

show that the proposed approach increases the convergence rate and solution accuracy. In future studies, it is aimed to adapt the
oppositional approach to new metaheuristics and to apply them to different engineering problems.
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Abstract

Nowadays, there are many problems with the electricity system, such as increasing consumption, short-time overload during the intra-day,
environmental problems caused by fossil fuel, and foreign-source dependency. Therefore, it is necessary to meet these increasing energy needs,
minimize environmental impacts, and develop cost optimization solutions. In order to meet these requirements, it is necessary for the network to
have a more dynamic structure and to have real-time monitoring and control systems. Furthermore, to develop the aforementioned system, it is
necessary to estimate the load of the users in the system. Therefore, the developed artificial neural network-based load estimation algorithm is
capable of high accuracy load estimates, and high precision data were obtained for use in the demand side management system.

Keywords: “Short term load prediction, Machine Learning, Artificial Neural Network, Demand Side Management”

1. Introduction

According to reports from the United Nations (UN), the world population is rising rapidly. The rapid development of technology
and the growth of the population increase the energy requirement. The increased energy demand is hardly met due to limited energy
resources. The annual energy demand growth rate in Turkey is approximately four times the rate of increase in worldwide energy
demand. In the projection reports, it is predicted that 2/3 of the energy efficiency potential in the world will not be used in the
period until 2035. Energy sources used in Turkey about 3/4 are imported. According to the IEA report, energy supply in Turkey
was 144 Mtoe, energy intensity per unit of GDP is about 4.5. In other words, some of the energy supplied is wasted before it is
used. Therefore, it is necessary to meet the increasing energy demand, minimize the effects on the environment and develop cost-
optimized solutions. In order to meet these requirements, the grid should be more dynamic, and there should be systems capable
of real-time monitoring and control (Molavi, H., & Ardehali, M. M. 2016).

Smart grids are energy management systems that monitor and control all market participants' supply and consumption behavior.
Smart grids collect information about producers and consumers using information and communication technologies and use this
information to increase supply continuity, technical quality, and efficiency. In the smart grid, the measurements taken from
generation, transmission, and distribution systems are collected in one or more control centers, and it is ensured that the system
responds automatically or semi-automatically according to the instantaneous needs of the grid (Fujiwara, T., & Ueda, Y. 2018).
Measuring devices with communication capability and communication infrastructure are the most important parts of the smart
grid. Therefore, one of the most critical steps to create a smart grid is the continuous monitoring of the grid and electricity quality.
With the widespread use of smart grids and the expansion of the technological infrastructure, energy demand forecasting
applications have begun to be developed for systems that can be monitored (Bruno, S., Dellino, G., La Scala, M., & Meloni, C.
2018).

In Turkey, similar to the rest of the world, approximately 1/3 of the energy demand is consumed by buildings. In addition, the
consumption of buildings increases during peak hours of energy consumption. Especially the high consumption of commercial
buildings and the increase in energy demand during peak hours constitute an essential area for Demand Side Management (DSM)
applications. Therefore, monitoring, and more importantly, accurately estimating energy consumption is essential for the efficient
operation of DSM applications (Aghajani, G. R., Shayanfar, H. A., & Shayeghi, H. 2017). Electrical load estimation studies have
started to be done primarily with statistical models and autoregressive methods in the literature. However, with the rapid spread of
artificial intelligence techniques and the successful results of estimation algorithms, electricity consumption estimations have
started to be made with neural networks.

! Corresponding Author. Tel: +90-318-357-4242-1208
E-posta adresi: myerten@gmail.com
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1.1. Related Work

Li, Ding, Zhao, Yi, and Zhang (2017) estimated the energy consumption in buildings with an extreme learning machine-based
deep learning approach. The results obtained were compared with various machine learning methods and the developed model’s
success was demonstrated.

Mocanu, Nguyen, Gibescu, and Kling (2016) made 15-minute, hourly and weekly forecasts for buildings using Conditional
Restricted Boltzmann Machine (CRBM) and Factored Conditional Restricted Boltzmann Machine (FCRBM) methods. It has been
shown that the estimations made with the FCRBM method give better results than the estimations made with both CRBM and
ANN, SVM, and RNN.

Berriel, Lopes, Rodrigues, Varejao, and Oliviera-Santos (2017) developed a system that estimates monthly energy consumption
using three deep learning methods: deep fully connected network, convolutional neural network, and Long Term Short Memory
(LSTM). It was determined that the best results were the estimations obtained with the LSTM model.

Rahman, Srikumar, and Smith (2018) made hourly forecasts for a commercial building in Utah and residential campuses in
Texas using the Recurrent Neural Network (RNN). The accurate estimation performance of the method has been demonstrated
with the results obtained.

Chen et al. (2017) offered an SVR model to predict load forecasting for four large office buildings in eastern China. Hourly
load predictions were compared with other SVR model baselines. It is shown that the developed SVR model has better results and
is more stable in short-term load forecasting compared other seven forecasting models.

Yildiz, Bilbao, and Sproul (2017) estimated hourly and daily electricity consumption of a campus and a technology company
building in Sydney. Obtained results were used to compare with MLR models and ML methods. The estimation results made by
MLR, NN-LM, NN-BR, NARX-LM, NARX-BR, RT, and SVR methods were compared with RMSE, MAPE, MBE, and R2
metrics. It has been observed that ML methods give better results than MLR models.

Kuo and Huang (2018) estimated the electricity load demand of consumers in the US coastal areas for the next three days using
the Deep energy method. The success of the Deep Energy method was compared with the SVM, RF, DT, MLP, and LSTM methods
using MAPE and CV-RMSE metrics. Deep Energy method showed 10% more accurate performance compared to other methods.

Xu, Li, Xie, and Zhang (2018) predicted electrical load estimation of Albert area in Calgary, USA, and a service restaurant
located in MT, USA. A hybrid model is developed using the ELM method to model shallow features and the LSTM method to
extract deep patterns. The hourly consumption estimations of the hybrid model were compared with the SVR, ELM, and LSTM
methods. It was demonstrated that the estimations of the hybrid model were more successful than other methods.

Kim, Moon, Hwang, and Kang (2019) estimated the 30-minute consumption of three industrial distribution complexes in South
Korea. The method called RICNN was created by combining the RNN method with the 1-D inception module. When the developed
method is compared with the MLP, 1-D CNN, and RNN methods, it has been seen that the 30-minute prediction performance gives
better results than other methods.

Chitalia, Pipattanasomporn, Garg, and Rahman (2020) predicted hourly, and daily load predictions for five commercial
buildings located one in Tailand; one in India; and three in the USA. The study indicated that there is a 20-45% improvement in
estimations made with LSTM, LSTM-assisted attention, BiLSTM, and BiLSTM-attention models compared to the state-of-the-art
models. Also, attention models obtained better results for most of the scenarios.

Bendaoud and Farah (2020) made hourly and daily load forecasts using the Convolutional Neural Network (CNN) method. In
the study using real consumption data in Algeria, the data was not used as a one-dimensional input to the CNN method; instead,
the data was used as a two-dimensional input. Comparisons with GBRT, RF, and SVR methods showed that the developed method
gave successful results. A summary of the mentioned literature studies is given in Table 1.
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Table 1. Review of building load forecasting studies

Reference Prediction Method Compared Method Metric Time Horizon

Chen et.al. SVR SVR (baseline models) ME, MAE Hourly

Chitalia et.al. LSTM, LSTM wi/att, | LSTM, LSTM wiatt, | RMSE, MAPE, CV | Hourly, daily
BiLSTM, BiLSTM w/att. | BiLSTM, BiLSTM w/att.

Yildiz et.al. MLR, NN-LM, NN-BR, | MLR models vs ML | RMSE, MAPE, | Hourly, daily
NARX-LM, NARX-BR, | methods MBE, R?
RT, SVR

Kuo et.al. Deep Energy SVM, RF, DT, MLP, | MAPE, CV-RMSE Daily (next three days)

LSTM

Xu et.al. Hybrid model (ELM/ | LSTM, ELM, SVR MAE, MRE, RMSE | Hourly
shallow features + LSTM/
extract deep patterns)

Kim et.al. RICNN MLP, 1-D CNN, RNN RMSE, MAPE 30 min.

Li et.al. ELM EAFI)_I\I__I{N GRBFNN, SVR, MSE, RMSE 30 min., 60 min.

Mocanu et.al. CRBM, FCRBM ANN, SVM, RNN KOKH L5 min., 60 min., daily,

weekly
. MSE, RMSE,

Berriel et.al. LSTM DFC, CNN MAAPE Monthly

Rahman et.al. RNN MLP MSE Hourly

Bendaoud et.al CNN GBRT, RF, SVR RMSE, MAPE 15 min., daily

In this study, the energy demand of a commercial building in Ankara is estimated, and the potential of commercial buildings
for DSM applications is investigated. In this article, a hybrid short-term load forecast is presented by considering consumption
data with a 10-minute time stamp, weather information (outdoor temperature), indoor temperature, lighting requirement time, time
to be spent in daily overtime, and the number of people in the building between 2016-2018 The proposed model was developed by
training with ANN, one of the machine learning algorithms, and the results obtained were evaluated with the Mean Absolute Error
(MAE), Mean Absolute Percentage Error (MAPE), Mean Squared Error (MSE) and Root Mean Squared Error (RMSE) metrics,
and their accuracy rates were determined. The frequency of historical data at high frequency, variables such as lighting and the
number of personnel, and the use of the information such as overtime as parameters are the most important features of this article
that distinguish it from other studies.

In the first part of the study, short-term electrical load estimation in commercial buildings is explained in light of the literature.
The continuation of the work is organized as follows. In section Il, the mathematical description of methods is introduced. Then,
the proposed model is analyzed, the analysis results are discussed, and the simulation results are presented in section Il1. Finally,
in section 1V, conclusions are summarized, and future works are described.
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2. Materials and Methods
2.1. Materials

The electrical load estimation problem has linear and non-linear characteristics due to its input parameters. Meanwhile, when
considering the load consumption curves of commercial buildings, it is essential to organize the data by considering various cases
such as weekdays - weekends, working hours - non-working hours, holidays - overtime. The input to be used in the model to be
developed in the article is given in Table 2.

Weekdays, Weekends (Saturday - Sunday), Holiday (public and religious holidays), daily electric consumption, the previous
day electric consumption, the previous week electric consumption, consumption on the same day of the previous year, the next
day's consumption, the last 15 minutes' consumption, the previous day quarter-hourly consumption, the previous day quarter-hour
consumption, are taken as input parameters for the past consumption prediction. In addition, outdoor temperature, indoor
temperature, lighting requirement duration, overtime duration, and the number of people in the building are other input parameters.
The lighting requirement duration parameter will be used for daily load forecasting but not for hourly load forecasting. The table
containing the units of the variable is given in Table 3.

Data anomalies caused by measurement problems are solved by using filter in data preprocessing. The abnormality at the

detected point is diagnosed by comparing it with the devices in the lower and upper layers. The missing lines were filled in by
taking the average of the missing data in the previous and next time horizon and the data in the same time horizon.

Table 2. Variable for ANN

Variable Abbreviation
Weekdays wd
Weekends We
Holidays H

The previous day electrical consumption PDEC

The next day electrical consumption NDEC

The previous week electrical consumption PWEC

The previous hour electrical consumption PHEC

The next hour electrical consumption NHEC

The previous day hourly electrical consumption PDHEC
The previous 10-min electrical consumption P10EC
The previous day 10-min electrical consumption PD10EC
The following 10 min. electrical consumption F10EC

Table 3. Units of Variable

Input Unit
Days of week 1-7
Temperature °C
Electricity consumption kWh
Number of people -
Lighting requirement Minutes
Overtime duration Hour

2.2.  Artificial Neural Network

Artificial neural networks are a model developed by being influenced by the human brain. Nerve cells communicate with each
other and with synapses through electrical discharge events. The cells communicate with each other through their axons. In
structures found in artificial neural networks, it combines the input information with an aggregate function filter it through the
activation function, produces the necessary output and sends it to other nerve cells over network connections. The values of the
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connections that will communicate the artificial neural networks are expressed as weight values. They form a network by
connecting to form 3 main layers, namely the input layer, hidden layers, and output layer, which are located on a parallel line. The
number of hidden layers can be increased or decreased according to the network’s structure. In the light of this information, the
organized information given to the input layer is processed and weighted with various activation functions in the hidden layers and
directed to the output layer. It can be briefly summarized the key points to be considered in order for the network to produce correct
output for the given data: to organize the data correctly, to choose the proper activation function for the developed model, and to
determine the network weights correctly (Salahat, 2017).

Training the network is the process of learning the correct weights required for predicting the network. These values, which are
randomly assigned at the beginning, are changed during the training according to the learning rule of the network. Then, using
these values in another network, the weights are changed again, aiming to find the optimum values. If these optimum values give
correct answers to the data in the test set, the network is considered trained. Among the models developed for learning, networks
such as LVQ, SOM, ART, and Elman are frequently used (Owda, Omoniwa, Shahid, & Ziauddin, 2014).

Artificial neural networks are grouped under two main headings: feedforward networks and recurrent networks, depending on
the information flow and the weighting of the network.

2.2.1 Feedforward Networks

Feedforward neural networks are the most basic form of ANN. Data only move forward to the hidden and output layers in such
networks. Due to the memoryless nature of the system, this network is called a "static network". While the weights of the
feedforward links can be changed during training thanks to the weight adjustment algorithm, it is not possible to change the
feedforward link weights (Mena, Rodriguez, Castilla, & Arahal, 2014).

2.2.2 Recurrent Networks

In recurrent neural networks, there is a structure in which feedback is made to the hidden layers and input layers before the
outputs in the output layer and hidden layers. Since this type of neural network has a dynamic memory structure, the output of the
neurons does not depend on the input values valid for that situation. Because of this structure, recurrent networks are suitable for
prediction applications. At the same time, recurrent networks provide successful results in estimating time series (Chernykh,
Chechushkov, & Panikovskaya, 2014). NARX network structure is given in Figure 1.

NeUrons

— (1)

Figure 1. NARX network structure (Huang et al. 2017)
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2.2.3 Prediction Assessment Metrics

It is very vital to measure the success of the prediction mechanism in the prediction model to be developed. In the literature,
metrics such as Mean Absolute Error (MAE), Mean Absolute Percent Error (MAPE), Mean Squared Error (MSE), and Root Mean-
Square Error (RMSE) are used to measure the prediction success of machine learning algorithms. . The results obtained from these
metrics enable measurement of the model's success by comparing the predictions of the developed model with the actual values.

Mean Squared Error (MSE) defines how close the estimates are to the actual value. It always produces positive-valued results
and shows that models with MSE values close to zero are more successful. The formula for the MSE metric is given below.

1 n
MSE = ;Z(yi — () (1)

In this equation, f (x;) represents the i-th value estimate of the model, and y; represents the i-th real value.

Root Mean Squared Error (RMSE) expresses the standard deviation of the calculated errors between the forecast and the actual
values. It expresses how close that data is to the truth around a line that expresses the correlation between the RMSE forecast data
and the actual values. The RMSE value varies between 0 and . A zero RMSE indicates that the estimated value is the same as the
actual value. As this value moves away from zero, it is understood that the error in the estimation values increases. The formula
for the RMSE metric is given below.

RMSE = (2)

As can be understood from the equation, it is summed up by taking the squares of the inputs entering the model separately. The
RMSE value can be calculated by taking the square root of the total.

Mean Absolute Error (MAE) determines the difference between two continuous variables. MAE measures the error by drawing
a line that best expresses the input data and calculating the horizontal and vertical distances between the actual data and these
values. Since the MAE value is easy to interpret, it is preferred in time series applications. The MAE value varies between 0 and
o0. Models with MAE values close to zero show better prediction success. The equation of the MAE metric is shown below.

n

1
MAE = £Z|ei| (3)

i=1

Mean Absolute Percent Error (MAPE) is another MAE-based metric. MAPE is used to measure the accuracy of such
applications because it is more successful in predicting time series models. It usually expresses accuracy as a percentage and is
defined by the following equation:

100 %

Here e;: represents the difference between the estimated value and the actual value. 4; is the actual value, n is the number of
operations. The absolute value in this calculation is added up for each predicted point in time and divided by n by the number of
fitted points. Multiplying by 100 makes it a % error.
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3. Proposed Model

In order to develop a realistic and highly accurate model with the recurrent multilayer ANN model, two years of data covering
the years 2017-2018 were collected in a commercial building in Ankara. In order to obtain reliable estimation results, it is very
important that the data have a 10-minute timestamp.

The developed model allowed to increase the number of hidden layers. Adding the number of hidden layers increases the
predictive power in some cases and complexity in other cases, making the model difficult to work. It has been tried to determine
the optimum number of hidden layers by doing many experiments. At the same time, MSE, RMSE, MAE, MAPE metrics, whose
equations were given in the previous section, were used to test the success of the developed model. Estimates were made by
dividing our study into two parts, hourly and 10-minute. The results and discussions regarding the estimations will also be made
in the following subsection. The developed ANN-based load prediction model flowchart is given in Figure 2.

Error
Criteria <

YAE
Tolerance

Historical

dataset Load forecast

Current dataset Model test

Model
Validation

Dataset
clustering

Creating model Model training

Figure 2. ANN-based load prediction model flowchart

3.1 Hourly ANN Prediction Model

In the hourly ANN prediction model, dataset was trained using 17520 pieces of data. 70% of this data amount was used as a
training dataset, 15% as a test dataset, and 15% as a validation dataset. In order to develop a realistic and highly accurate model
with the recurrent multilayer ANN model, two years of data covering the years 2017-2018 were collected in a commercial building
in Ankara. In order to obtain reliable estimation results, it is very important that the data have a 10-minute timestamp. Hourly load
prediction results with prediction metrics are given in Table 4. Regression plots for the hourly ANN model are given in Figure 3.
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Table 4. Hourly prediction results

Weekdays Weekends Holidays
MSE 0,2488 1,1312 0,0379
RMSE 0,4988 1,0636 0,1947
MAE 0,4735 0,8416 0,2401
MAPE 6,5937 9,1724 3,3611
Training: R=0.99551 Validation: R=0.99528
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Figure 3. Regression plots for hourly ANN model
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3.2 10 Minutes ANN Prediction Model

In the 10-minute ANN prediction model, the dataset was trained using 51840 pieces of data. 70% of this data amount was used
as a training dataset, 15% as a test dataset, and 15% as a validation dataset. The estimation results were evaluated under three main
headings: working days, weekends, and holidays. 10 minutes load prediction results with prediction metrics are given in Table 5.
Regression plots for 10 minutes ANN model are given in Figure 4.

Table 5. 10 minutes prediction results

Weekdays Weekends Holidays
MSE 0,6116 0,8926 0,2630
RMSE 0,7821 0,9448 0,5129
MAE 0,6427 0,7769 0,4344
MAPE 8,8962 10,660 6,0174
Training: R=0.98534 Validation: R=0.98753
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4. Conclusion and Future Works

This article uses a recurrent multilayer ANN method for short-term electrical load estimation in commercial buildings. The
prediction model developed with this new approach has produced very successful results in terms of prediction assessment metrics.
The most substantial aspect of the developed model is that increasing the variety and frequency of data works seamlessly with the
optimum number of hidden layers in a simple structure and produces satisfactory results. This is because one of the most important
parameters for estimation algorithms is data frequency. Therefore, the frequency of data used in the study and the input parameters
such as illumination duration and the number of people, which are essential features that distinguish this study from other studies,
are the most critical factors that increase the accuracy of the results obtained.

The success achieved in the prediction results by increasing the number of layers in the multilayer ANN model paves the way
for more successful results using deep learning methods. In future studies, electric load estimation can be made using deep learning
methods. In addition, it is thought that various optimization algorithms can be used to determine the most appropriate number of
layers in such applications. In addition, ultra-short term load estimation studies can be made by using similar methods.
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Abstract

Nowadays, the increase in vaccinations due to the epidemic increases the density of health centers and shopping centers, which is another place
where vaccinations are made, from time to time. The choice of vaccination sites varies from person to person, and this may increase the density of
the vaccination sequence. The criteria that cause the increase in density were created by consulting the health personnel, the people who will be
vaccinated and those who have had the vaccine, taking into account the conditions and situations that people care about. Alternatively, three different
vaccine centers were selected. These centers are designated as hospitals, health centers and shopping centers. Care has been taken to ensure that the
designated vaccination centers are places where daily vaccinations are performed. In order to determine the criteria, the opinions of the people were
taken by applying a questionnaire. Thus, in this study, which was conducted for the first time, it was investigated which places were more dense
with the determined nine criteria and the parameters affecting this density were tried to be analyzed with the Fuzzy ELECTRE | method. Knowing
the reasons for these densities and revealing which institutions people frequently prefer for vaccination can prevent problems.

Keywords: “Bulanik ELECTRE I, Karar Verme Metotlar1, Bulanik Karar Verme”

1. Giris

Diinya var oldugundan beri as1 uygulanmaktadir. Ancak gliniimiiz sartlarindaki durumlar g6z Oniine alindiginda asilama
durumundaki siire¢ zaman zaman aksayabilmektedir. Bu aksakliklar, insanlarin halihazirda asi yaptirmak istememesi veya ast
yaptirmaktan duydugu ¢ekincelerden dolay1 ast merkezlerindeki yogunluk durumunun belirsiz olmasidir. Covid-19 agilama oraninin
diinya ¢apinda yavaglamasi (Cihan, 2021) veya zaman zaman yigilmalarin olmasi bu durumu tetikleyebilmektedir. Bu sebepler
disinda, kisilerin as1 sonrast beklenmedik durumlarla karsilagabilecegi endisesi de 6nemli bir durum haline gelmistir. Bu nedenlerin
olusturdugu belirsizlikler 1s1ginda, bu calisma as1 merkezlerinin yogunlugunu etkileyen faktorlerin belirlenebilmesine 11k
tutabilecektir. Ayni zamanda as1 olacak kisilerin hangi kosullar altinda kendini daha rahat hissettigi ve bu durumla birlikte segecegi
alternatif as1 merkezinin hangisi olacaginin belirlenmesinin ¢ikabilecek olas1 aksakliklar1 6ngérmek agisindan onemlidir. Bu
¢alismada ¢ok kriterli karar verme yontemlerinden biri olan Bulanik ELECTRE I yontemi ile as1 merkezlerinin yogunlugunu
etkileyen faktorlerin belirlenebilmesi ve kisilerin as1 yaptirmak i¢in agirlikli olarak hangi kurumu tercih ettigi arastirilmaistir.
Literatiire bakildig1 zaman karar verme problemlerinin, ¢ok kriterli karar verme metotlarinin bulanik mantiga entegre edilmesiyle
¢ozildiigliinii gorebiliriz. Bu yontemler, sorunu ¢ézmek ve sonuglari kantitatif hale getirebilmek igin ise yarayan etkin
yontemlerdendir. Bu metotlar arasinda, bulanik ELECTRE | —bulanik ELECTRE II, Chang Methodu, bulanik AHP, bulanik TOPSIS,
bulanik DEMATEL, DELPHI, bulanik MOORA gibi bir¢ok teknik yer almaktadir.

Akram ve ark., (2020), ¢alismalarinda bir otel tadilati i¢in en iyi i¢ mimar se¢imi i¢in Pisagor bulanik TOPSIS (CPF-TOPSIS)
yontemi ve karmasik Pisagor bulanik ELECTRE I (CPF-ELECTRE 1) yontemi olmak {izere iki yeni model dnermistir. Giiler (2012),
konaklama sektoriinde, getiri yonetimi uygulamalarinin basari faktorlerini genigletilmis kapsam analizi yontemi ile ortaya ¢ikarmay1
amaglamigtir. Giilsiin ve Erdogmus (2021), calismalarinda bulanik AHP ve bulanik TOPSIS metotlarini bankacilik sektoriinde bir
finansal analiz yapabilmek i¢in kullanmustir. Zile (2015), ¢alismasinda is saglig1 ve giivenligi alaninda bir sorunu ele alarak bulanik
mantig1 baz alarak bir bilgisayar progranu gelistirmis ve risk degerleme analiz modeli olusturmustur. Sirisawat ve Kiatcharoenpol
(2018), yaptiklar1 ¢alismada bulanik AHP ve bulanik TOPSIS yo6ntemlerinden yararlanarak elektronik endiistrisi igin; her bir
bariyerin agirhgm ¢ift yonlii karsilastirip, tersine lojistik alaninda da agirliklar: siralama metodolojisi 6nermislerdir. Heo ve ark.,
(2010), genisletilmis bulanik AHP kullanarak, yenilenebilir enerji yayma programi degerlendirmesi i¢in degerlendirme faktorlerinin
analizini belirlemeyi amaglamiglardir. Taylan ve ark., (2014) ingaat projelerini ve bunlarin tamamlanmamis, belirsiz durumlardaki
genel risklerini degerlendirmek igin analitik araglart kullanmayi amaglamiglardir. Aymi zamanda riski uygun bir kategoriye

1 Sorumlu Yazar. Tel.: +90-322-338-6084-129
E-posta adresi: ktumay@cu.edu.tr
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yerlestirmek ve stratejileri gelistirmek ayni zamanda da yiiksek risk faktorlerini ortadan kaldirmaya ¢alismislardir. Bu ¢alismayi
yaparken fuzzy AHP ve fuzzy TOPSIS metotlarindan yararlanmislardir. Li ve ark., (2018), bulanik kiimeyi kullanarak ve kural
tabanli bir karar destek mekanizmas: gelistirerek, isletmelerde nesnelerin internetinde etkili olan faktorleri bulanik AHP analizi ile
degerlendirmek i¢in teori gelistirmislerdir. Dozic ve ark., (2018), bulanik AHP metotunu kullanarak yolcu ugak tipi se¢imi i¢in piyasa
kosullarina ve havayolu sirketinin gereksinimlerini kargilayan ugak tiplerini secen yaklasim geligtirmislerdir. Akkaya ve ark., (2015),
endiistri mithendisligi sektoriiniin sorununa yonelik entegre bir bulanik AHP ve bulanikk MOORA yaklasimi uygulayarak gelecekte
segilebilecek ve revagta olabilecek sektorleri degerlendirmek amaciyla kriterler belirleyerek bir ¢aligma yapmuglardir. Junior ve ark.,
(2014), bulanik AHP ve bulanik TOPSIS yontemleri arasinda bir karsilastirma yaparak tedarikei secimi icin model olusturmaya
calismislardir. Sharma ve ark., (2018), siirdiiriilebilir gida sektoriinde tedarik zinciri yonetiminin gelistirilmesi amactyla, giivenlik ve
giivenligi artirmak igin bulanik AHP metotu kullanarak basari faktorlerini siralamaya g¢alismislardir. Besik¢i ve ark., (2016),
denizcilik endiistrisinde gemilerin yakit tiiketiminin disiiriilmesi amaciyla bulantk AHP metotu kullanilarak operasyonel enerji
verimliligine sevk edilebilir dnlemler almaya ¢alismislardir. Calabrese ve ark., (2018), siirdiiriilebilirligi stratejik karar alma siirecine
bulanik AHP metotu ile entegre ederek siirdiiriilebilirlik konularinin se¢imi i¢in yontem gelistirmeyi amaglamislardir.

Li ve Wei (2018), dagitim sistemlerinin se¢cim problemini ¢ézebilmek igin kriterler belirleyerek AHP metotu ve THOWA
metotuna dayanan yeni karma bir yontem onermislerdir. Mandic ve ark., (2014), Sirp bankalarinin mali parametrelerinin analizini
yapabilmek i¢in bulamk AHP ve TOPSIS yontemlerini uygulamislardir. Calismalarindaki amag¢ finansal performansin
degerlendirilmesini kolaylastiracak bulanik ¢ok kriterli bir model 6nermektir. Li ve ark., (2018), calismalarinda; performans
bi¢imlendirme faktorleri iliskisinin agirliklarint belirleyebilmek ve bulanik mantikla analitik hiyerarsi siireci giivenilirligini daha
objektif olarak degerlendirmek i¢in bulanik AHP temelli bir yontem olusturulmuslardir. Gupta (2018), kuruluslarin performansini
yesil insan kaynaklar1 yonetiminin rolii, ¢evre yonetiminde ve yesil yonetimde uygulamalar1 temelinde degerlendirmek amaciyla ii¢
fazli bir metodoloji kullanarak son asamasinda bulanik TOPSIS metotu ile siparis tercihi belirlemeyi amaglamiglardir. Abdel Basset
ve ark., (2019), tedarik zincirindeki riskleri 6lgmek igin nétrofilik analitik hiyerarsi siireci (N-AHP) ve (N-TOPSIS) entegre bir
sekilde kullanarak risk yonetimi {izerinde 6nemli bir etkisi olan belirsiz ve eksik bilgiler i¢in eslestirme yapmak amaglanmustir.
Pandey ve ark., (2017), birlestirilmis bulanmik AHP ve bulantk DEMATEL metotuna dayanan, insan kaynaklar1 ve teknoloji
kriterlerinin degerlendirilmesine iligkin bir yaklasim onermislerdir. Ligus ve Peternek (2018), yapmis olduklari ¢calismada bulanik
AHP-TOPSIS yontemlerini entegre bir sekilde kullanarak Polonya'da en uygun diisiikk emisyonlu enerji teknolojileri gelisiminin
belirlemeye ¢aligmiglardir. Shahab ve ark., (2018), gevresel analiz ¢aligmalarinda, se¢imlerin uygunlugunu incelemek igin ¢ok kriterli
karar verme yontemleri kullanilmigtir. Se¢im kriterlerinin agirliklandirilmasinda Delphi Analitik Hiyerarsi Prosesi (DAHP)
kullanilmis ve en karli adaylar belirlemek i¢in fuzzy TOPSIS yaklasimi kullanilarak sonuglar1 yorumlanmistir. Moktedir ve ark.,
(2018), kurumsal sosyal sorumluluk siiriiciilerinin 6nceliklendirilmesi amaciyla, gelismekte olan bir ayakkabi sektdriinde bulanik
AHP yaklasimi uygulayarak Onceliklendirme sonuglarimi tartismiglardir. Abdel-Basset ve ark., (2019), yapmis olugu ¢alisma ¢ok
kriterli karar verme tekniklerinden AHP ve bulanik TOPSIS ydntemlerini kullanarak petrol alanlar1 gelisimi igin proje segimi ile
ilgili 6neriler gelistirmis, sonuglart yorumlamistir. Kapsamli literatiir ¢aligmasi sonucunda ¢ok kriterli karar verme metotlariin ¢ok
farkli alanlarda basarili bir sekilde uygulandigi goriilmektedir. Gilinlimiiz salgin kosullar1 ve as1 yaptirmanin zorunlulugu g6z 6niinde
bulunduruldugunda, as1 merkezlerinin se¢imini etkileyen faktorlerin belirlenebilmesi ve nihai as1 merkezlerinden birine karar
verebilmenin 6nemi artmistir. Yapilan bu caligmada, tiim kosullar ele alinarak asi merkezlerinin yogunlugunu etkileyen kriterlerin
belirlenmesinin yaninda kisilerin ag1 merkezi se¢imini kolaylastirabilecek bir ¢oziim yontemi onermek amaglanmistir. Boylece;
literatiirdeki karar verme yontemlerinden ve incelenen konulardan farkli olarak, bulanik ELECTRE I metodu ile agi merkezlerinin
yogunlugunu etkileyen faktorler belirlenmis ve ag1 merkezlerinin efektif bir sekilde segilebilmesi konusu ilk kez ele alinmigtir.

2. Materyal ve Yontem

Calismada kisilerin as1 yaptirmak icin hangi faktorleri goéz ardi edip hangilerini daha 6nemli bulduklar1 analiz edilmistir.
Kriterlerin belirlenmesi igin saglik personelleri ve asty1 yaptirmig ve asiy1 yaptiracak olan kisilerin goriigleri alinmistir ve dokuz adet
kriter belirlenmistir. Tiim bunlarin neticesinde kisilerin as1 yaptirmak i¢in saglik ocagini mi, hastaneyi mi yoksa aligveris merkezlerini
mi tercih edecegi arastirilmistir. Alternatif kurumlar A= Saglik ocagi, A,= Hastane, As= Aligveris merkezi olarak adlandirilmistir.
Kriterler ise; Ki: Kurumun Kalabalik olmasi, Kz: Asmin cesidi, Ks: Kuruma olan uzaklik ve ulasim kosullari, K4: Ortamin
sterilizasyonu, Ks: Calisan personelin tavri, Kg: As1 sonrasi bekleme kosullar1, K7: As1 sonrasi olasit miidahale durumu, Kg: Kisinin
yas1 Ko: Kisinin cinsiyeti olarak belirlenmistir. Kriterler belirlendikten sonra bulanik ELECTRE I uygulanarak kisilerin agirlikla
hangi kurumu tercih edebilecegi bulunmustur.

2.1. Bulamik Mantik

Belirsizlik durumlarinda temel rol oynayan karar verme teorisi olasiliksal durumlarda etkili bir yontem olmayabilir. Bu
durumlarda bulanik mantik teorisi devreye girer ve karar verme siirecini kolaylastirabilir (Ligus ve Peternek, 2018) Zadeh (1968),
belirsizlik altinda karar verme durumlarinda ‘0’ ve ‘1’ iiyelik derecelerinin yetersiz olacagini ifade etmis ve yeni bir teori 6ne
siirmiistiir. Uyelik degerlerinin sadece ‘0’ ve ‘1’ olarak degil arasindaki degerleri de alabilecegini vurgulayarak [0,1] olarak ifade
etmistir. Buckly’nin teorisi li¢ parametreli gdsterime dayanan; ‘I’ en az olas1 deger, ‘m’ en olas1 deger ve ‘u’ ise en ¢ok olasi deger
olarak ifade edilen iiggensel iiyelik fonksiyonu denklemidir. Bu esitlik Denklem 1’deki gibi hesaplanabilir (Capocelli ve De Luca,
1973).
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(x=D
(m-1’

paCxslimsu) = u-x)/(u-m)m<x<u

0, x>u, x<lI

2.2. Bulanik ELECTRE I

1<x<m

@

Bulanik ELECTRE'de dilsel tercihler kolaylikla bulanik sayilara doniistiiriilebilir. Bagka bir ifadeyle, ELECTRE degerlendirme

stirecinde bulanik sayilari kullanan karar verme tek bir deger iizerinden degildir. Bir bulanik siralama iliskisi, k s 1, olmak {izere,
bulanik ELECTRE iizerinde her bir alternatif ¢ift (Ak, Ai) ile iliskili siralama seviyesini gosteren bir iiyelik fonksiyonu (k, 1) ile
karakterize edilebilir (Wu ve Chen, 2011). Bulanik ELECTRE’ye ait adimlar sirasiyla agiklanmustir.

1. Adim: Kriterlerin agirhiklar: belirlenmesi: ik asamada karar vericiler, 5nemlerine gore kriter agirhigini belirler. Daha sonra bu

agirliklar, bulanik {iggen sayilara ¢evrilir ve Denklem (1) deki gibi hesaplanir

w; = (I, mj, uj) .

i =min{yi} mj=1/kXk_;yjk  uj=max{yi}

Ardindan, her bir kriter igin bulanik dnem agirliklar1 Denklem (2) ve Denklem (3) uygulanarak normallestirilir:

W= (wil, wi?, wyd)

1
/uj
1
R

1 1
Nij o Imj

3—
1 " =sn 1 Wj=
Z?:l /lj Z;‘L=1 /m]

le =

2. Adim: Karar matrisi (X) olusturulur

X11 X12 Xip
X: *e .

XmiXmz *°° Xim

Buradai=1,2,....m; j=1,2,...,n ve Xxjj= (i) kriterinin (j) alternatifinin degerini ifade etmektedir.

O]

©)

4)

®)

3. Adim: Normalize matrisin olusturulmasi: Karar matrisi olusturduktan sonra normallestirme islemi Denklem (6) ve Denklem

(7) deki gibi yapilir.
ri = xij
L -
! Z}":lxijz
172 = Tin
R: H ‘. H
"Tm1i"m2 = Tmn
Burada;

rij = Alternatifler (i) ve kriterlerden (j) secim Ol¢iimlerinin normallestirilmesi

Xii= (1) kriterinin (j) alternatifinin degeri

m = alternatif sayist

(6)

Y]
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n = kriter sayisini ifade etmektedir.
4. Adim: Normalize edilen matrisin agirliklandirilmasi: Normalizasyondan sonra, R matrisinin her bir siitunu, karar verici

tarafindan belirlenen agirliklar (wj) ile carpilarak V matrisi olusturulur. Her bir kriter i¢in normallestirilmis matris agirligi asagidaki
gibi tanimlanir:

W = [Wi’] men i=1,2,...n1i¢in j=1,2,...m (8)

matris ¢arpimi seklinde tiim agirliklar (V") i¢in Denklem (9)’daki gibi hesaplanir.

1 1 1
V11 V712 = Vin
Vi= : : 9)
1 1 1
V"'miVmz2 *° Vimn
Burada;

vij = V agirlikli normallestirilmis karar matrisinin elemani.

wj = j. kriterin agirhg.

rij = normallestirilmis R karar matrisinin elemanlari

V! = Normallestirilmis matrislerin agirliklandirilnmg halini ifade etmektedir.

5. Adim: Uyum ve uyumsuzluk kiimelerinin hesaplanmasi:

Her alternatif Ax ve A gifti i¢in (kI =1, 2, 3, ...., m), j kriteri i¢in karar matrisi 2 alt kiimeye boliiniir.

[1k olarak {Cy uyum kiimesini ifade etmek iizere} uyum kiimesi, alternatif Ac'in A alternatifinden daha iyi oldugu agirliklandirma
kriterlerinin toplamini gosterir. (Denklem 10).

Cu={ilvk=vi} j=1,2,...,n i¢in (10)
Ikinci olarak, uyumsuzluk kiimesi {Dy} su sekilde verilir:

Du={j |vi<vi} j=1,2,..,n igin (11)
Burada;

Cu = uyum kiimesi

Dy = uyumsuzluk seti

Vkj = matris V indeksi

vij; = matris V indeksini ifade etmektedir.

6. Adim: Uyum (Cyq) ve uyumsuzluk (Cpg) indeksinin hesaplanmasi:

Coq = Zjs Wi

Cpq = Ljs Wiz

Coq = Zjs Wi (12)

Burada j*, uygunluk setine dahil edilen kriterlerdir. Uyumsuzluk indeksi Denklem (13) ile belirlenmektedir. ng ve ng ‘de
Denklem (13) yardimi ile hesaplanmaktadir.

1 1
D1, = 2 brta (13)

a1.01 1
EJjlvpjvg;
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7.Adim: Nihai uyum ve uyumsuzluk indeksleri belirlenerek alternatiflerin siralamasi yapilir:
Denklem (14)’lin durulastirma islemi oldugu sdylenebilir, nihai uyum degeri diger alternatiflerden daha biiylik ve nihai

uyumsuzluk degeri daha kiiciik ise bir alternatif daha iyi olacaktir. Nihai uyum (Cp,) ve uyumsuzluk (Dy, ) asagidaki Denklem (14)
kullanilarak hesaplanabilir. Denklem (15)’de belirtilen formiil ile de alternatifler siralanir.

Cpq= YT5=1Coq
Dpq=y/117=1Dsq (14)

C(p,q9>C dan D(p,q)<D (15)

3. Arastirmanin Bulgulan

Kurulan hiyerarsik yapiya gore, belirlenen dokuz kriter ile ii¢ alternatif kurumun se¢imi bulanik sayilarin karsiligi degerinde
yapilmistir. Yapilan anketlerde dlgek olarak likert kullanilmis ve bulanik say1 esdegerlikleri Tablo 1°deki gibi almmustir. (Ozgakar
ve Demir, 2011).

Tablo 1. Karar kriterlerinin sozel ifadeler ve iicgensel bulanik say1 degerleri

Ucgensel Bulamk
Sozel ifadeler Say1 Karsihk
Degerleri
Cok iyi (9,10,10)
Tyi (7,9,10)
Orta lyi (5,7,9)
Orta (3,5,7)
Orta Kotii (1,3,5
Kaotii (0,1,3)
Cok Katii (0,0,1)

kL ][ k2 J[ k3 ][ ka |[ ks ][ ke |[ k7 || k8 |[ K9

(AL [ A2 | [A3]

Sekil 1. Alternatif kurum se¢iminin sematik gosterimi
Problemin tanimlanmasi ve kriterlerin belirlenmesinden sonra alternatif kurumlarin agirlikli segim 6nceliklerine ait sema K
‘kriterler A: Alternatif kurum olmak {izere Sekil 1°deki gibi verilmistir. Problemin tanimina gore belirlenen dokuz kriterin kisilerin

alacagi karar1 nasil etkileyecegini 6l¢meye ¢alismaktir. A1, Az ve As kriterlerin hiyerarsik yapisina gore sembolik olarak belirtilmistir.

Problem i¢in 6ncelikle kriterlerin agirliklar belirlenmistir. Bu asamada karar vericiler, kendi fikirlerine gore anketi puanlar. Daha
sonra bu agirliklar, bulanik iiggen sayilara ¢evrilir ve Denklem (1) deki gibi hesaplanir.

Tablo 2’de Bulanik ELECTRE I’ in 1. Adim uygulanarak karar matrisi olusturulmustur. Karar matrisinde karar vericiye ait liggen
bulanik say1 degerleri kullanilmistir.

Tablo 2. Bulamk karar matrisinin kriterler ve alternatifler ile olusturulmasi
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Ky K3 Ks Ky Ks Ks K7 Ke Kg
A1 3.50 4.00 4.50 1.50 2.00 2.50 2.50 3 3.50 0.67 1.00 150 2.50 3 3.50 150 2.00 250 2.50 3 3.50 0.67 1.00 1.50 1 1 1
A 0.67 1.00 150 0.67 1.00 150 0.67 1.00 150 2.50 3 3.50 1 1 1 0.67 1.00 150 0.67 1.00 150 2.50 3 3.50 0.67 1.00 150
2
A3 1 1 1 1 1 1 1 1 1 1 1 1 0.67 1.00 150 150 2.00 250 1 1 1 1 1 1 2.50 3 3.50

Daha sonra Denklem (6) ve Denklem (7) uygulanarak normalize edilmis karar matrisi Tablo 3’deki gibi elde edilmistir.

Tablo 3. Alternatif kurumlara ait normalize edilmis karar matrisi

A 09 07 11 04 11 09 08 04 04

A, 04 04 04 11 04 04 02 11 04

A; 04 03 04 04 04 07 03 04 09

Normalize edilmis karar matrisinin olusturulmasinin ardindan 4. Adim uygulanarak Denklem (8) ve Denklem (9) kullanilarak
Tablo 4°deki alternatif kurumlara ait agirliklandirilmis karar matrisi elde edilmistir.

Tablo 4. Alternatif kurumlara ait agirhklandirilmis karar matrisi

A; 000 000 027 013 0.05 011 0.00 0.08 0.01

A; 000 000 009 038 0.02 005 000 022 0.01

As; 000 000 010 0.13 0.02 010 0.00 0.07 0.02

Adim 5’in Tablo 4’e uygulanmasi ile Tablo 5. ve Tablo 6 olusturulmustur. Burada Denklem (10) ve Denklem (11) kullanilarak
uyum kiimeleri matrisi elde edilmis ve Denklem (12) ile esik degeri alternatiflerin hesaplanmistir. Denklem (12) ve Denklem (13)
uygunluk kiimeleri matrislerine uygulanmis ve uyum indeksi degeri 0.5 elde edilmistir.

Tablo 5. Alternatif kurumlara ait uygunluk kiimesi
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A1-Az 1 1 1 0 1 1 1 0 0
A1-As 1 1 1 1 1 1 1 1 0
Az-A1 1 1 0 1 0 0 1 1 1
Az-Asz 1 1 0 1 0 0 1 1 0
As-Ar 1 1 0 0 0 0 1 0 1
As-A; 1 1 1 0 1 1 1 0 1

Tablo 6. Alternatif kurumlara ait uyumsuzluk kiimesi

Ai-Az 0.0 0.0 0.2 0.2 0.0 0.1 0.0 0.1 0.0
Ai-As 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Axr-Aq 0.0 0.0 0.2 0.2 0.0 0.1 0.0 0.1 0.0
Az-As 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.1 0.0
Asz-Ar 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Az-Az 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.1 0.0

Uygunluk ve uyumsuzluk kiimelerinin belirlenmesinden sonra uyum ve uyumsuzluk matrisi Tablo 7’deki gibi elde edilmistir.

Tablo 7. Alternatif kurumlara ait uyum ve uyumsuzluk matrisleri

A1 Az As
AL 0 0.59 0.04
Az 0.40 0 0.12
Az 0.88 0.84 0

7.Adim’da bulunan Denklem (14), Tablo 7’ye uygulanarak durulastirma islemi yapilmis ve nihai uyum indeksleri 0.48 olarak
elde edilmistir. Denklem (15) kullanilarak, Tablo 7°deki tiim alternatiflerin degerleri uyum indeksi degeri ile kiyaslanarak Tablo 8
elde edilmistir.

Tablo 8. Alternatif kurumlara ait uyum indeksi degeri ile olusturulan nihai matris
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AL A As
Ay 0 0 1
Az 1 0 1
As 0 0 0

Tiim adimlarin tamamlanmasindan sonra Tablo 8’e gore alternatiflerin sirast A2>A1>As olarak elde edilmistir. Ay: kisilerin
asilama i¢in hastaneyi tercih etmesi agirlikli olarak ilk sirada yer almugtir. ikinci sirada tercih edilen kurum-yer A;: saglik ocaklari
olmustur. Son olarak ise As: aligveris merkezlerinin tercih edilmesi son sirada yer almigtir. Tiim sonuglar degerlendirildiginde
kisilerin belirlenen faktorler dahilinde hastaneleri daha oncelikli olarak tercih ettigi goriilmiistiir.

4. Tartisma ve Sonug¢

Salgin hastaligin ¢ikmasinin ardindan asilama ¢aligmalarinin baglamasi ile bir takim aksakliklar giindeme gelmistir. Ortaya ¢ikan
bu durum sonucunda asi yapan kisiler ve as1 olan kisiler zaman zaman bulunduklari asi merkezlerinin kosullarindan endise
duyabilmektedir. Ayni zamanda as1 yapilan merkezlerin o anki sartlari kisilerin ag1 yapip yaptirmayacagi kararini da etkilemektedir.
As1 yaptiracak olan kisilerin kaygilarinin yaninda diinya genelinde asilama hizinin yavaslamasi bazi ag1 merkezlerindeki yogunluklar
da degistirebilmektedir. Bu durum zaman zaman ilkemizdeki belirlenmis olan {i¢ farkli as1 merkezinin durumunu da
etkileyebilmektedir. Stabil olmayan bu durum karsisinda as1 olacak kisinin randevusunu alirken neleri kriter olarak aldigi ve as1
yaptirmadan once kararimi hangi faktorlerin etkiledigi arastirilmigtir. Asilanacak kisiler, kimi zaman as1 yaptiran kisilerin olumsuz
deneyimlerinden etkilenerek asi merkezi se¢imi esnasinda kendilerine zorluk yaratabilmekte ya da a1 olmayi erteleyebilmektedirler.
Biitiin bu olumsuz durumlar 6n planda tutularak ve asi yaptiracak kisilerin duygu durum ve diisiinceleri de goéz Oniinde
bulundurularak, a1 merkezlerinin se¢imi esnasinda hangi kriterlerin daha dncelikli oldugu ¢alismanin 6nemini arttirmistir. Boylelikle
icinde bulunulan kosullarin iyilestirilebilmesi ve as1 yaptiracak olan kisilerin kaygilarinin azaltilabilmesi miimkiin olabilecektir.
Tyilesen bu durum karsisinda as1 olacak kisilerin as1 merkezlerini segerken daha rahat ve daha tereddiitsiiz olabilecektir.

Boylelikle; bu ¢alismada ¢ok kriterli karar verme yontemlerinden biri olan Bulanik ELECTRE I yontemi ile as1 yaptiracak olan
kisilerin hangi faktorler dogrultusunda hangi kuruma gittigi analiz edilmeye ¢alisilmistir. Kriterlerin K1: Kurumun Kalabalik olmasi,
K2: Asinin ¢esidi, Ks: Kuruma olan uzaklik ve ulagim kosullari, K4: Ortamin sterilizasyonu, Ks: Calisan personelin tavri, Ke: Ast
sonrast bekleme kosullari, K7: As1 sonrasi olasi miidahale durumu, Kg: Kisinin yas1 Kg: Kisinin cinsiyeti olarak belirlenmesinin
ardindan, as1 yapilan ii¢ farkli alternatif kurum-yer karar vericiye birakilmistir. Karar vericinin hangi faktorler neticesinde hangi
kuruma-yere gidecegi alternatif se¢cim anlayisi ile belirlenmistir. Bulanik ELECTRE I’in tiim adimlarinin tamamlanmasindan sonra
sonuglara bakildiginda; as1 yaptirmak isteyen kisilerin hastaneleri agirlikli olarak ilk sirada tercih etmislerdir. Diger bir yer olan
saglik ocagmi ise ikinci agirlikla, aligveris merkezlerinin ise ti¢iincli agirlikla tercih edildigi gorilmustiir.

Bu ¢alisma neticesinde alternatif kurumlarin-yerlerin sirasi Az-Aj-Asz olarak belirlenmistir. Yapilan bu analiz sonucunda i¢inde
bulundugumuz doénemdeki pandemi kosullarinin iyilesmesi s6z konusu olabilecek ve teknik aksakliklarin giderilmesi
kolaylasabilecektir. Bu ¢aligma sonrasinda yapilacak olan ¢alismalar i¢in farkl karar verme yontemleri kullanilarak karsilagtirmalar
yapilabilir. Ayni zamanda birden fazla bulanik mantik siireci kullanilarak alternatif yaklasimlar 6nerilebilir.
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Abstract

Ovacik Village is located in Balikesir province and is 12 km away from Balikesir Center. The GPS coordinates of Ovacik Village are 39° 43' 51"
North and 27° 47' 37" East. The stream sediments in the study area consisted of the erosion of magmatic, metamorphic and volcanic rocks and
surface waters and eroded rock particles along the stream bed. The relationship between metals in stream sediments has been investigated on the
basis of geochemical properties. As, Cd, Cu, Mn, Ni, Pb and Zn element contents of 23 stream sediment samples were taken from different
locations from Ovacik village and its surroundings. The minimum, maximum, medyan, median and standard deviation values of these metals in
the stream sediments were calculated and it was observed that the mean values were higher than the standard deviation values. The minimum
and maximum values (ppm) of the metals studied As: 7.7 - 51.3, Cd: 0.13 - 0.58, Cu: 25.2 - 70.6, Mn: 661 - 1135, Ni: 8.6 - 33.7, Pb: 12.3 - 57.7
and Zn: 59 - 220 According to the Spearman correlation coefficient values, a strong positive correlation was observed between As - Cu, Cd - Pb,
Cd - Zn, Cu - Ni and Pb - Zn metal associations (p <0.01). Factor analysis was made with the obtained analysis results and 3 different factor
values were created and analyzed. Factor 1: Cd - Pb - Zn association and 37.01% of the total variance; Factor 2; Cu - Mn - Ni association and
24.7% of the total variance; Factor 3: As and total variance was 18.4%, the total variance value was found to be 80.1%. The spatial distributions
of the metals were analyzed using the Surfer 9.0 program in the creation of the distribution maps. As and Cu elements at locations 16 and 17; Mn
and Ni elements at locations 3, 6 and 7; Cd, Pb and Zn elements have the highest values in locations 3, 12 and 20, they show a similar distribution.

Keywords: “Stream Sediment, Spearman Correlation, Variance Value, Mean Value, Standard Deviation”

1. Giris

Akarsu sedimanlar1 genellikle bolgesel jeokimyasal arastirmalar igin bir kesif araci olarak kullanilmaktadir [1, 2]. Aktif akarsu
¢Okeltileri ince - orta taneli kati malzemeyi (killi-siltli-kumlu) temsil eder ve akarsu veya nehir suyu ile aginmig kayaglarin ve
topragin erozyonundan olusan pargaciklar akintiya bagli olarak dere yatagi boyunca siiriinerek taginir. Bu nedenle, dere drenaj
agmin kaynak havza alanini temsil eder [3, 4].

Nehirlerdeki akarsu ¢okeltisinin mineralojisi, par¢acik boyutu ve jeokimyasini, kaynak kayaclarin bilesimini, fiziksel ve
kimyasal ayrigsmay1, havzanin hidrolojik ve morfolojik dzelliklerini ve iklim 6zelliklerini yansitmaktadir [4, 5, 6, 7, 8].

Jeokimyasal ve mineralojik 6zelliklerin, akarsu sedimanlarinin partikiil boyutu dagilimi tizerindeki etkisi 6nemlidir [4, 9].

Bir¢ok aragtirma sonucu, tortunun kimyasal bilesiminin, asagidakilerden dolayi tane boyutuna goére degistigini ortaya
koymaktadir:

- mineralojik ve dokusal olarak farkli tane boyutlarina katkida bulunan ¢ok sayida kaynak;
- kaya pargalarinin mekanik olarak daha ince bilesenlere ayrilmasi;
- zayif tanelerin kimyasal olarak bozunma firiinlerine doniigsmesi.

Bir akarsu tortusu ornegindeki boyut fraksiyonlarin incelenmesi, farkli jeolojik siiregleri tanimlamak i¢in kullanilir. Bir
bdlgenin jeokimyasinin nasil yorumlanabilecegi lizerinde biiyiik bir etkiye sahip olabilirler [4, 6].

! Corresponding author. Tel.: 0354 2421001
E-mail: gullu.kirat@yobu.edu.tr
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Akarsu sedimanlari, magmatik, tortul ve volkanik kokenli kayaglarin aginmasindan kaynaklanir. Bunlardan bazilar1 kolayca
asinirken, bazilari ise 6zellikle kristal ve metamorfik kayaglarin yalnizca ylizey katmanlar1 akintidan etkilenirler. Agir minerallerin
magmatik, metamorfik ve tortul kayaglarda olustugu bilinmektedir. Bu mineraller yiiksek 6zgiil agirliga sahiptir ve yeterli
biiyiikliikte konsantrasyonlarda ve yeterince biiyiik boyuttaki birikintilerde meydana gelirlerse ekonomik olarak degerlidirler.
Akarsu sedimanlart da kisa bir siire i¢inde biiyiik 6lgekli tarimsal faaliyetlerden etkilenir [10].

Caligma alan1 ve cevresindeki dere sediment 6rnekleri istatistiksel olarak analiz edilerek jeokimyasal dzellikleri belirlenmeye
calistlmistir. Bu ¢aligmada, As, Cd, Cu, Mn, Ni, Pb ve Zn elementlerinin korelasyon degerleri, faktdr degerleri ve alansal
dagilimlari incelenerek ve dere sedimentlerindeki agir metal kirliligi ve gevreye etkisi incelenmeye ¢alisilmistir.

2. Jeoloji

Ovacik Koyii Balikesir ilinde yer almakta olup, Balikesir Merkez Kdyleri semtinde bulunan Ovacik Koyt Balikesir Merkez
ilcesine baglidir. Ovacik Koyt haritas1 konumu ise 39° 43' 51" Kuzey ve 27° 47' 37" Dogu koordinatlaridir. Ovacik Koyt bagh
oldugu Balikesir Merkez ilge merkezine 12 kilometre mesafe uzakliktadir (Sekil 1). Tarimsal ekonominin merkezinde olup oldukga
islek yollarin kavsaginda yer alan bir ulagim merkezidir.

Tersiyer yasl volkanik kayagclar, Tiirkiye'nin kuzeybatisindaki bir¢ok hidrotermal Au yataklarini igermektedir [11]. Epithermal
Au (+ Ag) yataklar1 volkanik, tortul ve metamorfik kayaglarin iizerinde yer almaktadir. Cevher mineralleri cogunlukla Au ve Ag
gibi degerli metallerdir ancak bazi epitermal yataklarda Cu, Pb ve Zn gibi baz metaller de bulunmaktadir [12].

Altin cevherlesmesi, diinyada ¢ogunlukla yapisal olarak kontrol edilebilir ¢atlak, makaslama kiriklarinda ve faylanmalarla
iliskilidir. Caligma alan1 ve cevresi Hallaclar Volkanikleri icerisinde yer almaktadir (Sekil 2). Hallaglar volkanik kayaclar1 Ust
Oligosen-Erken Miyosen yashdir [13]. Bu kayaglarda zamanla degisime ugramistir ve ana alterasyon zonlari silislesme ve
kaolinlesme seklindedir. Ayrica ¢alisma alaninda pirit mineralizasyonu da goézlenmektedir. Hallaglar Formasyonu kirmizi,
kahverengi, beyaz-kirli sar1 renkte olup andezitik-dasitik ve silislesmis kayaglar ve bunlarin alterasyon iiriinlerinden olusmustur
[14].

Hallaglar Formasyonu'nun petrografik incelemesi sonucunda biyotit, hornblend, ojit ve kuvars igeren bir matriks ile biyotit
mikrolitleri i¢eren volkanik cams1 malzemeye sahip oldugu goérilmiistiir [15].
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Sekil 1. Caliyma alanina ait yer bulduru haritas:
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Sekil 2. Calisma alam Jeoloji Haritasi [16]

3. Materiyal ve Method

Caligma alanindaki dere yataginda drnekleme lokasyonlari segilmis ve GPS ile 23 adet d6rnek alinmistir. Her lokasyondan 0,5-
1 kg agirhiginda alinan sediment 6rnekleri numaralandirilarak oda sicakliginda kurutuldu. Tiim numuneler, < 2 mm agikliga sahip
paslanmaz celik bir elek kullanilarak elendi.

Element analizleri (mikrodalga sistemde ekstraksiyondan sonra) Me-MS41 yontemi ve ICP-MS (Endiiktif Eslesmis Plazma-
Kiitle Spektrometresi) cihazi kullanilarak yapilmistir [17].

4. Tartisma ve Sonuclar

Inceleme alani ve yakin gevresinden alinan 23 adet dere sediment 6rneginden elde edilen analiz sonuglar istatistiksel olarak
degerlendirilmistir. As, Cd, Cu, Mn, Ni, Pb ve Zn elementlerinin aritmetik ortalama degerlerinin standart sapma degerlerine gore
daha yiiksek oldugu goriilmiistiir.

Tablo 1. Calisma alan1 dere sedimentlerinin jeokimyasal veri setinin istatistiksel 6zeti (n = 23)

As Cd Cu Mn Ni Pb Zn
N 20 20 20 20 20 20 20
A.Ortalama 20.0 0.3 44.7 920.3 14.8 27.9 90.4
Medyan 16.75 0.2 42 9515 13.95 22.45 83.5
Std. Sapma 10.6 0.1 11.6 143.1 5.7 135 335
Aralk 43.6 0.45 454 474 251 454 161
Minimum 1.7 0.13 25.2 661 8.6 12.3 59

Maksimum 51.3 0.58 70.6 1135 33.7 57.7 220
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Incelenen elementler arasinda hesaplanan sperman korelasyon katsayilarina gére, As-Cu, Cd-Pb, Cd-Zn, Cu-Ni, ve Pb-Zn
arasinda yiiksek pozitif bir korelasyon oldugu goriilmiistiir.

Tablo 2. Elde edilen elementler arasi sperman korelasyon katsayilar:

As Cd Cu Mn Ni Pb Zn
As 1
Cd -0,314 1
Cu 613(**) -0,098 1
Mn 0,008 496(%) 0,356 1
Ni 0,331 -0,136 T78(**) 0,177 1
Pb -0,14 730(**) -0,185 0,315 -0,287 1
Zn -0,242 894(**) 0,028 503(*) 0,083 703(**) 1
ol Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Korelasyon matrisinde bir degiskenin diger bir degisken ile iliskisi belirlenir. Faktdr analizlerinin amaci, korelasyonlari
aciklamak i¢in faktorler elde etmektir. Korelasyon matrislerine bakilarak faktor sayisi belirlenebilir. Her bir degisken yiiksek
korelasyon gosteren degisken ile ayn1 grupta toplanir ve faktor olusturulur [18].

Hesaplanan toplam varyansa gore, baslangic Ozdegerlerinin siitununun altinda 1. siitunda tim degiskenler, 2. siitunda
degiskenlerin 6zdegerleri, 3. siitunda 6zdegerlerin acikladigi varyans yiizdeleri, 4. siitunda eklemeli varyans degerleri yer
almaktadir.

Dondiirme yapildiktan sonra karesel yiiklerin toplami siitununda bulunan 6zdegerlerde, varyans % ve eklemeli varyans
degerleri degismistir. Fakat toplam eklemeli varyanslar degismemistir. Tablo 3 incelendiginde 1. faktdr toplam varyansin yaklasik
% 37’sini aciklamaktadir. 2. faktor toplam varyansin yaklasik % 24°tni 3.faktor ise toplam varyansin yaklasik % 18’ini
aciklamaktadir. Bu varyans degerleri giderek azalmaktadir. Ozdegerleri 1°den biiyiik olan ilk 3 faktdriin toplam varyansinin
aciklama yiizdesi % 80.083 olup oldukea yiiksek bir degerdir.

Tablo 3. Calisma alan1 dere sedimaentlerinin (n = 23) 7 element icin ii¢ faktoriin aciklanan toplam varyansi

Aciklanan Toplam Varyans

Bilesenler Baslangic Ozdegerleri Déndiirme Yapildiktan Sonra Karesel Yiiklerin Toplam
Toplam Varyans % Kiimiilatif % Toplam Varyans % Kiimiilatif %

As

2.607 37.238 37.238 2.591 37.011 37.011
Cd

2.049 29.275 66.513 1.726 24.663 61.674
Cu

0,95 13.570 80.083 1.289 18.410 80.083

Mn

0,631 9.014 89.097
Ni

0,387 5.530 94.627
Pb

0,236 3.373 98.000
Zn

0,14 2.000 100.000
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Varimax rotasyonlu temel bilesen analizinde, Tablo 4’te goriildiigi gibi 1. Faktorde Cd, Pb ve Zn; 2. Faktorde Cu, Mn ve Ni;
3. Faktorde As degiskeni yer almaktadir. Faktor 1 dogal / jeolojik (Pb-Zn cevherlesmesi) ve antropojenik (eski maden kalintilari

veya atiklar1), Faktor 2 dogal / litolojik kirlilik kaynaklar: ile ilgili olabilir. Faktor 3 olarak adlandirilan As grubu ise, kil
mineralleri ile ilgili olabilir.

Faktor 1 olarak adlandirilan As-Ba grubu, bu elementlerin jeolojik ve antropojenik kirlilik kaynaklari ile ilgilidir.

Tablo 4. Rotasyonlu Faktor Matris Degerleri

Faktor 1 Faktor 2 Faktor 3
As -0.018 0.095 0.97
Cd 0.906 0.11 -0.182
Cu -0.044 0.745 0.534
Mn 0.496 0.65 0.073
Ni -0.167 0.845 -0.024
Pb 0.919 -0.118 -0.053
Zn 0.805 -0.028 0.148

Matematiksel olarak hesaplandiginda, rotasyonsuz faktor yiiklerinin faktor doniisiim matrisi ile ¢arpilmasiyla, rotasyonlu faktor

yiikleri elde edilmektedir (Tablo 5). Faktor yiikleri grafiginde, faktorler ile faktor yiikleri yer almaktadir. Bu grafikteki degiskenler,
faktorler ile ortak varyanslardir (Sekil 3).

Tablo 5. Faktor Doniisiim Matris Degerleri

Faktor 1 Faktor 2 Faktor 3
Degiskenler 1 0.993 0.113 -0.029
Degiskenler 2 -0.078 0.829 0.554
Degiskenler 3 0.087 -0.548 0.832

Component 2

Sekil 3. Faktor Yiikleri Grafigi
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Caligma alan1 ve ¢evresindeki dere sedimentlerinin alansal dagilimlart Sekil 4’te verilmistir. As ve Cu elementleri benzer bir
alansal dagilim gostermektedir. Bu element degerleri 16 ve 17 nolu lokasyonlarda en yiiksek degerlere sahip oldugu goriilmiistiir.
Mn ve Ni elementleri ¢alisma alaninda benzer bir dagilim gostermektedir. 3, 6 ve 7 nolu lokasyonlarda en yiiksek element
degerlerine sahiptir. Ayrica, Mn degeri 1 ve 3 nolu lokasyonda da yiiksek bir degere sahiptir. Cd, Pb ve Zn element degerleri de
benzer bir dagilim gostermistir. Cd ve Pb elementleri ¢alisma alaninion giineybatisinda yani, 3 nolu loksayonda yiiksek degere
sahip oldugu gozlemistir. Ayrica, Pb ve Zn 12 nolu lokasyonda da yiiksek element degerlerine sahiptir.
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5. Sonug

Balikesir Merkez ilgesine 12 km uzaklikta bulunan ¢alisma alani ve ¢evresindeki dere sedimentleri magmatik, metamorfik ve
volkanik kayaclardan meydana gelmistir. Calisma alan1 ve c¢evresinden farkli lokasyonlardan GPS yardimiyla 23 adet dere
sediment 6rnegi alinarak element igerikleri incelenmistir. Dere sedimentlerindeki bu metallerin ortalama degerleri standart sapma
degerlerinden yiiksek oldugu goriilmiistiir. Spearman korelasyon katsayisi degerlerine gore, As - Cu, Cd - Pb, Cd - Zn, Cu - Ni ve
Pb - Zn metal (p <0.01) birliktelikleri arasinda yiiksek pozitif korelasyon gézlenmistir. Yapilan faktor analizleri ile 3 ayr1 faktor
degeri olusturulmustur. Faktoér 1: Cd, Pb, Zn birlikteligi, Faktoér 2: Cu, Mn, Ni birlikteligi ve Faktér 3: As ve Cu element
birliktelikleri gozlenmistir. Ayrica incelenen metallerin dagilim haritalar1  olusturularak metallerin alansal dagilimlar
incelenmistir. As ile Cu elementleri Mn ile Nive Cd, Pb ile Zn elementleri bazi lokasyonlarda ¢ok yliksek degerlere sahip olmakla
birlikte benzer bir dagilim gostermislerdir.
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Abstract

The main purpose of this research is to determine the impact of people's preventive health behavior and trust in government performance during
the pandemic on their trust in COVID-19 vaccine. The population of the research consisted of middle and advanced age group individuals who
received service from pharmacies in the city center of Karabiik. In the study, convenience sampling method was preferred due to the difficulty
of reaching the participants during the COVID-19 pandemic process and 400 questionnaires were returned at the end of the data collection
process. SPSS and AMOS package programs were used in the analysis of the data. Confirmatory factor analysis and path analysis techniques
were applied to the data. The findings obtained by confirmatory factor analysis and path analysis showed that the construct validity of the
model was ensured. According to the path analysis results, it was determined that the participants' protective health behavior (=0.339; p<0.05)
and their confidence in government performance ($=0.265; p<0.05) affected their confidence in the COVID-19 vaccine statistically and
positively. During the pandemic, their COVID-19 vaccine acceptance and COVID-19 vaccine confidence increase as people engage in more
and more accurate preventive health behavior and have confidence in government performance.

Keywords: “COVID-19 pandemic, vaccination, preventive health behaviour, trust in government performance”

1. Introduction

Due to the spread of the virus, which was first seen in Wuhan, China in December 2019, defined as “Novel Coronavirus
Disease/COVID-19” and caused a deadly disease, to Europe and America in a short time, it has been declared as a pandemic
(global epidemic) as of March 11, 2020 by World Health Organization. The coronavirus disease, called COVID-19, is a newly
discovered type of infectious disease and its etiology is not fully known. By the end of May, COVID-19 had infected more than
five million people in 215 countries or territories and caused more than 300,000 deaths worldwide [1].

The coronavirus disease is a deadly disease that still continues to affect many countries around the world. The main reason
for this is that COVID-19 has become a serious public health problem worldwide [2]. During the COVID-19 outbreak,
governments have taken a number of strong interventions to prevent and control the rate of spread of the epidemic, including city
lockdowns, travel bans, quarantine, mask requirement and social distancing policies [3]. These measures have effectively slowed
down the spread of the epidemic, but despite the measures taken, it is observed that COVID-19 is still increasing worldwide. In
some cities and regions where the spread of the virus is effectively controlled, it has been observed that the epidemic started to
increase again as the control measures taken to prevent the epidemic were relaxed [4]. At the same time, as the COVID-19
pandemic has had a devastating impact on many areas around the world, this has demonstrated how essential the need for
policies to mitigate the spread of the epidemic is [5].

The main strategy followed by almost every country around the world for the transmission of the virus is to reduce the
transmissibility of the disease, usually through non-pharmaceutical interventions, including the implementation of a mask policy,
hand cleaning, social distancing, travel restrictions, school closures, and partial or total lockdowns [6]. So far, it has been seen
that non-pharmaceutical interventions can slow the progression of the disease, but it has been concluded that the most promising
strategy to further limit the epidemic and reduce the mortality and morbidity rates caused by the epidemic is to take advantage of
the possibilities of medical technology. Such medical technologies are known to enable the development of effective, safe and
affordable antiviral agents and vaccines [7].
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The lack of an available vaccine or effective treatment in the fight to control the spread of COVID-19 in the early stages of
the epidemic has led to the implementation of quarantines and lockdowns, social distancing measures, the use of mandatory
masks and travel restrictions in all countries around the world. At the same time, these measures have caused a great
deterioration in the physical and psycho-social well-being of people and a great decline in the global economy. In addition, the
multifaceted catastrophic consequences associated with the COVID-19 outbreak have intensified international efforts to develop
an effective prevention method to keep outbreaks under control. One of these efforts is vaccine studies [8]. Therefore, in the very
early stages of the pandemic, vaccine development studies have started rapidly in order to reduce the negative effects of the
current global crisis [9]. Vaccines are one of the most reliable, cost-effective public health interventions ever implemented,
saving millions of lives each year [10, 11].

Despite all the known benefits of vaccines, people may exhibit negative attitudes and behaviors towards vaccines due to
doubts about the safety and efficacy of vaccines, and distrust of governments and healthcare professionals [12]. For this reason,
in the last 20 years, anti-vaccination movements have increased more in developed and developing countries, and there has been
a decrease in the number of parents who have their children vaccinated, especially with the spread of the Internet. Insufficient
knowledge of parents, the target group of such anti-vaccine movements, also made this group vulnerable and open to
manipulation [13, 14]. Lack of knowledge about vaccine preventable diseases, low level of health literacy, doubts about the
efficacy and safety of vaccines, distrust of governments and health workers, fear of side effects of vaccines, news of anti-vaccine
coverage in the media, perception of childhood specificity of vaccination, selective rather than general practice of adult immunity
Reimbursement problems regarding adult immunization and the absence of an adult vaccination scheme cause the adult
vaccination rates to be low in our country [15].

The concept of trust in the state has been defined as the cornerstone of the political system, especially in crises such as natural
disasters, economic crises or pandemics [16]. Trust in government represents people's trust or satisfaction with government
performance and the perceived reputation of government [17, 18]. Trust in the state develops sociability spontaneously and
naturally, which leads to cooperative, altruistic and cross-border behavior in social activities [19]. Previous studies have found
that high levels of trust in government follow a range of government recommendations and prosocial behaviors, such as adopting
preventive behaviors to avoid swine flu [20], getting seasonal flu shots [21], and making economic sacrifices for the
environment. demonstrated that it was associated with greater willingness to comply [22].

Emerging theoretical and empirical evidence has shown that trust in government is crucial for compliance with social policies
and preventive behaviors based on behavioral responses of the public [23, 24, 25]. Given the importance of building public
confidence during the pandemic, there is an urgent need to identify determinants of confidence in the COVID-19 vaccine
regarding the adequacy and effectiveness of COVID-19 control. Therefore, it is important for the control of COVID-19 to
understand the relationship between trust in government and the adoption of preventive behaviors and to explore the various
determinants of trust in government during the pandemic. The aim of this study; The aim is to determine the impact of people's
protective health behavior during the pandemic and their reliance on government performance on their confidence in the
COVID-19 vaccine. The results of the current study; It will help policy makers to highlight the importance of vaccination to
society, prevent further lethality, especially by vulnerable patients, and conduct proactive campaigns and well-designed strategies
by promoting vaccine uptake and acceptance to limit the spread of the pandemic.

2. Material and Methods

This research was carried out with ethical approval from Diizce University Scientific Research and Publication Ethics
Committee (Date: 09.04.2021, decision no: 2021/112).

2.1.  Conceptual Model of Research and Hypothesis Development

Similar model studies were examined and a conceptual/theoretical model of the research was created with the literature
review carried out during the model development phase. Vaccine acceptability; It has been reported that it is determined by three
factors: trust, convenience and satisfaction [26]. Trust; confidence in the safety and efficacy of the vaccine is defined as
confidence in the delivery system as the healthcare system, and trust in policy makers [27]. Many people appear to have doubts
about vaccine safety, and this is seen as a major challenge by healthcare providers, policymakers, community leaders and
governments to increase the prevalence of vaccine adoption [28, 29, 30]. In addition, emerging theoretical and empirical
evidence has shown that trust in government is crucial for compliance with social policies based on the behavioral responses of
the public [23, 24, 25]. In previous studies in the literature, a high level of trust in government has been associated with a number
of government recommendations and positive social benefits, such as adopting preventive behaviors to avoid swine flu [20],
getting seasonal flu vaccination [21], and making economic sacrifices for the environment. showed that it is associated with more
willingness to comply with behaviors [22]. In a longitudinal study of 633 participants in Singapore during the January-April
2020 period, trust in government communication was found to be positively associated with the likelihood of adopting protective
behavior [31].
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Therefore, it is important for the control of COVID-19 to understand the relationships between trust in government and
government performance and the adoption of preventive health behaviors and trust in the COVID-19 vaccine, and to explore the
various determinants of COVID-19 vaccine trust during the pandemic. Determining the effect of people's protective health
behavior during the pandemic and their confidence in government performance on their confidence in the COVID-19 vaccine by
structural equation modeling and pathway analysis constitutes the subject and conceptual model of the research. In the light of
these studies, the following hypotheses have been developed:

“Hi: The way people display preventive health behaviors during the pandemic has a significant impact on their confidence in
the COVID-19 vaccine.”

“Ha: “People's confidence in government performance during the pandemic has a significant impact on their confidence in the
COVID-19 vaccine.”

The relationships between the conceptual model of the research are shown in Figure 1.

Engaging in
Preventive Health

Behaviors \

Trust in Government
Performance

Confidence in the
COVID-19 Vaccine

Fig. 1. Conceptual Model of the Research

2.2. Research Population and Sample

The population of the study consisted of middle-aged and elderly individuals who received service from pharmacies in
Karabiik city center and were thought to be most affected by the COVID-19 epidemic. Severe COVID-19 can occur in healthy
individuals of any age, but it is predominantly more common in adults with advanced age or underlying medical comorbidities
[51]. In clinical studies, it has been reported that those who are most and most frequently affected by COVID-19 are middle-aged
and older individuals [52, 53]. In a study based on Chinese data, it was reported that the rates of hospitalization with the
diagnosis of COVID-19 increased with age, being 1% for those aged 20 to 29 years, 4% for those aged 50 to 59 years, and 18%
for those over 80 years of age [54]. Therefore, the sample group of the research consisted of middle-aged and older individuals.

Due to the difficulty of transportation, cost and time constraints for middle-aged and older individuals, who are thought to be
the most and most affected by the COVID-19 pandemic, only individuals who applied to pharmacies located in the city center of
Karabiik were included in the sampling and convenience sampling method was preferred. A total of 700 surveys were planned to
represent the universe more strongly, but 437 surveys were returned. In addition, 37 questionnaires were not included in the
analysis because they were filled incompletely and incorrectly.

2.3. Data Collection Method and Creation of Scales

Face-to-face survey technique was used to obtain the data. In the first part of the questionnaire, it was stated that participation
in the study was voluntary, that the data obtained would not be used for any purpose other than research and would not be shared
with other individuals or organizations. The study was carried out as a cross-sectional study of the middle and elderly population
of the society, which receives service from pharmacies in the city center of Karabiik and is thought to be most affected by the
COVID-19 epidemic. While preparing the developed questionnaire, a detailed literature review was made, it was discussed in
detail with academicians and experts specialized in the field of Public Health and Health Management, and its final version was
created. Then, for the pilot application, around 20 respondents selected from the community where the survey will be applied
were utilized. With the pilot application, the questions are made understandable by everyone in the same way. Scale items are
rated as 1-Strongly Disagree, 2-Disagree, 3-Neither Agree nor Disagree, 4-Agree, 5-Strongly Agree. As a result of expert
opinions, the content validity index of the draft scale was calculated as 0.89. The questionnaire form consists of four parts in
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total. In the first part, there are statements to measure the protective health behavior of people during the pandemic, which
consists of five propositions; in the second part, there are statements to measure people's confidence in government performance
during the pandemic, which consists of four propositions. In the third part, there are statements about measuring the confidence
levels of the participants for the COVID-19 vaccine, which consists of three propositions, while the last part includes the basic
characteristics of the participants and their thoughts about the origin of the COVID-19 virus.

2.4. Scales Used in the Research

In the study, Han et al. [32] developed a questionnaire was used to measure the participants' protective health behavior and
their level of confidence in government performance. The questionnaire that measures people's protective health behavior during
the pandemic consists of five propositions, and the questionnaire that measures their confidence in government performance
consists of four propositions. To measure the COVID-19 vaccine confidence levels of the participants, Lin et al. [33] has
benefited from the questionnaire developed by. The questionnaire, which measures the general confidence levels of the
participants for the COVID-19 vaccine, also consists of 3 propositions in total.

2.5. Data Analysis Method

SPSS and AMOS statistical analysis programs were used together for the analysis of the data set within the scope of the
research. First of all, reliability analysis was made on the data. Then, confirmatory factor analysis was performed to ensure
structural validity and the structural validity of the model was tested. Finally, path analysis was performed to determine the
relationships between the variables.

2.6. Data Set Analysis Criteria

It was checked whether the standardized loadings of the observed variables on each construct were significant, and whether
the superior convergent validity was higher than 0.5. Composite reliability test was then performed to check the validity. If the
mean variance extracted for each construct is greater than the variance shared with other constructs, discriminant validity was
checked.

3. Results and Discussion

3.1. Reliability of Research Data

In the study, reliability measurement was made by calculating the Cronbach alpha value of each variable. The factors of
people's display of protective health behavior during the pandemic, which constitute the variables of the research, were subjected
to reliability analysis with five questions, the factors of trust in government performance with four questions, and the questions
measuring the COVID-19 vaccine confidence levels of the participants with three items. Reliability coefficients for variables;
“Engaging in Preventive Health Behaviors Cronbach's Alpha Coefficient = 0.840”; "Confidence in Government Performance
Cronbach's Alpha Coefficient = 0.883" and "COVID-19 Vaccine Confidence Cronbach's Alpha Coefficient=0.830" were found.
The overall reliability coefficient is Cronbach's Alpha = 0.872. Therefore, when all dimensions are taken into account, it is seen
that the reliability of the research is quite high.

3.2. Demographic Findings

While 41% of the individuals participating in the research were female and 59% were male; 42% of them are in the age group
of 36-45, 38% are in the age group of 46-55, and 20% are in the age group of 56 and over. 58% of the participants stated that
they were mostly university graduates. In terms of the institution they work for, 37% of the participants stated that they work in a
public institution, 33% work in the private sector, 14% are retired, 13% are housewives, and 3% are self-employed. Finally, 68%
of the participants stated that they thought the COVID-19 virus was of natural origin (originated from wildlife), and 32% of them
thought that it was a virus of artificial origin (produced in a laboratory).

3.3. Findings Related to Confirmatory Factor Analysis and Pathway Analysis

Path analysis with hidden variables is an analysis that produces more reliable results than path analysis with observed
variables. The diagrams of the model fit were obtained as follows. In this section, the degree of compliance of the data with the
predicted model was tested by performing CFA on the factors of participants' protective health behavior, government
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performance confidence levels and COVID-19 vaccine confidence levels with the AMOS package program. The path diagram
and goodness-of-fit results of the model are given in Figure 2 (Figure 2).
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KSDG: Engaging in Preventive Health Behaviors; HPG: Confidence in Government Performance; COVIDAG: COVID-19 Vaccine
Confidence

[(X?/df: 4.006; GFI: 0.942; NFI: 0.949; CFI: 0.961; RMR: 0.072; TLI: 0.948; IFI: 0.962; RFI: 0.932; AGFI: 0.908; RMSEA: 0.076)]

Fig. 2. Engaging in Preventive Health Behaviors - Confidence in Government Performance - COVID-19 Vaccine Confidence Path
Diagram and Goodness of Fit Results

The X?/df, RMR, GFI, NFI, IFI, TLI, CFI, AGFI values given above show that the model fit is achieved and the fit indices of
the proposed research model are at an acceptable level of fit. There is no limit to the values to look up. The reported values may
vary according to the values that the researcher wants to draw attention to. The fit values related to the created model are given
below. At the same time, the findings obtained by confirmatory factor analysis revealed that the construct validity of the model
was provided. The explained variances and reliability of the factors calculated to determine the validity and reliability of the path
analysis are given in Table 1 below (Table 1).

Table 1. DFA Results for the Improved Measurement Model

Latent Standardized . Standard T

Observed Variables Variables Regrt_as_sion Estimate Error Value P Cronbach’s a
Coefficients
KSDG3 918 1.000
Engaging in KSDG1 808 854 037 22.940 ok
Preventive Health KSDG2 .650 .608 .037 16.632 falaie
Behaviors (KSDG) KSDG5 588 544 .037 14.644 ok 0840
KSDG4 799 981 .043 22.596 ek
_ _ HPG1 552 1.000
C(;’:\‘l‘::r‘ﬁgn't” HPG2 691 1.203 075 15.978 Hoxx 0583
Performance (HPG) HPG3 768 1.305 108 12.053 ek
HPG4 896 1.483 122 12.113 ek
COVID-19 Vaccine COVIDAG1 .878 1.000
Confidence COVIDAG2 852 989 042 23.651 ek 0.830
(COVID19AG)  COVIDAG3 837 982 042 23.188 ek

*** (p<0.01)
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Regression values show the power of observed variables to predict latent variables, that is, factor loadings. As can be seen in
Table 1, p value less than 0.05 for each factor means that the items are loaded correctly on the factors. In addition, the fact that
the standardized regression coefficients are 0.552 and larger indicates that the power to predict the latent variables, that is, the
factor loadings of each item is high. Structural relationship (path) coefficients between the variables are given in Table 2 below
(Table 2).

Table 2. Research Model SEM Results

Standardized

Effects Structural Relations Regression CR p
Coefficients (B)
Standardized Total Effect COVIDI9AG<---KSDG 339 7370 ok
COVID19AG<---HPG .265 5,317
Standardized Direct Effect COVIDI9AG<---KSDG 339 7,370 *hk
COVID19AG<---HPG .265 5,317

*** (n<0.01)

When the standardized values of the total effects are examined, the total predictive power of the participants' Engaging in
Preventive Health Behaviors (KSDG) and the COVID-19 Vaccine Confidence Level (COVID-19AG) was 0.339 units; it is seen
that the total predictive power of the participants' confidence levels in government performance (HPG), COVID-19 vaccine
confidence level (COVID-19AG) is 0.265 units. As a result, it was determined that the participants' engaging in preventive health
behaviors ($=0.339; p<0.05) and their level of confidence in government performance (3=0.265; p<0.05) affected the COVID-19
vaccine trust levels in a statistically significant and positive way.

Table 3. Structural Model Goodness of Fit Indices

General Model Fit Good Fit Acceptable Fit Obtained Fit Values
x?/sd <3 <5 4,006
NFI >0.95 >0.90 0.949
CFI >0.97 >0.95 0.961
IFI >0.95 0.94-0.90 0.962
AGFI >0.95 >0.85 0.908
GFlI >0.90 0.89-0.85 0.942
RMR <0.05 <0.08 0.072

As seen in Table 3, the results obtained show that the fit indices of the proposed research model are at an acceptable level of
fit. Criteria for determining structural equation modelling analysis model fit and measurement invariance were based on
conventional standards [48; 49; 50]. The findings obtained with the structural equation analysis show that the construct validity
of the model is provided.

4. Conclusion

The COVID-19 pandemic has affected the lives, health, and economic well-being of people around the world and has caused
a significant change in the behavior of society. It has also created a strong incentive for people to get vaccinated. VVaccines are
one of the effective interventions that can reduce the high burden of disease globally. For public health officials, however, public
hesitations about vaccines pose an urgent problem. In addition, a safe and effective vaccine against COVID-19 has become a
public health priority. In addition, to address the growing public health crisis created by the COVID-19 pandemic, governments
around the world need to play an important role in preventing and controlling the disease while reducing the economic impact of
COVID-19. Therefore, governments of many countries have implemented sensible measures and regulations (such as social
distancing, hand washing, self-isolation, wearing masks, and stabilizing the economy) to prevent transmission of the disease [34].
However, it has been reported that the effective implementation of these measures depends on a high level of adaptability and
positive support from the public. Emerging theoretical and empirical evidence has shown that trust in government is crucial for
adherence to social policies based on public behavioral responses [23; 24]. Therefore, it is important for the control of COVID-
19 to investigate the effects of confidence in government performance and protective health behavior on trust in the COVID-19
vaccine during the epidemic period.

In this study, it was aimed to determine the effect of people's protective health behavior during the pandemic and their
confidence in government performance on their confidence in the COVID-19 vaccine. In the same study, 400 middle and
advanced age group individuals' protective health behaviors during the pandemic, their confidence levels in government
performance, and their confidence in the COVID-19 vaccine were evaluated. The original value of the study, before this
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research, assessing the middle and advanced age group of the society's protective health behavior during the pandemic, the level
of trust in government performance, and their confidence in the COVID-19 vaccine, and the state of people's protective health
behavior and their trust in the government performance to their COVID-19 vaccine. The reason for this is that there is no other
study that analyzes the effect on their trust with path analysis.

Considering the answers given by the individuals participating in the research to the survey; the mean value of showing
protective health behavior was 4.48; the mean value of confidence levels in government performance was 3.81, and the mean
value of confidence levels in the COVID-19 vaccine was 3.94. Participants' levels of preventive health behavior, confidence in
government performance, and confidence in the COVID-19 vaccine are above average; it was concluded that the individuals
participating in the study exhibited a high level of preventive health behavior during the pandemic and generally had confidence
in government performance and COVID-19 vaccines.

As a result of the data analysis, the first hypothesis of the research was accepted. In this direction, the protective health
behavior of people during the pandemic has a statistically and significant effect on their confidence in the COVID-19 vaccine. In
other words, when people show more and more accurate preventive health behavior during the pandemic, their COVID-19
vaccine acceptance and COVID-19 vaccine confidence increase. Similarly, the second hypothesis of the study was accepted.
Accordingly, people's confidence in government performance during the pandemic has a statistically significant effect on their
confidence in the COVID-19 vaccine. In other words, when people have more confidence in government performance during the
pandemic, this increases their COVID-19 vaccine acceptance and their confidence in COVID-19 vaccines.

Confidence or distrust in government or the authorities in general has been reported to affect confidence in government-
issued or mandated vaccines and vaccination programmes. Also, beliefs that vaccine-preventable diseases are necessary to build
immunity (beliefs that vaccines destroy important natural immunity) or that other behaviors (such as breastfeeding,
traditional/alternative medicine) are as important as or more important than vaccination for maintaining health and preventing
vaccine-preventable diseases. It has been stated that beliefs reduce vaccine confidence and increase vaccine hesitancy [35].

In other similar studies, it is stated that some actors deliberately polarize the vaccine debate and use questionable public and
system weaknesses for political purposes [36, 37]; it has been reported that decreased confidence in the vaccine in other settings
may be influenced by a wider climate of distrust in government and the scientific elite [38]. Similarly, Doherty et al. [39] found
that a lack of trust in government predicted lower vaccine acceptance in all surveyed groups. Crawshaw et al. [40] emphasized
that the distrust in the government in this process is a harbinger of vaccine hesitancy. Moreover, this result is consistent with
previous findings that public trust is associated with commitment to public health interventions [41, 42, 43, 44]. Two different
studies conducted in Liberia and Congo during Ebola outbreaks found that trust in government was positively associated with
compliance with disease control measures [45] or the adoption of personal preventive behaviors (e.g. maintaining social
distancing and accepting Ebola vaccines) [46].

It was also stated that making an accurate risk assessment about the epidemic is a prerequisite for the public sectors to initiate
emergency response plans in a timely manner. For this reason, it has been reported that the collection and analysis of information
about the scale and spread of the epidemic should be strengthened, personnel training should be made more rigorous, and
consultancy experts should be highly qualified [1]. At the same time, timely and transparent publication of epidemic information
by the authorities helps the public to be accurately informed about the situation and to take appropriate action. It has been stated
that such proactive and transparent actions require more institutional flexibility and courage from the authorities [47].
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Abstract

Due to its spectral properties, hyperspectral imaging is superior to other imaging tools in detecting and classifying objects. Hyperspectral imaging
instruments can detect light reflected from wavelengths between infrared and ultraviolet, apart from the wavelength the human eye can distinguish
on the electromagnetic spectrum. While this feature provides detailed information about the spectral feature of the object under investigation, it
causes its spatial resolution to be low due to the technical trade-off between spatial resolution and spectral resolution. Nowadays, applications of
hyperspectral images are increasing in essential fields such as agriculture, mining, medicine and pharmacy, and military purposes. In order for
applications to produce more precise results, high spatial resolution is required with high spectral information. Hardware solving of low spatial
resolution problems is a costly and challenging method. Therefore, software solution is an interesting area in image processing. In this paper, a
hybrid application based on deep learning and sparse representation is applied to increase the low spatial resolution of hyperspectral images. First
the application obtains a super-resolution image from a single hyperspectral image with a low spatial image with a deep convolutional neural
network. Later, the super-resolution image obtained, and the original low-spatial-resolution hyperspectral image are fused with the dictionary
learning method, resulting in a new super-resolution image with high spectral and spatial resolutions. The application results show that our
algorithm achieves successful results compared to other super-resolution applications in the literature.

Keywords: “Remote Sensing, Hyperspectral Imaging, Super-Resolution, Deep Learning, Convolutional Neural Networks, Sparse Representation,
Dictionary Learning”

1. Introduction

Humankind has been examining beings, events, and objects since the past; it requested to obtain information from them. For
this purpose, various methods have been developed and continue to develop. Remote sensing can be semantically thought of as
sensing and analyzing an entity, object, or event with various tools and equipment without contact. Hyperspectral cameras, which
are one of the most important tools in the field of remote sensing, can also provide information about the structure of objects
examined by remote sensing, thanks to the large number of spectral bands they have, unlike conventional imaging tools. Detection,
analysis, and classification applications are made using hyperspectral images in mining, medicine, pharmaceutical science,
agriculture, forestry, and military applications [1— 5]. The reflection curve obtained by detecting the energy reflected from an object
by the spectral sensors of the hyperspectral imaging tool is called the spectral signature [6]. The spectral signature of each object
is different since the rate of absorption and reflection of light is different due to the physical and chemical properties of each object.
The spectral and spatial resolution must be compatible to obtain the most accurate inferences from the analysis to be performed on
hyperspectral images. However, their spatial resolution is low due to the hardware structure of hyperspectral imaging tools and the
remote viewing distance. In low spatial resolution images, the spectral curves can be mixed, which affects analysis result. Hardware
solution to the low spatial resolution problem is costly and difficult to implement. For this reason, the software solution of the
problem is studied as a challenging problem in the field of image processing.

There are various studies in the literature on enhancing the spatial resolution of hyperspectral images. These studies can be
classified as single hyperspectral image based super-resolution and image fusion-based super-resolution methods. In fusion-based
methods, a multispectral image with the high spatial resolution which, has the same scene with low spatial resolution hyperspectral
image, is needed. High losses can occur in spectral information in studies performed on single image-based methods. This study
consists of two parts. In the first part, a super-resolution study was carried out on a single image using the convolutional neural
network-based method. In the second stage, the super-resolution image obtained in the first stage and the low spatial resolution
image used for input were fused with the dictionary learning method to protect the spectral data.

1.1. Related Work

Image fusion-based methods are at the forefront of super-resolution studies for hyperspectral images. Among the pioneering
works in the field; in the studies of Zhukov, Oertel, Lanzl, and Reinhackel (1999); They proposed a new method for fusing spatial
information with high resolution images by decomposing the spectral information of low-resolution images with embedded spectral
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information, using the multi-sensor multi-resolution technique, whose constrained and unconstrained algorithms were discussed.
Furthermore, they tried their proposed method on the image obtained from the LANDSAT satellite, which has thematic a mapping
feature, and on the thermal bands of the simulative image obtained from the ASTER sensors in the EOS-AML1 project, obtained
successful results [7].

Gomez, Jazaeri, and Kafatos (2001) developed a method for pixel-level image fusion of hyperspectral and multispectral images
using fundamental wavelet transform. The method uses only two input images for fusing. The super-resolution hyperspectral image
obtained due to the method has a Mean Square Error (MSE) of 2.8 per pixel and a Single Noise Ratio (SNR) of 36 dB [8].

Eismann and Hardie (2004) found that to enhance the hyperspectral image's spatial resolution, they fused the hyperspectral
image with a panchromatic image containing similar spatial information using the maximum a posteriori estimation method. Their
proposed method uses a stochastic mixing model of the underlying spectral scene content to develop a cost function that
simultaneously optimizes the estimated hyperspectral scene relative to the hyperspectral and panchromatic images to be fused and
the local statistics of the spectral mixing model. They found that the inclusion of the stochastic mixing model is the critical
component for reconstructing sub-pixel spectral information as it provides the necessary constraints that lead to a well-conditioned
system of linear equations to generate a super-resolution hyperspectral image. They tried their method by comparing principal
component analysis and least squares methods on AVIRIS and DIRSIG images and obtained successful results [9].

Zhang, DeBacker, and Scheunders (2008), in a 2D wavelet transform domain, a super-resolution hyperspectral image obtained
due to fusing hyperspectral and multispectral images were realized using Bayesian estimation. Assuming the standard normal
distribution model for the images, the estimation of the model parameters requires information about the resolution difference
between the images [10].

Zhang, DeBacker, and Scheunders (2009) used pioneering Gauss to address the interpolation problems of missing data, spectral
resampling, and deconvolution. Zhang et al. have used a non-decimal wavelet transform implemented with the Traous algorithm.
However, their methods require information on the resolution difference between the input images [11].

For situations where the spectral response function of the sensor is unknown, for fusing hyperspectral and multispectral images,
Wei, Daobigeon, and Tourneret (2014) formulated using a Bayesian estimation framework by introducing known priorities at a high
spatial resolution [12].

Akhtar, Shafait, and Mian (2015); a hyperspectral super-resolution method that using non-parametric Bayesian sparse
representation is proposed for fusing high and low spatial resolution hyperspectral images. Firstly, their method computes the
probability distribution of material spectra. Then, calculated distributions were used to compute sparse codes of the high-resolution
image. For this purpose, they have presented a generic Bayesian sparse coding strategy with Bayesian dictionaries learned with the
Beta process. Finally, they have tried their methods on the CAVE dataset, and successful results were obtained [13].Mianji, Gu,
Zhang, and Zhang (2011) proposed a fusion-based super-resolution technique by using spatial and spectral data of hyperspectral
images. First, their work extracted a hyperspectral image's spatial and spectral information using a linear mixing model and a fully
constrained least squares no-mixing technique. Then, they combined their data using a spatial correlation model through a learning-
based super-resolution mapping algorithm. The spatial correlation model they proposed realistically simulated a mapping model
between the low-resolution hyperspectral image and its subsampled version. Finally, they tried their method on Indian Pines and
San Diego datasets and obtained successful results [14].

He, Zhou, Wang, Cao, and Han (2016) proposed a new method for super-resolution in HS images by modeling the global
spatial and spectral correlation and local smoothness properties. Their work used tensor nuclear norm and tensor folded concave
penalty functions to describe the spherical spatial and spectral correlation hidden in hyperspectral images and 3-dimensional sum
variation to characterize local spatial and spectral smoothness across the entire hyperspectral.

In order to solve the resulting optimization problem, a hybrid method was developed by using the local linear approach and the
alternative direction of the factors. They tried their method on the Moffett field image obtained from the AVIRIS sensor and
obtained successful results [15].

Hu, Li, and Xie (2017) propose a hybrid spatial error correction model and a deep spectral difference convolutional neural
network combination model for hyperspectral super-resolution. Their methods provide maximum protection of spectral
information while improving spatial information. With the method they developed, the deep spectral difference convolutional
neural network learns the relationship between spatial information and spectral information, and after increasing the spatial
resolution, hyperspectral super-resolution is created with maximum efficiency [16].

Li, Hu, Zhao, Xie, and Li (2017) proposed a super-resolution method that preserves spectral data by combining convolutional
neural network and spatial constraint strategy. The spatial restriction strategy restricts the low-resolution hyperspectral image
generated by the reconstructed super-resolution hyperspectral image to spatially convergent to the original low spatial resolution
hyperspectral image input and aims to increase the spatial resolution. The convolutional neural network model learns an end-to-
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end spectral difference mapping between low spatial resolution hyperspectral image and super-resolution hyperspectral image.
Thus, spatial resolution is increased while the spectral resolution is preserved. Li et al.; tried it on CAVE, Harvard, and Foster
datasets and obtained successful results [17].

Li, Zhang, Ding, Wei, and Zhang (2018) proposed a special deep neural network that learns to directly map a low-resolution
hyperspectral image to a high-resolution hyperspectral image. To describe the complex nonlinear mapping function with a compact
network well, they developed a recursive module grouped into a spherical residual structure to transform the input images. They
also combined the traditional mean square error loss with the spectral angle mapper loss to learn the network parameters that
reduce both the numerical error and the spectral distortion in the super-resolution results. Finally, they implemented their method
on the Harvard dataset and obtained successful results [18].

Jiaa, Ji, Zhaoa, and Geng (2018) proposed a super-resolution hyperspectral image generation method using deep convolutional
neural networks in their study. They divided their methods into spectral and spatial divisions. They ensured the preservation of
spectral data by teaching a match between the spectral information of low and high spatial resolution images in their models while
improving spatial resolution. They tried their methods on CAVE and Harvard datasets and obtained successful results [19].

Xie, Jia, Li, and Lei (2019) proposed a hybrid method that blends the feature matrix extracted by the deep neural network with
the non-negative matrix factorization methods. In their methods, the hyperspectral image with the low spatial resolution is divided
into subsets according to the correlation matrix and selects key bands from the spectral bands within each subset. Key bands are
used for super-resolution with the deep neural network model. The obtained information is used as a guide in the next step of the
model to preserve the spectral data. They tried their method on CAVE, Harvard and Foster datasets and obtained successful results
[20].

Wang, Li, and Li (2020) proposed a new spectral-spatial method for hyperspectral image super-resolution. Their method
effectively extracted spatial-spectral information by using a 3-dimensional convolutional neural network instead of a 2-dimensional
convolutional neural network to extract potential information better.. They tried their method on CAVE, Harvard, and Foster
datasets and obtained successful results [21].

Li, Cui, Li, Song, Li, Dai, and Du (2020) proposed a new super-resolution method using the contentious learning method in
their study. First, they enhanced the resolution enhancement process with generative adversarial network to extract more details
from the resulting high-resolution hyperspectral image. They proposed a band attention mechanism to investigate spectral bands'
correlation and avoid spectral distortion. To further reduce spectral distortion and tissue blurring, they applied a set of spatial-
spectral constraints or loss functions to guide their generator method. Their trials on the Pavia and Cave datasets have produced
successful results [22].

Fu, Liang and You (2021) designed a bidirectional 3-dimensional semi-repetitive neural network with a random number of
bands for hyperspectral super-resolution. Specifically, they proposed a core unit comprising a 3-dimensional convolution module
and a bidirectional semi-repetitive pooling module to efficiently extract structural spatial-spectral correlation and global correlation
across the spectrum, respectively. In his methods, combining the hyperspectral image's domain knowledge with a new pre-training
strategy; It can be generalized to remote sensing hyperspectral datasets containing a limited number of training data [23].

2. Methodology
2.1. Deep Convolutional Neural Networks

Deep Convolutional Neural Networks (CNN) are trained to represent a nonlinear mapping from the input to the output [24].
CNNs consist of structural layers, where each layer covers the operation on the input that comes to it. These layers are ordered in
a hierarchy to form a deep web so that the output activations of one layer are fed as input to the next layer. This concept is
schematized in Figure 1.
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Figure 1. Structure of a Deep Convolutional Neural Network (CNN) [25].

As shown in Figure 1, deep convolutional networks consist of input, convolution, pooling, and fully connected layers. In the
input layer, the image is used as an input to the network. In the convolution layer, the features are extracted by subjecting the input
to the convolution process. In the pooling layer, the values that are the output of the convolution layer are filtered by a process like
the convolution operation to reduction the size of features. In the fully connected layer, classification processes are performed with
the necessary calculations on the data brought to a certain point by other layers.

2.2. Sparse Coding

The application of sparse representation in image processing comes from observing that natural images can be expressed
sparsely in the base of some images [26]. Specifically, sparse coding aims to encode an input as a series of sparse latent unit
activations such that the original signal can be recovered with minimal distortion.

Sparse coding functions similarly to automated encoders. They both have the same purpose in that neither approach is audited
and relies on computational coding logic to represent a specific input. On the other hand, sparse coding, solves an optimization
issue to identify the set of sparse hidden unit activations that encode the input, whereas autoencoders normally compute activations
for input in a single layer. Both autoencoders and sparse coding learn a set of weight/dictionary values that optimize the model for
reconstruction throughout the training.

Coding and dictionary learning are the two fundamental components of infrequent coding. While any dictionary can be used to
code, the idea is to learn one that yields superior sparse representations. The goal of coding is to represent an entry using the sum
of a sparse set of numbers.

2.3.  Evaluation Metrics

To assess the quality of fusion results quantitatively and visually, several representative metrics were used in this study. Root
Mean Square Error (RMSE), widely applied in the quantitative evaluation of image qualities, was chosen as the first index for our
evaluations. Spectral Angle Mapper (SAM) was used to examine the spectral distortion of the fusion result.

The RMSE method, which is frequently used in the literature, is used to make a numerical evaluation between the reconstructed
super-resolution image and the low-resolution image is given as input and compared it with other methods. The RMSE value is
calculated by Equation 1 below [27].

1
RMSE = LI—IA"Z ?
B LMN

In Equation 1; | represent the input image, I the output image obtained as a result of the proposed method, MxN represents the
spatial dimensions of the image, L represents the spectral size of the image.

The Spectral Angle Mapper algorithm is a tool developed to measure the spectral similarity of image spectra and reference
spectra [35]. The SAM value is calculated by Equation 2. between the reference vector b and the test vector a.
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3. Proposed Model

This study performs a learning-based super-resolution application for hyperspectral images with low spatial resolution. There are
studies in the literature to increase the spatial resolution of hyperspectral images. When these studies are examined, their methods
can be classified into fusion-based and single image enhancement-based. The method's main disadvantage is that fusion-based
methods require a second high-resolution image. However, super-resolution methods to be made on single images also pose a
disadvantage due to the constraints such as the need for preliminary information about the required field and the data needed for
training. In addition, in studies on increasing the spatial resolution of single images, it is seen that spectral data are lost at a severe
rate.

Convolutional
Layer

Convolutional
Layer

Input ) Spatial properties Convolutional
Low Spatial Resolution Layer
Hyperspectral Image

Upsampling
Decomposition of

spatial and spectal
properties
mmmmmmd Reconstruction
Spectal properties Convolutional
Layer

Convolutional Convolutional

Layer Layer
Deconvolutional
Layer

Output
Single Image
Super-Resolution
Hyperspectral Image

Final Output
Fused
Super-Resolution
Hyperspectral Image

Figure 2. Algorithm of the proposed method

Although deep learning has become a popular topic with high computational devices, it still has many limitations. Information loss
occurs due to the amount of loaded data needed for training, the devices required for computation, the filters applied in the
convolution and pooling layers in convolutional neural networks, and the shifting process.



215

In sparse representation methods, we need to use many basis points to make a better linear approximation of the original signal to
obtain a higher approach._This prevents the use of sparse representation methods on single images. However, it is beneficial in
fusion-based super-resolution methods because of its ability to split the signal into its fundamental parts. The method proposed in
this study consists of two essential elements: convolutional neural network and dictionary learning. The algorithm of the application
is given in Figure 2.

In practice, it is used in principle that dictionary learning protects spectral data, and deep learning establishes a strong link between
spatial information. The spectral and spatial features of the low spatial resolution hyperspectral image are decomposed. The
separated spectral and spatial features pass through separate convolution layers. The resolution is increased by applying upsampling
of spatial features subjected to the convolution process. Then, it was subjected to a reverse convolution process by combining the
spectral and spatial information, and an intermediate super-resolution image was obtained. The input low spatial resolution image
and the intermediate super-resolution image are combined using the Bayesian dictionary learning method proposed by Akhtar, et
al. (2015). The resulting super-resolution image is obtained.

4. Experiments and Results

The CAVE dataset, which is frequently used in the literature, was used in this study. The CAVE dataset is a 32 x 512 x 512 x
31 dataset created from hyperspectral images of everyday objects. The spectral wavelength of the images in the dataset is in the
range of 10 nm and consists of the wavelength between 400-700 nm on the electromagnetic spectrum. In order to create low spatial
resolution images from the images, low spatial resolution images were obtained by creating 32 x 32 discrete blocks suggested by
Akhtar et al. The spectral information of the original images was transferred to the low spatial resolution images obtained using
the Nikon D700 spectral response.

In our established convolutional network, the convolution filter sizes are determined as 3x3. ReLU was used as the activation
function, and ADAM optimizer was used as the optimizer. The learning rate was determined as 107%. In the dictionary learning
part, the method of Akhtar et al. (2015) was used.

The RMSE values of the data obtained due to the application and the images selected according to the study of Akhtar; et al.
(2015). are given in Table 1.

Table 1. Comparison of RMSE and SAM values obtained from our application and Akhtar et al. (2015) method

Images | RMSE of our application | RMSE value of Akhtar, et al. (2015).
Beads 6.54 54
Spools 5.56 4.6
Painting 2.32 19
Ballons 2.58 2.1
Photos 1.96 1.6
CD 6.48 53
Cloth 5.08 4.0

Figure 3. Low spatial resolution and super-resolution images of Balloons and Faces

Also, the SAM value of our application is calculated at 2.96. Akhtar et al. (2015) did not present SAM value in their study.
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5. Conclusions

The main purpose of this study is to obtain super-resolution hyperspectral images using single low spatial resolution
hyperspectral images. For this purpose, a 2-dimensional convolutional neural network-based structure was used in the first part of
the study. In the second part, fusion-based Bayesian dictionary learning method was used to preserve higher spectral data.

The dictionary learning-based method, which is generally used to create super-resolution images by fusing high spatial
resolution multispectral images with low spatial resolution hyperspectral images, has been added to the deep learning-based
method. The high spatial resolution but spectral data loss image obtained from the deep learning-based method is fused with the
original low spatial resolution hyperspectral image.

When the results were compared with the study of Akhtar et al. (2015), who suggested the Bayesian dictionary learning
approach in the literature, it was seen that close results were obtained. Akhtar et al. (2015). used the original high spatial resolution
image for fusion. In our study, a super-resolution image obtained with the convolutional neural network over a single image was
used for fusion. It is thought that the difference in RMSE values is due to this. In addition, Akhtar et al. did not present SAM value
in their study. In our study, the SAM value was calculated as 2.96.

When the obtained results are evaluated as a whole, it is seen that our proposed application is a successful super-resolution
application in single low spatial resolution hyperspectral images.
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Abstract

In this study, it is aimed to compare the health statistics of OECD countries in terms of Covid-19 and general health statistics. Quantitative
screening method was used in the study and health statistics of OECD 2020, 2021, World Health Organization Covid-19 statistics and Ministry
of Health 2019 health statistics were used. According to the number of Covid-19 cases reported among OECD countries, the high death rate is in
Hungary with 3.083 per hundred thousand, Italy with 2.610 per hundred thousand, Colombia with 2,533 per hundred thousand, Chile with 2.170
per hundred thousand and 1.920 per hundred thousand. It is in Greece. The lowest death rates are in Norway with 378 per hundred thousand,
Denmark (558), Israel (609), Finland (706), Netherlands (711) and Turkey with 873 per hundred thousand. The lowest deaths by population
occurred in South Korea (%o 0.08), Australia (%0 0.08) and Japan (%o 0.15). Turkey is among the countries where the number of deaths from
Covid-19 is low (%o 0.94) according to the population. The countries with the highest rate of intensive care beds are Czechia, Turkey and Estonia.
The average length of stay in hospital was highest in South Korea (18 days), Japan (16 days), and Hungary (9.6 days). The minimum length of
stay in hospital is in Turkey (4.2 days), Mexico (4.4 days) and the Netherlands (5.2 days). In general, when we look at the health statistics of our
country, we can say that it is in better condition than other OECD countries. However, the number of health personnel needs to be increased.
When compared with the Covid-19 data (death rates, bed occupancy rates, etc.), it is seen that our country is successful in the fight against Covid-
19. It is thought that this result depends on the strength of the health infrastructure. With the increase in vaccination, it is expected that deaths
due to Covid-19 will decrease even more all over the world.

Keywords: “Covid-19, Health Services, OECD country Statistics”

1. Giris

Covid-19 ile birlikte baz1 devletler etkili onlemlerle salgini sinirlart igerisinde kontrol edebiliyorken, bazilar1 da bu alanda
basarisiz olmustur. Pandemi ilerledik¢e, hiikiimetler saglik, imalat, ithalat, ticaret ve turizm gibi sektorlerde salginin etkilerini
hissetmeye baslamis ve bu etkilerden korunmak ya da krizi firsata doniistiirebilmek i¢in birgok alanda degisik yonelimler
gostermislerdir (Yorulmaz vd., 2021: 164).

Covid-19 siireci ile diinyayr hizli bir sekilde etkileyen salginlarin idare edilmesinde DSO gibi global ya da c¢ok uluslu
kuruluslarin kuvvetlendirilmesinin 6nemi ve sagligin sadece saglik sektoriiniin isi olmadigi anlagilmistir (Golbasi ve Metintas,
2020: 204).

Pandemi siiresince hiikiimetler vatandaglarini kriz durumlarinda beraber hareket etmeli ve bilimsel kuruluslar da halk i¢in kanita
dayali giivenilir kaynaklar haline gelen yayin organlari olusturulmalidir (Timmis ve Briissow, 2020: 1989). Asilamay1 yasanilan
iilke, aile, toplum, saglik calisanlar1 vb. pek ¢ok etmen etkiledigi i¢in karsilikli diyaloglarla toplum geneline yayarak asilanmanin
gelistirilmesi ve devamimin gergeklestirilmesi gerekmektedir (Erkekoglu vd., 2020: 213). Ayrica niifuslar 6niimiizdeki aylarda
kademeli olarak asilandikga, politika yapicilar agilananlar ile agilanmayanlar arasinda bir ayrim yaratma riskine ve bunun esitsizligi
daha da kétiilestirme {izerindeki etkisine karsi dikkatli olmalidir (Gooch, 2020). Oncelikle saghk hizmetlerinin yeniden
diizenlenmesi gerektigi ¢ok iyi anlagilmistir. Aile hekimligi sistemi ve merkezlerinin altyapisi ve fiziki alan1 gii¢lendirilmeli, ilgili
niifusa dayali iyilestirmeler yapilmali ve hastanelere kabuliin kontrol edilmesi igin hastanelere sevk sistemi uygulanmalidir. Ote
yandan kronik hastaliklarin takibi, evde bakim hizmetleri, evde yasli bakimi hizmetleri ve saglik egitimi hizmetleri, ¢evrimici
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sistemler ve teletip hizmetlerinin iilke genelinde yayginlagtirilmasi gerekmektedir. Saglik calisanlar1 ve bireylerin temasi en aza
indirilmeli, etkin ve hizli bir sekilde yiiriitiilmelidir (Tengilimoglu vd.,2021: 7).

Diinya Saglik Orgiiti'ne (WHO) gore, bugiine kadar ki siipheli vakalar icin hem epidemiyolojik ve Klinik Kriterler
bulunmaktadir (Galvan-Tejada, 2020: 1). Hastaligin 6ncelikle sosyal aktivite diizeyine bagl olan etkilesimler, sosyal ortamlar ile
bulusma, restoranlarda yemek yemek, perakende magazalarda aligveris yapmak ve seyahat etmek gibi sebeplerle bulastig
gozlemlenmistir (Farboodi vd., 2020: 1). Covid-19'un klinik 6zellikleri belirlenmis olup ¢ogu insan hafif semptomlar gosterir veya
hi¢ gostermez iken dliimler esas olarak yaslilarda ve kronik hastalig1 olan hastalarda meydana gelmektedir (Watkins, 2020: 2).

1.1. Literatiir Arastirmasi
Tiirkiye Covid-19 Pandemi Siireci

Tiirkiye de diger iilkelerde oldugu gibi pandemiden ciddi sekilde etkilenmis ve etkilenmeye devam etmektedir. Filyasyon
caligmalari, sosyal izolasyon, kisisel koruyucu ekipman kullanimlar1 Tiirkiye’nin Covid-19 pandemisindeki saglik politikasini
olusturmaktadir (Eser vd., 2021: 32). Tirkiye’de 11 Mart 2020 tarihinden bu yana biitiin kamu ve 6zel hastaneleri, pandemi
hastaneleri olarak deklare edilmis ayrica Covid-19’a enfekte olan biitlin bireyler icin ihtiya¢ duyulan tibbi tedaviler de iicretsiz
olmustur (Erol, 2020: 148). 2 Nisan 2020 tarihinde “As1 ve Ila¢ Gelistirme Sanal Konferans1” gerceklestirilmis olup Tiirkiye
Sanayi ve Teknoloji Bakani konferansin agilis konusmasinda; Covid-19 Platformu kapsaminda hem kimyasal hem de
biyoteknolojik yontemlerin uygulanacagi yedi farkh as1 ve 7 farkli ilag gelistirme projesinin mevcudiyetinden bahsetmistir (Akarsu
vd., 2021: 2).

OECD Ulkeleri ve Pandemi Siireci

Salgin ile miicadeleyi birgok yonden incelemek gerekmektedir. Ciinkii salginlar bireylerin saglik sistemlerine dogrudan
miidahalesiyle birlikte, yasanilan dogal ve sosyal ¢evreyi de etkilemektedir (Eroglu, 2020:565). Su anda yasadigimiz mevcut
pandemi, birgok iilkede saglik sisteminin zayif noktalarini gostermistir. Tesisat kapasitesi, saglik ¢alisanlarinin dagilimi, ekipman
ve malzeme sorunlar1 yasanan saglik sistemlerine yeni bakis agilari getirmistir. Bulasma riski nedeniyle hastaneye kabuliin
ertelenmesi, sokaga ¢ikma yasagi, poliklinik bagvuru sayisinin azaltilmasi gibi durumlar géz &niine alindiginda, hastanelerde saglik
hizmeti talebinin artmasi kacinilmazdir ve saglik ¢alisanlarinin normal sartlarda ¢aligmasi beklenirdi. hizli bir oran. Riski en aza
indirmek i¢in is glicli planlarinin 6nceden hazirlanmasi ve zorunlu sevk zincirinin saglik hizmetlerine dahil edilmesi onerilebilir.
Sevk zinciri aile hekimligi sisteminin ayrilmaz bir pargasi oldugu icin bireylerde davranis degisikligi avantajli bir duruma
donistiiriilebilir (Tengilimoglu vd.,2021: 7). Covid-19 ile birlikte baz1 devletler etkili onlemlerle salgini sinirlari igerisinde kontrol
edebiliyorken, bazilar1 da bu alanda basarisiz olmustur. Bu devletlerde salginin birakacagi siyasal, toplumsal ve iktisadi etkilerin
neler olabilecegi konusunda tartismalar devam etmektedir (imga ve Ayhan, 2020:7). Pandemi ilerledikce, hiikiimetler saglik,
imalat, ithalat, ticaret ve turizm gibi sektorlerde salginin etkilerini hissetmeye baglamig ve bu etkilerden korunmak ya da krizi
firsata doniistiirebilmek i¢in birgok alanda degisik yonelimler géstermislerdir (Yorulmaz vd., 2021: 164). Covid-19 ile birlikte
ortaya ¢ikan bir diger 6nemli sonug ise; ekonomik, sosyal ve askeri imkanlara sahip olma agisindan diinyanin en giigliileri arasinda
yer alan iilkelerin, herhangi bir salgin karsisinda giiglerinin ne kadar kirilgan oldugu gergegi olmustur. Ozellikle saglik temelli
yapilan arastirmalara gore; saglik sistemlerine ¢okga giivenen ve bundan dolay1 iyi performans sergilemesi beklenen birgok iilkenin
(ingiltere, Amerika, Italya, ispanya vb.), bu pandemi ile birlikte mevcut saglik sistemlerinin ne kadar giivenilir oldugu da sorgulanir
hale gelmistir. Muhtemeldir ki pandemi sonras siiregte, diinya tizerindeki biitiin tilkeler, saglik sistemlerini yeniden tasarlamak ve
planlamalarini, bu siiregteki tecriibelerine dayandirarak yenilemek zorunda kalacaktir Budak ve Korkmaz, 2020:75).

OECD iilkeleri Covid-19 pandemisine kars1 yetersiz kalmaktadir. Bunun sebepleri arasinda 1. basamak saglik hizmetlerinin
hastalar1 zamaninda teshis edememesi sebebiyle enfekte olan hastalarin ¢ok fazla talepte bulunmasi, viriise karsi koruma saglayan
maske ve onliigiin sinirl olmasi, niifusa kars1 hastane yogun bakim ve hasta yataklarimin kisitli olmasi yer almaktadir (Yigit, 2020:
411). Yapilan aragtirmalar genel popiilasyonda yiiksek oranda maske kullanimimin viriis bulagmasimi ve SARS-COV-2
damlaciklarmin havada asili kalmasi nedeniyle yayilimini azaltabilecegini géstermektedir (Yan vd., 2021: 2). Ek olarak, toplumda
maske kullanimi, ancak ¢ogu insan maske takarsa etkili ireme sayisinda anlamli bir azalma saglayacaktir (Cheng vd., 2020: 2).
Amerika’da yapilan bir arastirmaya gore kolektivist kiiltiirlerin karsilikli bagimliliga ve ortak hedeflere vurgusu nedeniyle, bu tiir
kiiltiirlerdeki birgok insan maske takmay1 yalnizca bir sorumluluk olarak degil, ayn1 zamanda pandemi ile miicadelede bir
dayanisma sembolii olarak gérmektedir (Lu, Jin, & English, 2021:1).Ulkeler de maske kullanimina iliskin yonergeler agiklamis
olup Viriisiin yayilmasini en aza indirmek igin vatandaglarmin halka agik alanlarda maske takmasini zorunlu tutmaktadir. Bu
nedenle, halka a¢ik alanlarda maske takmak, viriisiin yayllmasini durdurmanin en etkili yollarindan biri olarak gériilmektedir (Rab
vd., 2020: 1617).

Ingiltere pandemi ile miicadelede en gec harekete gecen iilkelerin bagindadir. Salginin ilk dénemlerinde “siirii bagisiklig1”
stratejisini benimseyen Ingiltere’de vakalarin ve 6liim say1lariin giderek artis gdstermesi hiikiimeti énlemler almaya sevk etmistir
(Munis ve Aydm, 2021: 70). Buna Karsilik olarak Almanya pandemi siiresince italya ve Ispanya’dan sonra Avrupa'da en ¢ok
vakanin goriildiigi tilkeler arasindadir. Ancak hayatin1 kaybeden hastalarin sayisinin diger lilkelere kiyasla ¢ok daha diisiik olmasi
tim diinyada dikkatleri Almanya'nin izledigi politikaya ve aldigr onlemlere ¢evirmistir. Bunun cevabini hiikiimet danigmani
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Christian Drosten, "Bizde 6liim orani ¢ok diisiik ¢iinkii biz oldukca fazla oranda laboratuvar testi yontemi uyguluyoruz." seklinde
cevap vermigtir (Keskin, 2020). Covid-19 pandemisi yikimini artirirken, diinyanin dort bir yanindaki doktorlar, hayat kurtaran
kaynaklarimi paylastirma gibi goz korkutucu bir gérevle karsi karsiyadir. Acil servislerde veya yogun bakim iinitelerinde “ilk gelen
ilk hizmet alir” yontemi uygulanamamaktadir. Ayrica italya'da doktorlar vantilatorleri 60 yasin altindakilerle simirladigin
bildirmistir (Iserson, 2020:5).

Covid 19 pandemi siirecinden en fazla etkilenen iilkelerin basinda ABD gelmektedir. Saglik hizmetlerini 6zel sektor tarafindan
karsilayan ABD vatandaglari, bireysel saglik sigortalari olmadigi takdirde acil servis harici bir hizmet alamamaktadir. ABD
hastaneleri kar amact giiden hastaneler olmasi sebebiyle bu siirecte yogun hizmet vermesine karsilik yeterli diizeyde kar elde
edemedigi i¢in biiyiik sikintilar yasamaktadir. Kisaca ABD’de saglik teknoloji altyapisi gelismis olmasina ragmen, toplum igindeki
dagilimi baska gelismis iilkelerdeki bircok ulusal saglik sisteminin oldukg¢a gerisinde kalmaktadir (Y1ldizoglu, 2020).

Amerika Birlesik Devletleri’nde yapilan ve 30.529 kisinin katildig1 bir ¢alismada katilimcilarin en yaygin olarak gosterdigi
semptomlar; bas agrisi, titreme veya terleme, nefes almada zorluk, tat ve koku almada azalma ve Oksiiriik olarak tespit edilmistir
(Quer, 2021: 75). Yine bir Italyan ¢alismasinda taburcu olduktan 7 hafta sonra 143 birey izlenmis ve %53'iniin yorgunluk,
%43'lintin nefes darligi ve %27'sinin eklem agrist bildirdigi belirlenmistir (Halpin vd., 2021: 1014). Birlesik Krallik ve ABD’de
yogun bakim {initelerinden elde edilen verilerde gézlemlenen demografik egilim ise, dlen bireyler daha fazla oranda Siyah, Asyali
ve Azinlik Etnik hastalardir (Chakravorty vd., 2020: 2). Biyolojik risk faktorlerinden seker hastaligi ve akciger hastaligi gibi tibbi
risk faktorlerine, sosyoekonomik durum, kalabalik hane halki ve toplu tasima kullanimi gibi sosyal risk faktorlerine kadar sayisiz
faktor One siiriilmiistiir (Karmakar vd., 2021: 2).

Bir diger yandan enfeksiyon riski en yiiksek olanlar, enfekte olan bireyler ile temas halinde olanlardir, yani 6n saflardaki
doktorlar ve hemsireler olmak iizere saglik ¢alisanlaridir. Yiiksek stresli bir ¢aligma ortami, saglik caliganlarinin bagisikligini daha
da zayiflatmis ve hastalara uzun siire maruz kalinmasi, enfeksiyon riskini hizla artirmigtir (Du vd., 2021: 4).isyerleri ve bireyler
Covid-19 i¢in subklinik ve asemptomatik tagiyicilar olarak potansiyel bir enfeksiyon kaynagidir ve bu durum hastanelerde saglik
personelleri i¢in 6nemli bir tehdit olusturmaktadir (Kumar vd., 2021: 2). Bununla birlikte, saglik ¢alisanlar1 saglik ¢aliganlar
olmayanlara gore daha erken bakim alabilmekte, bu da tani, hastaneye yatis ve hayatta kalma oranlarini diger bireylere karsi daha
fazla etkileyebilmektedir (Shepard vd., 2021: 545).

Mevcut tahminlere gore, gelismis ekonomilerdeki yetiskin niifusun biiyiik boliimii 2022'nin ortalarinda asilanmig olacak, orta
gelirli iilkeler i¢in ise 2022'nin sonlarina ya da 2023"in baglarina kadar uzayabilirken, daha yoksul iilkeler i¢in toplu bagisiklama
2024'e kadar uzayacaktir (Elgar vd., 2021: 2). Canl ateniie, inaktif, mRNA ve DNA igeren ve vektor asilar olmak tizere dort cesit
as1 tipi bulunmaktadir. Farkli gelismis as1 teknolojileri, Covid-19'u 6nlemedeki potansiyellerini zaten gostermistir ve mRNA ve
adenoviral vektor asilari da dahil olmak iizere bu tiir birka¢ asi, klinik deneyleri basariyla tamamladiktan sonra diinya ¢apinda
kullanim igin yetkilendirilmistir (Kozlovskaya vd., 2021: 1791).

Mevecut asilarin varligi, yeni enfeksiyonlar1 en aza indirmek i¢in kilit unsur oldugundan insanlar1 ve 6zellikle saglik ¢alisanlarini
agilamak ¢ok 6nemlidir (Troiano ve Nardi, 2021: 246). Bunun yani sira bulagici bir hastaliga maruz kalmak kisiyi riske attigindan
ve agtlanmazlarsa bireylerin hastaligi bagkalaria bulastirma olasiliklari ¢ok daha yiiksek oldugundan, as1 tereddiitii hem birey hem
de toplum igin tehlike arz etmektedir (Coustasse vd., 2020: 72). Luyten ve arkadaslari tarafindan 1402 ingiliz vatandasmna yapilan
as1 tereddiidii aragtirmasinda katilimeilarin %90°1inda en az bir boyutta as1 tereddiidii bulundugu ve bu tereddiidiin asilar ile ilgili
risk algisindan kaynaklandigi tespit edilmistir (Yalgin-Balgik ve Demir, 2021: 379). Biiyiik 6l¢lide yiiksek gelirli iilkelerde
ylriitiilen yayinlanmig arastirmalar, tereddiitiin baslica nedenlerinden biri olarak, a1 gelistirme stirecinin hizli temposu da dahil
olmak tizere, Covid-19'a kars1 agilarin giivenligine iliskin endiselerini belirtmektedir (Machingaidze ve Wiysonge, 2021: 1338).

2. Analiz

2.1.  Gereg¢ ve Yontem

Calismada OECD iilkelerinin saglik istatistikleri Covid-19 ve genel saglik istatistikleri yoniinden karsilagtirilmis ve
yorumlanmuistir.

2.2.  Bulgular

OECD 2020,2021 yil1 saglik istatistiklerinden, Diinya Saglik Orgiitii Covid-19 istatistiklerinden ve Saglik Bakanlig1 2019 yili
saglik istatistiklerinden yararlanilarak asagidaki veriler olusturulmustur. Bulgular, OECD iilkelerinin Covid-19 istatistikleri,
Covid-19 as1 uygulama durumlari, yatak kapasiteleri, ortalama yatig siireleri, personel sayilar1 ve saglik harcamalar1 yoniinden
bagliklar halinde incelenmistir.

2.2.1. OECD iilkelerinin Covid-19 Verilerinin Karsilastirilmasi

Saglikta hizmetlerinde istatistik; kurum kaynaklarinin daha aktif bir grafikte yonetilebilmesi, iilkeler ve saglik hizmetleri
sunucularinin faaliyetlerini gergeklestirirken ya da gelecege yonelik karar verme agamalarinda yol gosterici olmasi, saglik personeli
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ve saglik kuruluslarinin takip edilmesi, giivenilir ve giincel verilere ulasilabilme ve ulasilan verilerin veri kaynagindan alinmasi
bakimindan 6nemli katkilar saglamaktadir. Bdylece bu veriler veri isleme ile bir dizi analiz siireci sonucunda amaglanan arastirma
konusu iizerinde daha hizli ve dogru karar verme imkani1 saglamaktadir. Bu nedenle ¢aligmanin daha iyi anlasilabilmesi icin OECD
iilkelerinin saglik hizmeti performanslar1 ve Covid-19 pandemi donemine ait baz istatistikler asagida verilmektedir.
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Grafik.1 OECD Ulke Niifuslarina gore Dogrulanmis Covid-19 Vaka Oranlan
Kaynak: https://corona.cbddo.gov.tr/

Grafik 1’de, 06 Aralik 2021 tarihi itibari ile OECD iilkelerinin niifusuna oranla Covid-19 kesin tan1 yiizdesi verilmistir. Buna
gore iilke niifuslarina oranla en fazla kesin tan1 orani Slovenya, Slovakya, Estonya, Israil ve Hollanda’da konulmustur. Niifuslarina
gore en az kesin tani konulan iilkeler Avusturalya, Giiney Kore, Japonya, Finlandiya ve Kanada’dir.
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Grafik.2 OECD iilkeleri Covid-19 Vaka 6liim oranlari
Kaynak: https://corona.cbddo.gov.tr/

Grafik 2’de, 06 Aralik 2021 tarihi itibari ile OECD iilkelerinde dogrulanmis kesin tanilarda meydana gelen 6liimlerin orani
verilmistir. Buna gore bildirilen dogrulanmis vakalara gore en yiiksek 6liim orani sirasi ile yiiz binde 3.083 ile Macaristan, yiiz
binde 2.610 ile italya’da, yiiz binde 2.533 ile Kolombiya’da, yiiz binde 2.170 ile Sili’de ve yiiz binde 1.920 ile Yunanistan’dadir.
En diistik 6liim oranlari ise sirast ile yiiz binde 378 Norveg, 558 Danimarka, 609 Israil, 706, Finlandiya, 711 Hollanda ve yiiz binde
873 ile Tiirkiye’dedir.
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Grafik 3. Ulke Niifuslarina Gore Covid-19 Oliim Oranlar1
Kaynak: https://corona.cbddo.gov.tr/

Grafik 3°te, 06 Aralik 2021 tarihi itibari ile OECD iilkeleri niifuslarina gére Covid-19’dan 6liim oranlar1 verilmistir. Buna gore
en yiiksek 6liim oranlari binde 3.71 ile Macaristan, 2,60 Slovenya, 2.77 Slovakya, 2.52 Kolombiya, 2.39 ile ABD, 2.27 ile italya’da
goriilmiistiir. Niifusa gore en diisiik 6liimler ise Giiney Kore (%o 0.08), Avustralya (%o 0.08), Japonya (%o 0.15), Norveg (%o 0.21),
Finlandiya (%0 0.25), Danimarka (%o 0.51), kanada (%o 0.78) ve Tiirkiye’de (%o 0.94) goriillmiistiir.

2.2.2. Covid-19 Asilanma Istatistikleri

M Share of people fully vaccinated against COVID-19 Ml Share of people only parthy vaccinated against COVID-19
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Grafik 4. OECD Ulkelerinin Asilanma Oranlar

Kaynak: Our World in Data

Grafik 4’te OECD iilkelerinin tamamen veya kismen asilanma oranlari belirtilmektedir. 10 Aralik 2021 tarihli sekle gore en
fazla agilama oranina sahip iilkeler Portekiz (%89), Sili (% 88) ve %84 ile Giiney Kore’dir. En az agilama oranina sahip tilkeler ise
Slovakya (%49), Polonya (%56) ve % 61 ile Meksika’dir. Tiirkiye ise %66 ile OECD iilkeleri arasinda alt siralarda yer almaktadir.
Ancak bu siralamada iilkemiz niifusunun tamamina (83 milyon) oranlama yapildigindan oran bu Grafikdedir. Normalde 18 yas
iistii niifusta asilama orani1 % 82°dir.
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Grafik 5. Tiirkiye Astlanma Oranlari

Kaynak: https://covid19asi.saglik.gov.tr/

Grafik 5’te Tiirkiye Cumhuriyeti Saglik Bakanligi Covid-19 bilgi merkezince her 2 dk da bir giincellenen verilere gore en az
iki doz as1 olmus 18 yas ve istl niifusu ve illere gore dagilimi gostermektedir. Tiirkiye’de 13 Aralik 2021 tarihi itibariyle 1. Doz
ast yapilma oran1 %91.05, 2. Doz as1 yapilma orant ise %82.03’dir. 1. 2. ve 3. doz as1 toplam1 121.655.651 dir. Bu oran birgok
OECD ve Avrupa iilkesine gore yiliksektir. Bununla birlikte Grafik 4’teki tilkemiz siralamasinin niifusun tiimii degerlendirilerek

yapilmis oldugu goriilmektedir.

2.2.3. Yatak Kapasitelerinin Karsilastirilmasi
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Grafik 6. 1.000 Kisiye Diisen Hastane Yatagi Sayisinin Uluslararas1 Karsilastirmasi
Kaynak: OECD Saglik istatistikleri 2021

Grafik 6’ya gore AB, OECD iilkeleri ve diger iilkeler arasinda 1.000 kisiye diisen hastane yatagi sayisinda en yiiksek orana
sahip iilkeler: Japonya, Giiney Kore, Rusya ve Almanya’dir. En diisiik orana sahip iilkeler ise Hindistan, Meksika, Kolombiya ve
Endonezya’dir. Tiirkiye’de ise bin kiside kisi basina 2.9 hasta yatagi diismektedir.
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Grafik 7. OECD ve Diger Ulkelerinin Yatak Doluluk Oranlar

Kaynak: OECD Saglik istatistikleri 2021

Grafik 7 incelendiginde OECD iilkelerinde ortalama yatak doluluk orani %76,2 iken bu oran Tiirkiye’de %65,5’tir. Yatak
doluluk orani en fazla olan iilkeler; Kanada, Israil, irlanda, Kosta Rika ve Portekiz’dir. En diisiik yatak doluluk oranina sahip
iilkeler Hollanda, Macaristan, ABD ve Tiirkiye’dir.
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Grafik 8. 100.000 Kisiye Diisen Yogun Bakim Yatak Sayisinin Uluslararas1 Karsilagtirilmasi
Kaynak: OECD Saglik Istatistikleri 2021
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Grafik 8’de OECD iilkelerinin 2019 ve 2020 yillarindaki 100.000 kisiye diigen yogun bakim yatak sayisin1 goriilmektedir. sekle
gore en ¢ok yogun bakim yatak sayisi oranina sahip iilkeler Cekya, Tiirkiye ve Estonya’dir. Tiirkiye’yi Almanya ve Avusturya
takip etmekte, en diisiik orana sahip OECD iilkeleri ise, Kosta Rika, Yeni Zelanda, Meksika ve Isve¢’tir. Pandemi déneminde
yogun bakim yatak sayis1 onemli bir ihtiya¢ olmus olup Tiirkiye bu konuda yeterli sayida yogun bakim yatagina sahip olup, gerekli
bakim ve tedavi hizmetini en sekilde yapmistir. Bunun sonucu olarak Tiirkiye’de Covid-19 nedeni ile meydana gelen 6liimler bir
cok gelismis tilkeden diisiik sayidadir.
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Grafik 9. Hastanede ortalama yatis siiresi
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Kaynak: OECD Saglik Istatistikleri 2021

Grafik 9°da OECD iilkeleri ve diger iilkeler arasinda hastanede ortalama yatis siireleri verilmistir. Buna gore en fazla hastanede
yatma siiresi Giiney Kore (18 giin), Japonya (16 giin), ve Macaristan’dadir (9.6 giin). Hastanede en az yatis siiresi ise Tiirkiye (4.2
giin), Meksika (4.4 giin), ve Hollanda’dadir (5.2 giin).

2.2.4. Saghk Personeli Sayillarinin Karsilastirilmasi
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) Grafik 10. 100.000 Kisiye Diisen Hekim Sayisi
Kaynak: Saglik Bakanhig1 Saglik Istatistikleri Y1llig1 2019.
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Grafik 10’da, OECD iilkelerinin 100.000 kisiye diisen hekim sayisin1 géstermektedir. Buna gore, en fazla hekim sayisina sahip
iilkeler; Yunanistan, Avusturya ve Portekiz, en az hekim sayisina sahip {iilkeler ise Tiirkiye Giiney Kore ve Polonya’dir.
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Grafik 11. 100.000 Kisi Basina Diisen Hemsire ve Ebe Sayis1
Kaynak: Saglik Bakanlig1 Saglik Istatistikleri Yilligi 2019.

Grafik 11 OECD iilkelerinin 100.000 kisiye diisen hemsire ve ebe sayisin1 gostermektedir. Sekle gore, en fazla hemgire ve ebe
sayis1 oranina sahip iilkeler, Norveg, isvigre ve Izlanda, en diisiik orana sahip iilkeler ise Tiirkiye, Yunanistan ve Sili’dir. Tiirkiye
OECD iilkeleri arasinda 1000 kisi bagina diisen en diisiikk hekim ve hemsire sayisina sahiptir. Bu sebeple; Tiirkiye birgok iilkeyle
kiyaslandiginda niifusa gére hekim ve hemsire sayisini artirmasi yararli olacaktir.
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1. OECD estimates for 2019, 2. OECD estimates for 2020,

Source: DECD Health Statistics 2021, WHO Global Health Expenditure Database.
Grafik 12. Saghk Harcamalarmin Gayri Safi Hasila igindeki Pay

Grafik 12°de iilkelerinin gayri safi yurt ici hasilaya gore saglik harcamalar1 verilmistir. Ulkelerin saglik harcamasi dinamiklerini
analiz ederken, saglik harcamalarmin GSYIH'ya oranmi dikkate almak 6nemlidir (OECD & AB, 2020:160). Grafige gére; en fazla
saglik harcamasi yapan iilkeler siralamasi; ABD, Almanya, Isvicre ve Fransa’dir. Sagliga ayrilan biitce OECD iilkelerine oranla
Tiirkiye’de daha diisiik seviyelerdedir. OECD ortalamas1 % 8.8 iken iilkemizde saglik harcamalarinin gayri safi hasilaya orani

%4 .3 tiir.

Ayrica Tiirkiye OECD filkeleri arasinda kisi bast en az saglik harcamasi yapan iilkeler arasinda 2. siradadir ve tilkelerin
GSYIH’dan saglik giderleri igin ayrilan pay ortalamasinda %8,8 ile diisiik seviyededir. En fazla pay ayiran iilkeler; Isvigre, Fransa
ve Almanya’dir (Ozer ve Cetinkaya, 2020: 122).

2.3. Tartisma

Calismada OECD iilkeleri arasindaki Covid-19 verileri, agilanma oranlari, yatak doluluk ve yatak isgal oranlar1 ve saglik
personeli sayilart karsilastirilmastir.
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Buna gore iilke niifuslarina oranla Covid-19 en fazla kesin tan1 (Grafik 1) Slovenya, Slovakya, Estonya, israil ve Hollanda’da
konulmustur. Niifuslarina gére en az kesin tani konulan iilkeler Avusturalya, Giiney Kore, Japonya, Finlandiya ve Kanada’dir.
Tan1 konulma orani bir ¢ok faktdre baglidir. Goriildiigii iizere niifusu az olan Slovenya, Slovakya, Estonya, Israil ve Hollanda gibi
iilkelerde tani orani niifusa oranla yiiksektir. Bu durum bu gibi iilkelerde tani araglarinin niifusun ¢oguna ulagilabilir olmasi ile
agiklanabilir. Bu oran iilkemizde 10.72’dir.

Diinya Saglik Orgiitii’ne bildirilen dogrulanmig Covid-19 vakalarma gére en yiiksek 6liim orani (Grafik 2) sirasi ile yiiz binde
3.083 ile Macaristan, yiiz binde 2.610 ile Italya’da, yiiz binde 2.533 ile Kolombiya’da, yiiz binde 2.170 ile Sili’de ve yiiz binde
1.920 ile Yunanistan’dadir. En diisiik 6liim oranlar ise sirast ile yiiz binde 378 Norveg, 558 Danimarka, 609 Israil, 706, Finlandiya,
711 Hollanda ve yiiz binde 873 ile Tiirkiye’dedir.

Grafik 3’te OECD iilkeleri niifuslarina gore Covid-19’dan 6liim oranlari verilmistir. Buna gore en yiiksek 6liim oranlar1 binde
3.71 ile Macaristan, 2,60 Slovenya, 2.77 Slovakya, 2.52 Kolombiya, 2.39 ile ABD binde 2.27 ile italya’da gériilmiistiir. Niifusa
gore en diisiik 6liimler ise Giiney Kore (%o 0.08), Avustralya (%o 0.08), Japonya (%o 0.15), Norveg (%o 0.21), Finlandiya (%o 0.25),
Danimarka (%o 0.51), Kanada (%o 0.78) ve Tiirkiye’de (%o 0.94) goriilmiistiir.

Covid-19’a bagli 6lim oranlarimin disiik oldugu iilkelerde, Covid-19” karsi erken yanit, yeterli saglik altyapisi, korunma
tedbirlerinin etkililigi, bakim ve tedavi siireclerinin kalitesi gibi pek ¢ok faktoriin Covid-19’a bagh 6liim oranlarinin bu tilkelerde
diisiik olmasina etki ettigi sdylenebilir. Tiirkiye’de Covid-19’a bagli 6liimlerin niifusuna ve kesin tant almis vakalara gore diisiik
oldugu tilkeler arasindadir. Bunda yillardir sagliga yapilan yatirimlarin etkisinin biiyiikk oldugunu séyleyebiliriz. Son yillarda
yapilan sehir hastaneleri ve modern yogun bakimlar, tibbi cihaz ve donanimlar ile Covid-19’a hizla yanit verilmis olmasi ve tedavi
stireglerinin bagarisinin gostergesi olarak Covid-19’a bagli 6liimler diisiik sayidadir.

En fazla agilama oranina sahip iilkeler Portekiz (%89), Sili (% 88) ve %84 ile Giiney Kore’dir. En az asilama oranina sahip
iilkeler ise Slovakya (%49), Polonya (%56) ve % 61 ile Meksika’dir. Tiirkiyede18 yas iistii agilama oran1 % 82’dir (Grafik 5).

AB, OECD iilkeleri ve diger iilkeler arasinda 1.000 kisiye diisen hastane yatagi sayisinda en yiiksek orana sahip iilkeler:
Japonya, Giiney Kore, Rusya ve Almanya’dir. En diisiik orana sahip tilkeler ise Hindistan, Meksika, Kolombiya ve Endonezya’dir.
Tiirkiye’de ise bin kiside kisi bagina 2.9 hasta yatag1 diismektedir (Grafik 6). OECD iilkelerinde ortalama yatak doluluk orani
%76,2 iken bu oran Tiirkiye’de %65,5’tir. En diisilk yatak doluluk oranina sahip iilkeler Hollanda, Macaristan, ABD ve
Tiirkiye’dir. Ulkemiz diger iilkelere gore yatak sayis1 bakimindan OECD iilke ortalamasinin altinda olmasina ragmen yatak doluluk
oranlart OECD ortalamasindan ve ¢ogu tilkeden diisiik durumdadir.

OECD iilkeleri arasinda en ¢ok yogun bakim yatak sayisi oranina sahip iilkeler Cekya, Tiirkiye ve Estonya’dir. Tiirkiye’yi
Almanya ve Avusturya takip etmekte, en diisiik orana sahip OECD iilkeleri ise, Yeni Zelanda, Meksika ve Isveg¢’tir (Grafik 8).
Covid-19 baglangicinda birgok iilkede hastalar igin yogun bakim yeri ve tibbi cihaz artan talebe bagh olarak bulunamamistir.
Tiirkiye hem yogun bakim kapasitesi hem de hastane ve tibbi malzeme kapasitesi bakimindan kendi kendine yetebilen iilkelerin
basinda yer almistir. OECD yogun bakim ortalamasi yiiz bin kiside 14.1 iken Tiirkiye’de bu oran 2020 yilinda 39.8 olmustur.

Grafik 9°da OECD tilkeleri ve diger iilkeler arasinda hastanede ortalama yatig siireleri verilmistir. Buna gore en fazla hastanede
yatma siiresi ortalama Giiney Kore (18 giin), Japonya (16 giin), ve Macaristan’dadir (9.6 giin). Hastanede en az yatis siiresi ise
Tiirkiye (4.2 giin), Meksika (4.4 giin), ve Hollanda’da (5.2 giin)’diir. OECD iilkeleri arasinda en az hastanede kalis siiresi
Tirkiye’dedir. Bu durumun iilkenin niifus yapisi, tedavi ve bakim siireglerinin kalitesi, saglik altyapisinin hizli cevap verebilirligi
gibi pek gok faktdrle agiklamak miimkiindiir. Bu konunun nedenlerine yénelik detayl arastirma yapilmast gerekmektedir. Ulkemiz
agisindan bu olduk¢a olumlu bir durumdur. Saglik harcamalarinin yiikiiniin az olmasinin bir nedeni bu veri ile iliskilendirilebilir.

OECD iilkelerinin 100.000 kisiye diisen hekim sayisina bakildiginda (Grafik 10) en fazla hekim sayisina sahip ilkeler;
Yunanistan, Avusturya ve Portekiz, en az hekim sayisina sahip tlkeler ise Tiirkiye, Gliney Kore ve Polonya’dir. Bununla birlikte
yatak doluluk oranlari1 en diigiik ve Covid-19’dan 6liimlerin az oldugu iilkeler arasinda yine Tiirkiye ve Giiney Kore yer almaktadir.
Doktor sayisinin fazla oldugu Yunanistan ve Portekiz’de ise Covid-19 nedeni ile 6liimler daha yiiksek diizeydedir.

Yiiz bin kisi basina en fazla hemsire oranina sahip iilkeler (Grafik 11), Norveg, Isvicre ve izlanda, en diisiik orana sahip iilkeler
ise Tiirkiye, Yunanistan ve Sili’dir. Tiirkiye OECD iilkeleri arasinda 1000 kisi basina diisen en diisiik hekim ve hemsire sayisina
sahiptir. Bu sebeple; Tiirkiye bir¢ok iilkeyle kiyaslandiginda niifusa gére hekim ve hemsire sayisini artirmasi yararl olacaktir.

Ulkelerinin gayri safi yurt ici hasilaya gore saghk harcamalarina (Grafik 12) baktigimizda, en fazla saglik harcamasi yapan
iilkeler siralamasi; ABD, Almanya, Isvicre ve Fransa’dir. Sagliga ayrilan biitce OECD iilkelerine oranla Tiirkiye’de daha diisiik
seviyelerdedir. Saglik harcamalarinin gayri safi yurt i¢i hasilaya orant OECD ortalamasi % 8.8 iken {iilkemizde saglik
harcamalarinin gayri safi hasilaya oram %4.3 tiir. Aslinda bu olumlu bir gostergedir. Ulkemizde hem yatak doluluk oran1 hem de
ortalama yatis siiresi diger tilkelerden diisiik durumdadir. Bu durumun niifus yas aralig1 yoniinden de incelenmesi gerekmektedir.
Ulkemiz kismen daha geng niifusa sahiptir. Bununla birlikte saglik hizmetlerine erisim daha kolay durumdadir. Ulkemizin saglhk
harcamalarinin diisiik diizeyde olmasi yukarida belirtilen ve daha baska birgok faktorle aciklanabilir.
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3. Sonuc¢

OECD iilkelerinin saglik istatistikleri, Covid-19 verileri, yatak kapasitesi, asilanma oranlari, saglik personeli sayilar1 ve saglik
harcamalar1 yoniinden karsilastirilmistir. Aciklanan kesin vakalarda Covid-19’dan en yiiksek 6liim orani siras1 Macaristan, Italya,
Kolombiya, Sili ve Yunanistan’da meydana gelmistir. En diisiik 6liim oranlar1 ise Norveg, Danimarka, Israil, Finlandiya, Hollanda
ve Tiirkiye’dedir.

En fazla agilama oranina sahip tilkeler Portekiz, Sili ve ve Giiney Kore’dir. En az agilama oranina sahip iilkeler ise Slovakya,
Polonya ve Meksika’dir. Ulkelerin yogun bakim kapasiteleri Covid-19 hastaliginda énemli ihtiyag haline gelmistir. Yogun bakim
kapasitesi ve tibbi cihaz kapasitesi yetersiz olan ¢ogu iilke Covid-19’un baslangicinda hastalara hizli miidahalede bulunamadi. Bu
durum Covid-19’dan 6liimlerin ilk donemlerde daha hizl ve yiiksek olmasina neden oldu.

OECD iilkeleri arasinda en ¢ok yogun bakim yatak sayisi oranina sahip tilkeler Cekya, Tirkiye ve Estonya’dir. Turkiye’yi
Almanya ve Avusturya takip etmekte, en diisiik orana sahip OECD iilkeleri ise, Yeni Zelanda, Meksika ve Isveg’tir. Tiirkiye yogun
bakim kapasitesi olarak en iyi tilkelerden birisidir.

Tiirkiye saglik personeli sayist bakimindan OECD filkeleri arasinda diisiik durumdadir. Saglik personeli sayisinin artirilmasi
gerekmektedir. Genel olarak iilkemiz saglik istatistiklerine bakildiginda diger iilkelerle Covid-19 verileri (6liim oranlari, yatak
doluluk oranlar1 vb) karsilastirildiginda tilkemizin Covid-19 ile miicadelede basarili oldugunu soyleyebiliriz. Agilamanin artmast
ile Covid-19’a bagli 6liimlerin tiim diinyada daha da azalacagi beklenmektedir.
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Abstract

Small satellites have started to be produced as a solution to the volume, weight and cost problems of traditional satellites. CubeSat as a small
nano satellite whose production is gaining speed today, has contributed to research in space and satellite with the Internet of Things. CubeSat
networks that can communicate each other in space are created with the development of the Internet of Things. The performance of satellites is
attempted to be maximized with small satellites. Small electronic components of these satellites increase the sensitivity to space radiation. At the
same time, the performance of the satellite is affected. More durable materials are being developed to minimize these impacts. In addition,
satellites are tested for their durability by irradiating the satellite to be sent with close amounts of space radiation before it is sent into space.
Signals that are important in satellite communication are affected by atmospheric conditions. In this context, the effect of the ionosphere which
is the layer of the atmosphere on signals is mentioned. A compilation article about CubeSat networks that bring the concept of the Internet of
Space Things to the fore, the effects of space radiation on small satellites, the materials that can be used on small satellites to reduce this effect
and the radiation tests conducted has been written to address the lack of local resources.

Keywords: “Cubesat, Graphene, Small Satellite, Nanocomposite, Radiation Test, Space Radiation”

1. Giris

Nanoteknolojinin ilerlemesi kullandigimiz birgok teknolojik aletin de kiigiilmesini saglamistir. Bu teknolojinin 6nemini, 1959
yilinda Nobel 6diilli fizik¢i Richard Feynman “Altta Cok Yer Var” adli konugmasinda vurgulamistir. Bu konusmasinda nano
boyutlarda {iretim yapilmasinin teknolojide ilerleme kaydedilecegini de sdylemistir. Bu ilerleme uydu ve uzay gelismelerini
etkilemistir [1]. Geleneksel uydular 6nceleri ¢ok biiyiik boyutlara sahipken giiniimiizde uydu teknolojilerinin gelismesiyle birlikte
bu uydularin boyutlar kiiciiltiilmiistiir. Bu kiigiik uydularin en ¢ok tercih edildigi nanoteknolojiyle donatilmis olan CubeSat
uydularmin iiretimi hiz kazanmistir. Bu uydular sayesinde uzay arastirmalar1 daha hizli ve daha kolay olabilmektedir. Tlk baslarda
egitim alaninda arastirma yapmak icin tiretilse de su an uzayda daha az maliyetli test yapma olanag1 ve uyduya yerlestirilen giines
hiicrelerinden enerji saglama gibi ¢ok farkli alanlarda kullanilabilmektedir. Ayrica uzayda ag olusturarak Diinya’daki yer istasyonu
ile direkt olarak baglant1 kurulabilmektedir.

CubeSat gibi kiigiik uydularin hem iilkemizde hem de diinyada daha az maliyetli olmasinin da etkisiyle {iretimi artmigtir. Hint
Lisesi 6grenci ekibi tarafindan tasarlanan KalamSat, 64 gr agirhginda, karbon fiberden yapilan diinyanin en kii¢iik uydusudur. Bu
uydunun iizerinde yeni bir bilgisayar ve diinyanin magnetosferini 6lgecek sekiz alicit bulunmaktadir. Haziran 2017°de bir NASA
tesisi tarafindan uzaya firlatilmistir. Eyliil 2011°de ESA (European Space Agency) tarafindan yiiriitillen bir proje kapsaminda
Clyde Space Ltd, Mars Space Ltd ve Southampton Universitesi tarafindan CubeSat’m dmriinii 600 km’lik bir yériingede iki katina
¢ikarabilecek bir Pulsed Plasma Thruster tasarlanmistir [2]. Diinyada kiigiik uydu alanindaki ¢alismalara paralel olarak tilkemizde
kiip uydu seklinde TURKSAT igin gelistirilmis olan TURKSAT-3USAT ile haberlesme uydularinda ilerleme kaydedilmistir [3].
Ayrica uzaya basari ile gonderilen ilk kiip uydumuz ITUpSAT]1, ITU Uzay Miihendisligi Boliimii’nde yapilmustir [4].

Uzay ortamindaki olumsuz kosullara dayanikli bir uydu iiretmek yapilan ¢aligmalarin zorlayict kismi olmaktadir. CubeSat’larin
uzay kosullarina karsi daha hassas olmasi nedeniyle iiretimi sirasinda ek olarak olumsuzluklari en aza indirmek i¢in ¢alismalar
yapildig1 goriilmektedir. Bunlardan birisi ekranlama yontemidir. Bu yontemde ekranlama etkinligi igin elektrik iletkenligi yiiksek
olan grafen kullanilmaktadir. Bu nedenle uydunun daha dayanikli olabilmesi i¢in grafen temelli malzemeler se¢ilmektedir. Ayrica
uzaya gonderilmeden dnce uydu iizerinde belirli testler yapmak son derece 6nemlidir.

LSorumlu Yazar. Tel: +0374 254 10 00
E-posta adresi: altunaymerve97@gmail.com
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2. Uydular ve Yoriingeleri

Uydular diinyanin etrafinda yoriinge iizerinde birbirine ¢arpismadan donmektedirler. Diinya’ya olan uzakliklarina ve kullanim
amagclarina gore farkli yoriinge tiplerine sahiptirler [5].

2.1. Diinya’ya Uzakhiklarina Gore Uydu Yoériingeleri

LEO160-2000 km)
MEO(2000-35756 k)
GEO(35786 km)

Sekil 1. Uydu Y ériingeleri

Tablo 1’de goriildiigii iizere uydu yoriingelerinden LEO, Diinya’ya yakin oldugundan goriis agis1 en az olandir. Goriis agisini
arttirmak igin diger yoriingelere gore daha fazla uyduya ihtiya¢ duyulmaktadir. Bunun yani sira bu uydularin yoriingede kalabilmesi
icin gereken hiz artmaktadir. Buna bagli olarak da diger yoriingelere gore daha fazla enerji harcanmaktadir. Bu nedenle Diinyaya
yaklastik¢a uydularin ticari 6miirleri azalmaktadir.

Uydu haberlesmesinde gonderilen sinyallerin uyduya ulagma siiresi mesafe uzamasina bagli olarak artmaktadir. Bundan dolay1
GEO yoriingesinin gecikme siiresi digerlerine gore daha fazladir. Uydular yoriingesine yerlestirildikten sonra uydunun konumunun
bozulmas! yercekimi kuvvetindeki bir degisiklige, az bir oranda da olsa atmosferik siirtiinme ve radyasyon etkileri gibi dig etkenlere
baglidir [6].

Tablo 1. Uydu yériingeleri dzellikleri [6]

40 ve Yer gozlem uydulart ve

LEO 160-2000 km 0.05 saniye 4-7 yil

iizeri uydu telefon sistemleri

Yer gozlem ve GPS

MEO 2000-35786 km 10-15 0.10 saniye 15 y1l
uydulart

Televizyon ve radyo
yayinciligt, hava durumu
izleme, GPS, VSAT, SCPC
vb. sistem uydulari

GEO 35786 km 3-4 0.25 saniye 10-15 y1l
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2.2.  Kullamim Amaclarma Goére Uydu Yoriingeleri

Kullanim amaglarma gore uydu yoriingeleri

. , " Navigasyon
Askeri Am?'ll Tletisim-Haberlesme YT“' G"ﬂf"m o Uydflarl: Radyo Meteoroloji Uydulan: - Astronomi Uydular:
Uydu:ar: Kesif- tU{dl-lIm: Rajl}[r](j, Ea{;k“eltall:;mmg sinyaller le gemilerin, Dlinyal’(?:lﬁhm ve LJ'zlfliy a;aghmlalarmda
Gozetleme, elevizyon yaymnlari, : o ueaklarn. mobil gelecekteki hava ullanilir
itbara, telfon, ntenet v, leisin :)Zlmﬁ; Llslflilarm thaﬂm‘ b, yerlerni il e gl
haberlesme vb. c1hazlarmm .smyfjl 1let_1m1 amzclar o " GPS yardmile bilgileri izlemek icin
asker tyaclr in ﬁﬂ{:ﬁm icin gbnderilen il il cografi konumlarins kullamlan uydular

gelistirilen uydular belirleyen uydular

Sekil 2. Kullanim Amaglarina Gore Uydu Yériingeleri [5]

3. Uzay Ortaminda Uydulara Etkiyen Olumsuz Kosullar

Kiigiik uydularin uzay aragtirma alanindaki uygulamalar i¢in kullanimindaki artigla uydulari etkileyen olumsuz nedenlere
yonelik bir¢ok caligma yapilmaktadir. Bir uyduyu uzaya gonderdikten sonra dayanikliligini korumak, uzay ortaminin zorlayici
kosullarindan dolay1 kolay degildir. Uzayda havanin bulunmamasi, sicaklik degerleri, radyasyon vb. etkenler uydular i¢in ciddi
boyutlarda tehdit olustururlar. Kii¢iik uydular kiiciik elektronik malzemelere sahip olmasi ile bu etkenlerden diger uydulara gore
daha fazla etkilendigi gozlemlenmistir [7].

Elektromanyetik dalgalarinin zararli etkilerinin azaltilmasi i¢in ekranlama siklikla kullanilan yo6ntemlerden biridir.
Ekranlamanin 6lgiisii olan ekranlama etkinliginin yiiksek olmasi uydu igerisinde kullanilan elektronik malzemenin elektrik
iletkenliginin iyi olmasina baghdur. Iki boyutlu bir karbon dizilimi ve atomlari altigen seklinde olan grafen, bilinen en dayanikli,
hafif ve en siiper iletkenlerden biridir. Bu iistiin 6zelliklerinden dolay: kii¢iikk uydularda grafen malzemesinin kullanilmasi
ongoriilmektedir. Ayrica giinlimiizde gelismis iilkelerdeki endiistriyel firmalar grafeni farkli alanlarda kullanabilmek {izere birgok
arastirma yapmaktadir. Uzaydaki olumsuz kosullarin kiiclik uydulardaki etkisini azaltmaya yonelik yapilan ¢alismalardan biri de
uydularin {izerinde yapilan radyasyon testleridir. Bu testlere ek olarak uydu gii¢ sisteminin performansini artirmak i¢in giines
hiicreleri lizerine uzay kalifikasyon testleri de yapilmaktadir [8].

3.1. Radyasyon ve Cesitleri

Radyasyona basitge basitge ortamda taginan enerji diyebiliriz. Ayni1 zamanda birgok zararli etkilerle sonuglanan bir enerji olan
radyasyon giinliik hayat, uzay vb. hemen hemen her yerde karsimiza ¢ikmaktadir. Radyasyon ¢esitleri iyonlastirici ve iyonlastiric
olmayan seklinde iki ana grupta incelenmektedir. Iyonlastirici radyasyon atomlardan elektron koparan radyasyon olarak
tanimlanmaktadir. Genellikle kullandigimiz teknolojik aletlerden yayilan elektromanyetik dalgalar da iyonlastirici olmayan
radyasyon tiirii olarak bilinmektedir. Bu iki grubun 6rnekleri Tablo 2’de verilmistir [9].

3.2.  Uzay Radyasyonu ve Etkileri

Uzay ortaminda bulunan radyasyonun dogal kaynaklar1 Van Allen radyasyon kusagi, galaktik kozmik isinlar ve giines
sisteminden kaynaklanan pargacik olaylarini igermektedir. Diinya’y1 halka seklinde saran radyasyon alani olarak bilinen Van Allen
radyasyon kusaklar1 1958 yilinda Dr. Van Allen tarafindan Amerika’nin ilk uydusu olan Explorer 1 firlatildiktan sonra
kesfedilmistir. Galaktik kozmik 1ginlar giines sisteminin digindan Gama ve X 151 radyasyonu ile birlikte gelen yildiz
patlamalarindan olusan parcaciklardir. Giines pargaciklar: glinesten aralikli olarak atilan protonlar, alfa pargaciklari ve agir yiiklii
iyonlar1 igermektedir.
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Tablo 2. iyonlastiric1 olan ve iyonlastirici olmayan radyasyon cesitleri [9]

Radyasyon Cesitleri
Iyonlastiric1 Radyasyon Iyonlastirici olmayan Radyasyon
e  Radyo dalgalan
Dalga e  Gama iginlari e  Mikrodalgalar
Tipi e Xginlari e Goriiniir 151k
o Kizildtesi, mordtesi dalgalar

Pugacic | 7 Alfonlan :
Tipi eta 1sinlari

e  Hizli elektronlar

Sekil 3’de goriildigii lizere Van Allen kusaklari ¢ok yiiksek enerjili elektron pargaciklarindan olusan i¢ ve dig radyasyon
kusaklarini igermektedir [9-10]. Bu kugaklar manyetik alanin gii¢lii olmasindan dolay1 Diinya’nin etrafinda kalabilmektedir. Ayrica
cok fazla rasyasyona sahip olduklar1 i¢in uydularin dmriinii kisaltmaktadir.

Kiiciik uydularin geleneksel uydulardan daha hassas olmasi, radyasyondan daha c¢ok etkilendiklerini gostermektedir. Bu
etkilerin elektromanyetik ve parcacik radyasyonu oldugu goriilmektedir. Elektromanyetik radyasyon mor &tesi, X 1sinlari ve gama
isinlarindan olugmaktadir. Mor Gtesi 1smlar uydu yiizeylerindeki malzemelerin yapisinin bozulmasina neden olmaktadir. Hatta
malzeme Ozelliklerini bile degistirebilmektedir. X ve gama 1smlart da uydularin igerisindeki hassas elektroniklere zarar
vermektedir. Pargacik radyasyonu elektromanyetik radyasyon vb. yiiksek enerjili protonlar, mor Gtesi 1ginlar ile uydu yiizeylerine
etki etmektedir. Radyasyon elektronik malzemelere 6nemli boyutlarda zarar verdigi icin parca seciminde elektromanyetik
radyasyona kars1 giiglendirilmis veya yiiksek giivenilirlikli malzemeler se¢ilmesi gerekmektedir [10].

Sekil 3. Van Allen Radyasyon Kusaklar:

Elektromanyetik dalgalar hem uzayda hem de madde iginde yayilmaktadir. Uzayda bu dalgalar 151k hiziyla ger¢eklesmektedir.
Kalkanlama teorisi elektromanyetik dalgalarin zararli etkilerinin azaltilmasi i¢in ortaya atilmistir. Bir elektromanyetik dalga kiigiik
bir uydunun ylizeyine ¢arptigi zaman bu dalganin etkisi ii¢ sekilde azaltilabilir. Birincisi uydunun yiizeyine gelen dalganin
yansimasiyla, ikincisi uydu igerisinde kullanilan malzemenin yansiyamayan dalgay1 yutmasiyla ve igiinclisii uydudaki
bosluklardan sizan dalgalarla olan azalmalardir. Kalkanlamanin diger bir adiyla ekranlamanin 6lgiisii ekranlama etkinligi (SE,
Shielding effectiveness) olarak kullanilmaktadir. SE, bir ekrana gelen manyetik alanin biiyiikliigiiniin, ekrandan ¢iktiktan sonraki
manyetik alanin biiyiikligiine dB olarak oranidir. Ekranlamanin iyi olabilmesi ekranlama etkinliginin yiiksek olmasina baglidir
[11-12].

Ekranlama i¢in kullanilan metal nanokompozit malzemelerde esnekligin az, agir olmasi, paslanmasi vb. olumsuzluklari
goriilmektedir. Ekranlama malzemelerinin olumsuzluklarindan dolay1 ekranlamada daha esnek, hafif, az maliyetli vb. olan ve
elektromanyetik radyasyonu ekranlama amagh gelistirilen yeni nesil iletken nanokompozit malzemeler segilmektedir. Bir
elektromanyetik dalga kiiclik bir uydunun yiizeyine ¢arptiginda bu dalganimn etkisi uydu icerisinde kullanilan malzemenin bu
dalgay1 yutmasiyla azaltilabilmektedir. Bu malzemelerin elektromanyetik kalkanlama 6zelligine sahip yani elektrik iletkenligi iyi
ve manyetik gecirgenligi yiiksek olmalidir [12].
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Kahramanmaras Siitcii imam Universitesi’nde yapilan bir calismada grafen maddesinin iyi bir elektromanyetik kalkanlama
malzemesi oldugu goriilmiistiir. Bundan dolay1 farkli oranlarda grafen katkili odun-plastik (OPG) nanokompozitlerin OPG-1,
OPG-2, OPG-3 ve OPG-4 gibi gesitleri tretilmistir. Bu nanokompozitlerin 8-9 GHz frekans araliginda elektromanyetik 6zelligi
test edilmistir. Bu test sonuglar1 Tablo 3’te verilmektedir [13].

Tablo 3’te goriildiigii iizere, OPG nanokompozitlerinin grafen orani arttik¢a yansima gii¢ parametre degerleri azalmaktadir. Bu
durum yansima kayiplarinin artmasi demektir ve bu artigla birlikte ekranlama etkinligi de artacaktir. En yiliksek emilme giic
parametre degeri en diisiik grafen orani igeren OPG-1 nanokompozitinde goriilmektedir. En diisiik emilme gii¢ parametre degeri
ise en yiiksek grafen orani igeren OPG-4 nanokompozitinde goriilmektedir. . Bu durumda yansima gii¢ parametre ve emilme giic
parametre degerleri azaldik¢a toplam elektromanyetik ekranlama etkinligi degeri artacagindan nanokompozitler igerisinde en
yliksek ekranlama performansi OPG-4 nanokompozitinde goriilecektir.

Tablo 3. Grafen katkili odun-plastik nanokompozitlerin elektromanyetik 6zellikleri [13]

Elektromanyetik Degerler
Toplam
Elektromanyetik
Grafen Orani Yansima Gii¢ Emilme Gii¢ Parametre Ekran}ama Ftki“ligi
Parametre Degerleri Degerleri Degerleri (dB)
OPG-1 %0 -0,2989 0,6571 3,6463
OPG-2 %1,5 -0,3395 0,1565 16,1045
OPG-3 %3 -0,3655 0,1212 18,3277
OPG-4 %6 -0,3961 0,0692 23,1942

Nanokompozitteki grafen orani arttik¢a ekranlama degeri de artarak OPG nanokompozitlerinin elektromanyetik radyasyonun
onlenmesi igin iyi bir ekranlama malzemesi oldugu goriilmiistiir. Hatta bu nanokompozitlerden en yiiksek performans gosteren
OPG-4 nanokompoziti olmugtur [13]. Bu konu iizerine yapilan diger bir ¢aligmada nanokompozitin elektromanyetik ekranlama
etkinligi 8.2-12.4 GHz frekans araliginda test edilerek nanokompozit modellerinin kalinliginin nasil etki ettigi incelenmistir.
Degistirilmemis nanokompozitler elektromanyetik radyasyona karsi hassas olup grafen eklendikten sonra nanokompozitlerin
toplam elektromanyetik ekranlama etkinligi dnemli Slgiide arttig1 goriilmistiir. Daha kalin nanokompozit malzemelere gerek
duymadan grafen sayesinde yiiksek ekranlama etkinligi saglanmigtir [14]. Yapilan bu ¢aligmalar dogrultusunda uydu igerisindeki
malzemeler de iletken nanokompozit malzemelerden secilerek elektromanyetik radyasyondan etkilenmesini azaltilabilecegi
sonucuna ulasabiliriz.

Son yillarda COTS (Commercial Off The Shelf) pargalarin uzay projelerinde, diigiik maliyetli ve teknolojik gelismelere agik
olduklarindan dolay1 daha fazla kullanildigr goriilmiistiir. Ayrica tasarimdaki pargalarin degerleri ve tiplerinin uydunun

performansini kotii etkilemeyecek sekilde segilmekte ve radyasyona dayanikliligini lgmek igin test caligmalart yiiriitiillmektedir
[15].

3.3.  Uzay Radyasyonu Testleri

Uydular uzaya gonderilmeden once radyasyon testlerinden gegirilmesi uydu sistemlerinin giivenilirligini artirmak veya
gonderildikten sonra diizeltilemeyecek hatalar olmasini engellemek i¢in ¢alismalar yapilmakta ve gelistirilmektedir. Bu testlerin
laboratuvar ortamlarinda yapilmasinin yani sira {ilkelerin teknolojik gelismelerine bagli olarak uydular iizerinde uzaya gonderilerek
test edilen uzay kalifikasyon testleri de yapilabilmektedir.

Ulkemizde Agustos 2015°te Kalkinma Bakanligi'ndan IMECE kapmasinda alinan destek ile ODTU Sacilmali Demet Hatt:
Projesi gelistirilmeye baslanmigtir. Uzay radyasyonuna karst dayanikliligi test etmek i¢in Pargacik Radyasyonu Test Altyapisi
kurulmustur. Bu proje ile uydularin uzay Omiirlerinin kisalmamasi i¢in uzay ortamina uygun testler yapilmaktadir. Ayrica
elektronik devrelerin uzay radyasyonuna karsi dayanikliliklari da test edilmektedir. Uydularda kullanilacak malzemeler igin
ASELSAN’a ait mikrodalga modiilleri test malzemesi olarak se¢ilmistir. Bu kapsamda Havacilik ve Uzay Teknolojileri Genel
Miidiirliigii ile ASELSAN ve Japonya Havacilik ve Uzay Kesif Ajansi arasinda 2016°da is birligi protokolii imzalanmustir [16].
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Tablo 4. Uydularin iiretim yeri, kiitlesi ve yiik kapasitesi gii¢c degerleri [17]

Uydularin Kiitle ve Gii¢ Degerleri
Uydular
Uretici Firma/Ulke Kiitlesi Yiik Kapasitesi Gii¢ Degerleri
Demeter CNES/Fransa 50kg now
Iridium NEXT Iridium Communications/ABD S0k Sow
Braunschweig Teknik 40 kg 100 W
Beosat . .
Universitesi/Almanya
TerraSAR-X Astrium/Fransa 1230kg 800w
. 2 k 4W
CubeSTAR Oslo Universitesi/Norveg g
Kompsat-6 KARI/Kore 1750 kg 2250 W
EnviSat Astrium/Fransa 8211kg 6500 W
UKube-1 UKSA/Ingiltere 4kg 12w

Uydularm gii¢ sisteminin performansini artirmak radyasyondan daha az etkilenmelerini saglayacaktir. Gii¢ sisteminin enerji
kaynagi da Sekil 4’de verilen giines hiicreleri oldugu i¢in bu hiicrelerin performansi ayri olarak test edilmektedir. Giines 1s1nlari
giines hiicrelerinden yansimaya ugrayarak performans diistikliigline sebep olur. Bunun oniine gecebilmek icin yansimalari
engelleyen ylizeyde yansima 6nleyici kaplamalar kullanilmaktadir. Ayni1 zamanda performansi artirmak i¢in radyasyona dayanikli
¢ok eklemli giines hiicreleri de kullanilmaktadir.

Bir uydudan maksimum verim elde edebilmek i¢in gii¢ degerlerinin yiiksek ve uydunun kiitlesinin diisiik olmasi istenmektedir.
Tablo 4’de verilen uydu 6rneklerinde ayni kiitleye sahip Demeter ve Iridium Next uydularinin gii¢ degerleri karsilagtirildiginda
Demeter uydusunun daha verimli olabilecegini sdyleyebiliriz. EveSat uydusu 5 kg’lik kiitle ile 20 W gii¢, Iridium Next uydusu 50
kg’lik kiitle ile 50 W gii¢ saglamistir. EveSat’in az kiitleli olmasina ragmen kag kat daha fazla verimli oldugu sonucuna varilabilir.
Tablodaki kiigiik uydular: ele aldigimizda birbirine yakin kiitleli olup fakat gii¢ degeri digerlerine gore fazla olan uydu EveSat
uydusu olarak goriilmektedir. Bu uydunun, enerji kaynag giines hiicreleri olan gii¢ performansindaki degerine bakildiginda uzay
radyasyonundan az etkilenebilecegi durumu ortaya ¢ikmaktadir.

Yapilan literatiir caligmalarinda Amerika Uzay ve Havacilik Enstitiisii’niin belirledigi AIAA S-111A-2014 standartlarina gore,
giines hiicrelerinin uzay ortamindaki radyasyondan etkilenmesini 6nleyecek uzay kalifikasyon testleri yapildigi goriilmiistiir [18].
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Sekil 4. Uydulardaki Giines Hiicreleri

3.4. lIyonosferin Uydu Sinyallerine Etkileri

Termosfer tabakasinin bir boliimii olan iyonosfer, yeryiiziinden yaklagik 60 km ile 1100 km arasinda yiiksekliktedir. Bu tabaka
elektromanyetik dalgalarin iletilmesi i¢in gerekli olan iyonlardan olugsmaktadir. Ayrica serbest elektron bulunduran iyonosfer radyo
dalgarinin yayilmasinda bir etkiye sahiptir. Bu nedenle radyo iletisimindeki uydularin ilettigi sinyaller de iyonosfer tabakasindan
etkilenmektedir [19].

Sinyal uydudan ¢iktiktan sonra ilk olarak iyonosfer katmani ile karsilasmaktadir. Bu katmandan gegerken aliciya ulagmasinda
bir gecikmeye sebep olacak sekilde sinyalin hizi ve yonii degisebilmektedir. Sinyal tizerindeki etki Tablo 5’te verilen iyonosfer
bolgelerinin her birinde farklilik gostermektedir. Bunun nedeni bolgelerdeki iyonlasmanin ayni olmamasindan kaynaklanmaktadir.
Yiiksekligin artmasi iyonlagsmay1 da artirmaktadir. Buna bagli olarak F bdlgesi en fazla iyonlasmani oldugu bolge olmasi
sebebiyle uydu sinyalini daha gok etkilemektedir. Giindiiz ve gece, iyonosferin farkli olmasi giines yoniine gore degismektedir. F
bolgesi giindiiz F1 ve F2 olarak ikiye boliinmekte ve geceleri ise tekrar birlesmektedir [20].

Tablo 5. iyonosfer bolgelerinin sinyal iizerindeki etkisi [20]

Iyonosferin Bolgeleri

D Bolgesi E Bolgesi F Bolgesi

Yaklagik 90-120 km
Bulundugu Dilim Yaklagik 50-90 km aklastk 90-120 Yaklasik 120-1000 km

Hafif etkisi var ancak sinyalin

Sinyal Uzerindeki Higbir etkisi yok parlamasina neden olabilir

Etkisi En ¢ok etkisi olan bolge

Uydu haberlesmesinde gonderilen sinyalin aliciya dogru bir sekilde ulasabilmesi dnemlidir. Ayrica uydularin birbirleriyle olan
iletisiminde performans yiiksek olmalidir. Iyonosferden etkilenen GPS uydu sinyallerinin faz ve genliklerinde bozulmalar meydana
gelmektedir. Bu nedenle de GPS verileri dogru bir sekilde alinamamaktadir. Bu bozulmalar sinyal parlamasi olarak gériilmektedir.
Cok ciddi bir parlama yasandiginda GPS verisinden gelecek mesajlari ¢ozerken kod hatalarina ve GPS uydularindaki tahmin edilen
araliklarinda bozulmasina neden olmaktadir [21].
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4. Cubesat

Uzay ve uydu teknolojisindeki gelismelerle birlikte bu alandaki uygulamalarin artig1 hiz kazanmistir. Bu uygulamalar iizerinde
calisan aragtirmacilar diisiik maliyet ve iiretim siirecinin kisa olmasi nedeniyle kii¢clik uydu sinifina giren CubeSat’lar1 tercih
etmektedir. Bu uydular ilk olarak 1999 yilinda Stanford Universitesi’nde baslatilmistir. 2003 yilinda da ilk kiip uydu Rusya’dan

gonderilmigtir [22].

Cubesat’lar, geleneksel uydularin hacim, agirlik ve maliyet sorunlarina ¢6ziim olarak {iretilmistir. Tablo 6’da verilen CubeSat
Ozelliklerine bakildiginda boyutlar1 arttik¢a kiitlesinde de artis oldugu goriilmektedir. Bu uydularin temel boyutlar: 10x10x10 cm
olup kiitlesi en fazla 1,33 kg’dir. Agirliklarinin az olmasindan dolay: firlatma icin gerekli yakit miktar1 da az olmaktadir. Bu da
firlatma maliyetini diisiirmektedir. Ayrica ¢ok fazla uydu gonderilerek maliyet en aza indirilmektedir. Ayni zamanda diisiik diinya
yoriingesinde (LEO) konumlandirilmaktadir. Bu yiizden genellikle diisiik gecikme siiresi gerektiren uzay arastirmalarinda, uzaktan
algilama ve goriintiileme sistemlerinde ve iletisim uygulamalarinda kullanilmaktadir [22-23].

Tablo 6. Cubesat uydular ve dzellikleri [24]

CUBESAT OZELLIKLERI
CUBESAT
Ulke Tip Isletici Boyut Giic Kiitle Yoriinge
. Standford . . I 400 km x 400
SNAPS ABD Teknoloji Universitesi 0.25U | Piller ve Giines Pilleri | 0.5 kg km,51.6°(tipik)
AEROCUBE 6 ABD Teknoloji Havacilik Sirketi 05U Piller ve Giines Pilleri | 0.5kg | 613 km x 700 km,97.9
. Tokyo . . a1 822 km x 828
X1 4 Japonya Teknoloji Universitesi 1U Piller ve Giines Pilleri 1 kg km,98.73°
.. Republic . .. o o
ANTELSAT Uruguay Teknoloji Universitesi 2U Piller ve Giines Pilleri 2 kg 606 km x 621 km,97.9
. Toronto . . I 3.5 614 km x 633
CANX-2 Kanada Teknoloji Universitesi 3U Piller ve Giines Pilleri kg km,97.99°
Yasam Standford . .. —_— 104 399 km x 407
ECAMSAT ABD Bilimleri Universitesi 6U Piller ve Giines Pilleri kg km,51.64°
. . 4 Konuslandirilabilir
ALTAIR ABD Teknoloji M"',bf"ir,‘;t‘:r‘nr:‘eﬁzay 1x6U | Gines Dizileri, Piller | 4 kg 4?(1m kg‘l "6294
PATHFINDER ve Giines Pilleri e
Shaanxi
AOXIANG . Teknoloji Miihendislik 12U | Piller ve Giines Pilleri | 18 kg Zi?nk%’égz 9
ZHIXING ¢in Laboratuvari 0.

Yapilan literatiir ¢alismalarinda, CubeSat’larin 6grenciler tarafindan arastirma projeleri i¢in gelistirdikleri ve uzaya
gonderdikleri goriilmustiir. Bu kapsamda ABD’nin Stanford ve California Polytechnic Universiteleri bir proje baslatmistir. Bu
projeye dahil olan kigiler kendi uydularim iireterek uzaya gonderebilmektedir. Ureten kisiye bagl olarak da uydularin gorevleri
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degismektedir. Ulkemizde de Istanbul Teknik Universitesi’nde yiiriitiiciiliigiinii Prof. Dr. Alim Riistem Aslan’in gerceklestirdigi
“Nano Uydu Calisma Grubu” bulunmaktadir. Bu grupta CubeSat egitimleri verilereck bu alanda uluslararasi yarigmalara
katilmislardir.

Diisiik diinya yoriingesinde olan CubeSat’lar1 daha uzaklara gondermek i¢in yapilan ¢aligmalar vardir. Bu ¢alismalarin bir
ornegi olarak May1s 2018’de Mars Cube One (MarCO) uydusu NASA’nin InSight aract ile gonderilmistir. Bu uydunun hem kendisi
hem de yedegi olmak iizere iki kiip uydu uzaya firlatilarak ayr1 ayr1 Mars’a yolculuk yapmustir. Insight’tan verileri Diinya’ya
aktarmada basarili olmustur.

4.1. Uzay Nesnelerinin interneti (Internet of Space Things/IoST) ve Cubesat

Veri toplama
Veri isleme
Veri ¢oziimleme
Veri gogii

Kontrol Merkezi

5}
p >y
= Pasif Aktif

Algilama Algilama

Sekil 5. IoST Genel Yapisi

Aglarin ag1 olarak tanimladigimiz internet, giiniimiizde her alanda yaygin olarak kullanilmaktadir. Ilk olarak 1999 yilinda Kevin
Ashton “Nesnelerin Interneti” kavramim ortaya ¢ikarmustir. Giderek artan hizi ve teknolojileri ile milyonlarca nesne internete
baglanarak birbirleri ile iletisim kurmaktadir. Bu sayede veri iletisimi yaparak bilgi toplayabilmekte ve bu bilgileri karar vermekte
kullanmaktadirlar. Kisaca bir iletisim ag1 olusmaktadir. Bu durum bir¢ok alanda insanlarin yasamini da kolaylastirmaktadir [25].

Nesnelerin internetiyle internetiyle cihazlar arasi kablosuz baglanti yapilmasi uzay ve uydu alanindaki aragtirmalara da katki
saglamaktadir. Bu katkilarin baginda tasarim siirecinin kisa olmasi ve diisiikk maliyet sunmasi ile kii¢iik uydu olarak CubeSat’lar
gelmektedir. Ayrica genis uygulama 6rnekleri barindirmaktadir. Bunlarin baginda uzaktan algilama uygulamalar1 gelmektedir [22].
Uydudan verileri verimli sekilde almak ve iletmek i¢in uzayda CubeSat aglar1 olusmaktadir. Bu aglar Sekil 5’te gérildiigii tizere
uzay nesnelerinin interneti (IoST) kavramim ortaya ¢ikarmistir. CubeSat aglari ile uzayda nesnelerin interneti igin baglantilar
olusturmak daha avantajlidir. Ciinkii bu baglantilar toprak altyapisina gerek duymazlar. Bdylece maliyetin diisiiriilmesi saglanir.
Ayn1 zamanda dogal peyzajda korunmus olur.

Olusturulan bu agdan verileri alirken goriintiileme sensorii kullanilarak pasif algilama ve CubeSat ile dogrudan iletisim kurarak
aktif bir algilama saglanmaktadir. Kullanilan goriintiileme sensorleri ¢oklu ¢oziiniirliiklii kameralar olabilmektedir. Boylece
kizilotesi goriintiiler alinarak arazi izleme olanagi sunmaktadir. Onceden depreme maruz kalan binalar ve kdpriilerin izlenmesinde
yani dogal afet gibi felaketleri 6nleme uygulamalarinda biiyiik nem arz etmektedir [26].

Agdaki CubeSat direkt olarak bir kontrol merkeziyle iletisim kurabilmekte ve kontrol merkezi iizerinden komut
gonderebilmektedir. Bu da siber fiziksel sistemin temelini olusturmaktadir. Giinlimiizdeki bir¢ok alanda nesnelerin interneti
uygulamalarma biiyiik katki saglamaktadir. Ornegin tarim endiistrisinde akilli tarim teknolojileri ile birlikte iireticiler tarimda
toprak, hava ve suyu daha verimli kullanabilmektedir. Verimliligin saglanmasi1 CubeSat uydularindan ireticilere gercek zamanh
veriler gondererek detayli bir sekilde analiz ve degerlendirme ile yapilmaktadir. Hava durumunu anlik olarak takip ederek
iiriinlerini pazarlarda uygun fiyatlarda tiiketiciye sunabilmektedir. Sekil 6’da verilen ulagim endiistrisinin lojistik alaninda ise arag¢
takip sistemlerinin gelismesiyle araglarin anlik hareketleri gozlemlenebilmektedir. Bu sayede araglar verimli bir sekilde
kullanilarak taginan yiikiin giivenligi arttirilmaktadir. Yine ayni sekilde CubeSat uydularindaki sensorler sayesinde hava kosullari
ile ilgili bilgiler aktarilarak ulagimda ¢ikabilecek herhangi bir soruna kars1 6nlem alinmaktadir.
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. CubeSat'taki sensiirden
CuheSat A gelen veriler, kamyondaki Veritabanma iletildil Bu veriler, kullamcrya anhk

sensrler sayesinde alndy, bir sekilde iletildi.

Sekil 6. Lojistik Alanda Arag Takibi

5. Sonuc¢

Bu makalede giiniimiizde 6n planda olan nano uydu g¢esidi CubeSat ve uzay gelismelerine nasil katki sagladigi anlatilmistir.
Giinlimiize kadar iiretilmis olan boyutlar1 ve kiitleleri birbirinden farkli CubeSat’lar incelenmistir. Ayrica uzayda ag olusturarak
yer istasyonlari ile nasil iletisime gectigi hakkinda bilgi verilmistir. Bu aglarin uzayda nesnelerin internetindeki (IoST) konumu
aragtirilarak genel yapisindan bahsedilmistir.

Kiigiik uydulara uzay ortaminda etki eden radyasyonun nasil olustugundan bahsedilmistir. Uydulara etkiyen radyasyon gesitleri,
yapilan radyasyon testleri ve uydu gii¢ sistemi hakkinda genel bilgilendirme yapilmistir. Elektromanyetik dalgalarin azaltilmasi
i¢in ekranlama teorisi gelistirilen bir ¢caligma incelenmisitr. Bu ¢alismada grafen katkili nanokompozitlerin iyi bir elektromanyetik
ekranlama malzemesi olarak {iretildigi ortaya konmustur. Bu nanokompozitler de uygun formlara getirilerek kii¢iik uydular
icerisindeki malzemelerde kullanilarak uydularin radyasyondan etkilenmesinin en aza indirilmesi diisiiniilmektedir.

Uretilen uydularda gériildiigii iizere uydularda kiitle ve giiciin orantili olmadig1 anlasilmaktadir. Giiniimiizde iiretimi artan
kiiciik uydularin gelecekte kullanim alanlarmin daha fazla olmasi ve bu sayede kiigiik kiitleli uydularla daha az yer kaplay1p yiiksek
giic saglanmasi beklenmektedir. Uydularin verimli ¢aligmasi igin yiiksek gii¢ diisiik kiitle istenmesiyle ilgili Tirk¢e kaynak gok

fazla bulunmamaktadir. Buna bagl olarak da iiretilmis olan uydularin giines hiicrelerinden sagladig: gii¢ degeri ve kiitle bilgileriyle
uydularin ¢aligma verimliligi hakkinda mukayese yapilmistir.
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Abstract

Fine arts education constitutes an important value for the development of nations, countries and geographies. In literature it is seen that societies
and nations that give importance to fine arts, other art forms with respective education programs and agendas seem to be more developed in the
fierce competitive environments. It is a known fact that art forms enhance the creativity of individuals as well as developing questioning skills
and empathy. Therefore cultural plans, programs and agendas handled in the cultural ministry or similar levels should always be considered as a
chance for investments made for the development of individuals and society at large. Therefore enough budgets for cultural programs should be
maintained. Academic and pre-university degree art programs should be designed and formed in response to the changes and developments in
the contemporary art world. Graduates should also be prepared in these programs to the career paths that they want to follow in these areas.
Understanding the domain of art marketing as well as implementing marketing strategies, plans, programs in every level in this context can be
helpful in enlarging the arts market which means creating more jobs and employment opportunities for more actors and actresses. Qualification
of these talents should also be supported with academical or nonacademical artistic education forms. In this study theatres located in Istanbul
Municipality and theatre participation behavior has been analyzed with recent machine learning trends and approaches available in data mining
literature with the aim of enhancing exploratory and confirmatory understanding in such domains as theater, entertainment and art marketing
with the aim of providing some insights and ideas to the arts community, leaders and society at large.

Keywords: “Fine Arts, Fine Arts Marketing, Fine Arts Education, Entertainment, Entertainment Marketing, Theater Marketing, Art Marketing,
Clustering, Classification, Data Mining, Machine Learning, Quantitative Analysis, Supervised Learning, Unsupervised Learning”

1. Introduction

Fine arts education constitutes an important value for the development of nations, countries and geographies. In literature it is
seen that societies and nations that give importance to fine arts, other art forms with respective education programs and agendas
seem to be more developed in the fierce competitive environments. It is a known fact that art forms enhance the creativity of
individuals as well as developing questioning skills and empathy. Therefore cultural plans, programs and agendas handled in the
cultural ministry or similar levels should always be considered as a chance for investments made for the development of individuals
and society at large. Therefore enough budgets for cultural programs should be maintained. Academic and pre-university degree
art programs should be designed and formed in response to the changes and developments in the contemporary art world. Graduates
should also be prepared in these programs to the career paths that they want to follow in these areas. Understanding the domain of
art marketing as well as implementing marketing strategies, plans, programs in every level in this context can be helpful in enlarging
the arts market which means creating more jobs and employment opportunities for more actors and actresses. Qualification of these
talents should also be supported with academical or nonacademical artistic education forms. In this study theatres located in
Istanbul Municipality and theatre participation behavior has been analyzed with recent machine learning trends and approaches
available in data mining literature with the aim of enhancing exploratory and confirmatory understanding in such domains as
theater, entertainment and art marketing with the aim of providing some insights and ideas to the arts community, leaders and
society at large.

Marketing science has been in the focus of many businesses, industries and sectors for many decades. In this context, marketing
scholars and practioners have long worked on building good relationships with the customers applying contemporary, state of the
art customer centric marketing approaches. As a result marketing found place and gained popularity in many areas as in goods
marketing, services marketing, political marketing, celebrity marketing, entertainment and art marketing. In this study some of the
factors associated with the theaters which has known to be one of the most influential forms of arts in human history. In this context
theatres located in Istanbul Municipality and theatre participation behavior has been analyzed with recent machine learning trends
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and approaches available in data mining literature with the aim of enhancing exploratory and confirmatory understanding in such
domains as theater, entertainment and art marketing [1,2,6,11,12,13,14,15,16, 19,20].

As many marketers would know or imagine, success of a business highly linked to the successful relationships that a business
build with your customer. Therefore understanding the consumer, his/her needs, expectations, requirements and functionalities
expected from the goods and services constitutes an important value. Therefore permanent qualitative and quantitative research
approaches should be formulated and conducted to gain insights and knowledge about the targeted markets, market segments and
consumers. As in many relational forms and relational marketing approaches in order to build a good relationship with the consumer
a trust associated with the goods, services provided and the organizations which provides these. Then a relationship is built with
the commitment of the two parties when the expectations match from such relationship. In this context analyzing and understanding
the consumer and providing the goods and services expected with the right marketing mixes composed of good product or service
functionalities with the expected quality, with an appropriate pricing strategy targeting the related market segments based on their
purchasing power, effective use of logistical, sales, service channels and points with a good promotion strategy composed of
successful advertisement and public relation approaches would provide the customer satisfaction which would lead to a long term
profitable relationship with the customer. Organizations who successfully form these marketing mixes would make a positive
impact in increasing market share, enhancing their customer portfolio, customer acquisition, customer retention and customer
lifetime value. From this point forward, quantitative data mining techniques can be used to analyze the consumers, organizations,
markets and several consumer behaviors. This way of an aristothelen approach of positivist research paradigm can be used to
formulate more targeted segmentation, targeting and positioning in the market place. By conventional and new forms of
communication approaches and tools right messages highlighting different facets of the brand equity and brand would be helpful
in building a good image in the minds of the consumer. Therefore leveraging strong brand associations and a strong brand equity
in the mind of the consumers would make a positive influence to be clustered in the consideration set in consumer decision making
process which can lead to a purchase behavior of the consumer momentarily [45, 52 ,53].

As seen in many behavioral forms and several behavioral theorists, scholars indicate there are several elements and many
antecedents that lead to a behavior to occur. Consumer decision making, theatre participation and art participation behaviors are
not much different in this scope. As indicated in literature by several notable scholars in literature, individuals are in a tendency to
engage in behaviors that are likely to provide rewards and positive outcomes whereas they do not engage in behaviors where it
would lead to negative outcomes or consequences. There may be several influential factors which can lead to a behavior to be
formed as, subjective norms, group norms, behavioral intention, past experiences, positive anticipated emotions, negative
anticipated emotions, perceived behavioral control, group influence, environment, trust, social identity with several characteristics
of the individuals in this context. In this study a quantitative research methodology has been followed by applying contemporary
clustering and classification approaches available in literature. In this way it is aimed to gain an in depth understanding of theatre
participation behavior with such phenomena in the city of Istanbul [45 ,52, 53].

When the history of theater and development of theater era investigated it is seen that early forms of theatres found place in
Ancient Greeks which dates back to 6th century BC. Later different forms of theaters with other entertainment forms as cinema
and art found place in several business settings and geographies. Greek Theatre, Roman Theatre, English Elizabethan theatre,
Spanish Golden age theatre, French Classical theatre, American Theatre, Turkish Theatre, Neoclassical theatre, African theatre,
Asian Theatre, 19th Century Theatre, 20th century theatre, 21st century theatre have been some of theatrical forms and ages found
place in different geographies in history. If the history of the democracies and theatres are analyzed it seen that in some autocracies
and undemocratic regimes theatre and artists were subjected to pressure, plays have been forbidden or censored whereas with the
development of democracies, the emphasis on freedom of though and speeches artists and theatre found the place they deserved
mostly in western, civilized democracies and many parts of the world in different geographies [6,8,9]. Many notable theatrical
plays took place all over the world in different geographies and locations as Hamlet, Long Day's Journey Into Night, Who's Afraid
of Virginia Woolf?, Death of a Salesman, Oedipus Rex, Look Back in Anger, Waiting for Godot, Uncle Vanya, Tartuffe, Candida,
Twelfth Night, Playboy of the Western World, The Importance of Being Earnest. Shakespeare, William Shakespeare, Henrik Ibsen,
Oscar Wilde, Sophocles, Tennessee Williams, Arthur Miller, Anton Chekhov, Moliére, Euripides, Aristophanes, Samuel Beckett,
Victor Hugo, Voltaire have been some of these notable playwrights whose plays have been played by countless valuable, theatres,
artists and art lovers. Some have been transformed to distinguished and original works in cinema archives [1,2,6,11,12,13,14,15,16,
19,20].

When the scientific body of knowledge is investigated it is seen that several research methodologies, research techniques
evolved which base on different research paradigms and designs over time. Among them data mining and applying machine
learning techniques have gained momentum and interest in understanding different phenomena by applying several techniques.
Data mining approach can be considered as a systematical, structured research process which focuses on situation analysis, data
gathering, model formation and testing of the model. Later findings and knowledge discovered from these analyses can be used as
a decision support point for leaders, science community and society at large. Machine learning technique which is a famous
approach in data mining based quantitative research methodologies is a form of learning in machine forms. This learning process
is usually triggered and activated by forward feeding approaches which is later followed with backpropagation processes which
are stochastic in nature. With the help of mapping functions input layers in the model are mapped to the output layer considering
the independent, dependent values. Functions and equations involved in this mapping are calculated. Later in many forms rules
generated with the least error rate and which provides the most proximity to actual results are selected and presented as the
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distinctive association rules. In the evaluation of this a stochastic backpropagation technique is used in many cases
[46,47,48,49,50,51].

Supervised learning and unsupervised learning are two forms of machine learning in data mining. Supervised learning is a form
of classification approach where input and output layer mappings are done with the transformation functions, with the aim of rule
discovery and insights discovery. A stochastic backpropagation technique is used in this type of machine learning in general. In
the mapping process independent multivariate variables are assigned to the respective class labels which are considered as the
dependent variables in the output layer. Since the initial labeling of the dependent values in the form of nominal values technique,
this type of machine learning is named supervised machine learning. On the other hand in unsupervised machine learning several
attributes of different instances are assigned to respective clusters with respective values without the requirement of an initial class
label declaration. In this form of machine learning several mathematical and statistical functions utilizing heuristics in many cases
are applied. In most of the clustering analysis which is also known as unsupervised machine learning centroid values for each
independent cluster is calculated and related attribute values for several instances in the data set are assigned to the cluster with the
focus on similarity and convergence maximization in one cluster and divergence, difference maximization with other cluster
members having other centroid values. Instances with the respective parameter values are assigned to the clusters based on the
centroid value similarity. Following these assignments centroid values for each cluster is updated once new instances with
respective attributes are assigned to the associated cluster. J48, JRip, Part, OneR Method, Multilayer Perceptron, Bayesian
Networks, Hoeffding Tree, Random Tree, Kmeans have been some of the mostly cited supervised and unsupervised machine
learning techniques which utilizes different classification and clustering approaches in literature [46,47,48,49,50,51].

In general in machine learning approaches, mainly the ones employing a tree/graph structure, an entropy value is calculated
based on different probabilities and combinations of the variables then from the parent nodes to the child nodes paths with the low
entropy values are followed. Paths with the minimum entropy value is chosen and respective boundary conditions are assigned to
each node (decision nodes) in the tree/graph structures with the aim of reducing the chaos perceived from unpredictability. In this
way the unpredictability, disorder randomness or uncertainty with selected paths are minimized. This way of assignment and
tree/graph formations are managed in feedforwarding type of feeding and employing activation or mapping/transformation
functions. Later with the backpropagation approach most optimum paths and functions are tried to be formed with the
customization of the functions and function weights. This is known as a form of gradient descent learning rule or delta rule which
aims to calculate most optimum weights for the input output mappings in the mapping/transformation functions. In this rule
learning approach the weights which generates the most optimum solution are assigned as the slopes in the function [62, 63, 64
,65,66 ,67 ,68]. A gradient in this context shows the slope which is the derivative of cost at the respective cost point. This slope
can also be calculated by finding the tangent of that point which can be calculated by dividing edge looking to the angle(opposing
edge) to adjacent edge in a triangular form. By employing a gradient descent rule learner as in stochastic processes as
backpropagation the shortest and steepest route which indicates the local or global low with a slope zero. Weights at this point
giving the minimum cost are used as the slopes of the function. In this way the total loss associated with the input layer variable
weights are customized and updated. While the gradient descents, the total cost decreases and reaches to the minimum at t1 which
is the optimum weight for the minimum cost. In this process gradient descents iteratively and approximates to the minimum cost
with the respected weight of the independent variable. Derivative of cost find its minimum in the reverse parabol’s minimum
vertex (local minimum or global minimum) which gives the minimum cost and associated weight providing this minimum cost for
the function. This point is reached in an iterative manner moving in the opposite direction of the gradient since it will approximate
to the steepest and shortest point (descent). This is the point giving the most optimal weight when the slope is zero in local minimum
or global minimum. Alternatively moving in the direction of the gradient would approximate the point to the local or global
maximum which is the gradient ascent [62, 63, 64 ,65 ,66 ,67 ,68].

The rule with the lowest entropy value and lowest cost which is an indication of an optimal solution is presented and listed as
the association rule which maps the input layers (spaces) to the output layers (spaces). In each of these mappings a cost or lost
function is calculated which assigns an intuitive cost associated with the mapping function. Cost function is formulated as the
average of loss functions whereas loss function is involved in finding the error rate for a single training example. It calculates the
difference between actual and predicted values. Optimization approaches are mainly involved in minimizing this cost and try to
find the best fitting parameters with techniques as gradient descent, delta rule learning or backpropagation. On the other hand an
error function indicates the deviation of an actual value from its prediction for the instance

In this context employing the combination of supervised and unsupervised machine learning techniques can be used as an
effective and efficient approach in understanding some of the macro and micro variables associated with theatre and art
participation in different geographies. Understanding these factors would also be helpful in formulating influential marketing
strategies, plans, programs which may have a positive impact on brand equity, brand image, customer sales, customer retention
customer satisfaction, customer lifetime value and building long term profitable relationships with the customer. Also in the
governmental level results of such studies can be used as a decision support point in making legislative actions and reforms which
would provide a legislative framework formed based on the expectations and needs of the art and theatre lovers. With the help of
effective and state of the art legislative reforms and actions freedoms of the artists, art lovers and art community can be preserved
while preventing barriers for art lovers, art and theatre participation behavior [46,47,48,49,50,51].
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2. Research Method

In this study a quantitative research paradigm has been employed. Quantitative research paradigms aim to explore the
phenomena in applying deductive techniques. They have a positivistic and objectivist orientation of epistemology and ontology.
Quantitative data is a type of structured knowledge which can be collected by several approaches in the form of primary data
sources and secondary data sources. Conventional and unconventational forms of data gathering techniques can be applied as,
sensor, user, service driven data collection or gathering, internet of things, paper administered surveys, online surveys etc.
[46,47,48,49,50,51,61,69].

Data mining is defined as a methodological approach in quantitative data analysis as indicated in literature. Data mining process
is composed of some set of structured steps that makes the data mining research process and methodology. Initially understanding
and analysis of the situation and business problem is completed which is followed with the examination and pre-processing of data.
Later a conceptual framework or model is devised following the literature review and analysis approaches. Testing of the model
with supervised and unsupervised versions of machine learning approaches takes place. Finally predicted analysis results are
evaluated and assessed [46,47,48,49,50,51,61,69].

Data mining approach can be considered as a systematical, structured research process which focuses on situation analysis,
data gathering, model formation and testing of the model. Later findings and knowledge discovered from these analyses can be
used as a decision support point for leaders, science community and society at large. Machine learning technique which is a famous
approach in data mining based quantitative research methodologies is a form of learning in machine forms. This learning process
is usually triggered and activated by forward feeding approaches which is later followed with backpropagation processes which
are stochastic in nature. With the help of mapping functions input layers in the model are mapped to the output layer considering
the independent, dependent values. Functions and equations involved in this mapping are calculated. Later in many forms rules
generated with the least error rate and which provides the most proximity to actual results are selected and presented as the
distinctive association rules. In the evaluation of this a stochastic backpropagation technique is used in many cases. Supervised
learning and unsupervised learning are two forms of machine learning in data mining. Supervised learning is a form of classification
approach where input and output layer mappings are done with the transformation functions, with the aim of rule discovery and
insights discovery. A stochastic backpropagation technique is used in this type of machine learning in general. In the mapping
process independent multivariate variables are assigned to the respective class labels which are considered as the dependent
variables in the output layer. Since the initial labeling of the dependent values in the form of nominal values technique, this type
of machine learning is named supervised machine learning. On the other hand in unsupervised machine learning several attributes
of different instances are assigned to respective clusters with respective values without the requirement of an initial class label
declaration. In this form of machine learning several mathematical and statistical functions utilizing heuristics in many cases are
applied. In most of the clustering analysis which is also known as unsupervised machine learning centroid values for each
independent cluster is calculated and related attribute values for several instances in the data set are assigned to the cluster with the
focus on similarity and convergence maximization in one cluster and divergence, difference maximization with other cluster
members having other centroid values. , J48, JRip, Part, OneR Method, Multilayer Perceptron, Bayesian Networks, Hoeffding
Tree, Random Tree, Kmeans have been some of the mostly cited supervised and unsupervised machine learning techniques which
utilizes different classification and clustering approaches in literature . Machine learning utilization of data mining can provide
exploratory and confirmatory understanding in the phenomena in question and may provide insights and in-depth understanding
with knowledge discovery, prediction or forecasting option it provides. In this context a data mining approach with the publicly
supplied data set of Istanbul Municipality to understand art and theatre participation behavior has been employed. Such analysis
may provide an in-depth understanding of the topic of interest for the individuals, researchers, leaders, managers and different
stakeholder of the community and society at large. These type of approaches can be used and adapted to different projects, works
and research designs for knowledge discovery, prediction or forecasting purposes for such domains [46,47,48,49,50,51,61,69].
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Figure 1. Data Mining Process (Prepared by the Researcher)

Data Mining methodology followed can be seen in Figure 1. In the analysis section, JRip, PART, OneR, Multilayer Perceptron,
Bayesian Network, Kmeans have been used for the machine learning techniges. Unsupervised machine learning algorithms here
asseses the instance values and assigns these independent values to the respective segment clusters whereas supervised machine
learning algorithms mainly focuses on mapping the multivariate variables in input layers to class labels in output layers with
transformation and mapping functions, later applying stochastic backpropogation techniques in many cases. Additionaly class
based metrics are evaluated. Performances of several machin learning approaches have been compared. Rules with rule functions
have been generated in an reinforced fashion some applying forward feeding and backpropagation approaches based on the
algorithmic designs and architectures they have [46,47,48,49,50,51,61,69]. Based on several factors as algorithmic design,
algorithmic architecture, complexity of the algorithms these algorithms can generate different results for similar, same or distinct
problem sets and domains [46,47,48,49,50,51,61,69]. By using the same data set with the same parameter values, performance
indicators of the algorithms have been assessed and evaluated. The top scorer algorithm for this problem domain with respective
data set and parameters has been discovered with the analysis conducted. Knowledge patterns and rules found out have been
interpreted and listed. Unsupervised and supervised machine learning methodologies followed is seen in Figure 2 and Figure 3.
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Figure 2. Supervised Machine Learning Process (Prepared by the Researcher)
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Figure 3. Unsupervised Machine Learning Process Composed of Model Building and Testing (Prepared by the Researcher)

In the data analysis which is composed of a supervised and unsupervised form of machine learning, pulic secondary data of
Istanbul Municipality has been used. After the pre-processing of the data and the literature review, classification and clustering
methodologises have been followed.

Table 1. List of Attributes

Play Date Nominal
Play Category Nominal
Guest Player Number Numeric
Play Type Nominal
Number of Audience Numeric
Interest Status Indicator Nominal
Theater Name Nominal
FPlay Name Nominal

In data mining analysis, association rules, knowledge and understandings are discovered with the help of classification and
clustering algorithms for the relevant problem set and domain. In these approaches, input-output mapping functions are used to
create association rules that map the outer layer to the inner layer. In some, feed forward and back propagation techniques have
been applied. The relevant rules with the least error rate are presented as the main rules of the analysis [46,47,48,49,50,51,61,69].

As Ozerk claims, many data mining processes today apply a technical approach in supervised learning where independent or
multivariate indicators and variables are assigned to output class labels using functions of mapping. In unsupervised versions of
data mining and machine learning, the core values of each cluster (centroids) are calculated, the corresponding sample and attribute
values are assigned to the respective clusters so as to maximize convergence and minimize differences in the sam cluster, whereas
a divergence is expected with the members of different clusters. In the process of supervised and unsupervised machine learning,
rules are created to improve the exploratory and confirmatory understanding of the phenomenon [46,47,48,49,50,51,61,69]. In this
context, an Aristotelian research design path can bring several advantages in understanding these phenomena and can be a good
decision support tool for key business leaders, political leaders and society in general.

The same input load with the same parameters was tested using machine learning algorithms, J48, JRip, Part, OneR Method,
Multilayer Perceptron, Bayesian Networks, Hoeffding Tree and Random Tree. The University of Waikato's Weka data mining
package, which includes supervised and unsupervised machine learning applications, was used in the analysis. Then, the
performance of classification and clustering was compared and evaluated. In the analysis, 69 percent of the data was used to train
the model, which was then tested with the test data set for the same variables. Based on the performance indicators associated with
the data mining analysis, a high performance algorithm was chosen and can be used for such areas and sets of problems to gain
additional insight and insight. For this purpose, values of mean squared error, precision, correct classification rate and
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misclassification rate were used [46,47,48,49,50,51,61,69]. The analysis revealed the performance indicator values and rules as in
Tables 3 and 4.

Table 2. Performance Scores of Machine Learning Algorithms

Multilayer | Bayesian J48 JRip Part OneR Hoeffding | Random
Method | Perceptron | Networks Method Tree Tree
Applied
Performance
Indicator
RMSE 0.0737 0.0004 0 0 0 0 0.0097 0
Precision N/A 1 1 1 1 1 1 1
Correctly Classified % 98.15 100 100 100 100 100 99.98 100
Incorrectly Classified % 1.85 0 0 0 0 0 0.02 0

Table 3. Association Rules Generated by Supervised and Unsupervised Machine Learning Algorithms

If number of audience is less than or equal to 99 then instances are classified under low interest label. If number of audience
is smaller than or equal to 696 then it is medium interest group whereas it is higher than 696 then it indicates high interest
Total number of low interest group distinct play viewers are greater than total number of medium interest group distinct
play viewers which is greater than total number of high interest group distinct play viewers

If number of audience is greater than 2819 then it indicates the play name “Hastalik Hastas1” with the highest audience
number whereas if the number of audience is less than or equal to 1 than it indicates the play “Hayal-i Temsil” with the
lowest audience number.

If number of audience is greater than or equal to 3587.5 then it is adult category, If number of audience is greater than or
equal to 3504 and less than 3587.5 then it is musical category whereas if If number of audience is greater than or equal to
123.5 and less than 124.5 then it is child category

The most interested category is the adult category which is later followed with musical and child categories

If number of audience is greater than or equal to 3320.5 then it is Harbiye Theatre whereas If number of audience is less
than 1.5 then it is Kadikdy Theatre based on the data set used in analysis

The most crowded play took in Harbiye theatre whereas the least crowded audience took place in Kadikdy Theatre

If play category is child then number of audience is 62.85

If play category is adult then number of audience is 63.28

If play category is musical then number of audience is 100.96

In the cluster analysis Adult, Foreign play category, 21.34 audience number, low interest value, Sultangazi Theatre with
“Uzlagma” play are positioned in the first cluster, Musical, Foreign play category, 118.17 audience number, low interest
value, Harbiye with “Bak Bizim Sarkimizi Caliyorlar” play are positioned in the second cluster, Adult, Domestic play
category, 62.91 audience number, low interest value, Uskiidar Theatre with “Kahvede Senlik” play are positioned in the
third cluster, Adult, Foreign play category, 154.69 audience number, low interest value, Umraniye Theatre with “Nora Bir
Bebek Evi” play are positioned in the fourth cluster.

In the cluster analysis Adult, Foreign play category, 21.34 audience number, low interest value, Sultangazi Theatre with
“Uzlagma” play are positioned in the first cluster, Musical, Foreign play category, 118.17 audience number, low interest value,
Harbiye with “Bak Bizim Sarkimizi Caliyorlar” play are positioned in the second cluster, Adult, Domestic play category, 62.91
audience number, low interest value, Uskiidar Theatre with “Kahvede Senlik” play are positioned in the third cluster, Adult, Foreign
play category, 154.69 audience number, low interest value, Umraniye Theatre with “Nora Bir Bebek Evi” play are positioned in
the fourth cluster.

Based on the analysis conducted it was found out that, if number of audience is less than or equal to 99 then instances are
classified under low interest label. If number of audience is smaller than or equal to 696 then it is medium interest group whereas
it is higher than 696 then it indicates high interest. Total number of low interest group distinct play viewers are greater than total
number of medium interest group distinct play viewers which is greater than total number of high interest group distinct play
viewers. If number of audience is greater than 2819 then it indicates the play name “Hastalik Hastas1” with the highest audience
number whereas if the number of audience is less than or equal to 1 than it indicates the play “Hayal-i Temsil” with the lowest
audience number. If number of audience is greater than or equal to 3587.5 then it is adult category, If number of audience is greater
than or equal to 3504 and less than 3587.5 then it is musical category whereas if If number of audience is greater than or equal to
123.5 and less than 124.5 then it is child category. The most interested category is the adult category which is later followed with
musical and child categories. If number of audience is greater than or equal to 3320.5 then it is Harbiye Theatre whereas if number
of audience is less than 1.5 then it is Kadikdy Theatre based on the data set used in analysis. The most crowded play took in Harbiye
theatre whereas the least crowded audience took place in Kadikdy Theatre. If play category is child then number of audience iS
62.85. If play category is adult then number of audience is 63.28. If play category is musical then number of audience is 100.96.



248

In the cluster analysis Adult, Foreign play category, 21.34 audience number, low interest value, Sultangazi Theatre with “Uzlasma”
play are positioned in the first cluster, Musical, Foreign play category, 118.17 audience humber, low interest value, Harbiye with
“Bak Bizim Sarkimizi Caliyorlar” play are positioned in the second cluster, Adult, Domestic play category, 62.91 audience number,
low interest value, Uskiidar Theatre with “Kahvede Senlik” play are positioned in the third cluster, Adult, Foreign play category,
154.69 audience number, low interest value, Umraniye Theatre with “Nora Bir Bebek Evi” play are positioned in the fourth cluster.
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Figure 4. A Neural Network View of the Model Generated (Multi-Layer Perceptron- Interest Rate Indicator is the dependent
variable)
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Figure 5. A Neural Network View of the Model Generated (Multi-Layer Perceptron- Number of Audience is the Dependent
Variable)
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In the analysis J48, JRip, Part, OneR Method have been the top performing algorithms among other supervised machine learning
approaches applied. All techniques generated %2100 correct classification rate, 0 RMSE rate and a precision of 1 as the choosen
performance metrics and indicators as suggested in literature. To sum up, supervised and unsupervised machine learning
algorithms, which are also known as classification and clustering techniques in data mining literature can be used as an effective
and efficient tool for knowledge discovery or confirmation in exploratory and confirmatory research designs. These insights may
be considered by decision makers and society at large in such problem sets and domains. Based on the input loads, algorithmic
design, architecture and performance of the algorithm which can be assessed with approximations, metrics as Big O or Big Q
which are used to assess the efficiency and the computational complexity [46,47,48,49,50,51, 70].
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3. Discussion and Conclusion

Fine arts education constitutes an important value for the development of nations, countries and geographies. In literature it is
seen that societies and nations that give importance to fine arts, other art forms with respective education programs and agendas
seem to be more developed in the fierce competitive environments. It is a known fact that art forms enhance the creativity of
individuals as well as developing questioning skills and empathy. Therefore cultural plans, programs and agendas handled in the
cultural ministry or similar levels should always be considered as a chance for investments made for the development of individuals
and society at large. Therefore enough budgets for cultural programs should be maintained. Academic and pre-university degree
art programs should be designed and formed in response to the changes and developments in the contemporary art world. Graduates
should also be prepared in these programs to the career paths that they want to follow in these areas. Understanding the domain of
art marketing as well as implementing marketing strategies, plans, programs in every level in this context can be helpful in enlarging
the arts market which means creating more jobs and employment opportunities for more actors and actresses. Qualification of these
talents should also be supported with academical or nonacademical artistic education forms. In this study theatres located in
Istanbul Municipality and theatre participation behavior has been analyzed with recent machine learning trends and approaches
available in data mining literature with the aim of enhancing exploratory and confirmatory understanding in such domains as
theater, entertainment and art marketing with the aim of providing some insights and ideas to the arts community, leaders and
society at large.

Marketing science has been in the focus of many businesses, industries and sectors for many decades. In this context, marketing
scholars and practioners have long worked on building good relationships with the customers applying contemporary, state of the
art customer centric marketing approaches. As a result marketing found place and gained popularity in many areas as in goods
marketing, services marketing, political marketing, celebrity marketing, entertainment and art marketing. In this study some of the
factors associated with the theaters which has known to be one of the most influential forms of arts in human history. In this context
theatres located in Istanbul Municipality and theatre participation behavior has been analyzed with recent machine learning trends
and approaches available in data mining literature with the aim of enhancing exploratory and confirmatory understanding in such
domains as theater, entertainment and art marketing.

Several machine learning techniques of data mining approach revealed that, if number of audience is less than or equal to 99
then instances are classified under low interest label. If number of audience is smaller than or equal to 696 then it is medium interest
group whereas it is higher than 696 then it indicates high interest. Total number of low interest group distinct play viewers are
greater than total number of medium interest group distinct play viewers which is greater than total number of high interest group
distinct play viewers. If number of audience is greater than 2819 then it indicates the play name “Hastalik Hastas1” with the highest
audience number whereas if the number of audience is less than or equal to 1 than it indicates the play “Hayal-i Temsil” with the
lowest audience number. If number of audience is greater than or equal to 3587.5 then it is adult category, If number of audience
is greater than or equal to 3504 and less than 3587.5 then it is musical category whereas if If number of audience is greater than
or equal to 123.5 and less than 124.5 then it is child category. The most interested category is the adult category which is later
followed with musical and child categories. If number of audience is greater than or equal to 3320.5 then it is Harbiye Theatre
whereas if number of audience is less than 1.5 then it is Kadikdy Theatre based on the data set used in analysis. The most crowded
play took in Harbiye theatre whereas the least crowded audience took place in Kadikdy Theatre. If play category is child then
number of audience is 62.85. If play category is adult then number of audience is 63.28. If play category is musical then number
of audience is 100.96. In the cluster analysis Adult, Foreign play category, 21.34 audience number, low interest value, Sultangazi
Theatre with “Uzlasma” play are positioned in the first cluster, Musical, Foreign play category, 118.17 audience number, low
interest value, Harbiye with “Bak Bizim Sarkimizi Caliyorlar” play are positioned in the second cluster, Adult, Domestic play
category, 62.91 audience number, low interest value, Uskiidar Theatre with “Kahvede Senlik” play are positioned in the third
cluster, Adult, Foreign play category, 154.69 audience number, low interest value, Umraniye Theatre with “Nora Bir Bebek Evi”
play are positioned in the fourth cluster.

In the analysis J48, JRip, Part, OneR Method have been the top performing algorithms among other supervised machine
learning approaches applied. All techniques generated %100 correct classification rate, 0 RMSE rate and a precision of 1 as the
choosen performance metrics and indicators as suggested in literature. To sum up, supervised and unsupervised machine learning
algorithms, which are also known as classification and clustering techniques in data mining literature can be used as an effective
and efficient tool for knowledge discovery or confirmation in exploratory and confirmatory research designs. These insights may
be considered by decision makers and society at large in such problem sets and domains. Based on the input loads, algorithmic
design, architecture and performance of the algorithm which can be assessed with approximations, metrics as Big O or Big Q
which are used to assess the efficiency and the computational complexity.
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Abstract

In having a healthy life, right nutrition with a life style balanced with exercise constitutes and important value. This is mainly important for bodily
functions that are provided by organs and systems of the body which is also valid for our digestion and excretion systems. In having a healthy
life right nutrition with a life style balanced with exercise constitutes and important value. Digestion is one of the main functions of human
metabolism that starts in mouth with mechanical and chemical reactions and ends with the expellsion of digestive residues from the anus,
following the large intestine. Many hormones and enzymes have influence in the digestion of carbonhydrates, proteins and fats in the metabolism.
With the key and luck structures that enzymes have and with the hormonal homeostasis that the metabolism have processing of different monomer
and polimer structures are being handles. After the absorbation of digested food contents in duodenum and small intestine. Digestive residues are
expelled from the anus, following the large intestine. If there is a malfunction in some part of the digestive system or characteristics of the food
taken some digestive and excretion problems may occur. Some of these most known problems are constipation and hemorrhoids. In this
phenemonelogical, single case study, some of the factors that have influence in defecation with development of constipation and hemorrhoids
investigated with the aim of enhancing exploratory and confirmatory understanding for medical specialists and society at large.

Keywords: “Hemmoroids, Constipation, Eating Habits, Healthy Lifestyle, Clustering, Classification, Data Mining, Machine Learning,
Quantitative Analysis, Supervised Learning, Unsupervised Learning”

1. Introduction

“Benefitting from Science is important in preserving our health and live” -Dr. Ozerk Yavuz
“Make a habit of two things: to help; or at least to do no harm.” -Hippocrates

“Let food be thy medicine and medicine be thy food.”- Hippocrates

“A healthy outside starts from the inside.” -Robert Urich

“Happiness depends upon ourselves.” —Aristotle

In having a healthy life, right nutrition with a life style balanced with exercise constitutes and important value. This is mainly
important for bodily functions that are provided by organs and systems of the body which is also valid for our digestion and
excretion systems. Digestion is one of the main functions of human metabolism that starts in mouth with mechanical and chemical
reactions and ends with the expellsion of digestive residues from the anus, following the large intestine. Many hormones and
enzymes have influence in the digestion of carbonhydrates, proteins and fats in the metabolism. With the key and luck structures
that enzymes have and with the hormonal homeostasis that the metabolism have processing of different monomer and polimer
structures are being handles. After the absorbation of digested food contents in duodenum and small intestine. Digestive residues
are expelled from the anus, following the large intestine which is called excretion. If there is a malfunction in some part of the
digestive system or characteristics of the food taken some digestive and excretion problems may occur. Some of these most known
problems are constipation and hemorrhoids. There are two types of hemorrhoids which are internal and external. In some cases
hemorrhagetion can occur. All forms of acute constipation and hemorrhoids should be taken serious and nearest medical practioner
and health facility should be visited for the right treatment to be taken. A life style change for a preventive integrated treatment is
usually advised. In managing the risks constipation and hemmoroids management plans should be followed as suggested and in
consultation with the medical practioners. In this phenemonelogical, single case study, some of the factors that have influence in
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defecation with development of constipation and hemmoroids investigated with the aim of enhancing exploratory and confirmatory
understanding for medical specialists and society at large [1,2,3,4,5].

Digestion can be in the form of mechanical with the help of the teeth and chemical with the help of digestive enzymes as a-
amylase, sucrase, maltase, lactase, a-dextrinase, pepsin, lipase, pancreatic lipase, cholesterol ester hydrolase, phospholipase A,
HCL, Bicarbonate [1,2,3,4,5]. In the digestive process digestion refers to the breakdown of food to its monomers and elements
from more complex polimer forms whereas absorption refers to the absorption of nutrients digested up to their monomers in the
relevant organs and mixing into the blood. The villi capillaries on the inner surface of the small intestine are specialized in this
work. The digestive residues left behind from the nutrients that are then digested and passed into the blood are thrown out of the
anus by following the large intestine path. In this case, when the consistency and hardness of the stool is not in the desired form,
the inner surface of the intestine can be damaged. Again, when combined with syndromes such as intestinal laziness, this may
cause chronic constipation cases in patients. As cited in literature there are several factors that can be usefull in preventing,
controlling constipation and hemmoroid cases. These can be counted as plenty of fluid consumption, active lifestyle balanced with
sports, consumption of fibrous foods, use of appropriate amount of olive oil, avoidance of caffeine consumption, avoidance of
toilet delay behavior [1,2,3,4,5]. Constipation and hemmoroid cases can lead to severe consequences therefore preventive control
measures and life style choices can be helpful in preventing such medical conditions [6,7,8,9,10]. In this research a data mining
approach for the understanding of antecedents of constipation and hemoroids have been analysed in order to gain insights.
Supervised machine learning and unsupervised machine learning types can be used in understanding different phenomena in
medical sciences. Data mining is defined as a methodological approach in the analysis of quantitative data as indicated in the
literature. The data mining process is formed of a set of structured steps that make up the data mining research process and
methodology [51,52,53,54,55,56].

The data mining approach can be viewed as a systematic and structured investigative process that focuses on situation analysis,
data collection, model building, and model testing. The ideas and insights uncovered from these analyzes can be used as a starting
point for decision making by leaders, the scientific community, and society as a whole. Machine learning technique, which is a
famous approach in quantitative research methodologies based on data mining, is a form of machine learning. This learning process
is usually triggered and activated by anticipatory (feed forward) approaches which are then followed by backward propagation
processes which aims to minimize the cost functions in a stochastic manner. Using the mapping functions, the input layers of the
model are mapped to the output layer taking into account the independent dependent values. The functions and equations involved
in this mapping are calculated. Subsequently, in many ways, the rules generated with the lowest error rate measured by respective
entropy values are generated. As in gradient descent forms the lowest cost for the respective variable weights are searched. The
equation with the slope which is zero in local minimum or global minimum, that is also the derivative of the cost in the reverse
parabolic cost weight diagram is presented as the main association rule. This value can also be calculated by finding the tangent of
that point which can be calculated by dividing edge looking to the angle (opposing edge) to adjacent edge in a triangular form
[68,69,70,71]. In order to reach to the point with the slope zero which is the intersection of the lowest weight and respective weight
value meaning lowest cost in the function at this point is steep to the weight, an iterative traversal is necessary in the opposite
direction of the gradient. In this manner rules that provide the closest proximity to the actual results are selected and presented as
distinctive association rules. To assess this, a stochastic backpropagation technique is used in many respects [68,69,70,71].

In machine learning two forms of learning driven by data sets are available. Supervised learning and unsupervised learning are
two forms in this context. Supervised learning is a form of classification approach in which input and output layer mappings are
made with transform functions, with the goal of discovering rules and information. In this type of machine learning, a general
stochastic backpropagation technique is used. In the mapping process, the independent multivariate variables are assigned to the
respective class labels which are considered as dependent variables in the output layer. Starting from the initial labeling of
dependent values in the form of the nominal value technique, this type of machine learning is called supervised machine learning.
On the other hand, in unsupervised machine learning, multiple attributes from different instances are assigned to the respective
clusters with respective values without the requirement of an initial class label declaration. In this form of machine learning, various
mathematical and statistical functions are applied which use heuristics in many cases. In most clustering analyzes, also known as
unsupervised machine learning, centroid values are calculated for each independent group and associated attribute values are
assigned to the group for multiple instances of the dataset with an emphasis on similarity and maximization of convergence in the
same group on the other hand divergence, maximization of differences with other cluster members who have other centroid values
are preferred for effective and efficient categorization. Multilayer Perceptron, Bayesian Networks, Hoeffding Tree, Random Tree,
Kmeans, Make density based clusterer, Hierarchichal Clusterer, Filtered Clusterer, Farthest First, Expectation Maximization,
Cobweb, Canopy, J48, JRip, Part, OneR, ZeroR, M5Rules, Decision Table, Decision Stump, Random Forest, Random Tree Method
are among the most cited supervised and unsupervised machine learning techniques using different classification and clustering
approaches in the literature. The use of machine learning from data mining can provide exploratory and confirmatory understanding
of the phenomena in question and can provide in-depth insight and understanding with the option of knowledge discovery,
prediction or forecasting that it offers [51, 52, 53,54, 55, 56].



256

2. Research Method

In this research initially, the understanding and analysis of the problem domain in literature is completed, this is later followed
by the review and pre-processing of the data, Subsequently, a conceptual framework and model is developed following the literature
review and analysis approaches, model testing is performed with supervised and unsupervised versions of machine learning
approaches. Finally, the results of the planned analysis are evaluated[ 46,47,48,49,50,51,61,69]. In this paper a quantitative research
paradigm is used. The paradigms of quantitative research, aim to explore the phenomena in the application of deductive techniques.
They have a positivist and objectivist orientation of epistemology and ontology. Quantitative data is a type of structured knowledge
that can be collected using a variety of approaches in the form of primary data sources and secondary data sources. Conventional
and unconventional forms of data collection techniques can be applied via sensor measurements as input, as end user data entry as
input, via web services, internet of Things, paper-administered surveys, online surveys, etc. [ 51,52,53,54,55,56].

e
|_

Figure 1. Athena Data Mining Model (Prepared by the Researcher)

In data mining process Athena data mining model of Ozerk has been employed as seen in Figure 1. In the analysis conducted
Multilayer Perceptron, Bayesian Networks, Hoeffding Tree, Random Tree, Kmeans, Make density based clusterer, Hierarchichal
Clusterer, Filtered Clusterer, Farthest First, Expectation Maximization, Cobweb, Canopy, J48, JRip, Part, OneR, ZeroR, M5Rules,
Decision Table, Decision Stump, Random Forest, Random Tree Methods have been applied for the machine learning. Among
these algorithms unsupervised machine learning algorithms here asseses the instance values and assigns these independent values
to the respective segment clusters whereas supervised machine learning algorithms mainly focuses on mapping the multivariate
variables in input layers to class labels in output layers with transformation and mapping functions. Additionaly class based metrics
are evaulated and associated rules are generated in an reinforced fashion some applying forward feeding and backpropagation
approaches based on the algorithmic designs and architectures [51,52,53,54,55,56]. Also prediction focused machine learning
functions are also involved in input-output transformation processes which generates the predicted values for the respective
variables and attributes [51,52,53,54,55,56]. Depending on the algorithmic design, algorithmic architecture, complexity of the
algorithms these algorithms can generate different results for similar, same or distinct problem sets [51,52,53,54,55,56]. For the
same data set with the same parameters performance indicators of the algorithms have been assessed and evaluated. The best
performing algorithm for this problem domain with respective data set and parameters has been discovered with the analysis
conducted. Knowledge patterns and rules found out have been interpreted and listed. For supervised machine learning approach
Niagara Falls machine learning model as in Figure 2 is followed. For unsupervised machine learning approach Manavgat Falls
unsupervised machine learning model has been employed as in Figure 3.
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Figure 2. Niagara Falls Machine Learning Flow of Supervised Learning (Prepared by the Researcher)
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Figure 3. Manavgat Falls Unsupervised Machine Learning Algorithm Flow Composed of Model Building and Testing (Prepared by
the Researcher)

In the data gathering process a quantitative data set from a paper administered survey design has been used composed of
variables, Fruit-Vegetable Portion Consumed, Portions of Milk Consumed, Walking Status Indicator, Portions of Coffee
Consumed, Portions of Tea Consumed, Yoghurt Consumption Indicator, Defecation Status Indicator, Hemoroid Status Indicator.
As the research paradigm phenomenological single case study design has been preffered. For the data analysis a quantitative data
set composed of variables listed below is used employing classification and clustering approaches of supervised, machine learning
techniques available in literature.
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Table 1. List of Variables Used in Analysis

Fruit-Vegetable Portion Consumed  Numeric

Portions of Milk Consumed Numeric
Walking Status Indicator Nominal
Portions of Coffee Consumed Numeric
Portions of Tea Consumed Numeric
Yoghurt Consumption Indicator Nominal
Defecation Status Indicator Nominal
Hemoroid Status Indicator Nominal

In data mining analysis, the rules of association, predictive knowledge with insights have been discovered using classification
and clustering algorithms for the relevant domain and problem set. In these approaches, the input-output mapping functions are
used to create association rules that correspond the outer layer projection from inner layers. In some, feed forward and backward
propagation techniques have been applied. The relevant rules with the lowest error rate (entropy) have been presented as the main
rules discovered with the analysis conducted [51,52,53,54,55,56].

As reported by Ozerk, many data mining processes today employ a technical approach to supervised learning in which
independent or multivariate indicators and variables are assigned to output class labels using mapping functions. In unsupervised
versions of data mining and machine learning, the fundamental values of each group (focal points, centroids) are calculated, the
sample and the corresponding characteristic values are assigned to the respective groups in order to maximize convergence and
minimize differences in the same group while divergence is expected among members of different groups. In the supervised and
unsupervised machine learning process, rules are created to improve the exploratory and confirmatory understanding of the
phenomenon [51,52,53,54,55,56]. In this context, an Aristotelian research design path can offer several advantages in
understanding these phenomena and can be a good decision support tool for key business leaders, political leaders, and society as
awhole.

In the applied analysis, same input load was tested with the same parameters using machine learning algorithms, Bayesian
Networks, PART, J48, Multilayer Perceptron, Hoeffding Tree and VVoted Perceptron. In the analysis University of Waikato's Weka
data mining package, with a wide variety of supervised and unsupervised machine learning algorithms has been used. Then the
key performance indicators of the classifications and clusterings were compared and evaluated. During the analysis, 10 fold cross
validation method has been used in model training and testing. Based on the performance metrics associated with data mining
analysis, a high-performing algorithm was selected that can be used for such areas and problem sets to gain additional information
and insights. For this, the mean square of the error, accuracy (precision), coefficient of correct classification and coefficient of
misclassification were used [51,52,53,54,55,56]. The rules and performance indicator values calculated are shown in Tables 2 and
3.

Table 2. Performance Estimations of machine learning algorithms

Machine Learning Key Performance Indicators
Method RMSE Precision % Correctly % Misclassified
Classified
Bayesian networks 0.26 N/A 94.11 5.88
PART 0.25 N/A 94.11 5.88
J48 0.25 N/A 94.11 5.88
Multilayer Perceptron 0.37 0.87 76.47 23.52
Hoeffding Tree 0.34 0.88 88.23 11.76
Voted Perceptron 0.24 N/A 94.11 5.88
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Table 3. Association rules generated by supervised and unsupervised machine learning algorithms

. Fruit-vegetable consumed with a value of 0, milk consumtion value of 0.57, walking status indicator with a value
of 0.71, coffee consumption with a value of 1.4, tea consumption with a value of 1.4, yoghurt consumption with a
value of yes, defecation status indicator with a value of no and hemorrhoids status indicator with a value of no
are grouped in first cluster whereas Fruit-vegetable consumed with a valu of 2, milk Consumtion value of 0.5,
walking status indicator with a value of 0.6, coffee consumption with a value of 2.8, tea consumption with a
value of 1, yoghurt consumption with a value of yes, defecation status indicator with a value of yes and
hemorrhoids status indicator with a value of no are grouped in second cluster

. If Defecation Status Indicator is equal to yes then there is no hemorrhoids

1. If there is no hemorrhoids, if Fruit Vegetable Portion Consumed is less than 1 then there is no Defecation whereas if
Fruit Vegetable Portion Consumed is greater than or equal to 1 then there is healthy defecation

IV. If Hemoroid Status Indicator is equal to yes then there is no healthy defecation

V. If Hemoroid Status Indicator is equal to no and Milk Consumed is greater than or equal to 1 then defecation status
indicator is yes

V. If Hemoroid Status Indicator is equal to no and Coffee Consumed is greater than or equal to 2.5 then defecation status

indicator is yes

VII. If Fruit Vegetable Portion Consumed less than or equal to 0 then defecation status indicator is no
Viil. If Fruit VVegetable Portion Consumed is greater than 0 then defecation status indicator is yes
IX. Moderate levels of tea and coffee consumption with 2 portions of fruit and vegetable daily did not lead to a negative
influence on defecation status which may lead to a hemorrhoids if not treated
X. Analysis results revealed that for a healthy defecation status, consumption of 2 portions of fruit-vegetable daily may
make a positive impact
XI. It was understood that when moderate levels of coffee and tea consumption is balanced with a fiber rich diet composed

of fruit-vegetable portions (2 portions), healthy defecations is likely to be expected which would be prevental for an
hemorrhoids to occur

Analysis revealed that, fruit-vegetable consumed with a value of 0, milk consumtion value of 0.57, walking status indicator
with a value of 0.71, coffee consumption with a value of 1.4, tea consumption with a value of 1.4, yoghurt consumption with a
value of yes, defecation status indicator with a value of no and hemorrhoids status indicator with a value of no are grouped in first
cluster whereas Fruit-vegetable consumed with a valu of 2, milk Consumtion value of 0.5, walking status indicator with a value of
0.6, coffee consumption with a value of 2.8, tea consumption with a value of 1, yoghurt consumption with a value of yes, defecation
status indicator with a value of yes and hemorrhoids status indicator with a value of no are grouped in second cluster. If Defecation
Status Indicator is equal to yes then there is no hemorrhoids. If there is no hemorrhoids, if Fruit VVegetable Portion Consumed is
less than 1 then there is no Defecation whereas if Fruit VVegetable Portion Consumed is greater than or equal to 1 then there is
healthy defecation. If Hemoroid Status Indicator is equal to yes then there is no healthy defecation. If Hemoroid Status Indicator
is equal to no and Milk Consumed is greater than or equal to 1 then defecation status indicator is yes. If Hemoroid Status Indicator
is equal to no and Coffee Consumed is greater than or equal to 2.5 then defecation status indicator is yes. If Fruit Vegetable Portion
Consumed is less than or equal to 0 then defecation status indicator is no. If Fruit Vegetable Portion Consumed is greater than 0
then defecation status indicator is yes. Moderate levels of tea and coffee consumption with 2 portions of fruit and vegetable daily
did not lead to a negative influence on defecation status which may lead to a hemorrhoids if not treated. In the analysis conducted
it was found out that for a healthy defecation status, consumption of 2 portions of fruit-vegetable daily may make a positive impact.
It was understood that when moderate levels of coffee and tea consumption is balanced with a fiber rich diet composed of fruit-
vegetable portions (2 portions), healthy defecations is likely to be expected which would be prevental for an hemorrhoids to occur.

Fruit Wegetable Partion Cnnsumed‘

‘Walking Status Indilo : L
Coffee Congurmed v’:'{’:‘ ’
X

Defecation Status Indicatar=no

Figure 4. A neural network view of the generated model (multilayer perceptron: hemorrhoids status indicator is the dependent
variable)
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Figure 5. A neural network view of the generated model (multilayer perceptron: defecation status indicator is the dependent variable)
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Figure 6. Plot matrix view of the sampling

Among all the algorithms applied, voted perceptron has been the top scorer for the same input load using same variables and
parameters with respective correct classification rate and RMSE. It can be used as an effective and efficient tool for the analysis
of such problem domains. Performance measures and indicators have been choosen as suggested in the literature. It is further
concluded that, supervised and unsupervised machine learning algorithms, also known as classification and clustering techniques
in the data mining literature, can be used as effective and efficient tools for discovery of meaningfull knowledge and insights.
Confirmation and exploration of knowledge and insights are possible with data mining flows as in Athena data mining model.
These ideas can be taken into account by policy makers and society at large in such areas and in smilar set of issues. Processing
times can vary based on the input loads, algorithmic design, architecture and performance of the algorithm which can be evaluated
with approximation approaches by using metrics such as Big O or Big Q which can also be used to assess efficiency and the
complexity of these calculations [51,52,53,54,55,56,74,75].
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Figure 7. Actual and Predicted Values of Healthy Defecation Using Neural Networks (Multilayer Perceptron)
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Figure 8. Actual and Predicted Values of Hemorrhoid Using Neural Networks (Multilayer Perceptron)

3. Discussion and Conclusion

In having a healthy life, right nutrition with a life style balanced with exercise constitutes and important value. This is mainly
important for bodily functions that are provided by organs and systems of the body which is also valid for our digestion and
excretion systems. Digestion is one of the main functions of human metabolism that starts in mouth with mechanical and chemical
reactions and ends with the expellsion of digestive residues from the anus, following the large intestine. Many hormones and
enzymes have influence in the digestion of carbonhydrates, proteins and fats in the metabolism. With the key and luck structures
that enzymes have and with the hormonal homeostasis that the metabolism have processing of different monomer and polimer
structures are being handles. After the absorbation of digested food contents in duodenum and small intestine. Digestive residues
are expelled from the anus, following the large intestine which is called excretion. If there is a malfunction in some part of the
digestive system or characteristics of the food taken some digestive and excretion problems may occur. Some of these most known
problems are constipation and hemorrhoids.
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In this study some of the factors cited as leading indicators of constipation and hemmoroidhs have been examined by employing
supervised and unsupervised machine learning methodologies.Analysis revealed that, fruit-vegetable consumed with a value of 0,
milk consumtion value of 0.57, walking status indicator with a value of 0.71, coffee consumption with a value of 1.4, tea
consumption with a value of 1.4, yoghurt consumption with a value of yes, defecation status indicator with a value of no and
hemorrhoids status indicator with a value of no are grouped in first cluster whereas Fruit-vegetable consumed with a valu of 2,
milk Consumtion value of 0.5, walking status indicator with a value of 0.6, coffee consumption with a value of 2.8, tea consumption
with a value of 1, yoghurt consumption with a value of yes, defecation status indicator with a value of yes and hemorrhoids status
indicator with a value of no are grouped in second cluster. If Defecation Status Indicator is equal to yes then there is no
hemorrhoids. If there is no hemorrhoids, if Fruit Vegetable Portion Consumed is less than 1 then there is no Defecation whereas
if Fruit Vegetable Portion Consumed is greater than or equal to 1 then there is healthy defecation. If Hemoroid Status Indicator is
equal to yes then there is no healthy defecation. If Hemoroid Status Indicator is equal to no and Milk Consumed is greater than or
equal to 1 then defecation status indicator is yes. If Hemoroid Status Indicator is equal to no and Coffee Consumed is greater than
or equal to 2.5 then defecation status indicator is yes. If Fruit Vegetable Portion Consumed is less than or equal to 0 then defecation
status indicator is no. If Fruit Vegetable Portion Consumed is greater than 0 then defecation status indicator is yes. Moderate levels
of tea and coffee consumption with 2 portions of fruit and vegetable daily did not lead to a negative influence on defecation status
which may lead to a hemorrhoids if not treated. In the analysis conducted it was found out that for a healthy defecation status,
consumption of 2 portions of fruit-vegetable daily may make a positive impact. It was understood that when moderate levels of
coffee and tea consumption is balanced with a fiber rich diet composed of fruit-vegetable portions (2 portions), healthy defecations
is likely to be expected which would be prevental for an hemorrhoids to occur. Among all the algorithms applied, voted perceptron
has been the top scorer for the same input load using same variables and parameters with respective correct classification rate and
RMSE. It can be used as an effective and efficient tool for the analysis of such problem domains. Studies of this type for
understanding similar phenomena with data mining methodology can be used for enhancing insights, knowledge, exploratory and
confirmatory understanding for leaders, medical community and society at large. Managing the risks associated with digestive and
excretory problems as constipation or hemorrhoids a healthy life style management plan balanced with diets rich in fiber and
moderate exersice prepared in consultation with a medical practioner or speacilist may be helpful.
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Abstract

Zoning plans are the design work required for the correct use of space in terms of urbanization. While creating zoning plans, zoning islands are
created together with various planning methods. Reconstruction islands are also named as having legends such as residence, subject + commercial,
commercial, social areas, religious facility areas called places of worship, green areas. The important part is how the construction permit is given
to the parcels that will coincide within these islands. This process is the zoning diameter. Zoning diameters are the drawings made on the ground
according to different methods. In our study of how to give zoning diameters to different types of zoning islands, it was aimed to provide
appropriate angle distances inside perpendicular or parallel by adding the lengths of the parcels to each other, which we call the sine theorem. It
was examined how the zoning island would be given a diameter in terms of length according to the precedent and the amount of height processed
in the plan.

Keywords: “Zoning Structure Ordinance, Sine Theorem, Zoning Diameter”

1. Introduction

Zoning Law, which is directly related to fundamental rights and freedoms, brings regulations in areas that are closely related to
the society such as the right to property, the right to life and the freedom of settlement. If we look at it from a broad perspective,
zoning law restricts some fundamental rights and freedoms, but in practice, its scope includes issues that require more expertise.
As can be understood from the definition, all public and private public works activities are included in the areas regulated by the
zoning law [3]. When we look at the legislation within the scope of the zoning law, we encounter a wide variety of laws. The first
of these is the Zoning Law No. 3194. In article 2 of the Zoning Law, the scope of the law is mentioned and it is stated that all
buildings to be built within or outside the borders of the municipality and the adjacent area are subject to this law. The Municipal
Law No. 5393 covers the municipalities according to art.1 and art.2, but also regulates their working procedures and principles,
duties and authorities. Likewise, the Metropolitan Municipality Law No. 5216 covers metropolitan municipalities and aims to
provide planned and efficient services by regulating the legal status of metropolitan municipalities. Article 2 of the Soil
Conservation and Land Use Law No. 5403 covers the issues of arranging land and soil resources in accordance with scientific
principles and determining measures for the protection of the land [8]. Although the main purpose of planning is livable cities and
therefore public benefit, the regulations to be made create some obligations and obligations not only for the institutions authorized
to make this regulation, but also for the individuals [9]. Planning, as a concept, is a way of thinking that is thought ahead from a
certain moment; It is the sum of the studies aimed at examining the possibilities, possibilities, comparison activities, and
establishing regular relations between individuals and their communities and their environment [6]. It is aimed to implement zoning
and urban planning activities in line with the principles of honesty and compliance in the light of laws and regulations, by
transforming them into implementation plans of 1000 by local governments [10]. Rapid urbanization has brought about unplanned
development. This process has revealed an urban texture where social and technical equipment areas are insufficient, transportation
planning cannot be made, and industrial facilities are intertwined with living and resting areas [11].

2. Material and Methods

We mentioned in the introduction that symmetry is actually a transformation and that we can call this transformation symmetry
under some conditions. These conditions are; being diffeomorphism, preserving the structure and mapping the of the element to
itself. As an example of a geometric shape, we have an equilateral triangle at the previous chapter. As Peter Hydon explains in his
book these examples can be multiplied. For example, if we examine the symmetries of the unit circle [16]. These 4 transformations
that we have given as examples satisfy the conditions of symmetry. So the new x and y can be differentiable at any point,
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furthermore the inverse of ¢1 ,02 ,§3 ,¢4 also are the symmetry transformations. So it is clear that the transformations are
diffeomorphisms and at the same time they maintain the form [15].
¢1: (%, y) = (x,y)
¢2 t(X,y) = (X,7y)
¢3 : (Xs Y) - (_X,_Y)
¢4 :(X,y) > (xcosa—ysina,ysina+x cos a)

0.52,0.87)

A=(087.049)

Figure 1. Sine Graph [15].

For each a € (-rt,mt]. Here a will be the continuous parameter, which we will define later. We will study with the Lie group
created by the transformations. When a equals to 0, ¢4 will be a trivial symmetry of the unit circle. Since trivial symmetries will
not help to find another solution, we will not deal with them in our research. The transformations ¢1 ,$2 ,03 ,04 are symmetry
transformations for the unit circle [15].

= 17
| i 2

Figure 2. A geometric interpretation of general scaling [4].

Homogeneous coordinates provide a convenient and efficient technique for mapping a set of points from one coordinate system
to a corresponding set in an alternate coordinate system. Frequently, an infinite range in one coordinate system matches a finite
range in an alternative coordinate system [4]. Parallel lines may not match parallel lines unless pairings are carefully chosen.
However, intersection points can be mapped to intersection points. This property is used to specify the homogeneous coordinate
representation of a point at infinity [1;2;5].

3. Results and Discussion

In order for citizens or official institutions to build on a land, they have to get permission from the municipalities within the
boundaries of the municipality's zoning and adjacent area, and from the special provincial administrations outside the boundaries
of the municipality's zoning and adjacent areas [7;12]. If it is a cadastral parcel, the relevant immovable, that is, if the application
of the 18th article and the unification of the land, its abandonment to the road or its creation from the road have not been made, the
construction permit cannot be granted in its current state [7]. If the parcel is in the shape of the land within the normal zoning
limits, and if it is outside the zoning boundaries, it is allowed for construction if it has a frontage to at least one road and is not
abandoned or formed [7;12].

Regardless of the type of construction, residential, commercial, industrial, residential+trade or vineyard areas outside the zoning
borders, or whatever will be done outside the zoning contiguous borders, the first step of the process is the zoning scale. Zoning
diameter is the process of giving the drawing distances in accordance with the building regulation, in the national coordinate or
local coordinate system, within the framework of the planned type or unplanned type areas regulation. After the zoning diameter
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is given to a plot, the project phase is started. The basic initial zoning diameter for construction in a place is [13].

Zoning diameters are given in 3 main axes as separate, adjacent and in block order. The drawing distances are given according to
the construction order of the plan, where the front, depth and corner coordinates and the raw data obtained from the current land
coincide on the plan [12]. According to the mechanical results among them, shape changes, knot and vector analyzes can be
examined and compared [14]. The same structures with the same geometric shapes and different supports and different geometric
shapes were compared and examined [14].
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Figure 3. 8-storey residential area zoning diameter view

In Figure 3, the immovable is an island with a separate structure. Its maximum height is 24.50 meters and the total
construction area is 1.50. The total construction area is found by multiplying the title deed area. With the help of the theorem of
sines, the front drawing distance from the angle and distance calculation was found by drawing 5 meters from the front facing fixed
3 sides. The distance to the side garden is 5 meters based on the maximum number of floors up to 8 floors, and the zoning diameter
is given in the middle.

& N
PARK ‘ /  \
residential area up to 8 " :

floors, a zoning island with

permission / A <
. ) B /\
)
E=1.50 ' -
Yengok=24.50 m 5m v
N

E=1.50
Yengok=24.50

E=1.50
u;oli=24.50

Figure 4. 8-storey residential area zoning diameter view
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In Figure 4., the relevant immovable parcel is a zoning parcel in the size of a single-sided separate order. It is allowed up
to a maximum of 8 floors, and the total construction area is 1.5 times the title deed area. The front towing distance is 5 meters, the
side garden is 3 meters in places up to 4 floors, and after 3 floors it will increase by half a meter per floor, since it will increase
according to the regulation, it has been given 5 meters. Again, by making the angle and distance from the sine theorem, the
minimum drawing distance of 3 meters is drawn and the zoning diameter is given in the middle.

residential a
10 floors

Figure 5. The zoning diameter view of the 10-storey residential area

In Figure 5, the relevant real estate is a parcel with a single side road border. Relevant zoning island residential area is
allowed up to 8 floors apart. In places where the distance to the side garden is up to 4 floors, the floor sitting area is given by
drawing a parallel line from the sinus angle technique of 6 meters by increasing 3 meters by half a meter after 4 floors. The amount
of backyard is determined in parallel by taking the distance of the backyard as 3 meters per flat, taking 30 meters on a 10-storey
floor, and taking half of it by adding the amount of eaves share at 0.5 meters.
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Figure 6. 8-storey residential area zoning diameter view
In Figure 6, the relevant immovable property is allowed up to 10 floors with a single fagade, and the sitting limits of the
building's residence area are determined by drawing 5 meters from the side facing the road and 6 meters from the side garden. The
floor utilization coefficient is 0.30, and the maximum use of the building floor is obtained by multiplying the title deed area by
0.30.

Figure 7. Zoning diameter view of a 10-storey commercial residential area

In Figure 7., the relevant immovable is allowed up to a maximum of 10 floors, the total construction area is 4.00 times the
title deed area, and the front and side garden distances are parallel and the building floor sitting area is determined by drawing a
triangle from sinus angles and distances by 5 meters.
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Figure 8. Zoning diameter view of 8-storey commercial residential area
In Figure 8., since the relevant real estate is located on an island with a maximum of 8 floors and is in a double-sided
adjacent building order, the front towing distance was not applied. Instead, this area was created by pulling 12.25 meters, half of
the height, which is the rear pull distance we call lighting.

residentjal area up to 4 floors,
a zoning l\sland with \
permission

\RK

Figure 9. A view of the zoning diameter of the 4-storey residential area

In Figure 9, the relevant immovable is within the residential area. It is a parcel with a maximum of 4 floors, and the front
garden distances are determined as 5 meters by drawing parallel. The zoning diameter is given in the middle by decreasing the
amount of the side garden by 3 meters.
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Figure 10. Zoning diameter view of the 5-storey social-cultural area

In Figure 10., the relevant area is a social cultural area with a maximum of 5 floors. The front towing distance is 10 meters
each, and its equivalent is 1.5. It is allowed up to a maximum of 15.50 meters.

residential area up tqQ\s
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Figure 11. 5-storey residential area zoning diameter view

The real estate in Figure 11. is allowed up to 5 floors and its equivalent is 1.5. The front garden distance is 5 meters and

the side garden distance is 3.5 meters, and the building sitting area is given in the middle.
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Figure 12. Image of the zoning diameter of the health facility and mosque area

Figure 12 shows how to give a zoning diameter to 2 zoning islands. The zoning diameters are given in the middle by drawing 10
meters from the facades of the parcels facing the whole road at the point that has been included in the plan as a health facility and
mosque area. The maximum height of both zoning islands is up to 9.50 meters.

4. Conclusions

In the zoning plans, the zoning boundaries should be determined and the islands should be designed in a way that can meet the
needs of all people from housing to commercial and social areas. In these areas, the purpose is to determine the areas where the
building will be placed. This area determination job depends on the amount of population living in residential areas, and the correct
provision of distance in commercial areas. The precedent of religious facility areas created in line with the amount of population
and the floor areas to be used depend on this. In the findings section, the necessity of giving the construction diameters, which are
visually indicated, from the sinus theorem, which is the length and angle technique as convex geometry, is discussed. In line with
the planned type zoning regulation and plan notes, the application forms of the pulling distances are shown. Our suggestion,
regardless of the area of the zoning diameter, whether the distance approach or the length addition technique, is to be formed in a
way that will respond to the need by preventing the concrete from being concretized correctly.
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