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Editorial
Dear Readers, Dear Researchers,

Cumhuriyet University Journal of Engineering Faculty (CUMFAD) is an international, scientific, peer-
reviewed and electronically accessible journal published twice a year by Sivas Cumhuriyet University Engineering
Faculty. CUMFAD aims to deliver qualified studies in all engineering branches to its readers with an objective
point of view. As the editorial board, we are happy to present the first issue of our magazine to our readers. We
would like to express our deepest gratitude to our authors, reviewers and everyone who contributed to this
issue of our journal, especially to our advisory board, co-editors, field editors, language editors, and staff
responsible for review and typesetting. In addition, we are grateful to all our authors who have been patiently
waiting for us, despite the negative impact of the earthquake disaster in our country and the disruptions due to
the editorial office change process. Also, we would also like to thank everyone who has contributed and
supported our magazine so far. Our next issue will hopefully be published in June 2024.

In this issue, there are 6 research and 2 review articles that have undergone a strict blind review and
editorial process. Studies published in our journal go through three important stages: preliminary review, blind
peer-review process and editorial process. During the peer-review process, each article was reviewed by at least
two referees. In addition, every article that enters the review process is screened for plagiarism with the help of
iThenticate software. We recommend our authors who want to submit their works to our journal for our
upcoming issues, to pass their work through a plagiarism software before sending them to us.

For our new issues, you can upload your works to https://dergipark.org.tr/tr/pub/cumfad. In addition,
our journal aims to expand the academic advisory board and the referee pool. In this context, valuable
researchers who want to be on the advisory board of our journal or who want to contribute to our journal as a
referee can send their CVs to skockanat@cumhuriyet.edu.tr via e-mail. Referee certification processes are
carried out through Dergipark. For this reason, our referees who want to obtain a referee certificate should
apply through Dergipark.

See you in the next issue with qualified and original works...

Assoc. Prof. Dr. Serdar KOCKANAT
Editor
December, 2023
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Editor'den
Degerli okuyucular, kiymetli arastirmacilar,

Cumbhuriyet Universitesi Miihendislik Fakiiltesi Dergisi (CUMFAD) Sivas Cumhuriyet Universitesi
Muhendislik Fakiltesi tarafindan yilda iki defa cikarilan uluslararasi, bilimsel, hakemli ve elektronik ortamda
okuyucularin erisimine acik bir dergidir. CUMFAD, tim muhendislik dallarinda nitelikli calismalari nesnel bir bakis
acisi ile okuyucusuna ulastirmayi hedeflemektedir. Yayin kurulu olarak dergimizin ilk sayisini okuyucularimizla
bulusturmanin mutlulugu icerisindeyiz. Ozellikle danisma kurulumuza, es editérlerimize, alan editrlerimize, dil
editorlerimize ve 6n inceleme ve dizgiden sorumlu g¢alisanlarimiza olmak Uizere, yazarlarimiza, hakemlerimize ve
dergimizin bu sayisina katkida bulunan herkese verdikleri emekten 6tlirli en derin stikranlarimizi sunariz. Ayrica
Ulkemizde meydana gelen deprem felaketinin tiim sirecleri olumsuz etkilemesine ve editoryal ofis degisim
sireci nedeniyle yasanan aksamalara ragmen bizleri sabirla bekleyen tim yazarlarimiza minnettariz. Bununla
birlikte simdiye kadar dergimize katkida bulunan ve destek saglayan herkese tesekkir ediyoruz. Bir sonraki
sayimiz Haziran 2024’de yayimlanacaktir.

Bu sayimizda siki bir kor hakemlik ve editorliik siirecinden ge¢mis 6 arastirma ve 2 derleme makalesi
bulunmaktadir. Dergimizde yayimlanmakta olan galismalar 6n inceleme, kor hakemlik siireci ve editoryal slireg
olmak Uzere lg¢ 6nemli asamadan gecmektedir. Hakemlik stirecinde her makale en az iki hakem tarafindan
incelenmistir. Ayrica, inceleme silirecine giren her makale iThenticate yazilimi yardimiyla intihal taramasindan
gecmektedir. Oniimiizdeki sayilarimiz icin calismalarini dergimize gondermek isteyen yazarlarimiza ¢alismalarini
bize gondermeden 6nce mutlaka intihal yazilimindan gegirmelerini éneriyoruz.

Yeni sayilarimiz icin ¢alismalarinizi https://dergipark.org.tr/tr/pub/cumfad adresine yukleyebilirsiniz.
Ayrica, dergimiz akademik danisma kurulunu ve hakem havuzunu genisletmeyi hedeflemektedir. Bu baglamda
dergimizin danisma kurulunda yer almak isteyen veya hakem olarak dergimize katkida bulunmak isteyen degerli
arastirmacilar 6zge¢mislerini skockanat@cumhuriyet.edu.tr adresine e-posta ile gonderebilirler. Hakem sertifika
islemleri Dergipark Uzerinden yulrGtilmektedir. Bu nedenle hakem sertifikasi almak isteyen hakemlerimizin
Dergipark lGzerinden basvuruda bulunmalari gerekmektedir.

Nitelikli ve 6zglin ¢alismalarla bir sonraki sayida bulusmak tzere...

Dog. Dr. Serdar KOCKANAT
Editor
Aralik, 2023
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Application of Oxalic Acid and Hyrogen Peroxide+Sodium Hydroxide Bleaching
Chemicals on Bulletwood (Manikara bidentat (A.DC.) a. Chev.)

Hiiseyin Pekerl? , Elif Himeyra Bilginer2?, Umit Ayata*3<, Osman Camlibel*4, Levent Giirleyen>¢
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Research Article ABSTRACT
In this study, the surface changes [glossiness, whiteness index (WI*), and color] and shore D hardness value after
History the application of different wood bleaching agents (single-and two-component) on bulletwood (Manilkara
bidentata (A.DC.) A. Chev.) wood were investigated. According to the obtained results, in the variance analysis
Received: 07/12/2023 tests, the glossiness values at || and 1200 were determined as insignificant for the type of bleaching chemical,
Accepted: 26/12/2023 while all other tests were found to be significant. The Shore D hardness value was determined as 70.30 HD. AE*

values were determined as 4.56 for the single-component and 7.21 for the two-component bleaching agents.
The brightness values in both applications at 60o and 850, both parallel and perpendicular to the fibers,
decreased, while L*, b*, and C* values increased.

Copyright

This work is licensed under
Creative Commons Attribution 4.0 ~ Keywords: Bulletwood, bleaching, oxalic acid, hydrogen peroxide, color, sodium hydroxide, glossiness
International License

Agartici Kimyasallarinin (Oksalik Asit Ve Hidrojen Peroksit + Sodyum Hidroksit)
Bulletwood (Manilkara bidentata (A.Dc.) A. Chev.) Ahsabinda Uygulanmasi
oz

Bu ¢alismada, farkli ahsap agartici (tek ve gift komponentli) kimyasallarinin bulletwood (Manilkara bidentata
(A.DC.) A. Chev.) ahsabinda uygulanmasi sonrasinda meydana gelen ylzey degisimleri [parlaklik, beyazlik indeksi

Stire
¢ (WI*) ve renk] ve shore D sertlik degeri arastirilmistir. Elde edilen sonuglara goére, varyans analizi testlerinde
Gelis: 07/12/2023 agartma kimyasali tiird igin || ve 1200’de parlaklik degerlerinin anlamsiz olarak belirlenirken, diger bitin testler
Kabul: 26/12/2023 anlaml olarak bulunmustur. Shore D sertlik degeri 70.30 HD olarak elde edilmistir. AE* degerleri tek
komponentlide 4.56 ve ¢ift komponentlide 7.21 olarak tespit edilmistir. Her iki kimyasallara ait uygulamalar ile
600 ve 850’lerde liflere paralel ve dik yondeki parlaklik degerleri azalmis, L*, b* ve C* degerleri ise artmistir.
Copyright
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Giris

Bullet (Manilkara bidentata (A.DC.) A.Chev.) agac tlrl
Meksika’da Chicozapote, Porto Riko’da ve Dominik
Cumbhuriyeti’'nde Ausubo, Panama’da Nispero, Guyana’ya
da Beefwood, Surinam’da Bolletri, Fransiz Guyanasi’'nda
Balata rouge ve Brezilya’da Macaranduba olarak
bilinmektedir [1]. Bu agag¢ Bati Hint Adalari, Orta Amerika
ve kuzey Gliney Amerika’ya 6zglidur. Guianas ve Bati Hint
Adalar, Trinidad, Guadeloupe, Martinik, St. Vincent,
Dominik Cumhuriyeti, Porto Riko, Grenada, St. Lucia, Do
minica ve Karayipler'deki diger kiglik adalar araciligiyla
yaygin olarak dagitiimaktadir. Agag¢ kuzey Brezilya, Peru,
Venezuela ve Panama’da da yaygindir [2]. Bu agag¢ balata
zamkinin kaynagidir [3] ve Sapotaceae familyasina ve
Magnoliopsida sinifina ait olan Manilkara cinsinin en iyi
bilinen tiirlerinden biridir [4]. Bu agacin bliyimesi fidan
asamasinda vyavastir ve olgunluk boyunca kutup
asamasinda yavas ila orta arasindadir. Yikseklik 1 yilda
yaklasik 0.3 m ve 5 yilda yaklasik 4.5 m’dir [5].

Fiziko-grafik olarak yamaclarda ve duzliklerde,
koylarda bulunur. Trinidad’da tepelerde yaygindir ve
Porto Riko’da en iyi gelisimini alivyonlu ovalarda elde
eder. Surinam’da nehir kiyilarinda yaygindir [6]. Porto
Riko’da, beyaz miikemmel cigekler, yagmurlu mevsimin
basinda, 6zellikle Mayis’tan Agustos sonuna kadar, ara sira
gec¢ sonbaharda cicek agan bir sap Uzerinde yillik olarak
tasinir. Meyveler sonbahar boyunca gelisir, baslica meyve
dokimiu kis ve erken ilkbaharda gerceklesir. Porto
Riko’nun Subtropikal Islak Ormani’'nda 0.5 m2’lik elek
sepetlerinden olusan rastgele vyerlestiriimis toplama
istasyonlarinda bu agag, 39 ayda yaklasik 70 meyve
distrdaga bildirilmistir [7].

0z odun kesildiginde acik kirmizidir ve kurudugunda
koyu kirmizimsi kahverengiye doéner. Diri odun beyazimsi
ila soluk kahverengidir. Ahsabi ¢ok sert, gliclii, ince dokulu
ve agirdir. Delik delme islemi icin miikemmel, planya igin
uygun ve tornalama igin zayiftir [8-10]. Ahsabin civileme
ve vidalama ozelligi iyidir, ancak 6n delme gerektirir;
tutkallama sadece dahili amaglar i¢in uygundur ve ahgabin
yogunlugu nedeniyle dikkatle yapilmasi gerekir [5, 11].
Havada kurutmak zordur ve ¢ok hizli kurutulursa ciddi
egrilme ve bikilme gosterir [1]. Mikemmel buharla
bikme ozellikleri, onu tekne cerceveleri ve diger
blkilmas isler icin uygun hale getirir [10]. Bu agag, Porto
Riko’daki en giiclii ve en gekici ticari agaglardan biridir [1,
8].

Bullet odununa ait kullanim alanlari olarak; agir insaat,
tekstil ve kagit hamuru degirmeni ekipmanlari, mobilya
pargalari, tornacilikta, alet takim kollari, déseme, tekne ve
bot cerceveleri ve diger bikiilmis isler, demiryolu, keman
yapiminda, bilardo sopasi [1], elektrik direkleri, it
direkleri, agir kirisler, deniz ve kopri insaati, doseme,
temeller ve biyilik Olgiide her turli marangozluk ve
dograma [12-14] dahil olmak lzere birgok ek amag igin
kullanihr.

Ahsabinda, teget yonde daralma %9.40, radyal yonde
daralma %6.30, hacimsel daralma %17.00 [15], egilme
direnci 124.50 N/mm?, elastikiyet modili 24796.00
N/mm? [16], egilme direnci 190.00 N/mm?, elastikiyet

modiilii 19300.00 N/mm?, basin¢ direnci 87.00 N/mm?
[15] olarak bulunmustur.

Ahsabi Uzerinde gok iyi bitirme islemi yapilmakta olunup,
maun agacini andirmaktadir. Porto Riko’daki kuru odun
termiti Crytotermes brevis’e [17], Panama’daki bazi yeralti
termitlerine karsi olduk¢a direnglidir. Ancak deniz
sondalarina karsi hassastir. Odun ayrica beyaz ve kahverengi
gurtkluk mantarina karsi ¢ok dayaniklidir [1, 10, 18] ve
toprakla temas halinde bile gok dayaniklidir. Mantarlara, kuru
agag delicilere ve termitlere karsi gok dayaniklidir [5, 11, 19].
Agac ayrica gita-perkaya benzeyen balata sakizi icin de
kullanilir. Bazi bolgelerde agaclar 25 yili askin stredir 6zsu
verdigi bildirilmistir [20]. Kabugu kusturucudur. Kabugun
kaynatilmasi ve gévdeden elde edilen bir lateks, dizanteri igin
etkili bir tedavi olarak kullanilmaktadir [21].

Agartma ve renk giderimi farkl yollarla meydana gelebilir
(konjuge zincirin boltinmesiyle, konjuge zincirdeki bir veya
daha fazla ¢ift bagin yok edilmesi veya konjuge zincirdeki
diger parcalardan birinin oksidasyonuyla). Ug reaksiyondan
herhangi birinin sonucu, temel ve uyarilmis durumlar
arasindaki enerji boslugunda bir artistir, béylece molekdl
daha sonra ultraviyole bolgesinde 15181 emer ve higbir renk
Uretilmez. Agartma, reaksiyondan sonra organik bilesiklerin
suda ¢ozUnUrlGgina de artirabilir [22].

Hidrojen peroksit, tekstil ve sert yiizeylerdeki odun
hamuru, kagit, ham pamuk ve lekeleri agartmak igin
kullanilan gevreye zararsiz bir agartma maddesi olarak yaygin
olarak kullanilmaktadir [23]. Sodyum hidroksit, ahsabi hamur
haline getiren ve bazi boya sokicllerde kullanilan giigli alkali
bir kimyasaldir. Bu temizleyiciler, kifiin  bir ylizey
kaplamasina gdmuldiigi durumlarda gerekli olabilir; ancak,
yalnizca son ¢are olarak kullaniimalidirlar [24]. Ahsabin
bilesiklerini olusturan atomlar, C=C, C=0 gibi kromoforik
gruplar ve renkle ilgili olarak 6nemli olan benzen halkasi ve
oksokrom gruplari icerdiginden, gorinir spektrumda segici
absorpsiyon olasiligina sahiptir [25].

Bu calismada, farkh ahsap agartict kimyasallarinin
bulletwood (Manilkara bidentata (A.DC.) A. Chev.) ahsabinda
uygulanmasi sonrasinda meydana gelen yiizey degisimleri
arastiriimigtir.

Materyal Metot

Materyal

Ahsap Malzeme

Bullet (Manilkara bidentata (A.DC.) A.Chev.) agag tiirQ
bu calismada secilmistir. Deney 6rnekleri 6zel bir kereste
saticisindan satin alinma yoluyla elde edilmistir. 10 x 10 x
2 cm boyutlarinda hazirlanmistir. Daha sonra, bu
numuneler Uzerinde 20£2°C ile %65 bagil nemde olacak
sekilde iklimlendirme uygulamalari yapilmistir [26].

Adartici Kimyasallari

Bu arastirmada, su bazli tek komponentli (oksalik asit:
C2H204, sivi, renksiz, kokusuz, pH degeri 2.0+0.5) ve cift
komponentli [kokusuz, sivi, renksiz, ¢oziinir, seyreltici
maddesi su, pH degeri 7, hidrojen peroksit (H202) ve
sodyum hidroksit  (NaOH)] agartici  kimyasallari
kullantimistir.

Metot

Agartma Uygulanmasinin Yapilmasi

49
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Bir slinger yardimiyla ahsap malzeme ylizeylerine tek
ve ¢ift bilesenli agartici kimyasallari sirme teknigi ile tek
kat olarak uygulanmistir.

Testler

Parlaklik Ozelliklerinin Belirlenmesi

Parlakhik degerleri, 1SO 2813 [27] standardinin
kullanilmasi ile ETB-0833 model gloss meter cihazinda 20°,
60° ve 85%”lerde liflere dik ve paralel yonlerde
belirlenmistir (Sekil 1A).

Renk Ozelliklerinin Belirlenmesi

Renk parametreleri, ASTM D 2244-3, [28] standardinin
ve CS-10 (CHN Spec, Cin) [CIE 10° standart gozlemci; CIE
D65 1sik kaynagi, aydinlatma sistemi: 8/d (8°/daginik
aydinlatma)] cihazinin  (Sekil 1B) kullaniimasiyla
belirlenmistir. Aa*, AC*, AH*, Ab* ve AL* tanimlamalari
[29] Cizelge 1'de ve AE* renk farkinin gorsel
degerlendirmesi icin kiyaslama kriterleri [30] Cizelge 2'de
sunulmustur. Asagidaki formuller yardimiyla toplam renk
farkhihklarina ait sonuglar belirlenmistir.

C*= [(a*)2 + (b*)2]0.5 (1)

ho = arctan (b * [ a*) (2)

AC * = (C * agartma islemi gormiis — C *
agartma islemi gormemis) (3)

Cizelge 1. Aa*, AC*, AH*, Ab* ve AL* tanimlamalari [29]
Table 1. Definitions of Aa*, AC*, AH*, Ab*, and AL* [29]

Aa x = (a * agartma islemi gormis — a *

agartma islemi gormemis) (4)
AL * = (L * agartma islemi gormiis — L *

agartma islemi géormemis) (5)
Ab x = (b x agartma islemi géormiis — b *

agartma islemi gérmemis ) (6)

AH * = [(AE )2 — (AL ¥)2 — (AC %)2]0.5
(7)

(8)

Beyazlik indeksi (WI*) Ozelliklerinin Belirlenmesi

Whiteness Meter BDY-1 (Sekil 1C) cihazi ve ASTM E313-
15e1, [31] standardinin kullanilmasi ile liflere paralel ve dik
yonlerde beyazlik indeksi (W/*) degerleri belirlenmistir.

Shore D Sertlik Olgiimlerinin Belirlenmesi

Shore D sertlik degeri, 5 kg'lik ylik uygulamasina sahip
olan shore meter cihazinin (Sekil 1D) kullanilmasi ile ASTM
D 2240 [32]’'a gore belirlenmistir.

AE x = [(AL ¥)2 + (da )2 + (4b%)2]0.5

istatistiksel Analiz

Bir istatistik programi ile c¢ok degiskenli varyans
analizleri, minimum ortalamalari, homojenlik gruplari,
Olciim degerleri, maksimum 6&lgim degerleri, standart
sapmalari ve % degisim oranlari belirlenmistir.

Test Pozitif durumdaki agiklama

Negatif durumdaki agiklama

Ab* Referanstan daha sari

AL* Referanstan daha agik

Aa* Referanstan daha kirmizi

AC* Referanstan daha net, daha parlak

Cizelge 2. AE* igin kiyaslama kriterleri [30]
Table 2. Comparison criteria for AE* [30]

Referanstan daha mavi

Referanstan daha koyu

Referanstan daha yesil
Referanstan daha bulanik, mat

Toplam renk farki (AE*)

Gorsel renk puani farki

<0.2
0.2ila 0.5
0.5ila1.5
1.5ila 3.0
3.0ila6.0
6.0ila 12.0
>12.0

Algilanamaz
Cok zayif
Zayif
Belirgin
Cok belirgin
Glglu
Cok guiclt

Sekil 1. Parlaklik 6lgtim cihazi (A), renk
6lctim cihazi (B), beyazlik indeksi 6lgiim
cihazi (C), shore D sertlik 6lciim cihazi (D),
Olctim agllari [33] (E) ve DIN 6174, [34]'e
gore CIE-L*a*b* sistemi (F)

Figure 1. Glossiness measurement device
(A), color measurement device (B),
whiteness index measurement device (C),

shore D hardness measurement device (D),
measurement angles [33] (E), and CIE-
L*a*b* system according to DIN 6174 [34]
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Cizelge 3. Shore D sertlik degerine ait sonug
Table 3. Results for shore D hardness value

Olgiim Sayisi  Ortalama Olgiim (HD) Standart Sapma Minimum Olgiim

Maksimum Olcilim  Varyasyon Katsayisi

10 70.30 1.70 68.00 73.00 2.42
Cizelge 4. Toplam renk farkhliklarina ait sonuglar
Table 4. Results for total color differences
Uygulama AL* Aa* Ab* AC* AH* AE* Kiyaslama kriterleri [30]
Tek Komponentli 1.00 3.59 2.64 4.38 0.81 4.56 Cok belirgin (3.0 ila 6.0)
Cift Komponentli 6.75 -1.31 2.18 0.91 2.38 7.21 Glgli (6.0 ila 12.0)

Bulgular ve Tartisma

Shore D sertlik degerine ait sonug¢ Cizelge 3’de
verilmistir. Belirlenmis olan bu sonuca goére shore D sertlik
degeri 70.30 HD olmakta ve 68.00 - 73.00 HD arasinda
degismektedir (Cizelge 3).

Cizelge 4’de toplam renk farkliliklarina ait sonuglari
verilmistir. AE* degerleri ise tek komponentli uygulama
sonrasinda 4.56 ve ¢ift komponentli uygulama sonrasinda
ise 7.21 olarak tespit edilmistir. Her iki ahsap agarticiya ait
uygulamalar sonrasinda Ab* (referanstan daha sari), AL*
(referanstan daha acgik) ve AC* (referanstan daha net,
daha parlak) degerleri pozitif yonde olduklar
belirlenmistir. Aa* degerlerinde ise tek komponentlide
pozitif (referanstan daha kirmizi) olarak elde edilirken, gift
komponentlide negatif (referanstan daha yesil) olarak
bulunmustur (Cizelge 4). Ayrica, renk farklarina ait
kiyaslama kriterleri (DIN 5033, 1979) ile sonuglar
kiyaslandiginda, tek komponentli agarticinin (oksalik asit)
“cok belirgin (3.0 ila 6.0)” kriterini ve ¢ift komponentli
agarticinin (hidrojen peroksit + sodyum hidroksit) ise
“Gligl (6.0 ila 12.0)” kriterini verdigi gorilmektedir.

Cizelge 5’de ¢ok degiskenli varyans analizi sonuglari
verilmistir. Bu sonuglara gore, agartma kimyasali tirQ
igin" 20”de ve 120%de parlaklik degerlerinin anlamsiz
olarak elde edildigi, diger biitlin testlerin ise anlamli olarak
tespit edildigi gérilmektedir (Cizelge 5).

Cizelge 6’da parlakhk degerleri (farkh yonler ve
dereceler), beyazlik indeksi (W/*) degerleri (farkh yonler)
ve renk parametrelerine ait olan Olgim sonuglar
sunulmustur.

L* parametresi igin en yiiksek sonug ¢ift komponentli
ahsap agartici kimyasali uygulanmis deney grubuna ait
orneklerinde (43.95) tespit edilirken, en disiik sonug
kontrol deney grubu ornekleri Uzerinde (37.20) elde
edilmistir. L* degeri icin en ylksek artis orani %18.15 ile
¢ift komponentli ahsap agartici kimyasali uygulanmis
ornekler Gzerinde bulunurken, en diisiik sonug artis orani
%2.69 ile tek komponentli uygulamaya sahip 6rneklerde
gorilmustar (Cizelge 6).

a* parametresi icin en yiksek sonug tek komponentli
ahsap agartict kimyasalina maruz kalmis deney

orneklerinde (14.29) gorilirken, en disik sonug cift
komponentli agarticlya sahip deney 6rneklerinde (9.40)
tespit edilmistir. a* degeri icin tek komponentli ahsap
agartict ile %33.43 oraninda artis goriliirken, ¢ift
komponentli agartici ile %12.23 oraninda azalma tespit
edilmistir (Cizelge 6).

b* degeri icin en yiksek sonug tek komponentli ahsap
agartici kimyasali uygulanmis deney 6rneklerinde (14.45)
belirlenirken, en dlsik sonug¢ kontrol deney grubu
ornekleri tizerinde (11.81) bulunmustur. b* degeri icin ¢ift
komponentli ahsap agartici ile %18.46 ve tek komponentli
agarticl ile %22.35 oranlarinda artislar elde edilmistir
(Cizelge 6).

C* degeri igin en yiiksek sonug tek komponentli ahsap
agartici kimyasalina maruz kalmis deney o6rneklerinde
(20.32) elde edilirken, en disiik sonu¢ kontrol deney
grubu 6rnekleri Gzerinde (15.95) belirlenmistir. Ayrica, C*
degerinde tek komponentli ahsap agartici tarafindan
%27.40 ve cift komponentli ahsap agartici tarafindan ise
%5.71 oraninda artislar belirlenmistir (Cizelge 6).

h° degerine bakildiginda, en yiliksek sonug ¢ift
komponentli ahsap agartici kimyasal uygulanmis 6rnekler
Uzerinde (56.11) bulunurken, en distik sonug tek
komponentli uygulamaya sahip 6rnekler tizerinde (45.29)
gorulmustar. h° icin tek komponentli ahsap agartici ile
%5.29 oraninda azalis belirlenirken, ¢ift komponentli ile
%17.34 oraninda artis bulunmustur (Cizelge 6).

20 derecede liflere paralel ve dik yonlerine ait dlglilen
parlakhk degerleri agartma kimyasallari sonrasinda hig bir
degisime ugramadig gorilmektedir. 60 ve 85 derecelere
ait olan liflere paralel ve dik yonlerine ait dlgtilen parlakhk
degerleri ise her iki ahsap agarticilari ile azaldiklari
belirlenmistir (Cizelge 6).

WI* degerlerine bakildiginda tek komponentlide liflere
paralel ve dik yonlerde azalislar elde edilirken (sirasiyla
%9.82 ve %3.02), ¢ift komponentli kimyasalin uygulanmasi
sonrasinda ayni yonler igin artislar (%105.52 ve %68.74)
tespit edilmistir. Ayrica, liflere dik yondeki W/* degerleri,
liflere paralel yondekilerden yiliksek elde edilmistir
(Cizelge 6).

Cizelge 7, agartma uygulamasi sonrasinda meydana
gelen renk degisimleri ile ilgili calismalari sunmaktadir.
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Cizelge 5. Cok degiskenli varyans analizi sonuglari

Table 5. Results of multivariate analysis of variance

Varyans Kaynagi Test Serbestlik Derecesi Kareler Toplami  Ortalama Kare F Degeri a<0.05
Isiklilik (L*) degeri 265.095 2 132.548 236.566 0.000*
Kirmizi (@*) renk tonu 128.390 2 64.195 253.650 0.000*
= Sari (b*) renk tonu 39.822 2 19.911 42.303 0.000*
:;3' Kroma (C*) degeri 106.758 2 53.379 99.733 0.000*
= Ton (ho) agisi degeri 641.103 2 320.552 150.735 0.000*
8 1200'de parlaklik 0.000 2 0.000 . 5
é 1600’de parlaklik 3.371 2 1.685 270.857 0.000*
© 1850’de parlaklik 15.819 2 7.909 1334.700 0.000*
g [|200'de parlakiik 0.000 2 0.000 . 5
g [|600’de parlakiik 5171 2 2.585 207.750  0.000*
[|850'de parlakiik 184.982 2 92.491 204475  0.000*
Beyazlik indeksi dik (L) 104.425 2 52.212 3031.684 0.000*
Beyazlik indeksi paralel () 86.912 2 43.456 334468  0.000*
Isiklilik (L*) degeri 15.128 27 0.560
Kirmizi (@*) renk tonu 6.833 27 0.253
Sari (b*) renk tonu 12.708 27 0.471
Kroma (C*) degeri 14.451 27 0.535
Ton (ho) agisi degeri 57.418 27 2.127
© 1200’de parlaklik 0.000 27 0.000
k| 1600'de parlaklik 0.168 27 0.006
1850’de parlaklik 0.160 27 0.006
[|200'de pariakiik 0.000 27 0.000
[|600’de parlakiik 0.336 27 0.012
[|850'de parlakiik 12.213 27 0.452
Beyazlik indeksi dik (L) 0.465 27 0.017
Beyazlik indeksi paralel () 3.508 27 0.130
Isiklilik (L*) degeri 47760.040 30
Kirmizi (a*) renk tonu 4077.693 30
Sari (b*) renk tonu 5452.739 30
Kroma (C*) degeri 9529.115 30
Ton (ho) agisi degeri 74921.544 30
% 1200’de parlaklik 0.300 30
_8' 1600’de parlaklik 47.220 30
= 1850’de parlaklik 29.580 30
[|200'de pariakiik 0.300 30
[|600’de parlakiik 79.140 30
[|850'de parlakiik 424.070 30
Beyazlik indeksi dik (L) 1518.050 30
Beyazlik indeksi paralel (|| ) 645.120 30
Isikhlik (L*) degeri 280.223 29
Kirmizi (a*) renk tonu 135.223 29
Sari (b*) renk tonu 52.531 29
£ Kroma (C*) degeri 121.209 29
= Ton (ho) agisi degeri 698.521 29
2 1200'de parlaklik 0.000 29
£ 1600'de parlaklik 3.539 29
% 1850'de parlaklik 15.979 29
5 [|200'de parlakiik 0.000 29
e [|600'de parlakiik 5.507 29
|| 850’de parlaklik 197.195 29
Beyazlik indeksi dik (L) 104.890 29
29
*: Anlamli, **: Anlamsiz
Cizelge 6. Parlaklik, beyazlik indeksi (W/*) ve renk parametrelerine ait olan 6l¢lim sonuglari
Table 6. Measurement results for glossiness, whiteness index (WI*), and color parameters
Test Agartma Kimyasal TirG 2:;;: Ortalama  Degisim(%) Ho(r;r: tf:“k Sézgc:: Minimum  Maksimum V;g::;/gln
Agartilmamis 10 37.20 - C** 0.82 36.15 38.38 2.20
L* Tek Komponentli 10 38.20 12.69 B 0.61 37.36 39.12 1.60
Cift Komponentli 10 43.95 M18.15 A* 0.80 42.74 45.32 1.82
Agartilmamis 10 10.71 - B 0.47 9.98 11.40 4.42
a* Tek Komponentli 10 14.29 133.43 A* 0.64 13.29 15.64 4.50
Cift Komponentli 10 9.40 4 12.23 C** 0.35 8.93 9.92 3.73
Agartilmamis 10 11.81 - B** 0.26 11.41 12.20 2.20
b* Tek Komponentli 10 14.45 122.35 A* 1.00 13.29 16.82 6.90
Cift Komponentli 10 13.99 M18.46 A 0.59 12.62 14.73 4.23
Agartilmamis 10 15.95 - C** 0.38 15.39 16.50 241
c* Tek Komponentli 10 20.32 127.40 A* 1.14 18.80 22.96 5.59
Cift Komponentli 10 16.86 N5.71 B 0.41 15.93 17.31 2.44
h° Agartilmamis 10 47.82 - B 1.35 45.52 50.40 2.82
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Tek Komponentli 10 4529 15.29 G 0.93 43.87 47.08 2.06
Gift Komponentli 10 56.11 11734 A* 1.92 52.37 58.78 3.42
Agartiimamis 10 0.10 - 0.00 0.10 0.10 0.00
120° Tek Komponentli 10 0.10 0.00 0.00 0.10 0.10 0.00
Gift Komponentli 10 0.10 0.00 0.00 0.10 0.10 0.00
Agartiimamis 10 1.66 - A* 0.08 1.60 1.80 5.08
160° Tek Komponentli 10 0.86 148.19 G 0.05 0.80 0.90 6.00
Gift Komponentli 10 1.10 13373 0.09 1.00 1.20 8.57
Agartiimamis 10 1.70 - A* 0.00 1.70 1.70 0.00
185° Tek Komponentli 10 0.14 19176 B** 0.08 0.10 030 60.23
Gift Komponentli 10 0.18 189.41 0.10 0.10 030 57.38
Agartiimamis 10 0.10 - 0.00 0.10 0.10 0.00
[| 20° Tek Komponentli 10 0.10 0.00 0.00 0.10 0.10 0.00
Gift Komponentli 10 0.10 0.00 0.00 0.10 0.10 0.00
Agartiimamis 10 212 - A* 0.08 2.00 220 3.72
[|60° Tek Komponentli 10 112 4717 G 0.10 1.00 1.20 9.22
Gift Komponentli 10 1.46 3113 0.14 1.20 1.60 9.79
Agartiimamis 10 6.26 - A* 1.09 430 7.20 17.49
[|&s° Tek Komponentli 10 1.09 182,59 0.32 0.80 1.60 29.16
Gift Komponentli 10 0.90 1.85.62 B** 0.24 0.70 1.30 26.71
o Agartiimamis 10 5.63 - 0.09 5.50 5.80 1.69
w Tek Komponentli 10 5.46 $3.02 G 0.11 530 5.60 1.97
Gift Komponentli 10 9.50 168.74 A* 0.18 9.30 9.70 1.86
- Agartiimamis 10 3.26 - 0.12 3.10 3.40 3.60
I Tek Komponentli 10 2.94 19.82 B** 0.20 2.80 330 6.65
Gift Komponentli 10 6.70 14105.52 A* 0.58 6.10 7.60 8.67

*: En yuksek degere ait sonug, **: En dustk degere ait sonug

Cizelge 7. Agartma uygulamasi sonrasinda meydana gelen renk degisimleri ile ilgili galismalar
Table 7. Studies on color changes occurring after bleaching application

Agag Turi Agartma Maddesi
Bulletwood Oksalik asit
(Manilkara bidentata (A.DC.) A. Chev.) H20; + NaOH
Satinwood ceylon Oksalik asit
(Chloroxylon swietenia DC) H20, + NaOH
llomba Oksalik asit
(Pycnanthus angolensis Exell) H20; + NaOH
Canelo Oksalik asit
(Drimys winteri J.R. Forst. & G. Forst.) H202 + NaOH
Lotofa Oksalik asit
(Sterculia rhinopetala) H,0, + NaOH
Yalanci akasya Oksalik asit
(Robinia pseudoacacia L.) H20, + NaOH
lhlamur Oksalik asit
(Tilia tomentosa - Moench.) H,0, + NaOH
Ekop Oksalik asit
(Tetraberlinia bifoliolata Haum.) H,0, + NaOH
Olon Oksalik asit
(Zanthoxylum heitzii) H20; + NaOH
izombé Oksalik asit
(Testulea gabonensis) H,0, + NaOH
Sonuglar ve Oneriler
e Bu calismada asagida verilmis olan sonuglara °
ulasilmistir;
Shore D sertlik degeri 70.30 HD olarak

bulunmustur.

Her iki kimyasallara ait uygulamalarile L*, b* ve C*
degerleri ise artmis ve 60° ile 85° liflere paralel ve
dik yondeki parlaklik degerleri azalmistir.

AE* degerleri tek komponentli uygulamaiile 4.56 ve
cift komponentli uygulama ile 7.21 olarak elde
edilmistir.

Kaynaklar

[1] Chudnoff M. Tropical timbers of the World, Agric. Handb. 607.

Madison, WL V.5 Department of Agriculture, Forest Service,
(1984).

Uygulama Sonrasi Degisim
a* b* C

Kaynaklar
Bu calisma
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

[43]

S EDDIEDEDIIIIIII DD OO
CDEDEDE D DIDEDEe e
DDEDIIEIEIEIDIDEDE 5
S EDIE DL EDIDIDE IS
5D DEEIIIIII DI ST

Varyans analizlerinde agartma kimyasal tdrd
acisindan || ve 120°de parlaklik degerleri anlamsiz
olarak tespit edilirken, diger biitlin testler anlamli
olarak belirlenmistir.

Elde edilen agartilmis ve  agartilmamis
malzemelerin dis ortam kosullarina ait yaslandirma

performansi testlerinin yapilmasi énerilmektedir.

[2] Beard J.S. Provisional list of trees and shrubs of the Lesser Antilles,

Caribbean Forester, 5:2 (1944) 48-67.

53



Peker et al. / Journal of Engineering Faculty, 1(2): 48-54, 2023

[3] Parresol B.R. Basal area growth for 15 tropical tree species in
Puerto Rico, Forest Ecology and Management, 73:1-3 (1995) 211-
219. DOI: 10.1016/0378-1127(94)03486-G.

[4] Rhourri-Frih B., Renimel I., Chaimbault P., André P., Herbette G.,
Lafosse M. Pentacyclic triterpenes from Manilkara bidentata
resin. Isolation, identification and biological properties,
Fitoterapia, 88 (2013) 101-108. DOI:
10.1016/j.fitote.2013.05.001.

[5] Burns R.M., Honkala H.B. Silvics of North America: 2. Hardwoods,
Agriculture Handbook 654. U.S. Department of Agriculture,
Forest Service, Washington, DC. vol. 2, 877 p, (1990).

[6] Schulz J.P. The vegetation of Suriname, vol. Il. Van Eedenfonds,
Amsterdam. 266 p, (1960).

[7] Estrada P.A. Phenological studies of trees at El Verde, In A tropical
rain forest, p. D237-269, U.S. Atomic Energy Commission TID-
24270. Washington, DC, (1970).

[8] Little E.L., Jr., Frank H.W. Common trees of Puerto Rico and the
Virgin Islands, U.S. Department of Agriculture, Agriculture
Handbook 249, Washington, DC. 548 p, (1964).

[9] Longwood F.R. Puerto Rican woods-their machining, seasoning,
and related characteristics, U.S. Department of Agriculture,
Agriculture Handbook 205, Washington, DC. 98 p, (1961).

[10] Longwood F.R., Present and potential commercial timbers of the
Caribbean, U.S. Department of Agriculture, Agriculture
Handbook 207, Washington, DC. 167 p, (1962).

[11] Raradis S., Guibal D., Vernay M., Beauchene J., Brancheriau L.,
Cabantous B., Chalon I., Daigremont C., Detienne P., Fouquet D.,
Langbour P., Lotte S., Mejean C., Thevenon M.F., Thibaut A.,
Gerard J. Tropix 7, Caracteristiques technologicjues de 245
essences tropicales et temperees [Technological characteristics
of 215 tropical timbers!, Nouvelle version de Tropix 6.0, 2008.
Montpellier: Cirad, (French and English), (2011).

[12] Anonim, Tropical woods, Ed. 2, 64 pp., illus. New York, (1955).

[13] Dickinson F.E., Hess R.W., Wangaard F.F. Properties and uses of
tropical woods, I. Tropical Woods, 95 (1949) 1-145.

[14] Case G.O. British Guiana timbers, Ed. 1, 74 pp., London, (1934).

[15] Comvalius L.B. Surinamese Timber Species Characteristics And
Utilization, Paramaribo / Suriname, (2001). ISBN: 99914-681-0-2.

[16] Ravenshorst G., van der Linden M., Vrouwenvelder T., van de
Kuilen J.K. An economic method to determine the strength class
of wood species, Heron, 49:4 (2004) 297-326.

[17] Wolcott G.N. Inherent natural resistance of woods to the attack
of the West Indian dry-wood termite, Cryptotermes brevis
Walker, Journal of Agriculture of the University of Puerto Rico,
41 (1957) 259-311.

[18] Bultman J.D., Southwell C.R. Natural resistance of tropical
American woods to terrestrial wood destroying organisms,
Biotropica 8:2 (1976) 71-95.

[19] Mayorca J., de, Durabilidad natural de 115 maderas de la
Guayana Venezolana, Revista Forestal Venezolana, 15:22 (1972)
27-36.

[20] Record S.J., Mell C.D. Timbers of tropical America, Yale University
Press, New Haven, CT. 610 p, (1924).

[21] DefFilipps R.A., Maina S.L., Crepin J. Medicinal Plants of the
Guianas (Guyana Surinam, French Guiana), Department of
Botany, National Museum of Natural History, Smithsonian
Institution, (2004) p. 477.

[22] Farr J.P., Smith W.L., Steichen D.S. Bleaching Agents, Kirk-Othmer
Encyclopedia of Chemical Technology, (2003). DOI:
10.1002/0471238961.1921182206011818.a01.

[23] Kirk R.E., Othmer D.F., Kroschwitz J.I., Howe-Grant M.
Encyclopedia of chemical technology, (Vol. 10). (1991), Wiley.

[24] Williams S.R. Wood handbook, chapter 16: Finishing of wood,
General technical report FPL-GTR-556, 190, (2010) 1-37.

[25] Hemmasi K. The bleaching of decorated flat wood material,
AKTyanbHble HanpasieHWA HayyHbIX uccnegosBaHuit XX Beka:
Teopua M NpaKTKKa, 5:5 (2017) 22-27.

[26] TS 1SO 13061-1, Odunun fiziksel ve mekanik 6zellikleri - Kusursuz
kiglk ahsap numunelerin deney yontemleri - Bolim 1: Fiziksel ve
mekanik deneyler icin nem muhtevasinin belirlenmesi, Tirk
Standartlar Enstitiisti, Ankara, Turkiye, (2021).

[27] 1SO 2813, Paints and varnishes - determination of specular gloss
of non-metallic paint films at 20 degrees, 60 degrees and 85

54

degrees, International Organization for Standardization, Geneva,
Switzerland, (1994).

[28] ASTM D 2244-3, Standard practice for calculation or color
tolerances and color, differences from instrumentally measured
color coordinates, ASTM International, West Conshohocken, PA,
(2007).

[29] Lange D.R. Fundamentals of Colourimetry - Application, Report
No. 10e. DR Lange: New York, NY, USA, (1999).

[30] DIN 5033, Deutsche Normen, Farbmessung, Normenausschu
Farbe (FNF) im DIN Deutsches Institut fiir Normung eV, Beuth,
Berlin Mérz, (1979).

[31] ASTM E313-15e1, Standard practice for calculating yellowness
and whiteness indices from instrumentally measured color
coordinates, ASTM International, West Conshohocken, PA,
(2015).

[32] ASTM D 2240, Standard test method for rubber property-
durometer hardness, American Society for Testing and Materials,
West Conshohocken, Pennsylvania, United States, (2010).

[33] ISO 2813, Paints and varnishes - Determination of gloss value at
20°, 60° and 85°, Standard, International Organization for
Standardization, Geneva, Switzerland, (2014).

[34] DIN 6174, Colorimetric evaluation of colour differences of
surface colours according to the CIELAB formula, (1979).

[35] Ayata U., Camlibel C. i¢ ve dis mekanda kullanilan Satinwood
ceylon (Chloroxylon swietenia DC) ahsabinda agartma
uygulamasinin yapilmasi lizerine bir ¢alisma, Mehmet Akif Ersoy
Universitesi Fen Bilimleri Enstitiisii Dergisi, (2023).

[36] Ayata U., Bal B.C. llomba (Pycnanthus angolensis Exell) odununda
bazi yuzey oOzellikleri Uzerine cesitli agartici kimyasallarinin
uygulanmasi, European Conferences 2. Uluslararasi Saglk,
Miihendislik Ve Uygulamali Bilimler Kongresi, 4-6 Agustos 2023
Belgrad, 95-105.

[37] Peker H. Canelo (Drimys winteri J.R. Forst. & G. Forst.) ahsabinda
agartma uygulamalari, ICAFVP 3. Uluslararasi Tarim, Gida,
Veteriner Ve Eczacilik Bilimleri Kongresi, 10-12 Kasim 2023,
Beyrut, Libnan, (2023).

[38] Peker H. Lotofa (Sterculia rhinopetala) odununda tek ve gift
bilesenli agarticilarinin uygulanmasi, ICAFVP 3. Uluslararasi
Tarim, Gida, Veteriner Ve Eczacilik Bilimleri Kongresi, 10-12
Kasim 2023, Beyrut, Libnan, (2023).

[39] Peker H., Ulusoy H., Ahsap agartici kimyasallari uygulanmis
yalanci akasya (Robinia pseudoacacia L.) odununda bazi yizey
ozelliklerinin belirlenmesi, 8. Asya Pasifik Uluslararasi Modern
Bilimler Kongresi, 11-12 Eylil 2023, Delhi, India, 464-465, (2023).

[40] Camlibel O., Ayata U. Ihlamur (Tilia tomentosa - Moench.)
odununda agartma uygulamasi, Uzakdogu 2. Uluslararasi
Uygulamali Bilimler Kongresi, 20-22 Ekim 2023, Manila, Filipinler,
107-116, (2023).

[41] Camlibel O., Ayata U. Ahsap agartici kimyasallarinin ekop
(Tetraberlinia bifoliolata Haum.) ahsabinda uygulanmasi,
Uzakdogu 2. Uluslararasi Uygulamali Bilimler Kongresi, 20-22
Ekim 2023, Manila, Filipinler, 125-135, (2023).

[42] Peker, H., Ayata, U., Olon (Zanthoxylum heitzii) odununun baz
yuzey 6zellikleri tizerine agartici kimyasallarin etkileri, Mobilya ve
Ahsap Malzeme Arastirmalari Dergisi, 6(2) (2023).

[43] Peker, H., Bilginer, E.H., Ayata, U., Giirleyen, L., Camlibel, 0., i¢
ve dis mekanlara ait tasarimlarda kullanilan izombé (Testulea
gabonensis) ahsabinda farkli ahsap agartici kimyasallarinin
uygulanmasi, 2. Uluslararasi Kiiltiir, Sanat ve iletisim
Sempozyumu (UKSANIL 2), Bayburt, 15-17 Aralik 2023, (2023).



O R

@

| cumfad.cumhuriyet.edu.tr |

Journal of Engineering Faculty, 1(2): 55-65, 2023

Journal of Engineering Faculty

Founded: 2023 Available online, ISSN Publisher: Sivas Cumhuriyet Universitesi

Accuracy of Unmanned Aerial Vehicle Data in Topographic Maps Production

Ahmet Turan Altun®*?, Onder Giirsoy>**

'Sivas Cumhuriyet University, Faculty of Engineering, Department of , Surveying Engineering, Sivas, 58140, Tiirkiye

*Corresponding author

Research Article

History

Received: 07/12/2023
Accepted: 25/12/2023

Copyright

This work is licensed under
Creative Commons Attribution 4.0
International License

insansiz Hava Araci

Sireg

Gelis: 07/12/2023
Kabul: 25/12/2023

Copyright

ABSTRACT

In recent years, many different options have been introduced in the acquisition of digital land data. One of them
is the collection of numerical data from the land by installing non-metric cameras to Unmanned Aerial Vehicles.
In this study, the historical development, characteristics and usage areas of UAVs will be discussed in detail and
the techniques used in map production through UAVs will be discussed. This study consists of four chapters in
which how the map production is realized by using UAVs and which materials and tools are used. In the
introduction, which is the first part of the study, the concepts covered in the study and preliminary information
about the study, the purpose and scope of the study are included. In the second part, information about
unmanned aerial vehicle (UAV) is given. The third part of the study includes information about remote sensing.
In this section, the digital elevation model (SYM) and related standards and methods are discussed in detail. In
the fourth section, which is the last section of the study, the accuracy of the data obtained from the UAV in
current map production was investigated.

Keywords: UAV, Photogrammetry, Topographic map
Verilerinin Topografik Harita Uretimindeki Dogrulugu

0z

Son yillarda sayisal arazi verilerinin elde edilmesinde gok farkl segenekler kullanima sunulmaya baglanmistir.
Bunlardan biri insansiz Hava Araglarina metrik olmayan kameralarin monte edilmesi yoluyla araziden sayisal
verilerin toplanmasidir. Bu ¢alisma kapsaminda, iHA’larin tarihsel gelisimi, 6zellikleri, kullanim alanlari ayrintili
sekilde ele alinarak, insansiz Hava Araglari vasitasiyla harita tretiminde hangi tekniklerden yararlanildigi ele
alinacaktir. insansiz Hava Araglari yardimiyla topografik harita tiretiminin nasil gergeklestirildigini, hangi materyal
ve araglardan yararlanildiginin ele alindig1 bu ¢alisma doért bolimden olusmaktadir. Calismanin ilk bélimu olan
giris boliumiinde, ¢alisma kapsaminda ele alinan kavramlar ve galisma ile ilgili 6n bilgiler, galismanin amaci ve
kapsami yer almaktadir. ikinci béliimde insansiz hava araci ile ilgili bilgilere yer verilmistir. Calismanin Ggiincii
bolimiinde uzaktan algilama ile ilgili bilgiler yer almaktadir. Bu boliim igerisinde Sayisal Yuikseklik Modeli ve ilgili
standart ve yontemlere ayrintili bir sekilde ele alinmistir. Calismanin son bélimiinde ise, insansiz Hava
Araglarindan elde edilen verilerin topografik harita Gretimindeki dogrulugu arastiriimistir.

Anahtar Kelimeler: UAV, fotogrametri, topografik harita
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Giris

insansiz hava araclari (iHA), dncelikli olarak askeri amaglar
icin kullanilmaya baslanan 6nemli teknolojilerden biridir. Basta
askeri amaglar igin kullanilan bu teknoloji glnimizde
jeolojiden, meteorolojiye, haritaciliktan, afet yonetimine
varana dek pek c¢ok alanda kullanilmaya baslamistir. Bu
sayllanlarin disinda daha pek cok alanda kullanilan [1,2,3]
iHA’lar son vyillarda bireysel olarak eglence amach da
kullaniilmaktadir. Bu hava araglarina monte edilen dijital
kameralarin yardimiyla, erisilmesi oldukga zor olan, tehlikeli ve
yuksek yerlerde gozlem ve o6lcimler yapabilmektedirler. Bu
hava araglariyla elde edilen goriintller hassasiyet agisindan
yersel tekniklerle yarisabilecek nitelige sahip olduklar
gecmiste yapilan pek ¢ok ¢alisma ve arastirmada gozler 6niine
serilmistir [4,5]. Bu acidan IHA'lar yersel &lclim tekniklerine
uygun olabilecek en gerekli ve dnemli alternatiflerden biridir.

Yakin tarihte genel olarak uydulardan elde edilen veriler
kullanilmaktaydi. Ancak uydu goruntilerinin hem gorinti
kalitesi acisindan hem de hizlilik agisindan iHA'larla
kiyaslandiginda, HA'larin uydu gériintiilerine kiyasla bazi
Ustlinliklerinin oldugunu séylemekte yarar vardir. Optik Uydu
goriintiileriyle imkansiz olan konumsal ¢dziindrlikler, IHAlarin
yardimiyla daha iyi gorinti elde edilebilmektedir. Ayrica
iHA'larla aninda goriintii elde edilebilmektedir. Uydulardan
goriintd elde edebilmek icin bir takim prosediir, hava kosullari,
maliyet, gortntli alma sirasi vb. sebepler dikkate alindiginda
iHA'larin uydulara kiyasla daha avantajli oldugu agik bir sekilde
goriilmektedir.

iHA’lara monte edilen dijital kameralarin gériintii ve
fotograf alimi igin 6zel bir yazilm bulunmaktadir. Boylece
goriintli Olgegi ve kamera odaklanacagl uzaklik ve yiikseklik
hesaplanip sabitlendikten sonra ugus gerceklestirilir. Kamera
perspektif noktalari, goriintli yonlendirme amaciyla kullanilir.
Kalkis ve inis islemleri, kullanilan ara¢ ve karakteristiklerle
dogrudan baglantilidir. Genel olarak IHA’lar uzaktan kumanda
ile yerden kontrol edilir. Ugus sirasinda, platform normal olarak
pozisyon, hiz, mesafe, yakit durumu, rotor hizi vb. gercek
zamanl ugus verilerini gosteren bir kontrol istasyonundan
gozlemlenir [6].

Pek cok avantaji ve maliyet agisindan da IHA'larin hesapli
olmasi, askeri alanlar disinda, gliniimiiz is diinyasi ve kamu
kurum ve kuruluslani da iHA'lardan sk bir sekilde
yararlanilmaktadir. Ozetle; iHA’lar yardimiyla gercek zamanli
ve ¢oziinirlukleri yiiksek olan fotograflarin ve goériintilerin
elde edilebilmesi miimkiin olabilmektedir.

Teknolojinin gelismesiyle beraber giinimiizde uzaktan
algilama ve fotogrametri ile elde edilen verilerde, Uretim
platformu olarak iHA'lar kullanilmaya baglanmistir. Maliyetin
distk olmasi, hizlihk, yiksek c¢ozinirlik ve tekrarli ugus
kabiliyeti yardimiyla IHA’lar ulasiimasi gii¢ olan alanlarda da
tercih edilmektedir. Ayrica IHA'lar, insanlarin girmelerinin
olanaksiz ve tehlikeli oldugu yerlerde, kolay bir sekilde dlgiim
yapilabilmesi icin de tercih edilmektedir.

Sayisal Yiikseklik Modeli (SYM) Kavrami

SYM’ler topografya analizi icin en temel veri kaynaklarinin
basinda gelmektedir. SYM; vyirminci yizyilin ortalarinda
Profesor Miller tarafindan ortaya atilan bir kavramdir. Miller
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acisindan SYM, topografik nitelige sahip bir veri tabanidir [7].
GlUnUmizde ise SYM'ler, hava fotograflari, es yikseklik egrileri,
uydu verileri gibi olduk¢a zengin veri kaynaklari yardimiyla
Uretilmektedir [8,9].

Ulusal Harita Dogruluk Standartlari (NMAS—1947)

Bu standart 1947'de ABD tarafindan haritalarin
dogruluklarinin tespit edilmesi amaciyla gelistirilmis olan
standartlardan biridir. Kalite standartlarinin ilk érnegi olarak
verilebilir ve daha sonraki standartlarin gelistiriimesinde de
kaynak olarak gosterilmektedir. Bu standartlarlardan en
onemli olani, tizerinde yiikseklik egrisinin oldugu herhangi bir
Olgekteki sahip haritalar da testi yapilan alanlarin maksimum
olarak %10’unun hatasi egri aralik degerinin yarisindan fazla
olamaz [10].

Biiyiik Olgekli Haritalarin Dogruluk Standartlari
(ASPRS-1990)

Biiylik Olgekli haritalarin  dogruluk standartlart ABD
Fotogrametri ve Uzaktan Algilama Birliginin Teknik Ozellikler ve
Standartlar komitesince gelistirilen standartlardan biridir.
Biylik Olgekli haritalarin dogruluk standartlari, ulusal harita
dogruluk  standartlarinin  revize edilmesi  sonrasinda
olusturulan standartlardan biridir. Hem 6zel amacgl hem de
mihendislik uygulamalari icin hazirlanan buylik 6lcekli
topografik haritalarin ait mekansal dogruluk tanimlarini da
kapsamaktadir. Disey dogrulugun yatay dogrulugun bir islevi
oldugu dusiintlmektedir. Buylk Olgekli haritalarin dogruluk
standartlarinin ana bashklar kisaca asagida siralanmaktadir
[11].

e  Bustandartlarda haritalar siniflara ayrilmistir,

e Hem yatay hem de diisey dogruluk amaciyla Karesel
Ortalama Hata (KOH) hata limitlerinden yararlanilir,

e  KOH'taki hatalar uzunluk olgiist ile tespit edilir. Ulusal
harita dogruluk standartlarindaki gibi feet veya metre
olclitlerinden yararlanilir,

e Disey hatalar ayni zamanda yatay hatalarin bir islevidir,

e  Test noktalar iyi segilmis olmalidir.

Ulusal Mekansal Veri Standartlari (FGDC-1998)
ABD’deki kamu kuruluslarinin olusturdugu Federal Cografi
Veri Komitesince (FGDC) mekansal verilerin dogrulugunun
tespiti icin hazirlanmis standartlardir. Faaliyet alani haritalar,
sayisal veriler, vektor ve nokta detaylaridir. Ulusal mekansal
veri standartlari “veri kullanabilirlik standartlan” seklinde
siniflandinlmis  ve veri kalitesi, degerlendirme, dogruluk
arastirmasi ve raporlama teknikleri seklinde de siralanmistir.

Burada “Mekansal Veri Dogrulugu icin Standartlar” NSSDA

seklinde tanimlanmis ve kapsam olarak noktalarin dogrulugu,

uygulanan yontemleri incelenmistir. Ulusal mekéansal veri
standartlarinin ana baslklan kisaca asagida siralanmaktadir

[10,11]

e NMAS gibi SYM kavramindan 6nce tanimlanmamis, SYM
tanimindan sonra gelistirilen ve gliniimiizde de kabul
goren dogruluk standartlarindan biridir.

e Dogruluk degerleri KOH; ve Dogruluk z seklinde
tanimlanmaktadir.



Altun and Giirsoy / Journal of Engineering Faculty, 1(2): 55-65, 2023

e KOH; ve Dogruluk z degerleri metre veya feet olarak
belirtilir. NMAS da inch olarak sunulmaktadir.

e Dogrulugun raporlanmasi %95 gliven araliginda olur.

e Hatalar normal dagiimh oldugunda NMAS Disey
dogruluk icin verdigi kriter KOH; cinsinde NMAS = 3.2898
x KOH; seklinde hesaplanmaktadir.

e Diisey hatalar NMAS ve ASPRS’ deki gibi oOtelenerek
giderilemez.

Uzaktan Algilama ile Harita Uretimi Hakkinda
Yénetmelik (FEMA-2003)

Uzaktan Algilama ile Harita Uretimi Hakkinda Yénetmelik'e
gecmeden dnce uzaktan algilama teknolojisini de ele almakta
yarar vardir. Herhangi bir uzaktan algilama teknolojisinin
amaci, belirli bir zaman veya zaman diliminde bir haritalama
kapsamindaki bazi fiziksel parametrelerin gézlemlenmesini
saglamaktir. Fiziksel alan genis bir sekilde tanimlanmistir ve
dinyanin bigciminden insan yapimi nesnelere, bitki 6rtisiine,
atmosferik parametreler gibi pek cok seyi icermektedir.
Mekansal ve zamansal ¢dzindrliik agisindan, benzer genis bir
aralik vardir [12].

Topografik Harita

Bir yerin dogal 6zellikleri, yapay Ozellikleri ve topografik
yapisinin yer aldigi ve belirli 6lgeklere sahip olan haritalara
Halihazir harita ya da diger adiyla “Durum Haritas”” adi
verilmektedir. Halihazir haritalarda dogal alanlar olan orman,
nehir, dere vb. alanlarin ve yapay alanlar olan demir ve kara
yolu, enerji nakil hatlari, kanallar, binalar vb. alanlarin
topografik yapisi yer almaktadir. Halihazir haritalar; yol, su,
altyapi (kanalizasyon) ve imar vb. projelerinin diizenlenmesi ve
uygulanmasi, hidroelektrik santral islemleri, plansiz alanlarda
yapilasma ve daha pek ¢ok is kolu agisindan biyik 6neme
sahip olan altlk haritalardir [13].

Ortofoto

Ortofoto; perspektif resimlerdeki, egiklik ve ylkseklik
farklarindan 6tirii gorintilerde karsilagilan kaymalarinin
giderilmesi neticesinde elde edilen, harita gibi belli bir 6icege
sahip fotografik gériintli olarak tanimlanmaktadir. Uzerine
kartografik bilgiler olan harita kenar bilgileri, gridler, es ylkselti
egrileri, isimler vb. eklenen ortofotolar, “Ortofoto Harita”
seklinde tanimlanmaktadir. Birgok ortofoto ile olusturulan tek
bir altliga sahip olan ortofotolara ise “Ortofoto Mozaik” adi
verilmektedir. Genel olarak bu foto haritanin tizerine egytikselti
egrileri de cizilmistir. Bu haritalarda kullanicilarin kullanimlarini
kolaylastirmak amaciyla yazilar ve rakamlar ilave edilmistir.
iHAlar ve diger hava araglari Uretilen bu tip haritalar alisilmis
cizgi haritalar seklinde de kullanildigini séyleyebiliriz [13].

Cizelge 1. iHA’lara ait ugus sonrasi bilgiler[4]
Table 1. Post-flight information about UAVs[4]

Calisma Alani ve Yontemi

Calisma alani Cumhuriyet Universitesi Yerleskesi icinde
yaklasik 3 hektarlik alan test sahasi olarak segilmistir. Calisma
alani icerisinde Phantom 4 Pro ve Yuneec F520 markali iki
insansiz hava araci kullanilmis ve test alani igerisinde 6 adet yer
kontrol noktasi (YKN) isaretlenmistir (Sekil.1). Calisma alani
gerisinde nokta konum dogrulugunu ve farkl ticari yaziimlarin
guvenilirligini arastirmak amaciyla, 11 adet kontrol noktasi
isaretlenmistir (Sekil.2). Gorlintiler 60 m irtifada %80 boyuna
ve %70 enine bindirme seklinde iki farkli IHA ile uguslar
yapilmistir.

Arazi ve Biiro Calismalari

Arazi galigmalar sirasinda daha 6nce planlanan YKN noktalari
arazide tesis edilmistir (Sekil 14). Daha sonra sirasi ile DJI Phantom 4
Pro ve Yuneec Typhoon H520 kullanilarak ugus yapilmis ve hava
fotograflari elde edilmistir (Cizelge.1). Daha sonra Pix4D ve Agisoft
Photoscan vyaziimlarinda degerlendirme islemleri yapilmistir.
Calisma alanini kapsayan uguslar yapilmadan once Yer Kontrol
Noktalari (YKN) tesisi ve l¢timleri yapilmistir. Alan icinde 6 adet YKN
ve 11 adet Kontrol Noktasi isaretlenmistir (Sekil.3 ve Sekil.4).

Kullanilan Alet, Yazilimlar ve islem Adimlari

Uygulamada ticari IHA fotogrametri yazilimlarinin ortofoto
Uretimi  konusunda kullanilabilirlikleri ve sonug Grinlerinin
dogrulugu agisindan kiyaslanmasi gergeklestirilmistir. Karsilastirma
yapilmak lizere genis haritacilik sektoriinde kabul edilmis ve kullanici
sayisi olarak kendini kanitlamis iki ticari yazilm olan Agisoft
Photoscan ve Pix4D Mapper yazilimlar tercih edilmistir. Her bir
yazilim ile belirlenen bir veri setinde bulunan hava fotograflarindan
Yer Kontrol Noktalari (YKN) kullanilarak ortofoto uretilmistir.
Uretilen verilerin dogruluklari icin calisma alani icerisinde 11 adet
kontrol noktalart GNSS Cors-TR ile 6l¢iilmiistiir. Daha sonra farkli IHA
cihazlari ile elde edilmis hava fotograflan iki farkl ticari yaziimda
degerlendiriimis ve noktalarin konum dogruluklar test edilmistir.
Yapilan bu calisma fotogrametrik yontemle Uretilen topografik
haritalarin dogrulugu acisindan 6nemli rol oynamaktadir. Hem
kullanilacak [HA cihazi hemde ticari yazilimlarin dogruluklari
acisindan kullanicilara 6nemli élglide fikir vermektedir.

Pix4D Ozellikleri

Pix4D Mapper yaziimda IHA ile elde edilen hava fotograflari
yazilim is planina gore Ui¢ asamada degerlendiriimektedir. Bunlardan
ilki fotograflarin eslestirilme asamasidir. Daha sonra eglestirilen
pikseller ikinci asama olan nokta bulutu tretimiile ugus yapilan alana
ait nokta bulutu verileri tiretilmektedir. Uglincii ve son asama olan
ortomozayik ve SYM uretiminde nokta bulutuna ait yukseklik verileri
ile yine nokta bulutuna ait RGB degerleri kullanilarak ortomozayik ve
sayisal ylkseklik modeli otomatik olarak elde edilmektedir (Sekil.5-
7).

DJI Phantom 4 Pro

Yuneec H520

Cekilen Fotograf Sayisi
GSD
GCPs KOH

526 adet 326 adet
1.46 cm 1.76 cm
1.5cm 3.6 cm
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CALISMAALANI

Sekil 1. Calisma Alani [4]
Figure 1. Workspace [4]

Sekil 2. Calisma alani icinde ve YKN ve Kontrol Noktalarinin dagilimlari [4]
Figure 2. Distribution of GCP and Control Points within the work area [4]

Sekil 3. isaretlenen YKN gériiniimii [4]
Figure 3. Marked GCP view [4]
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Sekil 4. isaretlenen Kontrol Noktasi goriinimii [4]
Figure 4. Isaretlenen Kontrol Noktas! gériiniimii [4]

Sekil 5. Pix4D genel gorinim [4]
Figure 5. Pix4D overview [4]

Sekil 6. Pix4D ile Uretilmis DJI Phantom 4 Pro’ya ait goriinti [4]
Figure 6. Image of DJI Phantom 4 Pro produced with Pix4D [4]
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Sekil 7. Pix4D ile tretilmis Yuneec H520’ye ait goriinti [4]
Figure 7. Image of Yuneec H520 produced with Pix4D [4]
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Sekil 8. Agisoft Photoscan genel goriinimu [4]
Figure 8. Agisoft Photoscan overview [4]

Sekil 9. Agisoft Photoscan ile tiretilmis DJI Phantom 4 Pro’ya ait goriinti [4]
Figure 9. Image of DJI Phantom 4 Pro produced with Agisoft Photoscan [4]
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Sekil 10. Agisoft Photoscan ile lretilmis Yuneec H520'ye ait goriinti [4]
Figure 10. Image of Yuneec H520 produced with Agisoft Photoscan [4]

Cizelge 2. DJI Phantom 4 Pro Ozellikleri
Table 2. DJI Phantom 4 Pro Features

Parametre Ozellikleri
Agirlik 1388 Gram
Max Hiz 72 km/s
Pervane Sayisi 4 Tane
Kamera 20 MP — 1" CMOS Sensor ile
Fotograf CozlinlrlGgl 5472x3648
Ugus Suresi Yaklastk 30 Dk (5870 mAh batarya ile)
Menzil 3500 m
Calisma Sicaklig 0-40 Co
Navigasyon GPS/GLONASS
Cizelge 3. Yuneec H520 Ozellikleri
Table 3. Yuneec H520 Features
Parametre Ozellikleri
Agirlik 1633 Gram
Max Hiz 72 km/s
Pervane 6 Tane
Kamera 20 MP - 1" CMOS Sensor ile
Fotograf CozlinlrlGgl 5464x3640
Ugus Suresi Yaklasik 25-30 Dk (5250 mAh batarya ile)
Menzil 1600 m
Calisma Sicaklig -20 +60 Co
Navigasyon GPS/GLONASS
Agisoft Ozellikleri ikinci asama olan nokta bulutu Uretimi ile ugus yapilan

Agisoft Photoscan yazilimda ise IHA ile elde edilen
hava fotograflari daha basit arayilz ile kullanicilara temel
fotogrametri islem adimlarini sirasi ile yapma olanagi
sunarak herhangi bir karisiklikta islemlerin bitmeden
miidahale olanagl saglamaktadir. Agisoft Photoscan
yazilmi is planina gére (¢ ana asamada
degerlendirilmektedir. Bunlardan ilki fotograflarin
eslestiriime asamasidir. Daha sonra eslestirilen pikseller

Pix4D
islem

alana ait nokta bulutu verileri Gretilmektedir.
yazilimindan farkli olarak (retilecek verilerin
adimlari ayri ayri segilip disa aktarilr (Sekil. 8-10).

DJI Phantom 4 Pro Ozellikleri

Calismada kullanilan [HA sistemi DJI Phantom 4 Pro
markali bir multikopterdir. Pratik, kolay kullanimli ve
diisiik maliyetli bir IHA oldugu igin kiigiik alanlarin gériintii

61



Altun and Giirsoy. / Journal of Engineering Faculty, 1(2): 55-65, 2023

alimlarinda tercih edilmektedir. Yiksek kalitede kameraya
sahip olmasi ve multikopter olarak stabilizasyonun iyi
saglamasindan bu arastirmada tercih edilmistir.

Ayrica kullanilan [HA sistemi Pix4D Capture yazilimi ile
otonom ucgus yapiimis ve hava fotograflari koordinath
(geotag) sekilde elde edilmistir. Koordinath fotograflar
ortofoto uretimindeki islem siresini azalttigi icin ve
fotograflardaki eslesme olasiligini arttirdigi icin 6nemli bir
ozelliktir.

Yuneec H520 Ozellikleri

Calismada kullanilan diger iHA sistemi ise Yuneec H520
marka hekzakopterdir. Bu IHA sistemi de DJI Phantom 4
Pro gibi oldukga pratik, kolay kullaniml ve disiik maliyetli
bir IHA sistemi oldugu icin kiiciik alanlarin gérinti
alimlarinda tercih edilmektedir. Yiksek kalitede kameraya
sahip olmasi ve hekzakopter olarak stabilizasyonun DJI
Phantom 4 Pro’ya gbre daha iyi saglamasindan bu
arastirmada kullanilmistir.

Bulgular ve Oneriler

Uygulama icin secilen test sahasinda yapilan arazi
¢ahismalarinda yer kontrol noktalarinin tesisi sonucu
ucuslar gerceklestirilmistir. Bélgede bina, yollar ve agaglar
gibi detaylarin yogun olusu ucus planlamasi yaparken
daha iyi modelleme olusturmak igin ¢ift yonli (grid) olarak
ugus gerceklestirilmistir. Bu tarz ¢Ozimler Uretilen
verilerin  kalitesi ve verimliligi agisindan  6nem
tagimaktadir. IHA ile haritalama yéntemlerinde en énemli
ozellik hizli ve ekonomik ¢dziimler sunmasidir. Bunun
icinde is planlamasi ¢ok 6nemli bir sirectir. IHA ile
haritalamada en uygun ve dogru is akisi asagida
verilmistir.
e Calisma yapilacak alana ait yikseklik modelleri ve

uydu gorintuleri ile ugus 6ncesi bolgenin durumunu

belirlemek.

e Bu arazi ¢alismasi oncesi veriler kullanilarak uygun
geometri ve topografyaya bagh olarak yer kontrol
noktalarinin (YKN) dagilimlari belirlenmelidir.

e Kullanilacak veri kalitesine gore ugus ylksekligi ve
ugus tiirt belirlenmelidir.

e Yiksek egimli arazilerde yer kontrol noktalarinin
dagihimlari ve konumlari verilerin dogrulugu agisindan
onem arz etmektedir.

e Arazide tesis edilen YKN’ler hassas GNSS cihazlari ile
Olcim yapiimalidir. Kullanilan Cors-TR sistemlerindeki
dogruluk hassasiyetinden daha az GSD’ye sahip
uguslar sonucu elde edilen verilerin konum
dogruluklari Cors-TR’ninki kadar olacagindan fazladan
veri yukine gerek olmamasi igin bu bilgiler 1siginda
ugus yapilmasi gerekmektedir.

e Ucuslar gerceklestirilirken mutlaka kullanilan HA
sistemi goris agisinda olmalidir.

e Ugus yapilmasi planlanan giin iginde giines isiginin iyi
kullanilmasi  bulutluluk orani, hava sicakligi ve
meteorolojik durum go6z o6niinde bulundurulmasi
gerekmektedir.

Yapilan calisma sirasinda farkli iHA sistemleri arasinda
rizgara karsi direng Ozelliklerini sergilerken 6nemli
tecrlibeler edinmemizi saglamistir. DJI Phantom 4 Pro
Yuneec’e gore daha kiiglik ve dort pervaneli oldugu igin ani
riizgar hareketlerine bagl olarak stabilizasyon sorunlari
yasarken, Yuneec H520 daha direngli durus sergilemistir.
Bunun en 6nemli sebebi 6 pervaneli olusu ve DJI Phantom
4 Pro’ya gore daha agir olusudur. Bu artisi sayesinde
fotograflar daha dengeli ve titresimsiz ¢ekilmistir.

Asagida multikopterler ve kullanilan yazilimlarin
karsilastiriimasi noktasal bazda yapiimistir (Cizelge 4-5 ve
Sekil 11-14)

Cizelge 4:Hassas GNSS Cors-Tr ile DJI Phantom 4 Pro Farklari [4]
Table 4. Differences between Precision GNSS Cors-Tr and DJI Phantom 4 Pro [4]

Kontrol Noktalari

Pix4D
Saga Yukari
KNO1 2.00 1.00
KNO2 1.00 4.00
KNO3 1.00 3.00
KNO4 0.00 1.00
KNO5 3.00 3.00
KNO6 2.00 1.00
KNO7 2.00 3.00
KNO8 1.00 4.00
KNO9 1.00 3.00
KN10 3.00 1.00
KN11 1.00 6.00

62

Farklar (cm)

Agisoft Photoscan

Yikseklik Saga Yukari Yukseklik
4.00 3.00 0.00 2.00
6.00 3.00 5.00 7.00
7.00 1.00 4.00 7.00
5.00 4.00 0.00 6.00
2.00 1.00 0.00 1.00
6.00 3.00 2.00 8.00
4.00 4.00 2.00 3.00
4.00 2.00 2.00 7.00
6.00 1.00 5.00 2.00
3.00 0.00 1.00 3.00
5.00 1.00 4.00 9.00
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GNSS ile Pix4D (DJI Phantom 4 Pro)
20.00
18.00
16.00
14.00
E 1200
f 10.00 HSaga
.E 8.00 Yukari
6.00 l I '-I u Yiikseklik
Sl dd Indd
> pf A ATaed il A
KNO1 KNO2 KNO3 KNO4 KNO5 KNO6 KNO7 KNO8 KNO9 KN10 KN11
Kontrol Noktalari
Sekil 11. GNSS ile Pix4D (DJI Phantom 4 Pro) [4]
Figure 11. Pix4D with GNSS (DJI Phantom 4 Pro)[4]
GNSS ile Agisoft PhotoScan (DJI Phantom 4 Pro)
20.00
18.00
16.00
14.00
T 12.00
= 1000 = Saga
E 8.00 Yukari

s T

0.00
KNO1 KNO2 KNO3 KNO4 KNOS5 KNO6 KNO7 KNO8 KNO9 KN10 KN11
Kontrol Noktalari

Sekil 12. GNSS ile Agisoft PhotoScan (DJI Phantom 4 Pro) [4]
Figure 12. Agisoft PhotoScan with GNSS (DJI Phantom 4 Pro) [4]

Cizelge 5: Hassas GNSS Cors-Tr ile Yuneec H520 Farklari [4]
Table 5. Differences between Precision GNSS Cors-Tr and Yuneec H520 [4]

Farklar (cm)
Kontrol Noktalari

Pix4D Agisoft Photoscan
Saga Yukari Yikseklik Saga Yukari Yikseklik
KNO1 4.00 5.00 5.00 5.00 3.00 6.00
KNO2 4.00 6.00 14.00 4.00 6.00 7.00
KNO3 1.00 1.00 6.00 2.00 0.00 8.00
KNO4 3.00 3.00 6.00 1.00 2.00 7.00
KNO5 1.00 3.00 7.00 5.00 3.00 10.00
KNO6 2.00 0.00 7.00 6.00 3.00 11.00
KNO7 2.00 4.00 10.00 5.00 4.00 16.00
KNOS8 3.00 4.00 9.00 3.00 4.00 9.00
KNO9 0.00 3.00 8.00 4.00 1.00 8.00
KN10 3.00 4.00 5.00 6.00 4.00 10.00

KN11 2.00 1.00 8.00 2.00 1.00 7.00
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GNSS ile Pix4D (Yuneec H520)

20.00
18.00
16.00
14.00
E 12.00
< 10.00 M Saga
E 8.00 Yukar
6.00 mitkseklik
“mldddl |IﬂJ
2.00
o m 1 i
KNO1 KNO2 KNO3 KNO4 KNOS KNOG KNO7 KNO8 KNO9 KN10 KN11
Kontrol Noktalari
Sekil 13. GNSS ile Pix4D (Yuneec H520) [4]
Figure 13. Pix4D with GNSS (Yuneec H520) [4]
GNSS ile Agisoft PhotoScan (Yuneec H520)
20.00
18.00
16.00
14.00
T 12,00
i 10.00 ¥ Saga
E 200 Yukan
6.00 B Yilkseklik
4.00
2.00 I I
0.00 i

KNO1 KNO2 KNO3 KNO4 KNO5 KNO6 KNO7 KNO8 KNOS KN10 KN11

Kontrol Noktalar

Sekil 14. GNSS ile Agisoft PhotoScan PhotoScan (Yuneec H520) [4]
Figure 14. Agisoft PhotoScan PhotoScan with GNSS (Yuneec H520) [4]

Cizelge 6. Kullanilan yazihmlara ait genel karesel ortalama hatalar [4]
Table 6. General mean square errors of the software used [4]

KOH DJI Phantom 4 Pro Yuneec H520
Pix4D Mapper 0.015m 0.036 m
Agisoft Photoscan 0.063m 0.087m

Verilerin degerlendirilmesi sonucu ortofoto ve sayisal
ylkseklik modelleri {izerinden elde edilen kontrol
noktalarinin koordinatlari ve Cors-TR ile yapilan 6lgimler
karsilastiriimis aralarindaki karesel ortalama hata (KOH)
belirlenmistir. Bu yontem ©&lgulerin dogruluk derecesi
hakkinda en dogru vyaklasimi yapmaktadir. Bu
hesaplamada hatalarin kareleri alindigi icin 6lcim icindeki
blylk hatalarin ortalama Uzerindeki etkisi daha buyik
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olmakta ve bu sayede biyik hatalarin tim 6lgim
Uzerindeki etkisi belirlenebilmektedir.

Yapilan bu c¢alismada farkh ticari fotogrametri
yazihmlari ve farkli iHA sistemleri ile topografik harita
yapimina  uygunluklan  arastinlmistir.  incelemeler
neticesinde ayni bilgisayarda farkl iHA sistemlerinden DJI
Phantom 4 Pro ve Yuneec H520 verileri
degerlendirildiginde ticari yazilim olarak Pix4D yazilimi
daha iyi sonug vermektedir (Cizelge 6).
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Verilerin degerlendirilmesi sonucu ortofoto ve sayisal
yukseklik modelleri (izerinden elde edilen kontrol
noktalarinin koordinatlari ve Cors-TR ile yapilan 6lgiimler
karsilastiriimis aralarindaki karesel ortalama hata (KOH)
belirlenmistir. Bu yontem o6lgilerin dogruluk derecesi
hakkinda en dogru vyaklasimi yapmaktadir. Bu
hesaplamada hatalarin kareleri alindigi igin 6lglim igindeki
blylk hatalarin ortalama Uzerindeki etkisi daha buyik
olmakta ve bu sayede biyilik hatalarin tim o6lgim
Uzerindeki etkisi belirlenebilmektedir.

Yapilan bu c¢alismada farkh ticari fotogrametri
yazilimlari ve farkh [HA sistemleri ile topografik harita
yapimina  uygunluklari  arastirlmistir.  incelemeler
neticesinde ayni bilgisayarda farkl iHA sistemlerinden DJI
Phantom 4 Pro ve Yuneec H520 verileri
degerlendirildiginde ticari yazilim olarak Pix4D yazilimi
daha iyi sonug vermektedir (Cizelge 6).
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ABSTRACT

In this study, the production and wear properties of porcelain ceramics produced by powder metallurgy method
were examined and modelling with artificial neural networks was studied using the experimental data obtained.
Porcelain ceramics were prepared by the powder metallurgy route. Mixtures prepared by mechanical alloying
method in alumina ball mills were produced by sintering under normal atmospheric conditions after being
shaped in a dry press. After drying, the powders were compressed by uniaxial pressing at 200 MPa. The green
compacts were sintered at 1100-1200 °C for 1-5 h in air. Then, characterization studies of the sintered samples
were carried out and the wear experimental results obtained were converted into data suitable for modelling
with artificial neural networks. In the continuation of the study, experimental wear results using artificial neural
networks were analysed and modelled. Wear load, wear time, sintering temperature and sintering time were
used as artificial neural networks input variables. Wear values were taken as output variables of artificial neural
networks. An artificial neural network was established for the prediction of wear properties of porcelain ceramic
composites. As a result, the training results and test results were compared with the actual values to control the
network performance. A good agreement was observed between the experimental and artificial neural networks
model results. After the artificial neural networks estimation, confirmation tests were performed to confirm the
experimental results.
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Introduction

Porcelain is a hard, fine-grained, non-porous and

human brain as an example. With artificial neural
networks, the working of a simple biological nervous
system is imitated. Networks formed by connecting
neurons to each other have the capacity to learn,

usually translucent, vitrified and white ceramic consisting
of kaolin, quartz and a feldspathic structure and fired at
high temperatures [1-7]. Ceramic materials can
significantly improve the response of components and
parts for applications involving contact loadings due to
their high hardness, potentially low friction, excellent
corrosion resistance and ability to operate under extreme
conditions such as high temperatures. The wear of
ceramics is anisotropic and is associated with the
crystalline structure as in metals [8-20].

Artificial neural networks emerged as a result of
mathematical modelling of the learning process taking the

memorize and reveal the relationship between data. In
artificial neural networks, the learning process is carried
out using examples. During learning, entry and exit
information is given and rules are set. Many different
prediction models are tested in scientific studies.
However, models that are simple, applicable, easy to
implement and have the ability to predict accurately are
preferred. In neural network based forecasting, an
interpretable machine learning tool is important. On the
other hand, prediction studies based on experimental
data have been increasing rapidly recently [21-29].
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Magnified ZnO on p-Si (100) substrate by pulsed filtered
cathodic vacuum arc deposition system. Investigated the
effects of incident angle on specular reflectance of ZnO thin
film which was analysed and modelled using the
experimental data and ANN model. To increase resistance to
wear, Al7075 alloy is reinforced with Al,Os ceramic particles.
An artificial neural network was established to predict the
tribological properties of the produced Al7075-Al203
composites. It was seen that there was a good agreement
between experimental and ANN model results [30,31]. The
model for predicting the mechanical properties of two-phase
and three-phase composite ceramic tools such as Al203-(W,
Ti)C and Al.0s-TiC-ZrO2 was established by means of an
artificial neural network. On the basis of the neural network
toolbox in MATLAB, the neural network model for predicting
the mechanical properties of the ceramic tool was trained to
be reliable and the required programs were compiled. It was
found from the research results that the established model
based on the artificial neural network are available and
effective in simulating the composition content and
predicting the mechanical properties of the ceramic tool [32].

In this study, the production and wear properties of
porcelain ceramics produced by powder metallurgy method
were examined and modelling with artificial neural networks
was studied using the experimental data obtained. Artificial
neural network method is used to anticipate the tribological
conduct of porcelain ceramic utilizing neural network tool
compartment of MATLab and then the test and artificial
neural network results were compared.

Materials and Methods

Setting up experimental setups and taking physical
measurements in experimental studies may involve some
difficulties for many researchers. Experimental results may
not be collected on the sample as much as desired due to
uncontrollable reasons, financial inadequacies,
impossibilities or other reasons. In these cases, this gap is
tried to be filled with simulation data. At this point, machine
learning algorithms fill an important gap in predicting the
results of untested data with patterns learned from data

Powders

taken from experiments at certain intervals. This proposed
study generates simulation results for new data with very
high success by defining the effective aspects of the two basic
machine learning theories of the artificial neural network
approach, the patterns of an experimental study.

The most important problems of experimental models are
experiment costs, setup times, material-device management
problems, etc. factors that affect the process of the
experiment, such as If the accuracy of the systems that can be
simulated with statistical or mathematical models can be
improved to support the model, these operations can be
performed in the simulation environment. Especially since
artificial neural network algorithms are trained on the data or
the history of the model, they better models the patterns of
the systems.

Materials production

In this study, the production and wear properties of
porcelain ceramics produced by powder metallurgy method
were examined and modelling with artificial neural networks
were studied using the experimental data obtained. Porcelain
ceramics were prepared by the powder metallurgy route.
Mixtures prepared by mechanical alloying method in alumina
ball mills were produced by sintering under normal
atmospheric conditions after being shaped in a dry press. The
mixture powders were compacted to preforms of 56x12x10
mm by uniaxial pressing at 200 MPa. The green compacts were
sintered at 1100-1200 °C for 1-5 h under air using a heating
rate of 5 °C min in a high temperature furnace (Protherm™
Furnace). Plint brand abrasion tester was used for the abrasion
tests of ceramics. Steel disc is used as wear disc. Wear tests
were performed on each sample at 5, 10, 15 and 20-minute
wear duration and 70, 90, 120 N force. First, the specimen was
measured with a precision scale of 0.0001 g, and the amount
of wear was determined by measuring again after the specified
wear time (Figure 1). Then, characterization studies of the
sintered samples were carried out and the wear experimental
results obtained were converted into data suitable for
modelling with artificial neural networks.

. b-

-~

-

Sitermng

Wear test

Compaction

Figure 1. Ceramic production stages
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Machine
Modelling

learning based approach of System

Artificial Neural Networks is a field of artificial intelligence
based on information processing systems learning and
producing results by detecting hidden patterns in data rather
than using algorithms [33,34]. Systems based on ANN are
based on the logic of modelling problem-solving abilities
through human experience, intelligence and reasoning. They
stand out especially with their ability to solve complex and
nonlinear problems. It has distinct advantages in solving real-
world problems, preferably non-linear, in many different
disciplines. For this reason, it has become an increasingly
preferred approach in recent years. Complex calculations,
especially those performed on dense data sets, can produce
results faster with the effect of learning-based developments
in hardware and software theories. Computers with ANN
learning capabilities; They are equipped with the ability to
make decisions by perceiving the pattern in a data set using
mathematical and statistical techniques, which is called
learning. These qualities focus on the idea that computers
can detect patterns in data and make decisions with less
external support and constitute an important sub-branch of
artificial intelligence. Instead of codes defining the
computer's operations, it defines an algorithm process that
is adapted to instantiate the code's intended behaviour. The
resulting program consisting of the algorithm and associated
learned parameters is considered the trained model. A basic
ML learning flow diagram is shown in Fig. 2.

Data scientists have focused on a wide variety of machine
learning algorithms based on prediction, classification, and
clustering. They try to show that the systems they developed
are easier to implement and perform better in many studies
than classical statistical approaches. Thus, interest in theories
described as innovative and smart is increasing. Unlike
classical statistical approaches, ANN uses an algorithm to
learn the relationship between the response and its
predictors and does not focus on assumptions such as which
model to assume, how the response is distributed, and
whether the observations are independent. In contrast, the
machine learning approach recognizes that the process that

generates data is complex and unknown, tries to learn the
response by observing inputs and responses, and deals with
determining system parameters to find dominant patterns
[35,36].

Particularly in some engineering fields, the difficulties
and high costs of setting up experimental setups for
different parameters or environmental structures during
processes based on experimental studies are known.
Challenges such as equipment and material requirements,
measurement accuracy, data inconsistency, experiment
continuity, parameter adjustment, data analysis
complexity, cost and time management reflect the
complexity of experimental studies. However, all these
mentioned challenges can be solved with good planning,
proper resource management and expertise. The ability of
machine learning methods to produce and discover new
knowledge by learning from data offers an innovative and
intuitive approach to experimental studies in overcoming
all these difficulties. These approaches, which aim to
model parametric values that cannot be realized
experimentally with machine learning algorithms, based
on the results of experiments carried out with certain
parameters under existing or favourable conditions, are
accepted in many different disciplines.

A large majority of the studies that produce effective
results using ANN theory are on determining the
relationship between the dependent variable and one or
more independent variables. ANN models are trained with
different parameters, and an ANN structure that is
capable of best predicting the behaviour of the
independent variable at different dependent variable
values is tried to be established. The aim of this proposed
study is to model the wear behaviour of aluminium
titanate and mullite added porcelain ceramics produced
by the powder metallurgy method with the ANN
approach, to determine the most successful model and to
examine the differences on these models. It is to propose
a model that will successfully represent the problem at
values that cannot be realized experimentally, by using a
wide range of experimentally produced data sets with
different input parameters.
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Figure 2. Machine learning flow diagram.
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Artificial Neural Networks (ANN)

The mathematical model of the neural network system of
the human brain has constantly attracted the attention of
researchers, and as a result of intensive studies, the approach
called ANN was developed. ANN is an approach that offers
solutions to numerous problems in different disciplines, which
have been on the agenda especially in the last quarter century.
The most succinct definition of ANN was given by Haykin as a
massively parallel combination of simple processing units that
can acquire information from the environment through a
learning process and store the information in their connections
[23]. It is accepted as the representation of the human ability
to perform mental activities such as reasoning, making sense,
generalizing and learning by a machine capable of processing
information. An attempt has been made to model the
computational mechanism of the most basic processing
element (neuron) that forms the mentioned model and the
behaviour of the neuro-physical basic processing element
(neuron) of the human brain, which is still not fully understood.
In an academic publication they prepared in 1943, McCulloch
and Pitt described the properties of the basic neuron type by
modelling its behaviour for binary input [37]. In a basic ANN
cell, there is an input layer, weight layer, summation function
layer, activation function layer and output layer, as seen in Fig.
3.

The data obtained from the inputs is transmitted to
the neuron through weight values and determines the
value of the input with the effect of the weights. The net
value in the neuron is the sum of each input and the
product of the weights of this input. This value applied to
the activation function determines the neuron output.
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The activation function is generally determined as a
differentiable nonlinear function [38].

ANN is a system approach that aims to model the parallel
and distributed structure of brain cells connected to each
other, and is created by artificial nerve cells imitating this
model. Its architecture is organized as different layers and
the interconnection of processing cells in these different
layers (Fig. 4) and can be developed with hardware circuits or
software. Similar to the information processing ability of the
brain, ANN includes learning algorithms that manage the
updating of ANN weights to collect data following a learning
phase following the training process, store this data with the
weight values formed between cells, and generalize to
produce the most appropriate output for the problem being
studied [39]. The concept of learning from data, which is the
determining power of ANN, includes learning algorithms
based on updating the weights connecting neurons in other
layers in order to produce the targeted result data.

Backpropagation algorithm is the most preferred
algorithm for training feedforward ANNs [40]. It calculates
the gradient of the loss function based on the network
weights and is more efficient than directly calculating the
gradient based on each individual weight. This feature allows
the use of gradient methods to rearrange weights at the
stage of training multilayer networks and minimizing the loss
on them; Variants such as gradient descent or stochastic
gradient descent are often used. The purpose of the
backpropagation algorithm is to calculate the partial
derivatives of the cost function C (Equation 1) as 0C/dw and
0C/0db with respect to any bias w or b in the network.

€= =TllyCo) - a @11 (1)
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Activation
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Figure 4. Multilayer feedforward ANN model.
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Design of The Model and Experimental Results

Data Set Preparation and Experimental System
and Data Collection

In this study, using ANN, wear results depending on
test time and load were performed on Porcelain data sets,
and the results of the experiments that were not available
for similar studies were modelled. All the data in this study
were collected from this article (T. Boyraz and A. Akkus,
Investigation of wear properties of mullite and aluminium
titanate added porcelain ceramics, Journal of Ceramic
Processing Research, 2021, 22(2), 226-231) [1]. A total of
108 sets of data points (including sintering time and
temperature, load and force applied for the wear test and
the amount of wear) were systematically extracted from
the experimental information. Some mismatches in the
extracted raw data that make them unsuitable for direct
use in machine learning algorithms are conditioned by
pre-processing.

Establishing and Application of the Model

The most significant factor on the success of ANN models
is that the data set used for training best reflects the problem
pattern being studied [21]. Model development processes
with ANN are shown in Figure 2. From the perspective of
system analysis, the initial part of this flow is the step where
the problem is defined, its boundaries are defined, flow maps
are determined and the process as control is created, and it is
decisive on the flows of the entire model. The data set
preparation in the second part is the creation of a data set that
can respond to the output results produced by the developed
model or system and represent the problem in the best way.
In the next steps, using this data set, the model is trained with
the parameters that will be given the most optimum value.
Determination of parameters is accepted according to the
output produced by the model being studied. In the last step,
the outputs produced by the established ANN model are
compared with the real measurement values by data mining
and the success of the model is tested [22]. The parameters
constituting the data set used for the training of the ANN
model in this study are given in Table 1.

Table 1. ANN Model Dataset Parameters.

It is necessary to choose the parameters of the model
to best represent the pattern structure of the data set on
which the models are trained and to reflect the effects of
the input data on the model. For this reason, continuous
training was carried out by making changes to the
parameters for the model that would produce the best
output results. To test the outputs of the trained model,
the one with the best representation power among the
values produced by statistical value measurement units
(Mean Absolute Percentage Error (MAPE), Mean Absolute
Error (MAE), Root Mean Squared Error (RMSE) and R
Squared (R?) [23]. Regression (R2) coefficient is a
statistical measure of the relationship between two
variables. RMSE is used in areas such as machine learning
and determines the performance of a model by measuring
the differences between actual values and predicted
values. MAPE is used to evaluate the performance of a
prediction model and measures how close it is to the true
values, specifically taking into account the percentage
error rates of the predictions. MAE is used to evaluate the
performance of a forecasting model and refers to the
average of the absolute differences between the
predictions and the true values. The parameter
combination was determined (Table 2).

Before the ANN model started to be trained, the values
containing the 15-minute time measurements of the entire
data set were initially separated from the data set to be used
for training as the "Test Data Set" in order to check the
consistency of the model structure developed later.
Measurements of 5, 10 and 20-minute time are reserved as
"Model Training Set" for the development of the models to be
proposed. After the ANN architecture and parameters are
determined with the Model Training Set, the success of this
model is determined by the outputs produced by presenting
the Test Data Set to the model. The important point is that the
Test Data Set was not presented to the model during training
of the model, it was used to test the success of the model by
checking the performance values after the training of the
model. The statistical value measurements given in Table 2
reflect the results of checking the models produced with the
"Training Data Set" with the "Test Data Set".

Parameter Name Unit Parameter Structure
Wear Force Newton X1~ Input
Wear Time Minute X2 =2 Input
Fired Temperature °C X3 = Input
Fired Time Hour Xa = Input
Wear Volume mm?3 Y1~ Output
Table 2. Test data set, Training Data Sets and Statistical value measures for Porcelain.
Model TestData Set Training Data Set
All Train Test Validation
MAPE 0,3017 0,1150 0,0888 0,2485 0,1060
MAE 2,7719 1,2995 0,9549 2,6017 1,6340
RMSE 3,3311 2,0610 1,3680 3,6624 2,5241
R? 0,7500 0,9347 0,9720 0,8120 0,9249
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Fig. 5 shows the Scatter Plot Between Input and Output
Data. The "model training set all data" graphs of ANN model
results produced for 15-minute time with the model training
set are shown in Fig. 6. (a) R? graphs, b) Comparison graphs of
Actual Value and Outputs Produced by the Model and c) Actual
Value and Output Differences (Error) Graph Produced by the
Model).

As can be seen from the figures and Table 2, very successful
results were obtained in the study conducted with ANN.

In this study, the factors affecting the wear behaviour of
porcelain ceramics were analysed quantitatively using ANN.
According to the machine learning analysis performed in this
study, the applied load (X1) and application time (X2) in the wear
test, and the sintering temperature (X3) and time (Xs) are the

most critical parameters in estimating the amount of wear(Y).
While creating the ANN, the training data set was divided into 4
parts (Training, Testing, Validation and All data set).

Based on the approach of comparing the success of the
model with the Test data set and the result produced, a R?
value of 0,7500 for 15 minute. R? value was found to be 0.938
in all data set calculations. The R%, MAPE and RMSE values
obtained for the ANN model are 0.7500, 0.3017 and 3,3311,
respectively, for 15 minute and are within the quite
acceptable range. Model success is also observed from the
calculation values of other statistical indicators. As can be
seen from the graphs in the tables, the distribution of R?
values and the unity representation of the actual calculated
values support the final success of the model.
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Differences (Error) Graph Produced by the Model.
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Conclusions

Setting up experimental setups and taking physical
measurements in experimental studies also bring some
problems for researchers. Not being able to perform
experiments on the desired number of samples due to
some uncontrollable reasons or inadequacies is one of
them. In these cases, this gap is tried to be filled with
simulation data. At this point, machine learning
algorithms fill an important gap in predicting the results of
untested data with patterns learned from data taken from
experiments at certain intervals. The proposed study
produces simulation results for new data with very high
success by defining the effective aspects of the basic
machine learning theories of the ANN approach, the
patterns of an experimental study.

In this study, a highly sensitive machine learning (ML)
algorithm based on ANN is introduced to predict the wear
properties of porcelain ceramics. Factors affecting wear
were quantitatively analysed using ANN. According to the
machine learning analysis performed in this study, the
applied load (X1) and application time (Xz2) in the wear test,
and the sintering temperature (Xs) and time (Xa) are the
most critical parameters in estimating the amount of
wear(Y). The predictive model presented in this study not
only provides a set of process parameters to obtain the
desired the wear amount of the produced porcelain
ceramics in a practical scenario, it will also shed light on
other ceramic material studies.

The results of this study are;

e Porcelain ceramics were produced by powder metallurgy
method and their wear properties were tested
experimentally. Steel discs were used as wear disc. Wear
tests were performed time (0-20 min.) and force (70-120
N) on each sample. As a result of wear tests, the amount
of wear increased as the load and time increased.

e The R Squared (R?) values of the outputs produced by
the ANN model were sorted using the Test Data Set,
Validation Data Set, All Data Set and Training Data Set
order and the most appropriate model was selected.
According to these results, when the graphic and
produced numerical values of the R? value, which is
the basic indicator, are examined, it is seen that the
model succeeds in representing the real system.

e A R? value of 0.7500 for 15 minute was achieved
based on the approach of comparing the success of
the model with the Test data set and the result
produced. R? value was found to be 0.938 in all data
set calculations.

e The R?, MAPE and RMSE value obtained for the ANN
model are 0.7500, 0.3017 and 3,3311 respectively for
15 minute, which are in the well acceptable range and
hence the developed model can be adapted
effectively.

Model success is also observed from the computational
values of other statistical indicators. As can be seen from the
graphics in the tables, the distributions of the R? values and
the association representation of the actual-calculated
values support the final success of the model.
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Setting up experimental set-up, managing processes
and conducting experiments for varying ranges of
parameters in experimental studies can be fraught with
difficulties. Factors such as material and equipment

requirements, measurement precision, data
inconsistencies, experimental continuity, parameter
optimisation, data complexity, cost and time

management all contribute to the complexity of
experimental work. However, these challenges can be
overcome with careful planning, resource management
and expertise. Machine learning methods bring an
innovative and intuitive understanding to these
challenges in experiments, offering the ability to learn
from data and generate meaningful knowledge. The
results of experiments conducted under certain
conditions have been accepted in many different
disciplines with the expectation that parametric values
that cannot be obtained experimentally can be modelled
thanks to the data processing capabilities of machine
learning algorithms. These approaches are enlightening
for similar studies.

Declaration of interests

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

References

[1]T. Boyraz and A. Akkus, Investigation of wear
properties of mullite and aluminium titanate added
porcelain ceramics, Journal of Ceramic Processing
Research, 2021, 22(2), 226-231.

[2] Ahmet Akkus and Tahsin Boyraz, ‘Fabrication and
characterization of aluminium titanate and mullite
added Porcelain ceramics’, J. Ceram. Proc. Res., 20[1]
(2019) 54~58.

[31 0. Turkmen, A. Kucuk, S. Akpinar, “Effect of
wollastonite addition on sintering of hard porcelain’’,
Ceram. Inter. 41[4] (2015) 5505-5512.

[4] M.Sacli, U. Onen, T. Boyraz, “’Microstructural
Characterization and Thermal Properties of Aluminium
Titanate / Porcelain Ceramic Matrix Composites’’,
Acta Physica Polonica A, 127[4] (2015) 1133-1135.

[5] S. Kitouni, A. Harabi, ¢ Sintering and mechanical
properties of porcelains prepared from algerian raw
materials’’, Ceramica, 57 (2011) 453-460.

[6]S.Y.R. Lopez, J.S. Rodriguez, S.S. Sueyoshi,
“Determination of the activation energy for
densification of porcelain stoneware’’, J. Ceram.
Process. Res. 12 [3] (2011) 228-232.

[7] J. Martin-Marquez, J.M.a. Rincon, M. Romero, ’Effect
of firing temperature on sintering of porcelain
stoneware tiles’’, Ceram. Int., 34 (2008) 1867-1873.

[8] J. Martin-Marquez, A.G. De la Torre, M.A.G. Aranda,
JM.a. Rincon, M. Romero, “’Evolution with
temperature of crystalline and amorphous phases in
porcelain stoneware’’, J. Am. Ceram. Soc. 92 (2009)
229-234.


https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fprzyrbwn.icm.edu.pl%2FAPP%2Fapphome.html&ei=mEcQU4zoLsT54QTfyoDQCw&usg=AFQjCNEvum6SN0SfvvLJUAgvXQcwgjUB_w

Yiiksek et al. / Journal of Engineering Faculty, 1(2): 66-74, 2023

[9] Y. Igbal, E.J. Lee, “’Microstructural evolution in
triaxial porcelain’’, J. Am. Ceram. Soc. 83 (2000)
3121-3127.

[10] Ahmet Akkus and Tahsin Boyraz, “’Investigation
of wear properties of CaO, MgO added stabilized
zirconia ceramics produced by different pressing
methods’’, J. Ceram. Proc. Res., 19[3] (2018) 249~252.

[11] D. H.Buckley, K.Miyoshi, <’Friction and wear of
ceramics’’ , Wear, 100[1-3](1984)333-353.

[12] Y. Kong, Z. Yang, G. Zhang, Q. Yuan, “’Friction
and wear characteristics of mullite, ZTM and TZP
ceramics’’, Wear 218 (1998)159-166.

[13] C. Baudin, AA. Tricoteaux, H. Joire, “’Improved
resistance of alumina to mild wear by aluminium
titanate additions’’, J. Eur. Ceram. Soc., 34 (2014) 69—
80.

[14] H.Y. Yu, Z.B. Cai, P.D. Ren, M.H. Zhu, Z.R.
Zhou, “’Friction and wear behavior of dental
feldspathic porcelain’’, Wear, 261 (2006) 611-621.

[15] S. Bueno, L. Micele, C. Melandri, C. Baudin, G.
De Portu, “’Improved wear behaviour of alumina—
aluminium titanate laminates with low residual stresses
and large grained interfaces”’, J. Eur. Ceram. Soc., 31
(2011) 475-483.

[16] S. Taktak, M.S. Baspinar, “°Wear and friction
behaviour of alumina/mullite composite by sol—gel
infiltration technique’’, Materials and Design, 26
(2005) 459-464.

[17] H.H. Luo, F.C. Zhang, S.G. Roberts, ‘’Wear
resistance of reaction sintered alumina/mullite
composites’’, Materials Science and Engineering A,
478 (2008) 270-275.

[18] Oztiirk, C., Akpmar, S. & Tig, M. Effect of
calcined colemanite addition on properties of porcelain
tile. J Aust Ceram Soc 58, 321-331 (2022).

[19] Serragdj, I., Harabi, A., Kasrani, S. et al. Effect of
ZrO2 additions on densification and mechanical
properties of modified resistant porcelains using
economic raw materials. J Aust Ceram Soc 55, 489—
499 (2019).

[20] Aydin, T., Bican, O. & Gilimriik, R. Investigation
of wear resistance of the porcelain tile bodies by solid
particle impingement using alumina particles. J Aust
Ceram Soc 56, 525-531 (2020).

[21] M. Madhiarasan and M. Louzazni, Analysis of
Artificial Neural Network: Architecture, Types, and
Forecasting Applications, Journal of Electrical and
Computer Engineering, 2022, VV.2022, ID 5416722.

[22] Shekhawat, P. Agarwal, A. Singh, A. Patnaik,
Prediction of thermal and thermo-mechanical behavior
of nano-zirconia reinforced aluminium matrix
composites, Materialwissenschaft und
Werkstofftechnik (Materials Science and Engineering
Technology), 53 (2022) 1216-1228.

[23] Haykin, S. (1994) Neural Networks: A
Comprehensive Foundation. Macmillan Publishing,
New York.

[24] M. Hassan, A. Alrashdan, M. T. Hayajneh, A. T.
Mayyas, Prediction of density, porosity and hardness in
aluminium—copper-based composite materials using
ANN, Journal of Materials Processing Technology,
209/2 (2009) 894-899.

[25] L. V. Fausett, Fundamentals of neural networks:

architectures, algorithms and applications, Englewood
Cliffs, NJ: Prentice-Hall, 1994.

[26] J. D. Kelleher, B. Mac Namee, ve A. D’Arcy,
Fundamentals of machine learning for predictive data
analytics: algorithms, worked examples, and case
studies. Cambridge, Massachusetts: The MIT Press,
2015.

[27] E. Guresen ve G. Kayakutlu, Definition of
artificial neural networks with comparison to other
networks, Procedia Comput. Sci., 3 (2011) 426-433.

[28] L. Breiman, Statistical Modeling: The Two
Cultures (with comments and a rejoinder by the
author), Stat. Sci., 16/3 (2001).

[29] A. Ramanathan, L. L. Pullum, F. Hussain, D.
Chakrabarty, ve S. Kumar Jha, “Integrating Symbolic
and Statistical Methods for Testing Intelligent Systems
Applications to Machine Learning and Computer
Vision”, i¢inde Proceedings of the 2016 Design,
Automation & Test in Europe Conference & Exhibition
(DATE), Research Publishing Services, (2016) 786-
791.

[30] A. G. Yuksek, E. T., Senadim S. Elagoz,
Modeling of reflectance properties of ZnO film using
artificial neural networks, Journal of optoelectronics
and advanced materials, 17/11-12(2015) 1615-1628.

[31] R. Pramod, G. B. V. Kumar, P. S. S. Gouda, A.T.
Mathew, A Study on the AI203 reinforced Al7075
Metal Matrix Composites Wear behavior using
Artificial Neural Networks, Materials Today:
Proceedings. 5 (2018) 11376-11385.

[32] C.Z. Huang, L. Zhang, L. He, J. Sun, B. Fang,
B.Zou, Z.Q.Li, X. Ai, A study on the prediction of the
mechanical properties of a ceramic tool based on an
artificial neural network, Journal of Materials
Processing Technology, 2002, V.129/1-3(2002) 399-
402.

[33] M. Kubat, Neural networks: a comprehensive
foundation by Simon Haykin, Macmillan, 1994, ISBN
0-02-352781-7., Knowl. Eng. Rev., 13 (1999) 409-412.

[34] F. B. Fitch, Warren S. McCulloch and Walter
Pitts. A logical calculus of the ideas immanent in
nervous activity. Bulletin of mathematical biophysics,
5(1943)115-133.”, J. Symb. Log., 9/ 2, 49-50, 1944,

[35] L. V. Fausett, Fundamentals of neural networks:
architectures, algorithms, and applications. Englewood
Cliffs, NJ: Prentice-Hall, 1994.

[36] K. Gurney, An Introduction to Neural Networks,
CRC Press, 2018.

[37] D. E. Rumelhart, G. E. Hinton, ve R. J. Williams,
Learning representations by back-propagating errors,
Nature, 323/6088, 533-536, 1986.

[38] D. Graupe, Principles of Artificial Neural
Networks, 2. bs, ¢. 6. i¢cinde Advanced Series in
Circuits and Systems, vol. 6. WORLD SCIENTIFIC,
2007.

[39] X. Hu, DB-HReduction: A data preprocessing
algorithm for data mining applications, Appl. Math.
Lett., c. 16, sy 6, ss. 889-895, Agu. 2003,

[40] J. M. Gonzélez-Sopefia, V. Pakrashi, ve B. Ghosh,
An overview of performance evaluation metrics for
short-term statistical wind power forecasting, Renew.
Sustain. Energy Rev., 138, 110515, 2021,

73


https://www.sciencedirect.com/science/article/abs/pii/0043164884900206#!
https://www.sciencedirect.com/science/article/abs/pii/0043164884900206#!
https://www.sciencedirect.com/science/journal/00431648
https://www.sciencedirect.com/science/journal/00431648/100/1

Yiiksek et al. / Journal of Engineering Faculty, 1(2): 66-74, 2023

74



Q8

@

| cumfad.cumhuriyet.edu.tr | Founded: 2023

Available online, ISSN

Journal of Engineering Faculty, 1(2): 75-81, 2023

Journal of Engineering Faculty

Publisher: Sivas Cumhuriyet Universitesi

A Systematic Literature Review on Custom NER with Evidence-Based Software

Engineering

Hakan Kekiil%>, Abdulkadir Sekerzb*

'Sivas Cumhuriyet University, Faculty of Technology, Software Engineering, Sivas, Tiirkiye
2Sjvas Cumhuriyet University, Faculty of Engineering, Computer Engineering, Sivas, Tiirkiye

*Corresponding author

Review Article ABSTRACT

As the significance of data continues to grows, so does the importance of data analysis methods. Various models

History

are currently being applied, and new models are being proposed all the time. In the context of this study, we

conducted a detailed review of Named-Entity Recognition, a data analysis model. We applied the Evidence-Based

Received: 24/11/2023
Accepted: 08/12/2023

Software Engineering method, which has been used successfully for many years, as the analysis method. The
study analyzed 38 articles selected from a collection of 114 different research articles identified by this method.

A detailed presentation of the analyzed data is provided. The study aimed to identify the most effective among
the methods using NER. The analysis indicates that BERT was the most successful method in NER studies. It has
been found that the "News" domain contains the highest number of NER datasets. The study also provides
detailed information on other methods and domains identified. As an original and comprehensive guide, this
study serves as an excellent resource for those interested in the field.

Copyright

This work is licensed under

Creative Commons Attribution 4.0 Keywords: Evidence-based-software-engineering, Named-entity recognition, NER, Custom NER, EBSE

International License

a{%ﬁ hakankekul@cumhuriyet.edu.tr (20000-0001-6269-8713

‘ "{?Ljaseker@cumhuriyet.edu. tr

@ 0000-0002-4552-2676

How to Cite: Kekil H, Seker A (2023) A Systematic Literature Review on Custom NER with Evidence-Based Software Engineering, Journal of

Engineering Faculty, 1(2): 75-81

Introduction

Text data is an important data type whose popularity
has increased rapidly with the advancement of
information technology [1]. Scientific text data can be
obtained from articles, letters, e-mails, social media posts,
articles, books and many other sources. These texts are
important for many commercial and industrial
applications and for interpersonal communication.
Textual data analysis and processing focuses on an area
known as text mining or natural language processing
(NLP). Various extracts from the text are used to
understand and manipulate this textual data. Features
convert text data into numeric or symbolic values, and
enable machine learning algorithms to understand this
data. The main features of textual data are word
frequency, word distribution, sentiment analysis, and
semantic extraction.

Named entity recognition (NER) is one of these
attributes. NER represents a very important component in
the field of NLP. NER is an automatic process that

identifies specific entities or names in texts [2]. These
entities often include specific information such as names
of people, place names, organization names, dates,
currency units and other proper names. NER is used in text
mining and information extraction applications and
enables automatic classification of such data. For
example, given the sentence "Selguk Bayraktar is the CEO
of Baykar company" in a text document, the proper names
identified by NER can be determined as "Selcuk Bayraktar"
and "Baykar". Automatic identification of such
information allows for better understanding and
processing of text data. Applications of NER include text
mining, automatic text classification, information
extraction, language translation and many more.
"Custom Named Entity Recognition" which has a
special place in the attributes of text data, as the name
suggests, refers to NER systems that are customized for
specific needs and specific applications [3]. Standard NER
systems are trained to recognize common names, place
names and dates, but for some applications there may be
a need to identify specific and unique entities. For
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example, it may be necessary to identify a company's
specific product names or a special industrial terminology
in the content of a document. Custom NER is a NER system
that is trained and configured to respond to such
specialized needs. This helps professionals working in a
specific business or industry to better understand text
data and process it more effectively. Custom NER systems
offer great flexibility with the ability to define special
terms or entities. Particularly used in legal, medical,
financial, information security and other specialized fields,
Custom NER systems are tailored to the requirements of
text data in these specific application areas.

In this paper, we will focus more on the attributes of
text data and in particular the importance of Custom NER
in text mining and customized analysis applications.

Related Work

NER involves identifying specific entities, such as
individuals, locations, and organizations, within a given
text [2]. These entities are pre-defined semantic types and
play a crucial role in various natural language applications
like question answering, text summarization, and machine
translation. NER serves as a fundamental component for
these applications by pinpointing and categorizing
relevant mentions in the text [4]. Many different libraries
and natural language processing tools, such as SpaCy in
Python, Apache OpenNLP, and TensorFlow, enable the
creation of Named Entity Recognition (NER) systems with
pre-trained models that can be imported, used, and
customized based on specific requirements [5].

In addition to general NER, there are also domain-
specific custom NER studies aimed at solving problems
within narrower scopes [6]. Medical literature, published
by researchers in the field, contains an enormous amount
of information. One of the study proposes a hybrid-based
approach for identifying entities from medical literature,
leveraging a newly created dictionary for application
routes, dosage forms, and symptoms, trained on
annotated entities using a blank SpaCy machine learning
model [7]. Another paper introduces a chatbot designed
to increase crime awareness, utilizing classification and
generative models. The chatbot includes spam detection,
a system for registering complaints, and a custom named
entity recognition model to extract structured
information. The primary objective is to provide efficient
and user-friendly complaint registration methods using
natural language processing, ultimately promoting social
good [8]. In a paper used custom NER, it introduces a
novel weighted distributional semantic model for
unsupervised Named Entity Recognition (NER) in the
agricultural domain, addressing challenges such as the
absence of annotated data, domain-specific vocabulary,
entity ambiguity, and contextual variation [9]. One of the
studies that focuses on Turkish text conducts a thorough
examination of Turkish named entity recognition,
evaluating the performance of state-of-the-art models
across diverse datasets to assess their generalization
capabilities. The results, backed by statistical tests, reveal
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that Transformer-based language models consistently
achieve the highest weighted F1 scores, ranging from
80.8% in tweets to 96.1% in news articles [10]. Another
study investigates the effectiveness of various word
embeddings for the cyber security Named Entity
Recognition (NER) task, comparing general-purpose pre-
trained word embeddings (both non-contextual and
contextual) with task-adapted embeddings fine-tuned on
a specific supervised dataset. The findings suggest that,
for cyber security NER, fastText outperforms GloVe and
BERT in utilizing pre-trained embeddings [11].

Methodology

There are resources that an expert of any field should
refer to in order to solve the problems encountered
during his/her professional life. The most effective and
fastest of these resources is the scientific literature.
However, it is time-consuming and difficult to find the
most effective solutions to a particular problem within the
scientific literature. The Evidence-Based Medicine (EBM)
approach, which is specially proposed in the field of
Medicine, where this problem is experienced, has been
very successful [12]. According to this approach, a
standard is provided to summarize the literature
accurately and efficiently for the solution of a problem.
After the success of the EBM approach in the field of
Medicine, Evidence-based software engineering (EBSE),
which aims to reach the fastest and most accurate
solutions to the problems that software engineering
specialists may encounter throughout their professional
lives, has been proposed in the literature. This approach is
based on the principles of evidence-based medicine,
which have been successfully applied for many years.
According to this perspective, a software engineer cannot
solve all the problems of his/her professional life with
his/her graduation knowledge alone. Therefore, it is
important to have access to successful and proven
methods for similar problems. This access is possible
through the scientific publication of proven methods.
However, it is not practical for every expert to review all
the publications in detail to analyze a specific problem
[13]. Therefore, it is inevitable that the literature in a
particular field should be effectively summarized and
presented in an organized way. Moreover, there is a
requirement for this process to be subject to a
standardized procedure in each study. In order to address
this challenge, the Evidence-Based Medicine (EBM)
approach has been proposed [12].

The successful application of the evidence-based
medicine model has led to the questioning of the
applicability of this method in different fields.
Experimental studies have shown that the method gives
successful results in different fields [14]. After the first
studies that recommended the use of this method in the
field of software engineering [15], different studies have
been carried out on how to apply the method to software
engineering [16].
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For this purpose, Kitchenham et al. were the first to
propose the use of this method in a literature review in
the field of software engineering [15]. However, this study
reflects the point of view of a medical doctor. For this
reason, the researchers published a different study in
which they added the perspective of a software engineer
to the method [16].

The proposed method consists of the following six
steps[15].

1. Defining an answerable question.
2. Finding results that provide the best evidence.
3. Critically evaluate the evidence.

4. Integrating critical evaluation
engineering expertise.

Evaluating the process

6. Making inferences for evidence-based software

engineering.

In this study, the methodology has been developed

and applied by taking these steps into account.

with software

v

Defining Answerable Questions - Research
Questions

In the literature searches carried out during our study,
we have tried to answer the following research questions.

RQ 1: What are the most successful models in NER
studies?

RQ 2: In which domains are there custom NER studies?

Finding the Best Evidence — Search Strategy

The search process was carried out with the idea that
using research questions as search terms may be a more
accurate approach. The databases used in the search
process are IEEE Xplore (http://ieeexplore.ieee.org), ACM
Digital Library (www.acm.org/dl), ISI Web of Science
(www.isinet.com /products/citation/wos), Science Direct
(https://www. sciencedirect.com/), Google Scholar
(http://scholar.google. com). The articles found were
evaluated according to the inclusion and exclusion
criteria.

Critically Evaluating the Evidence — Inclusion and
Exclusion Criteria

Within the scope of the study, care was taken to include
articles that generally complied with our quality assessment
rules. The quality assessment criteria defined for this purpose
are described in the next section. In addition, it was sought as
another criterion that the datasets obtained with the articles
should be shared publicly. As a result of the research, a total of
114 articles were identified in different databases. As a result
of the analyses carried out separately by the authors, the
necessary selection and elimination processes were carried
out. The first steps of this analysis eliminate survey studies and
duplicate studies. Then, inclusion and exclusion criteria were
applied on the remaining articles. As a result of this process, a
total of 38 studies were selected.

Integrating Critical Assessment with Software
Engineering Expertise - Quality Assessment Rules -
QARs

This step is the selection of the final articles to be
included in the study. Five quality assessment questions

were used to evaluate the articles. According to these
questions, the score of each article for the relevant
question was determined in the range of 0 - 1. The quality
assessment questions are as follows. We accept papers
that get score 3 and above.

QAR1: Is the Sample Source Code for the development
of the NER dataset cited?

The answer to this question is scored as 0 or 1.

QAR2: Is there multilingual support?

The answer to this question is scored as 0 for one
language, 0.5 for two languages and 1 for more than two
languages.

QAR3: Does it support multiple tasks?

The answer to this question is scored as 0 or 1.

QAR4: What is the annual citation average?

This value is calculated as the ratio of the number of
citations a publication has received since its year of
publication to the number of years it has been in
publication, and articles are normalized between 0-1.

QARS: Are study codes and datasets shared?

The answer to this question is scored as 0 or 1.

Evaluation of the Process - Data extraction
strategy and synthesis of data

At this stage of the study, it was evaluated how the
selected articles answered the research questions. For this
purpose, an information extraction form was created. In
this form, the title of the article, the year of publication,
the best model and the fields covered were marked. As a
result, information on the extent to which the analysed
publication contributed to the research questions was
collected.

Results

In this section, we discuss the answers to our research
questions. We provide a detailed analysis of the answers
to our research question in the scientific papers that we
included in our literature review. We also provide an
overview of the Custom NER field. In this respect, we
provide guidance to researchers who want to work in this
field. We present detailed analyses of 38 articles selected
within the scope of the study. The evaluation results and
details of the 38 articles selected according to our Quality
Assessment Rules are clearly presented in table 3.

What are the most successful models in studies
in the field of NER?

This section aims to answer the question asked in RQ
1: What are the most successful models in NER studies?
Four different models stand out among the 38 research
articles examined. Additionally, best models could not be
determined for some proposed NER models. The
information resulting from the analysis is presented in
table 1. According to the table, the most used and
successful model in the field of NER is BERT. It is also
understood that LSTM, Transformers and Word
Embedding methods are used predominantly. It is seen
that researchers make analyzes with different models.
However, it is seen that BERT models produce better
results than other models in terms of NER.
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Table 1. Best Models

Ref Best Model
[17] [29] [31] [41] [43] LSTM
[18] [24] [28] [36] Tranformers
[19] [20] [21] [22] [23] [25] [26] [27] [32] [45] [46] [47] [48] [51] BERT

[30] [34] [42]
[33]1 [35] [37] [38] [39] [40] [44] [49] [50] [52] [53]

Table 2. Domains

Word Embedding
Other / Undetermined

Ref Domain
[17] [23] [24] [25] [27] [29] [32] [33] [34] [35] [36] [40] [44] [50] News
[18] [19] [41] [45] [46] [47] [48] Health
[20] [30] [31] Biomedical
[21] [51] Al Scientific Papers
[22] Social Media
[26] [28] [38] [49] [53] Wikipedia
[43] Trafic
[52] Web Sites

[37] [39] [42]

Table 3. Selected Research Articles

Mix/ Undetermined

NER Name Year N”T\;::rf'te' QAR1I QAR2 QAR3 QAR4 QAR5 TOTAL
CoNLL-2003[17] 2003 203,6190476 1 1 1 0380952381 1 438
BCSCDR[18] 2016 534,5 1 0 1 1 1 400
GENIA[19] 2003 67,52380952 1 0 1 0126330794 1 313
BLUE[20] 2019 151,5 1 0 1 028344247 1 328
SGERC[21] 2018 74 1 0 1 0138447147 1 314
WNUT 2017[22] 2017 51 1 0 1 0095416277 1 3,10
ONTONOTES 5.0[23] 2013 31,72727273 1 1 1 0059358789 1 406
CoNLL 2002[24] 2003 230,6190476 1 1 1 043146688 1 443
ACE 2005 [25] 2006  0,944444444 0 1 1 0001766968 1 3,00
Few-NERD[26] 2021 22 1 0 1 007857811 1 3,08
ACE 2004[27] 2005  3,578947368 0 1 1 0006695879 1 3,01
IPM NEL[28] 2014 46,3 1 0 1 0086623012 1 3,09
DWIE[29] 2020 11,25 1 0 1 0021047708 1 3,02
BROAD TWITTER CORPUS[30] 2016 16 1 0 1 0029934518 1 3,03
CrossNER[31] 2020 21 1 0 1 0039289055 1 3,04
BioRED([32] 2022 19 1 0 1 003554724 1 3,04
BB (Bacteria Biotope)[33] 2019 8,2 1 0 1 0,015341441 1 3,02
CONLL-2000[34] 2000  47,08333333 1 0 1 0088088556 1 3,09
GUM [35] 2017 41,14285714 1 0 1 0076974475 1 3,08
GeoWebNews|[36] 2019 8,3 1 0 1 0016463985 1 3,02
MEDIA[37] 2004 3,35 1 1 1 000626754 0 3,01
WikiNEURal[38] 2021 15 1 1 1 0028063611 1 4,03
AMALGUMI[39] 2020 3,75 1 0 1 0007015903 1 3,01
BCACHEMDI40] 2015 3311111111 1 0 1 0061947822 1 3,06
1282 [41] 2020 1 1 0 1 0001870907 1 3,00
CORD-r[42] 2023 0 1 0 1 0 1 300
FUNSD-r[42] 2023 0 1 0 1 0 1 3,00
FindVehicle[43] 2023 0 1 0 1 0 1 300
NAAMAPADAM[44] 2023 2 1 1 0 0003741815 1 3,00
SHARE/CLEF 2014[45] 2014 8 1 0 1 0014967259 1 3,01
BC7 NLM-CHEM[46] 2022 6 1 0 1 0011225444 1 3,01
RARE DISEASES [47] 2021 3333333333 1 0 1 0006236358 1 3,01
THYME-2016[48] 2016 33,375 1 0 1 0062441534 1 3,06
BIOGRAPHICAL[49] 2022 25 1 0 1 0004677268 1 3,00
FLUE [50] 2022 17,5 1 0 1 0032740879 1 3,03
LPSC [51] 2022 0 1 0 1 0 1 300
TASTESET[52] 2022 2 1 0 1 0003741815 1 3,00
STEM-ECR[53] 2020 8,5 1 0 1 0015902713 1 3,02
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In which domains are there Custom NER studies?

In this section, we focus on answering RQ 2 by trying to
determine which domains are used to create the NER
dataset. A detailed analysis of the domains covered by the 38
research articles examined within the scope of the research
is given in Table 2. As can be seen from here, eight different
domains have been identified. Only 3 studies showed that it
was not a specific domain but a combination of different
domains. Therefore, these articles are assigned to the mix
category. If we look at custom domains, it can be seen that
the domain with the most NERs is the NEWs category. Health
and Wikipedia domains follow. It can be seen that different
NER data sets have been created in the biomedical domain.
Other domains are Scientific Papers, Social Media, Trafficand
Websites.

Discussion

The increase in NER data sets in recent years and
attracting the attention of researchers has increased the
studies in this field. This study serves as a guide for experts
who will conduct research in this field. In this context, a
systematic literature analysis of NER studies in different
fields has emerged with an evidence-based software
engineering approach. Within the scope of the study, 38
research articles were identified. Our study focused on
finding answers to two different research questions. As a
result of our research, we tried to identify the most
successful models used in the NER field. As a result of this
research, it was seen that BERT, LSTM, Transformers and
Word Embedding methods were used predominantly. It is
understood that the most successful and most used model
among these models is BERT. The second focus of our
study, the question of which domains the NER datasets
are created for, is the focus of our second research
question. As a result of the analysis, eight different
domains were identified. Among these, it can be seen that
the domain with the most NER data sets is News. It has
been observed that many NER data sets have been
created in the health domain, which comes in second
place.

Conclusion

Nowadays, when data has reached an incredible size
and continues to increase, it is very difficult to analyze
data of this size with human power or statistical methods.
For this reason, the use of artificial intelligence algorithms
in data analysis is common. Many different methods are
used to transform unstructured data into a structure that
computer systems can understand. NER models are one of
these methods. NER models, especially designed
specifically for certain areas, have increased their use in
recent years. However, new models constantly produced
in different domains cause a researcher to spend
significant time deciding which model to choose. This
study presents an analysis that will reduce research time
and provide access to the right resources. With our study,

it has been revealed in which domains data sets were
created in the field of NER and which models achieved the
highest success values with these data sets. As a result of
the analysis, some suggestions were revealed for future
studies. The most important of these is that not many NER
studies have been found, especially in the field of
computer science. For this reason, we recommend that
NER be produced in the field of computer science in future
studies. In addition, researching how Artificial Intelligence
robots, which have become widespread recently, will
contribute to the creation of automatic NER is one of the
interesting topics.
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Introduction

According to a recent studies Breast cancer is an important
disease that causes women to lose their lives [1]. Benign and
malignant type of breast tumors are caused by uncontrolled
growth of breast cells [2]. X ray imaging and ultrasound
imaging are the most basic medical imaging methods in the
early identification of breast cancer [3,4]. Specialists working
with mammograms tend to make more misdiagnosis than
those working with ultrasound. That is, the rate of false
positives is higher for mammograms [5]. Most of the
unnecessary biopsies (65%-85%) are caused by the low
specificity of mammography [6]. Unnecessary biopsy leads to
emotional pressure on the patients and increases the cost.

There have been many studies on computer-aided
detection (CADe)/diagnosis (CADx) systems that help
specialists in the interpretation of radiological images. Such
systems both increase the success rate of detection and
reduce the identification time [7,8]. A typical cad software
consists of several different layers. These layers are called the
image preprocessing layer, the region of interest (ROI)

determination layer, and the classifier layer [7,9]. Classification
is the most important part of a CAD system. It classifies the ROI
as benign or malignant using the selected features with
different methods. Artificial intelligence techniques are widely
used as classifiers [10,11,12,13,14].

In recent years, some of the academicals and commercial
CADx applications for mass detection/diagnosis on breast
ultrasound images were developed as web applications [15].
Grandinetti and Pisacane [16] developed a web application
which predicts the blood sugar levels of the patients in a
specific period in the future. The method they used for
prediction depends on the control of patient’s variable
conditions in the treatment process and the applied diet
program. Al Mamun et al. [17] detected and followed up
Parkinson patients using smart devices connected to the
Internet with a cloud-based system. Markiewicz et al. [18]
designed and developed a web-based software application to
analyze microscopic images and assist pathological diagnosis.
Remeseiro et al. [19] have developed a web-based application
to assist specialist personnel in the diagnosis of dry eye
disease. Ruiz et al. [20] introduced a web-based decision
support platform designed to organize the treatment of
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patients with gestational diabetes. They aimed to improve
access to private health care, to prevent unnecessary
displacement of patients, to reduce evaluation time per
patient, and to reduce the negative consequences of
gestational diabetes. Antoniou et al. [21] designed a web-
accessible database and CAD system called the MIRaCLe DB.
They collected 204 mammograms from 196 patients. Their
study can also be used for evaluation of education of
radiologists. George et al. [22] introduced a CAD system that
uses web services for detection and diagnosis of breast cancer
using Cytological Images. They used artificial neural networks
and support vector machines (SVM) as the classifiers. Silva et
al. [23] introduced a web-based system that detects the
lesions on mammaogram images using an SVM classifier. Love
et al. [24] proposed a stand-alone software system called
Triage Cad, which classifies the masses in the breast ultrasound
images. They had a sensitivity success-rate of 92% with the
classifier structure they used in their CAD system. Huang et al.
[25] to detect breast cancer proposed a web-based education
system that consists of a CAD sub-system and a web database.
The proposed system relies on the scoring of 25 features one
by one (0: oval, 1: round, 2: irregular etc.) by the specialist who
interprets the ultrasound image on the browser. Therefore,
the subjective decisions of the specialist determine the result
of the classification. However, the objective of the CAD
systems is to help the specialist in the decision process by
analyzing the details which are difficult for the specialist, using
a computer with a high-computing power and a software.

In this study, a novel web-based CAD application was
developed that contains a novel classifier architecture
proposed by Uzunhisarcikli and Goreke [26]. MATLAB code of
the proposed CAD architecture runs in the background of the
web-based CADx application developed in ASP.NET platform.
Matlab Compiler SDK extends the functionality of the MATLAB
Compiler and generates .NET assemblies from the MATLAB
code. In this study, MATLAB function files of the CAD system
were first converted to .NET assemblies (dll: dynamic-link
library). Then, a web interface was designed and these dll files
were referenced from the .NET project. Web interface was
developed using CH# and JavaScript programming languages.
MS SQL database management system was used to store the
interpretations of the images which would be examined by the
specialists. The proposed application in this study reduces the
time that experts spend on analyzing, reduces the cost of
preparations by storing physical preparations images on the

Input Layer |

server, reproducibility, comparability and objectivity increase
in quantitative evaluations.

Classifier

The fuzzy set theory belonging to LA Zadeh was put
forward in 1965. It is suggested based on a concept of a
classical set to reflect an uncertain knowledge. This type of set
expresses the state of the objects belonging to the set with a
float value between 0 and 1 [27]. A fuzzy inference system uses
fuzzy rules, membership functions, and inference mechanisms
to handle given inputs to outputs. In the Mamdani inference
method, which is the most basic inference method,
membership levels from the fuzzy unit are associated with the
output membership function using the minimum relationship
operator [28]. After Zadeh revealed Type 2 fuzzy clusters in
1975, the previous structure was called Type 1 [29]. A fuzzy
inference system is called Type 2 if it contains at least one Type
2 fuzzy structure. The structure of the membership functions
of these two types of systems using the same rule structure is
different. In addition, the Type 2 system includes a type
reducing unit which is not present in the Type 1 system [30].
The new classification architecture developed by
Uzunhisarcikli and Goreke [26] includes a fuzzy inference
system of Type 2 structure and has achieved 100% sensitivity
performance. The block diagram representing architecture is
shown in Figure 1.

X =(X1-X6) expresses the input vector applied to the first
layer where X1,...,X6 is defined respectively as mean, contrast,
spiculation, roundness, area and rate of area to perimeter. X7
is the input parameter given to the second layer and
represents the ratio of the axes. The output of Layer 1 is the
classification result which is expressed as B or M. Here, B
represents benign while M represents malignant.

The rule for Layer 1 is as follows.

If (X3 € M31) and (X5 € M51) then (R1 € 011)

If (X3 € M32) and (X5 € M52) then (R1 € 012)

If (X5 € M51) and (X2 € M21) then (R1 € 021)

If (X5 € M52) and (X2 € M22) then (R1 € 022)

If (X3 € M31) and (X6 € M61) then (R1 € 031)

If (X3 € M32) and (X6 € M62) then (R1 € 032)

If (X3 € M31) and (X2 € M21) then (R1 € 041)

If (X3 € M32) and (X2 € M22) then (R1 € 042)

If (X4 € M41) and (X1 € M11) then (R1 € 051)

If (X4 € M42) and (X1 € M11) then (R1 € 052)

Layer 2 Output

X1 Kk
X2| [Type 2 FIS Classtfication
X3

X4] | Benign/Malingnant

. X1
X6 L M|

Type 1 Category BM
BI-RADS2-3-4 BI-RADS
—» Category
Type 1 Category 2-3-4-5
BI-RADS3-4-5

Figure 1. CADx system architecture.
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Here, M variables refer to the membership functions
of the relevant entry. There are two membership
functions for each input parameter. These are named low
and high.

For example, M31 for X3 input parameter refers to
membership functions named high and M32 low. It refers
to the membership function specifying the benign (012)
and malignant (0O11) class.

The mathematical model of the fuzzy inference part of
the designed software system in layer 1 and layer 2 is as
summarized below. The software for both Type 1 and
Type 2 fuzzy inference part was developed according to
Mamdani methodology. The rule structure of the Type 2
fuzzy inference system is the same as Type 1, except for
the structure of membership functions. Unlike Type 1,
type reduction operation is carried out in Type 2 system.

Equation 3 gives the mathematical expression for the
output of the fuzzy inference system.

[b(y),B(y) |=| max(ba(y),ba(y) ), max (b2(y). b2(y)) |
(3)

The value obtained from the second layer is used for
category information [26].

Web-based CADx application

MATLAB Compiler SDK is a very useful toolbox for
developers who want to use .NET and MATLAB platforms
together. Using these two software platforms, Kagar et al
introduced a web-based image processing application
that implements fundamental image processing functions
such as filtering, scaling and contrast equalization [31].
Guney et al. [32] introduced a web-based ECG simulator

A dllis a library that contains code and data that could
be used simultaneously by more than one program
MATLAB function files with .m
extensions were converted to .NET assemblies using the
Compiler SDK as shown in Figure 3. Furthermore, these dll
files may include many m function files that can be used
by the main m file. To realize it using the compiler, .NET
assembly option is selected from a select box that asks for
the type of file to be generated. m file is added by clicking
the plus button (Add exported function to the project) and
the process is started by clicking the package button. If no
generated in the

The mathematical expression of membership
functions is given by Equation 1. using the same methods.
, x<a
Z;Z, a<x<bh Mathworks  [33].
u(x;a,b,c) = _ 1
K ) X p<x<c @
c—b
k : c<x
0, x<a+al
x—(a+al)
—, a+al<x<b
b—a
peab o) = (¢ _c1)—x
———, b<x<(c—-1)
k(c —c)—b error occurs, dll file s
0, (c—cl)<x

Here 1t is the parent membership function and u is the

sub-membership function.

x denotes the input parameter value. The al and cl
values are the values that determine the footprint of
uncertainty (FOU) range. These values are calculated
using the Artificial Bee Colony (ABC) optimization
algorithm.

The mathematical expression of FOU is given by
Equation 2. The diagram of fuzzy inference system is given
in Figure 2.

FoOU =J [H(x),;z(x)J/x

VxeX (2)

Rule 1
Rule 1 output

Hi(x)
T |
x3 v 174
— 1

~l
N

for\_redistribution\_ files\_only folder. The generated dll

files and functions are as follows:

e resim2using.dll: Takes the image to be processed and
pixel coordinate data of the marked suspicious region
perimeter as the inputs, then returns the
morphological and texture-based features after
obtaining the ROIs, image filtering and enhancement.

e webtip2using.dll: Includes Type 2 fuzzy inference
software that takes Layer 1 parameters of the CADx
architecture and classifies the suspicious region as
benign or malignant.

e tip2MCatusuing.dll: Includes the fuzzy inference
system software that takes the X7 parameter of CADx
Layer 2 and determines the BI-RADS category.

Rule 2 ocutput

[
[B107.810)]
|

84

Aggregation

N\
N\
SN

f— N

Figure 2. The diagram of the Type 2 fuzzy inference system
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Figure 3. Dl file generation.

Figure 4. Visual studio environment.

CADx Application Diagram

m m ey S
heck

authentication

Figure 5. The system architecture of the software
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Visual Studio platform that allows software development
in various programming languages was used in web
application development process. The dll files explained above
were referenced to the project generated in Visual Studio
environment as shown in Figure 4.

It can be seen from Figure 4 that there is a file named
MWArray.dil. This file includes the classes that perform
conversions between MATLAB and .NET platforms. Thus, data
coming from MATLAB were processed without any problems.

The system architecture of the software is given in Figure
5. Here, the pixel-based coordinates of mass perimeter
marked on the browser are captured using JavaScript.
Coordinate information is used as the input of the object’s
method (resim2.m) generated using resim2using library. The
function returns an array of feature values. Then these
parameters are used as the inputs of the object’s method that
was generated from webtip2using library, and the CADx
system Layer 1 output is obtained. The classification result
obtained from Layer 1 output is labelled as “1” for malignant
and “0” for benign. If the value equals “1” then the object’s
method generated from tip2MCatusuing library is called. This
method takes the MF4 feature value as the input and returns
the BI-RADS category for malignant type as the output. If the
value equals “0”, then the object’s method generated from
tip2BCatusuing library is called and BI-RADS category for
benign type is returned.

The Add Comment text-area shown in the interface is used
for storing medical information and comments for images
examined by the specialists in a database. Thus, the verbal
statements obtained from different users should be used as a
reference for the improvement of CADx system’s fuzzy rule
structure.

In addition, when clicked on the Read Comment button,
comments saved in the database can be moved to the text-
area. Thus, specialist physicians will be able to exchange views
by accessing different expert opinions about medical images.

In addition, junior specialists who have access to these
opinions will be able to increase their medical knowledge and
have the opportunity to practice.

By clicking the Browse button, the selected image file can
be uploaded to the system by clicking the Upload Image
button. Thus, any ultrasound images that are not in the
database can also be loaded and analyzed. The system model
of the transaction is given in Figure 6.

In this study, 70 ultrasound images obtained from the open
access Biomedical Engineering Research Unit of SIIT (BioMed
SIIT) database were examined by a radiology specialist and the
regions containing masses were marked in computer
environment. The system designed in tests performed on the
specified ROl areas achieved 98.5% accuracy. The graphical
interface visual of the software of the system proposed in this
study is given in Figure 7 below.

Aplication Deployment &
Expert Collaboration Activities

Cient

0w | = Tiepery
[ Browser | [——Appication
] i
i 1
' |

| Database Server
v

SQLSener |
Database O
Transaction Recuest

Figure 6. The system model of the transaction

COMPUTER AIDED DIAGNOSTIC FOR BREAST ULTRASOUND IMAGES

B O e L

Upld I

Figure 7. The graphical interface visual of the software of the system
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Results and conclusion

Many of the CADx/CADe studies in the literature do
not include the development of a software. Some of the
developed software (academical or commercial) are
desktop applications. Therefore, the specialist must be
able to access to the computer where the software is
installed. In this study, the CADx system for the designed
architecture was developed as a web-based system using
different software technologies. Thus, the specialist can
track his/her patients without time and location
restrictions. He/she can access to the system from
everywhere with an Internet connection. Different from
commercial applications, the developed application can
also be used as an educational tool for junior doctors or
medical students to increase their practice in the field of
radiology. Additionally, the information about the
examined images and the experiences of the specialists
will be stored in a database. It’s also foreseen that the rule
structure of the inference system will be improved using
the obtained linguistic statements by programmer.

The single-user system was converted to a multi-user
system by adding a login page. In the literature, the same
medical image is analyzed by two different physicians is
called double reading. This structure was converted into a
multi-reading system by adding multiple users and CADx
system. In addition, an online messaging module can be
added to the system, and an interactive training platform
can be established between the specialist and the medical
student.
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With the development of today's technology, the loads connected to the electrical grid systems have diversified.
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Parallel to the developments in semiconductor technology, there has been a great increase in the number of

nonlinear loads. Since the current and voltage characteristics of these loads do not change linearly, they cause
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harmonic generation in the systems. Harmonics cause extra energy loss, heating and insulation failures in the
systems. Transformers, which are an important part of power systems, carry harmonic load current. Considering

that transformers operate continuously in power systems, harmonics can lead to increased transformer losses,
reduced transformer life, insulation failures, indirect arcing and even transformer explosions. In this study, a 3D
electromagnetic transient model design of a power transformer, whose actual dimensions and design are known
from factory data, was created using ANSYS@Maxwell program. After the model was created, the
electromagnetic states of the transformer under various harmonic currents were analyzed using the Finite
Element method with ANSYS@Simplorer and ANSYS@Maxwell programs. The effects of electromagnetic
conditions and losses on the transformer are investigated.
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Introduction

Transformers have a crucial role in power systems.
Traditionally, they are designed to operate at the standard
sinusoidal power frequencies of 50 or 60 Hz to serve linear
loads. However, the widespread adoption of power
electronic devices has introduced a wide range of non-linear
loads into modern society, spanning from heavy industrial
applications to commercial settings. These non-linear loads
introduce harmonics into the power system, causing
distortions in current and voltage waveforms. These
distortions take the form of sine signals that are related to
the fundamental frequency and are commonly known as
harmonics[1].The distorted waveform can be analyzed using
Fourier series, which decomposes it into a set of sinusoidal
components, with each component representing an integer
multiple of the fundamental frequency. This analytical
approach enables the separate examination of each

harmonic component [2]. When the positive and negative
half-cycles of the waveform exhibit identical shapes, the
Fourier series consists exclusively of odd harmonics. The
presence of even harmonics indicates potential issues with
either the load equipment or the transducers used for
measurements [3]. The resultant harmonic currents and
harmonic voltages give rise to undesirable additional losses
and excessive heat within transformers. This elevated
temperature, attributed to harmonics, expedites the aging of
the insulation in transformers, consequently reducing their
operational lifespan [4]. Consequently, harmonic generation
has become an increasingly pressing concern for electric
utilities. The permissible level of harmonic distortion, both at
the individual customer level and the overall harmonic
distortion introduced into the electrical system, is stipulated
by industry standards such as IEC Standard 61000-3-6 [5] and
IEEE Standard 519-2014 [6]. Harmonic generation at a lower
level than the IEC standard requires both individual
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percentage and total harmonic distortion (THD-Total
harmonic) level. Considering the literature reviews, various
analyses and investigations have been performed
mathematically, simulation and experimentally on the
transformer according to THDs [7-8]. It has been observed
that the results obtained in the studies conducted with
Ansys@Maxwell and the transformer obtained very close
values to the experimental or factory data [9].

In this study, a 3D design of a transformer with known
actual dimensions and nameplate values was created in
Ansys@Maxwell program and electromagnetic transients
were analyzed according to various THD values..

lllustrations

Transformer manufacturers typically aim to design
transformers that minimize losses under rated voltage,
rated frequency, and sinusoidal current conditions.
However, the proliferation of non-linear loads in recent
years has led to load currents that are no longer purely
sinusoidal. This departure from sinusoidal current
waveforms results in additional losses and increased
temperatures within the transformer [10].Transformer
losses can be categorized into two primary groups: no-
load losses and load losses, as expressed in equation (1).

Pr =Py, + Py, (1)

Here, Pt represents the total losses, P stands for load
losses, and PnL represents no-load losses. No-load losses
do not exhibit any load loss or core loss due to the time-
varying nature of the electromagnetic flux passing
through the core. As distribution transformers are
continually in service and their numbers are significant in
the network, the no-load losses remain consistently high.
These losses are primarily caused by hysteresis
phenomena and eddy currents within the core, and they
are directly proportional to the frequency and the
maximum flux density of the core. Importantly, they are
independent of load currents and can be considered
constant. Numerous experiments have indicated that the
core temperature rise is not the limiting factor in
determining the permissible current for transformers
under  non-sinusoidal current  conditions [11-
12].Furthermore, given that the voltage harmonic
component typically remains below 5%, the error
introduced by neglecting this harmonic component is
negligible. It is assumed that only the fundamental
component of the voltage contributes to load losses.
Consequently, the IEEE C57.110 standards do not account
for any increase in core losses due to non-linear loads and
consider these losses to be constant under non-sinusoidal
current conditions.

Load losses encompass direct current (DC) or ohmic
losses, eddy losses within the windings, and other stray
losses. These losses can be determined through short
circuit testing.

Pip, = Ppc + Pgec + Posy, (2)

Poc stands for winding resistance losses, Pec for eddy
current losses in the windings and Pos. for leakage losses
in other conductive parts such as tank, clamps, lock plates,

etc. Winding losses can be calculated as the square of the
current flowing through the winding and the DC
resistance. If the RMS value of the load current increases
due to the harmonic component, this loss will increase by
the square of the RMS current load.

Pp¢ = Rpexliys = Rpc xzz:?max Ifmax (3)

According to IEEE C57.110 standards, the amount of
rated eddy current loss of windings is about 33% of the
total leakage loss for oil-filled transformers[13]:

Pgc-r = 0.33x Prgy, (4)

Considering the eddy current loss for transformer
windings (Pecr) under nominal conditions, the eddy
current loss due to harmonic sinusoidal load current can
be expressed as follows:

h=h Ay

Pec = Prc—x ¥ Ty [12] h (5)

Here, h is the RMS current I at harmonic, Iz is the RMS
fundamental current under rated frequency and load
conditions and Pecris the eddy current loss. Other leakage
losses in the core, clamps, and structural components will
indeed grow in proportion to the square of the load
current. However, research by manufacturers and other
investigations has revealed that eddy current losses in
busbars, connections, and structural parts don't adhere to
a quadratic relationship with frequency. Instead, they
exhibit an increase with a harmonic exponent factor of 0.8
[14]. This approach can be extended to calculate other
leakage losses for harmonic sinusoidal currents:

— h=hmax [In 2 0.8
Posi, = Posi—r X Xp—y In h (6)
Thus, the total losses involving harmonic sinusoidal
current can be calculated as in equation (7).

Pr =Py, +
h=h n=hmaz [1n]*
Rpc-r xXpoy ™™ limax + Prc-r X Zp=1"" [i] h* +
h=hmax [In]? 0.8
Posi-r X Y=y [;] h )
Simulation

In order to see the harmonic effects, firstly, a
transformer whose actual size and design values are
known is designed in 3D in Ansys@Maxwel program.
Some label information of the design is given in Table 1.
The design model is shown in Figure 1.

After the transformer design, the input voltage was
applied according to the THD values of 5, 7, 11 and 13
harmonics which are multiples of the fundamental
frequency in the network. THD harmonic values are given
in Table 2. THD limit values in networks with 33 kV (RMS)
amplitude values are determined according to IEC 61000
4-7 standards [F16]. THD=0 indicates the system with no
harmonics, THD1=4.97 indicates the maximum 5%
harmonic condition with IEC 61000 4-7 total harmonic
limit value, THD2=7.5 indicates the IEC 61000 4-7 total
harmonic limit value with all limit conditions and finally
THD3=10.4 indicates the total sinusoidal distortions in the
network voltage according to the excess harmonic
occurrence in the system. The analyses are analyzed using
the Finite element method.
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Table 1. An example of a table.

Factory info Value
HV/LV Voltages 33.000/ 11.000 V
Loss of Nucleus 12.000 W

Copper Loss 97.000 W

Uk %11
10 %0.44
HV/LV connection Type D/Y
Number of HV/LV Spirals 665/128 Turn
HV/LV phase Current 152/785 A

S

Figure 1. ANSYS model of the transformer

Table 2. Harmonics and THD values

Harmonic Maximum limit Harmonic Maximum limit THDO THD1 THD2 THD3
value(%) value(%) (%) (%) (%) (%)
5 5 0 3,5 5 7
7 4 0 3 4 5,5
11 3 0 2 3 4,5
13 2,5 0 1,5 2,5 3
Total 0 4,97 7,5 10,42
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Figure 2. Instantaneous magnetic flux variation at THD=0
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Figure 4. Hysteresis Losses at THD=4.97

Table 3. Harmonics and THD values

Losses(kW) THD=0 THD=4,97 THD=7,5 THD=10,42

Average Hysteresis Losses 7.22 7.24 7.85 8.59
Maximum Hysteresis Losses 9,51 9,85 10,17 10,35

Average Eddy Losses 4.09 4.17 4.29 4.44

Maximum Eddy Losses 6,82 6,52 6,61 6,87

Average Core Losses 11.31 11.66 12.14 13.03

Maximum Core Losses 15,67 16,23 16,44 16,86

Conclusion References

As a result of the analysis, it is determined that as the THD
levels of the harmonics in the main sinusoidal structure in the
mains voltage increase, all losses in the transformer increase.
This causes overheating in the transformer and shortens the
transformer life. It is important to consider the losses, otherwise
they can cause overheating of the windings and hot spot
temperatures above the limits. These overheating and losses
cause deformations in the windings when the transformer is
continuously operating in the grid at idle or load. Deformation of
the windings can have serious consequences when exposed to
high currents such as various short circuit, arc or impulse
voltages.
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Electric Arc Furnaces (EAF) are the loads in the industry with highest rate of power consumption and they have
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a highly non-linear operating characteristic. In this study, Design of digital differential role model for protection

of three-phase step-down power transformer supplying EAF and Matlab/Simulink simulation are presented. For
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this purpose, three-phase system model supplying power to EAF is modelled by means of Matlab/Simulink. In
order to ensure sensitivity to role and distinguish the inrush currents from fault currents, inrush currents and

current harmonics experimentally obtained from 100 MVA power transformer are measured. Thus, the
difference between inrush and fault currents are specified and appropriate relay slope coefficients for designed
dual-slope role characteristic are defined. When single-phase and multiphase faults in the obtained results of
the simulation are examined in this study, it is revealed that the designed digital differential relay has an efficient
operational performance in loads with highly non-linear and rapid changes characteristic such as EAF.
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Introduction

Power transformers are one of most important
equipment used in electric power systems [1]. The faults
occur in power transformers are generally internal faults
or originating from transformer connections [2]. Repair
periods of power transformer faults are often long and
their costs are high. Therefore, ensuring protection and
reliability of power transformers is rather important.

Differential  protection, which evaluates the
differential current in terminals of power transformers
and predicts potential faults is commonly used. However,
differential circuit relays are affected by many factors such
as saturation of transformer, tap-changing, over
excitation and inrush currents [3]. Therefore, it is
necessary to distinguish between inrush current and fault
current. In order to make this distinction, various methods
based on processing of current harmonics have been used

[4-6]. In addition, numerous studies have been conducted
to determine the distinction between harmonic limitation
method, inrush current and fault current [7-11]. However,
these methods are insufficient to determine the
distinction between inrush and fault currents when the
transformer is energized. In order to overcome this
insufficiency, magnetic flux and tension suppression
methods [12-14] and induction based methods have been
developed [15-17]. However, as these approaches are
dependent on the parameters of transformers, they are
difficult to implement in practice. Some researchers have
argued that voltage signals can be used to ensure the
reliability of differential protection [18] and difference
power can be utilized to define inrush current [19]. In
addition to these studies, some researchers have revealed
that signal-processing methods based on artificial
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intelligence [20-25], fuzzy logic [26-32] and wavelet
transform [33-39] can be used for differential protection
of transformers. However, these methods fall short in
practice as the complexity of processes limit their
application to the role and they cause noise distribution
[40].

Electric arc furnaces (EAF) are the non-linear loads
with the highest power in the industry. Particularly, when
there is a short circuit during the process of charging and
melting by EAF, waveform of current and voltage change
rapidly. This causes frequent increases in inrush current
and harmonic currents [41].

In this study, three-phase electric system model of the
system supplying 60 MVA EAF plant is modelled by using
Matlab/Simulink. A differential protection relay is
prepared for the 380/34,5 kV step-down transformer
station having 100 MVA Yn/Yn connection structure to
perform protection under heavy non-linear load. Digital
Differential Role (DDR) is defined as dual-slope. An

algorithm is developed by using the threshold values of
inrush and harmonic currents experimentally measured
with power analyzer during charging and melting
processes of EAF and stability of the relay is increased with
elimination of numerical zero-component and adaptation
of vector group [42-43]. When faults of a single phase and
multiphase in the results of simulation are examined, it is
observed that the designed DDR has an effective
operational performance in highly non-linear and rapidly
changing loads such as EAF and this finding is presented in
the study.

Principle of Digital Differential Relay

Basic connection diagram of DDR is presented in Figure
1. When conversion ratios of current transformers are
taken into consideration, the value read from secondary
ends of current transformers is expressed by the equation

(2).

FAWAY

lip

N
_>?
ey

Np
= (¥
€y

I
p
|25

D

(s = lzs) T@

Figure 1. Connection diagram of differential relay for one phase

N,.n. s =N,.n,.l,q 1)

In this statement, it will be s =las in case of a
fault. However, in the event of a fault in the system, this
value will be considerably higher than zero. In this case,
the expression of differential current is defined by
expression (2).

Id :||1s_lzs| 2)

In order for differential relay to operate, there
should be a current on current transformer winding
higher than the specified current value. This current
value is accepted as the average of the currents at the
primary and secondary ends of the transformer. This
current is called the limiting current. Mathematical
expression of limiting current is as in equation (3).

i _||1s+lzs|

r 2 (3)

Basic double slope characteristic curve of DDR is
shown in Figure 2 [42]. In order for the relay to operate
steadily in dual-slope relay characteristic, the
conditions specified in expression (4) should be
satisfied.
<i, if 1, >kl

1" base

I, > (k.

I base + I sl

lpaee 21, If +(k, —K,) g, +ig

(4)

base

The coefficients defined as k1 and k2 represent the
characteristic of DDR and they are selected specifically
for each relay. Due to the existence of high and variable
current in the operating processes of EAFs, it is rather
important to determine k1 value in particular. This
value may be small for loads without non-linear and
high currents. However, a minimum current of 5 kA is
required to generate electric arc in EAFs. Therefore
limiting of the base current is also high.

This should be taken into consideration when

determining the limiting current in EAFs. Taking a low
value for k1 will cause DDR to send a mal-operation
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signal to breakers during the process of energizing cos(k.30)°  cos((k +4).30)° cos((k —4).30)°
the EAF and melting. A=Z=cos((k-4).30°  cos(k.30)°  cos((k +4).30)°
It is necessary for DDR to operate in a highly cos((k +4).30)° cos((k—4).30)°  cos(k.30)°

(5)

sensitive manner and minimize the failure rates.
Elimination of component zero and adaptation of
vector group may decrease the failure rate [43-44].
Thus, these techniques are used to distinguish internal
and external faults occur in the protection zone of
relay.

The vector group in transformers depends entirely
on the application purpose of transformer. In arc
furnaces, on the other hand, the step-down
transformers supplying the furnace transformer
generally use the YnYnO type of vector group
connection, and step-down transformers used in this
study have this vector connection group. In this case,
when it is accepted that k=0, expression (5) can be
shown with conversion matrix T in equation (6) and this
formula is used in adaptation of the vector group.

A. Adaptation of the Vector Groups to Reduce the
Error of Digital Differential Relay

In order to reduce the failure rate of DDR, it is
necessary to adjust the vector group adaptation of
transformer. The conversion matrix presented in

equation (5) is used to adjust the vector group. In this 1 2 -1
expression, k values show the phase shift coefficients of T= 5 -1 2 -1
transformers depending on the connection group of -1 -1 2

6
transformer. (6)
The basic block structure used for elimination of
component zero and vector adaptation of a three-

phase system is shown in Figure 3.

§
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Figure 2. Basic characteristic curve of differential relay
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Figure 3. Basic block structure for elimination of component zero and vector group adaptation of a three-phase
system [44].
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B. Zero-Sequence Elimination to Reduce the Error
of Digital Differential Relay

Symmetrical components of a three-phase system
are generally defined with expression (7). In order for
the relay not to send a mal-operation signal, it is
necessary to eliminate the value of component zero in
this expression.

Va Va,D Va,l Va,z l 1 1
Vo 1= Voo |H[Vou [T Vo2 |=|1 o a |
Vol Vool V| Vo] |2 @ @]V

(7)

o

V,
V,

[N
[N) =

Depending on the phase currents, zero component
expression is defined by the equation (8).

1
l==.(,+1,+1.)
3n e (8)

In case zero component is eliminated based on
vector adaptation, eliminated phases are expressed
with equation (9).

L[z -
=31 2 -1,
I -1 -1 2|1,

(9)

C. Defining of Algorithm for Digital Differential
Relay

Flow chart of the protection algorithm designed for
DDR is shown in Figure 4. This algorithm will send a trip
signal to breaker in case of an error in the protection
zone defined for transformer and the breakers will be

opened. Fast Fourier Transform (FFT) is used in
calculation of harmonic values to accelerate the
opening time of breaker. A power analyzer is connected
to the 100 MVA step-down transformer to distinguish
the inrush and fault currents are recorded. Based on
these experimental measurements, appropriate slope
coefficients (k1 and k2) and F1 and F2 constant are
determined in the algorithm.

Measurement of Inrush and Harmonic Currents in

100 MVA Step-Down Power Transformer

HIOKI 3197 and Chauvin Arnoux (CA) 8332B
power quality analyzers are connected to 100 MVA
step-down transformer supplying the 60 MVA EAF
furnace in Sivas Iron and Steel Plants Inc. (SIDEMIR) and
experimental measurements are taken according to IEC
61000-4-7 and IEC 61000-4-30 standards.

Changes of harmonic values and inrush currents
generated in charge, drill, melting and refined phases
of EAF are recorded. Inrush current sample of three
phases measured with HIOKI 3197 power quality
analyzer from 100 MVA step-down transformer
supplying EAF and 2nd harmonic changes of phase B
measured with CA 8332B power quality analyzer are
shown in Figure 5 and Figure 6 respectively. By using
these experimentally obtained values, distinction
between the fault and inrush currents are determined
in the algorithm presented in Figure 4 and appropriate
slope coefficients (k1 and k2), and F1, F 2 values for
stable operation of the relay are experimentally
determined. In addition, non-linear V-I characteristic of
EAF is experimentally defined by using the measured
current and voltage waveforms [45].

Measured Inrush value from current transformer with conversion ratio 200/5

Inrush Current(A)
N

—Phase A
Phase B|
—Phase C

1
Time (ms)

Figure 5. Inrush current waveform measured from 100 MVA step-down transformer supplying EAF with HIOKI 3197
power quality analyzer.
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Modelling of Three Phases Electrical System of EAF
and DDR, Simulation Results

In modelling the electric system supplying EAF,
the single-line diagram presented in [45] is used. The
system supplies a 60 MVA EAF. The system includes a
36 MVar compensation and wuses Static Var
Compensation (SVC). The SVC system is designed to
automatically adjust the firing angles of thyristor
depending on reactive power compensation as shown
in [46]. An 18 MVar 150 Hz single-tuned filter parallel to
SVC system is used. 15.3 MVar 100 Hz C-Type High Pass
filter, 10 MVar 150 Hz C-Type High Pass filter and 4.7

MVar 200 Hz single-tuned filter existing in the system
are modelled for harmonic elimination [41].
Transformer parameters for EAF transformer, SVC
transformer and step-down transformer are presented
in appendices section. In order to test digital
differential protection by using these data, three-phase
system model of the electrical system is created with
Matlab/Simulink as shown in Figure 7. In this model, V-
| arc model tested with real experimental
measurements given in [47] is used for the
characteristic of electric arc.

Differential Relay Testing under 3 Phase Nonlinear Load

BUSBAR 4 j

ELECTRIGALART

TETLL

: m- | S e B S
", T s
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w
e 5
E>ive vo
© -
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>
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=
=

Figure 7. 3 phase system model of the electric system supplying EAF with differential protection.

To design the dual-slope differential relay, the
algorithm structure given in Figure 4 is designed as
matlab function block. By using the inrush and 2nd
harmonic values obtained from experimental
measurements, stable operation of differential relay is
ensured and mal-operation trip signals are prevented.
As seen from the experimental measurements, 2nd
harmonic value reaches up to 50 A at the beginning of
charging and melting processes of EAF. The reasons
why this value is high in these processes are the
instabilities at the beginning of melting process and
short circuits caused by the contact of electrodes with
metal. However, such circumstances don't cause any
fault in the system and they occur due to the operation
of the furnace. In case, there is a fault in the system,
however, this value will be above 50 A and this should
be supported with variance in inrush currents. Slope
coefficients of the digital differential relay designed in
the study are designed by taking the dynamic operating
regimes in three operating processes of EAF. In order to

distinguish between the fault and inrush currents from
each other, threshold values are determined based on
inrush and harmonic currents obtained from
experimental measurements. Sensitivity of digital
differential relay is increased with vector component
adaptation and elimination of zero and erroneous
output signals are prevented, and stability of the relay
is increased. The relay will create a trip signal when a
fault occurs within the transformer protection zone and
open the breakers. It will continue to operate normally
outside the protection zone.

Test results regarding the occurrence of a three-
phase fault in the 1st second within the protection zone
of the tested DDR are shown in Figure 10-12
respectively. The relay doesn't trip outside the
protection zone. The presented digital differential role
is designed in the manner to detect different types of
electrical faults intuitively. Opening times obtained in
different types of faults are shown in Table 1.
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Table 1. Opening time of DDR in different fault conditions

Fault Types Opening time of
Phase A Phase A Phase A Ground relay (ms)
+ - - + 3.92
- + - + 3.23
- - + + 6.47
+ + - + 3.14
+ - + + 3.04
- + + + 6.76
+ + + + 2.94
+ + - - 3.03
+ - + - 6.37
- + + - 6.58
+ s + - 3.05
400 . v . . . v v
300 - .
200 |
__ 100} .
=
o
>
-100 - J
.200 - 4
300 + 4
_4w i ' i A 'y ' A 'y
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Current (A) %104

Figure 8. Dynamic V-I characteristic of electrical arc as result of simulation
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Figure 9. Comparison of the arc voltage variation with real time measurement and simulation results
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Figure 10. Current waveform in primer side under three-phase fault
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Figure 11. Current waveform in seconder side under three-phase fault
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Figure 12. Current waveform in primer side under three-phase fault
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Figure 13. 2th harmonic RMS changes in secondary side under three-phase fault

Conclusion

DDR design for 100 MVA power transformer
supplying EAF is presented and operation of DDR under
highly non-linear load is tested in this study. For this
purpose, 3-phase model of the electrical system is
modeled with Matlab/Simulink. The experimental
results showed that k1 and k2 should be 0.4 and 0.6
respectively for stable operation of the relay and F1 and
F2 coefficients presented in the algorithm should be
0.3F1<F2<0.7F2 for the Harmonic examination to be
performed. The tests made in different faults of the relay
based on these coefficients obtained from experimental
measurements revealed that,

e  The breakers don't open the system if
the fault is outside the protection zone.

References

[1] A. Phadk, J. Thorp, Computer Relaying of Power System,
Research Studies Press Ltd. United Kingdom, 1988.

Barig Gursu, “Ceza Fanksiyonuyla Durdurmali Genetik
Algoritmalar ile Transformatér Merkezlerinde Optimum
Asiri Akim Réle Koordinasyonu”, Gazi Universitesi
Mihendislik-Mimarlik Fakdltesi Dergisi, Cilt 29, No 4, 665-
676, 2014.

J. Blackburn, T. Domin, Protective Relaying: Principles and
Applications, Third ed., Thaylor & Francis, 2006.

S. Horwitz, A. Phadke, Power System Relaying, 2nd ed.
Herdfordshire, United Kingdom, 1995.

M. Zaman, M. Rahman, “Experimental Testing of The
Artificial Neural Network based Protection of Power
Transformer”, IEEE Transaction on Power Delivery, Vol. 13
No. 2, pp. 510-517, April 1998.

T. Sidhu, M. Sachdev, H. Wood, M. Nagpal, “Design,
Implementation, and Testing of a microprocessor-based
high-speed relay for detecting transformer widding

(2]

3]

[4

flnan

(5]

(6]

e  Therelay generates output signal in all
faults occurring within the electrical system
and properly performs the opening process.

e  Opening times determined comply
with the literature.

e When test results are examined, it is
seen that the opening time is less than 7 ms
even in the worst-case faults.

A similar method can be used for step-down
transformers supplying EAF's with higher power.
However, proper coefficients should be determined by
considering the variances in inrush and harmonic
currents as presented in the study.

faults”, IEEE Transaction on Power Delivery, Vol. 7, No. 1,
pp. 108-117, January 1992.

[71 T. Sidhu, M. Sachdev, On-Line Identification of

Magnetizing Inrush and Internal Faults in Three-Phase

Transformers, IEEE Transaction on Power Delivery, Vol. 7,

No. 4, pp. 1885-1891, October 1992

P. Liu, D. Chen, Y. Guo, O.P. Malik, G.S. Hope, Improved

Operation of Differantial Protection of Power

Transformer for Internal Faults, IEEE Transaction on

Power Delivery, Vol. 7, pp. 1912-1919, 1992.

M. Sanaye-Pasand, M. Zangiabadi, A. Fereidunian, An

Extended Magnetizing Inrush Restrain Method Applied to

Digital Differantial Relays for Transformer Protection,

IEEE Power Engineering Society General Meeting, Vol. 4,

pp. 2077-2082, 2003.

[10] M.E.H. Golshan, M. Saghaian-Nejad, A. Saha, H. Samet, A
New Method for Recognizing Internal Faults from Inrush
Current Conditions in Digital Different Protection of
Power Transformer, Electrical Power System Research,
pp. 61-71, 2004.

(8]

(9]



Dogan / Journal of Engineering Faculty, 1(2): 94-104, 2023

[11]A. Aktaibi, M.A. Rahman, A Software Design Technique
for Differantial Protection of Power Transformers,
Proceedings of IEEE Int. Electr. Mach. Drives Conference,
pp. 1456-1461, 2011.

[12] S.R. Wang, S. Kumar, V. Sreeram, Extraction of DC
Compenent and Harmonic Analysis for Protection of
Power Transformer, Proceedings of IEEE 8th Conf. Ind.
Electron. Appl. (ICIEA), pp. 32-37, 2013.

[13] A.G. Phadke, J.S. Thorp, A New Computer-Based flux-
restrained  current-differantial relay for Power
Transformer Protection, IEEE Transaction on Powet
Apparature Systems, PAS-102, pp. 1456-146, 2011.

[14] S. Member, A Novel Transformer Protection Method
Based on the ratio of voltage and fluxional Differantial
Current, Proceedings of I|EEE Transm Disturbution
Conference Expo. pp. 342-347, 2003.

[15] Y.C. Kang, B.E. Lee, S.H. Kang, Transformer Protection
Relay Based on the Induced Voltage, International Journal
of Electrical Power Energy Systems, Vol. 29, pp. 281-289,
2007.

[16] K. Inagaki, M. Higaki, Y. Matsui, K. Kurita, M. Suzuki, K.
Yoshida, T. Maeda, Digital Protection Method for Power
Transformer Based on an Equivalent Circuit Composed of
Inverse Inductance, IEEE Transaction on Power Delivery,
Vol. 29, pp. 281-289, 2007.

[17] G.Baoming, A.T. Almeida, Z. Qionglin, W. Xiangheng, An
Equivalent Instantaneous Inductance Based Technique
for Discrimination between Inrush Current and Internal
Faults in Power Transformers, IEEE Transaction on Power
Delivery, Vol. 20, pp. 4276-2483, 2005.

[18] D.Q. Bi, X.H. Wang, W.X. Liang, W.J. Wang, A Ratio
Variation of Equivalent Instantaneous Inductance Based
Method to Identify Magnetizing Inrush in Transformer,
Proceedings of 8th Confernce Electr. Electr. Power
Delivery, pp. 1775-1779, 2005.

[19] K. Inagaki, M. Higaki, Digital Protection Method for
Power Transformer Based on a Equivalent Circuit
Composed of Inverse Inductance, IEEE Transaction on
Power Delivery, Vol. 3, No.4, pp. 1501-1510, October
1998.

[20] K. Yabe, Power Differantial Method for Discrimnation
between Fault and Magnetizing Inrush Current in
Transformer, IEEE Transaction on Power Delivery, Vol. 12,
No. 3, pp. 1109-1117, July 1997.

[21] A. Rahmati, M. Sanaye-Pesand, Protection of Power
Transformer using Multi Criteria Decition Making,
International Journal of Electrical Power Energy Systems,
Vol. 68, pp. 51-63, 2014.

[22] M. Shin, C. Park, J.Kim, Fuzzy Logic-based Relaying for
Large Power Transformer Protection, IEEE Transaction on
Power Delivery, Vol. 18, pp. 718-724, 2003.

[23] A. Wiszniewski, B. Kasztenny, A multi Criteria Differantial
Transformer Relay Based on Fuzzy Logic, IEEE Transaction
on Power Delivery, Vol. 10, pp. 1786-1792, 1995.

[24] F. Zhalefar, M. Sanaye-Pasand, A new Fuzzy Logic Based
Extended Blocking Scheme for Differantial Protection of
Power Transformer, Electrical Power Compenent System,
Vol. 38, No. 6, pp. 675-694, 2010.

[25] D.Barbosa, U.C. Netto, D.V. Coury, M. Oleskovicz, Power
Transformer Diferantial Protection Based on Clarke’s
Transformer and Fuzzy Systems, IEEE Transaction on
Power Delivery, Vol. 26, pp. 1212-1220, 2011.

[26] D. Bejmert, W. Rebizant, L. Schiel, Transformer Digital
Protection with Fuzzy Logic Based Inrush Stabilization,
Vol. 26, pp. 1212-1220, 2011.

[27] M.R. Zaman, M.A. Rahman, Experimental Testing of
Artificial Neural Network Based Protection of Power
Transformer, IEEE Transaction on Power Delivery, Vol.
13,pp. 510-517, 1998.

[28] Z. Moravej, D.N. Vishwakarma, S.P. Singh, Application of
Radial Basis Function Neural Network for Differantial
Relaying of a Power Transformer, Computational
Electrical Engineering, Vol. 25, pp. 102-112, 2010.

[29] M. Tripathy, R.P. Maheshwari, H.K. Verma, Power
Transformer Differential Protection Based on Optimal
Probabilistic Neural Nwetwork, IEEE Transaction on
Power Delivery, Vol. 25, pp. 102-112, 2010.

[30] H. Balaga, N. Gupta, D.N. Vishwakarma, GA Trained
Parallel Hidden Layered ANN based differential
Protection of Three Phase Power Transformer, Electrical
Power and Energy System, Vol. 67, pp. 286-297, 2015.

[31] M. Kezunovic, A Survey of Neural Network Application to
Protective Relaying and Fault Anaysis, Engineering
International Journal, Vol. 5, No. 4, pp. 185-192,
December 1997.

[32] J. Pihler, B. Grcar, D. Dolinar, Improved Operation of
Power Transformer Protection using Artificial Neural
Network, IEEE Transaction on Power Delivery, Vol. 12, No.
3, pp. 1128-1135, July 1997.

[33] H. Khorashadi-Zadeh, M. Sanaye-Pasand, Correction of
Saturated Current Transformers Secondary Current Using
ANN, |IEEE Transaction on Power Delivery, Vol. 21, No. 1,
pp. 73-79, January 2006.

[34] D. Guillen, H. Esponda, E. Vazguez, G. Idarraga-Ospina,
Algorithm for Transformer Differantial Protection Based
on Wavelet Corelation Methods, IET General
Transmission and Disturbution, Vol. 10, pp. 2871-2879,
2016.

[35] O. Youssef, A Wavelet-based Technique for
Discrimination between Faults and Inrush Currents in
Power Transformers, IEEE Transaction on Power Delivery,
Vol. 18, No. 1, pp. 170-176, January, 2003.

[36] M. Gomez-Morente, D.W. Nicoletti, A Wavelet-based
Differantial Transformer Protection, IEEE Transaction on
Power Delivery, Vol. 14, pp. 1351-1356, 1999.

[371 H. Khorashadi-Zadeh, M. Sanaye-Pasand, Power
Transformer Differantial Protection Scheme based on
wavelet transform and Artificial Neural Network
Algorithms,  Proceedings of 39nd International
Universities Power Engineering Conference, pp. 747-753,
September, 2004.

[38] S.A. Saleh, M.A. Rahman, Real Time Testing of WTP-
based protection Algorithm for Three Phase Power
Transformers, IEEE Transaction on Industrial Application,
Vol. 41, pp. 1125-1132, 2005.

[39] P. Mao, R. Aggarwal, A Novel Approach to the
Classification of the Transient Phenomena in Power
Transformer Using Combined Wavelet Transform and
Neural Network, IEEE Transaction on Power Delivery, Vol.
16, No. 2, pp. 215-218, April, 2001.

[40] M.M. Eissa, A Novel Digital Directional Transformer
Protection Technique Based on Wavelet Packed, IEEE
Transaction on Power Delivery, Vol. 20, pp. 1830-1836,
2005.

[41] Mustafa Seker, Computer Aided Modelling and
Experimental Investigation of the effect of Electric Arc
Furnace, inonu University, Institute of Science and
Technology, Electrical and Electronics Depertmant, Ph.D
Thesis, Malatya-Turkey, 2017.

[42] B. Vahidi, E. Esmaeeli, Matlab-SIMULINK-Based
Simulation for Digital Differential Relay Protection of

103



Dogan / Journal of Engineering Faculty, 1(2): 94-104, 2023

Power Transformer for Educational Purpose’, Computer
Applications in Engineering Education , Volume21,
Issue3, pp 475-483, September 2013

[43] H. Zadeh, J.F. Wen, P. Liu, O.P. Malik, Discrimination
between Fault and Magnetizing Inrush Current in
Transformer Using- short-time Corelation Transform,
Electrical Power and Energy System, Vol. 24, pp. 557-562,
2002.

[44] G. Zigler, Digital Differential Protection, SIEMENS
Differential Protection Symposium, 2005.

[45] Seker, M., Memmedov, A.. An Experimental Approach for
Understanding V-l Characteristic of Electric Arc Furnace
Load. Elektronika ir Elektrotechnika, North America, 23,
jun.2017.

104

Availableat:http://eejournal.ktu.lt/index.php/elt/article/
view/18328

[46] Mustafa Seker ; Arif Memmedov ; Rafael Hiseyinov, The
modelling and simulation of static VAR compensator
(SVC) system for electric arc furnace with
Matlab/Simulink, 2016 National Conference on Electrical,
Electronics and Biomedical Engineering (ELECO), pp. 262
— 268, 2016,

[47] Seker, M., Memmedov, A., Huseyinov, R., Kockanat, S..
Power Quality Measurement and Analysis in Electric Arc
Furnace for Turkish Electricity Transmission System.
Elektronika ir Elektrotechnika, North America, 23, dec.
2017.



Ozel / Journal of Engineering Faculty, 1(2): 105-117, 2023

3 Journal of Engineering Faculty

| cumfad.cumhuriyet.edu.tr | Founded: 2023 Available online, ISSN Publisher: Sivas Cumhuriyet Universitesi

Examining the Potential of Sivas' Renewable Energy Resources and Providing its
Energy Demand in Protecting the Environment and Energy Resources

Sevda Ozell2*

Department of Geophysics Engineering, Faculty of Engineering, Sivas Cumhuriyet University, 54104, Sivas, Turkey
*Corresponding author

Review Article ABSTRACT
In this article, research and examinations were carried out according to the purpose, and the results regarding
History renewable energy resources for Sivas were obtained and interpreted. Later, the maps prepared by institutions
and organizations were arranged according to the purpose and added to the article. Finally, these were examined
Received: 16/11/2023 together. Accordingly, it was determined that Sivas' renewable energy potential is high and diverse. It was stated
Accepted: 28/12/2023 that the most important reason for this is the richness of its geographical, topographic and meteorological

features, as well as its geology due to its basin feature. It was determined that being more than 1250 m above
sea level and rich in plains, plateaus, mountains and rivers provide significant advantages. For this reason, it was
determined that a serious energy production was achieved, especially in electricity generation, with HEP
(Hydroelectric Power Plant), WPP (Wind Power Plant) and SPP (Solar Power Plant) power plants. It was
determined that various productions were made with other power plants and the diversity increased. As a result,
it was determined that renewable energies have an important place in Sivas' energy resource needs and that
investments to add new ones to existing power plants continue. It is thought that in the future, Sivas' energy
needs can be met with renewable and clean energy. Thus, air, water and soil pollution in Sivas can be reduced
and pollution can be prevented. It was also stated that preparation should be made for the situation of

overproduction and new national-international strategies should be developed.

Keywords: Sivas (Turkiye), renewable energy, energy source, productions, environmental protection,

sustainability.

Cevre ve Enerji Kaynaklarini Korumada Sivas’in Yenilenebilir Enerji Kaynaklarinin
Potansiyeli ve Enerji Talebini Karsilamanin incelenmesi

6z

Bu makalenin amacina yonelik arastirma ve incelemeler yapilarak, Sivas igin yenilenebilir enerji kaynaklarina
iliskin sonuglar elde edilmis ve yorumlanmistir. Bu amagla arastirmalardan elde edilen bilgilere gére 6nce tablolar
hazirlandi. Daha sonra kurum ve kuruluslarin hazirladigl haritalar amaca gore diizenlenip, makaleye eklendi. Son

olarak, bunlar birlikte irdelendi. Buna gore, Sivas’in yenilenebilir enerji potansiyelinin yliksek ve gesitli oldugu

Copyright
belirlendi. Bunun en 6nemli nedeninin, havza 6zelliginden dolayi jeolojisinin yani sira, cografi, topografik ve
meteorolojik 6zelliklerinin zenginliginin etkili oldugu ifade edildi. Deniz seviyesinden 1250 m’den daha fazla

This work is licensed under
Creative Commons Attribution 4.0

yuksek olmasi, ova, yayla, dag ve akarsu zenginliginin 6nemli avantajlar sagladig belirlendi. Bu nedenle HES
(Hidroelektrik Santral), RES (Ruzgar Enerji Santrali) ve GES (Gunes Enerji Santrali) ile 6zellikle elektrik Gretiminde

International License ciddi bir enerji Gretimi saglandig belirlendi. Diger santrallerle de gesitli Gretimler yapildigi ve gesitliligin arttigi
belirlendi. Sonug olarak, Sivas'in enerji kaynagi ihtiyaci igerisinde yenilenebilir enerjilerin, Gnemli bir yer tuttugu
ve mevcut santrallere yenilerinin eklenmesine yonelik yatirimlarin devam ettigi belirlendi. Gelecekte, Sivas’in
enerji ihtiyacinin yenilenebilir ve temiz enerji ile karsilanabilecegi distinilmektedir. Bdylece, Sivas’ta hava, su ve
toprak kirliliginin azalmasi saglanabilir ve kirlilik 6nlenebilir. Ayrica, asiri Gretim durumuna hazirlik yapilmasi ve

yeni ulusal-uluslararasi stratejilerin gelistirilmesi gerektigi de ifade edildi.
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Cevre-Enerji Kaynaklari ve Diinya-Tiirkiye’de Uretilen
Enerjiler

Cevre ve enerji kaynaklari iligkisi

Cevre ve enerji kaynaklari birbirinden bagimsiz
degildirler. Tum enerji kaynaklari ¢evrenin zaten iginde
olan kaynaklardir. Bu nedenle birbiriyle iliskili
degerlendirilmelidir. Bilindigi gibi insanlarin ve diger
canhlarin-bitkilerin ~ yasamlari  boyunca iliskilerini
sirdardukleri  ve karsihikli - olarak etkilesim iginde
bulunduklari fiziki, biyolojik, sosyal, ekonomik ve kiiltirel
ortama c¢evre denir. Baska bir ifadeyle, dogal ve yapay
ortamlarin bir arada oldugu, en kiiglik bir organizmanin
bile var oldugu ortam ya da sartlar olan sirdirdlebilir
yasamsal alanlarin hepsi, cevre olarak tanimlanabilir.
Diger yandan saglkli bir yasamin strdirilmesi ise ancak
saglkl bir cevre ve enerji kaynaklari ile mimkiindir. Bu
nedenle, gliniimiizde c¢evresel sorunlar ve etkilerinin
olmasi ve talebi karsilayacak yeterli enerjinin olmamasi,
tiim toplumlarda karsilasmak istemedikleri bir durumdur.
Bunun temel nedeni, insanlarin ve diger canlilarin-
bitkilerin, yasamlarini ve karsilikli olarak etkilesim icindeki
yasam bovyu iliskilerini strdirebilmeleri icin gerekli her
tarld  enerji kaynaginin sirdirilebilir  olmamasidir.
Yasamsal bir ihtiyac olan enerji oldugu siirece, yasamsal
bir cevre de olasidir. Dolayisiyla dogal ve yapay ortamlarin
bir arada oldugu bir ortamda her canlinin var olabilme
kosulu, hayatta kalabilmesini saglayan enerji tirlerine
sahip olmasi ile mimkindir. Bu durum, ginimiz
toplumsal hayati icin de gegerli olan bir gergekliktir. Bu
nedenle enerji kaynagl olmasi, gerekli ve zorunlu olan
yasamsal bir gerectir. Ayni zamanda, ¢evresel sorunlar ve
bunlarin etkilerinin, enerji kaynaklarini olumsuz yonde
etkilememesi de istenen bir durumdur. Clnki cevre
sorunlarinin ve enerji kaynaklari ihtiyacinin artmasinin
temel sebepleri birbiriyle iliskidir. Ornegin niifus artisi,
yetersiz enerji, egitimdeki aksakliklar, carpik kentlesme,
bir bolgede yogun kentlesme ve kontrolstiz niifus artisi
(gbg, siginma, milteci, vb) olmasi, saglksiz sanayilesme,
azalan ve tiikenen canli-bitki turleri/enerji kaynaklari ve
iklim degisikligi (toprak, su, hava kirliligi ve kuraklik
kaynakli kayiplar) gliniimiizdeki temel sebeplerdir. Ancak
tim bunlarin, baslica insan kaynakh kirliligin ve kirlilik
endistrisiyle birlikte enerji talebinin artarak devam
etmesinden ortaya ciktigl da agik¢a gozlenmektedir. Bu
nedenle giinun ihtiyaglarini, gelecek kusaklarin kendi
ihtiyaclarini karsilayabilme olanagindan 6diin vermeksizin
karsilamak zorunludur. Bu ise slrdurilebilirlikle
saglanabilir ve bunun icin “slirdirilebilir kalkinma-gcevre
bilinci-yasanabilir diinya” bir dongi ve donisim icinde
sureklilik icermelidir. Cevre ve enerji kaynaklar veya
sorunlari/etkileri bir butin olarak distntlmelidir. Yasam
kalitesinin surdurilebilir olmasi buna baghdir. Aksi
taktirde, su-toprak-hava kirlilikleri basta olmak tizere diger
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kirlilik ~ tarleri  (glrdltli, goranta, koku) ile de
karsilasilacaktir.  Ozellikle  su-toprak-hava kirlilikleri
tikenen enerji kaynaklariyla birlikte, bunlar kaynakli
surdirilebilir yasamsal kaynaklarin korunmasini saglamak
icin oldugu gibi, yeni tiirde baska enerji olanaklarini da
duslindirmektedir. Glnku yenilemez enerji kaynaklari
(komdir, petrol, dogalgaz, U, Th) hem tiikenmekte hem de
cevre sorunlarina temel kaynaklar olusturmaktadirlar. En
onemlisi de toprak, su ve hava kirliligi olarak cevreyi
kirletirken, yenilenebilir enerji kaynaklarinin (glnes, su,
rizgar, jeotermal, vd.) kullanilmasini da tehlikeye
disirmektedir. Ornegin temiz su olmazsa HES
(Hidroelektrik Enerji Santrali)’ler kullanilamaz, hava kirliligi
olursa yeterli glines kaynagi olmaz. Bu yiizden glinimiizde
yenilemez enerji kaynaklarina alternatif yenilenebilir ve
temiz enerji kaynaklari gelistirilmistir. Enerji Gretmede
gittikce artan ve tercih edilen enerji kaynaklar olarak
cevre dostu kaynaklar, artik oncelikli kullaniimaktadirlar.
Ornegin elektrikli araba, jeotermal su ile kentsel yapilari
veya isletmeleri 1sitma, tarim yapma, elektrik enerjisi
tiretme, organik evsel ve tarimsal atiklarla elektrik enerjisi
Ureterek enerji ihtiyacinin karsilanmasi gibi daha birgok
ornek, modern yasamda yerini aldi. Arge calismalari
devam ederken, bunlara her giin yeni kullanim tirleri ve
enerji Uretme teknikleri ve teknolojileri eklenmektedir
veya enerji Gretim kapasitesi artirilmaktadir.

Diinyada ve Tirkiye’de enerji kaynaklarinin ve
iiretilen enerjinin genel durumu

Diinyada ve Tirkiye’de enerjinin genel durumuna
bakildiginda, gelisen teknolojiler sayesinde enerji kaynagi
cesitliliginin de artmasiyla birlikte, cesitli enerji Gretim
turleri ortaya cikarma firsati da olusmustur (Tablo 1).
Ornegin kdmiir 6nce bir 1sinma araci iken zamanla elektrik
de dretilen ve gesitli sanayiler icin hammadde kaynagi da
olan bir enerji kaynagina donlismistlr. Benzer sekilde
petrol ve digerleri igin de ornekler ¢ogaltilabilir. Ancak,
diinyada oldugu gibi Turkiye’de de 6zellikle artan nifus,
artan kentlesme ve sanayilesme ile paralel olarak, enerjiye
olan talep de artmaktadir. Enerjiler veya ham maddelere,
ister yenilenebilir ister yenilenemez enerji kaynag ile
uretilsin ihtiyac her gecen giin artiyor. Bu enerji tiirleri ve
Uretilen Urtnler Cizelge 1'de karsilikh verilmektedir.
Cizelge 1'de gorildugl Gizere yenilenebilir ve yenilemez en
cok kullanilan enerji kaynaklari ve en ¢ok Uretilen enerjiler
Ulke/bolge/yer ile siralanarak tabloda sunulmaktadir. Bu
makale i¢in hazirlanan Tablo 1’e gore, Tirkiye’de tim
yenilenebilir eneriji tirleriyle tGretim yapildigi gorilebilir.
Dolayisiyla gelecekte yenilenebilir enerji kaynaklariyla
daha fazla alanda daha c¢ok enerji tretimi yapilacagi da
soylenebilir.
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Cizelge 1. Dinya’da ve Turkiye’de eneriji tirleri ve en ¢ok tretim yapilan yerleri.
Table 1. Types of energy and the places where they are most produced in the world and in Turkey.

Diinya’da giiniimiizde Diinya’da giiniimiizde Tiirkiye’de giiniimiizde Tiirkiye’de giiniimiizde
YENILENEBILIR enerji YENILENEMEZ eneriji YENILENEBILIR enerji YENILENEMEZ eneriji
kaynag tiirleri ve en gok  kaynagi tiirleri ve en ok  kaynagi tiirleri ve en cok  kaynag tiirleri ve en ¢ok
tiretim yapilan iilke tiretim yapilan iilke tiretim yapilan il/bélge uretim yapilan il/bélge

. . . g Hidroelektrik enerjisi Kémir (Zonguldak,
Hidrolik enerijisi (Cin) Kémir (Cin) o — Manisa)
Gunes enerjisi (Cin) Petrol (Suudi Arabistan) Gunes enerjisi (Bingol) Petrol (Batman)
Biyokutle Enerjisi (ABD) Dogal gaz (ABD) ﬁzz:ﬁﬂi enerist Dogalgaz (Trakya bolgesi)

Ruzgar enerjisi (Cin) Uranyum (Kazakistan)
Jeotermal enerji (ABD) Toryum (Hindistan)

Dalga ve gel-git enerjisi
(ingiltere)

Hidrojen enerjisi (Cin)

Riizgar enerjisi (izmir)
Jeotermal enerji (Aydin)
Dalga enerjisi (ilk Sakarya,
Ege ve Bati Karadeniz
bolgesi)

Hidrojen enerjisi
(Bozcaada, Giiney
Marmara)

Tirkiye’de  enerji  kaynaklart  genel  durumu
incelendiginde ise 2023 yi Mart ayl sonu itibariyla
kaynaklara gore dagilimi; %30.3'U hidrolik enerji, %24.3'G
dogal gaz, %20.9'u komir, %11'i riizgar, %9,4'U glnes,
%1.6’sI jeotermal ve %2.5'i ise diger kaynaklar seklindedir
(Sekil 1). Turkiye’de yenilenemez enerji talebi yeterli
Gretim yapilmadigi icin farkh kaynaklardan
karsilanmaktadir. Buna gore (ilkemizde vyenilenemez
kaynaklarla  Gretilen  enerjiler farkli  kaynaklarla
desteklenmektedir. Ornegin ham petrol Irak, Rusya, Suudi
Arabistan, Kuveyt ve Kazakistan’dan ithal edilmektedir [1].
Tirkiye'de komiir, en ¢ok disiik kaliteli olan linyittir. Ayni
zamanda Tirkiye’de sera gazi emisyonlarinin Ulgte biri
komirden ortaya ciksa da Turkiye’nin enerji politikasi
kémir santrallerini mali olarak desteklemeye devam
etmektedir. Tarkiye’'nin dogal gazda disa bagimhhg
%98.8’dir ve dogal gazin %50’si elektrik Uretiminde
kullanilmaktadir. Tirkiye dogal gazi talebini kalan kismini
ise basta en ¢ok Rusya olmak Uzere iran, Azerbaycan,
Cezayir ve Nijerya’dan saglamaktadir. Ancak son yillarda
Tirkiye'de Karadeniz basta olmak Uizere birgok yerde yeni
dogalgaz alanlan kesfedilmesine ragmen, bu enerji
kaynagi yenilenemez bir kaynaktir. Bu nedenle
yenilenebilir enerji kaynaklarina yonelme devam
edecektir. Tablo 1 ve Sekil 1’de incelenirse, Tiirkiye'de
yenilenebilir enerji talebi sirmekte olup, bu konuda
onemli bir ihtiyaci karsilayacak eneriji Gretimi de olusmaya
baslamistir.

Tirkiye’de Uretim yapmada kullanilan yenilenemez
enerji kaynagi tirleri listesine gore petrolde Batman,
kémiirde Zonguldak-Manisa, dogalgazda Trakya bélgesiilk
siradadir. Enerji Piyasasi Dlizenleme Kurumunun (EPDK),
2020 yili dogal gaz sektor raporuna gore ise Turkiye'de
dogal gaz Uretimi yapilan iller Adiyaman, Canakkale,
Diizce, Edirne, istanbul, Kirklareli ve Tekirdag olarak en
cok Uretim yapilan illerdir [2].
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Sekil 1. Tiirkiye’de birincil enerji arzinda, enerji tiiriine
gore talep edilen enerji paylarmin ulusal enerji denge
tablosu [1].

Figure 1. National energy balance table of the energy
shares demanded by energy type in the primary
energy supply in Turkey [1].

Diger yandan, Tirkiye’de kullanilan yenilenebilir enerji
kaynagi tirleri listesine gore Turkiye temiz enerji
haritasinda, izmir riizgar, Konya giines, Aydin jeotermal,
Sanlurfa hidroelektrik ve istanbul biyokitle alaninda
kapasite olarak lider sehirlerdir. Ayrica, Bingol’'deki Asagi
Kalekdy Hibrit Glines Enerji Santrali Tesisi (GES)
Tirkiye'nin ilk ve Avrupa’nin en biiyik, diinyanin ise ikinci
blylk hibrit enerji santralidir. Bozcaada’daki hidrojen
enerjisi santralinde ise hidrojen Uretim
yontemlerinden suyun direkt elektrolizi ile Uretim
yapilmaktadir. Dalga enerjisi ise ilk Sakarya’da kurulmus
olup, glinimizde Ege ve Bati Karadeniz en iyi Uretim
bolgesi olarak ilk siradadir. Dolayisiyla gelecekte
Tirkiye’de en ¢ok Uretim yapilan illere gore enerji tiri
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listesi Tablo 1’de goriinenden fakli olacaktir. Tablo 2’de ise
Tirkiye’de yenilenemez ve yenilebilir enerji tlrlerine gore
en c¢ok yapilan dretim tdrleri sunulmaktadir. Buna goére
yenilenebilir enerji kaynagi cesitliliginin  fazlahg ve
Uretilen enerji tirleri cesitliligi  dikkat ¢ekmektedir.
Niikleer enerjide ise U ve Th ile i1si ve elektrik Gretimi
yapilmaktadir. Dogalgaz, komir ve petrol, 1si ve elektrik
Uretimi saglamada kullanilirken, petrol hammadde
Uretimi sanayide malzeme (deterjan, plastik, kozmetik
Grlnlerinin ve diger kimyasallarin tretiminde) Gretiminde,
benzin, mazot, asfalt, zift, katran Uretiminde ve komdir

yakit ve gesitli sanayilerinde hammadde ve farkli amaglar
icin  kullaniimaktadirlar.  Dolayisiyla Tirkiye’de bu
venilenemez enerji kaynaklariyla hala (retim devam
etmektedir. Oysa ginimizde diinyada oldugu gibi
Tirkiye’de de bu enerjilerin disinda yenilenebilir kaynaklar
da artik yaygin olarak kullanilmaktadir (Tablo 2). Tablo
2’de sunuldugu gibi Tiirkiye’de en yaygin enerji kaynaklari
ve elde edilen enerji/iiretim turleri gelecekte gcogunlukla
yenilenebilir enerji kaynaklariyla saglanabilir ve Gretilen
enerji ve Urtinlerde daha fazla gesitlilik olabilir.

Cizelge 2. Turkiye’de enerji tirleri ve bunlara gore yapilan tGretimler.

Table 2. Types of energy in Turkey and production based on them.

YENILENEMEZ enerji YENILENEMEZ enerji ile

YENILENEBILIR enerji YENILENEBILIR enerji ile

kaynagi yapilan dretim kaynagi yapilan uretimler
. Isi ve elektrik tretimi, . . . e
Kémur L Hidrolik enerijisi Elektrik Gretimi
hammadde Uretimi
Isi ve elektrik Gretimi, . . T
Petrol . Gunes enerjisi Isi ve elektrik tGretimi
hammadde Uretimi
Biyogaz, etanol, hidrojen,
. o L . methanol, metan,
Dogal gaz Isi ve elektrik Gretimi Biyokiitle Enerjisi .
motorin yakitlarinin
Uretimi, i1si-elektrik Gretimi
Uranyum Isi ve elektrik Gretimi Rizgar enerjisi Isi ve elektrik Gretimi
e " Isi ve elektrik tretimi, CO,
Toryum Isi ve elektrik tretimi Jeotermal enerji

Uretimi, turizm, saghk
Elektrik Gretimi
Isi ve elektrik Gretimi

Dalga ve gel-git enerjisi
Hidrojen enerjisi

Sonug olarak, Turkiye’nin kiiresel enerji ticaretindeki roli
onemlidir. Turkiye, kendi bolgesinde, enerji ticaretinde
merkez Ulke konumuna ulagsmayi amaglamaktadir. Bu
hedefe yonelik olarak, bolgede 6nemli dogalgaz ve petrol
boru projelerini hayata gecirmis veya hayata gegirilmesine
de onculik etmistir (Baki-Tiflis-Ceyhan ham petrol boru
hatti (BTC), Guney Kafkasya dogal gaz boru hatti (SCP),
Baku-Tiflis-Erzurum (BTE) dogal gaz boru hatti, Turkiye-
Yunanistan dogal gaz enter konektori (ITG), Trans
Anadolu dogal gaz boru hatti (TANAP), Turk akim ve Trans
Adriyatik boru hatti (TAP) projeleri). Bunlar dikkate
alindiginda, Sivas ayni zamanda bu hatlardan bazilarinin
gecis glzergahi Uzerinde (Sivas'in dogusu) oldugu igin
onemli bir konumdadir. Bu nedenle yenilenemez enerji
kaynaklarinin gectigi hatlar lzerinde olmasina ragmen,
yenilemez enerji kaynaklarina da yatirm yapilan bir ildir
[3]. Ayrica 6zellikle jeotermal, riizgar, glines, su kaynakh
enerjiler basta olmak Uzere, kaynak tiiri ve Uretilen Grilin
cesitliligi de artmaktadir. Ornegin, sahip olduklari zengin
yenilenebilir enerji kaynaklari potansiyeli nedeniyle Latin
Amerika Ulkeleri diger Ulkelere gore daha fazla oranda
yenilenebilir enerji kaynaklari kullanmaktadirlar [4] (Sekil
2.3). Bolgede o6zellikle son yillarda basta hidrolik eneriji
olmak Uzere rlzgar, gilnes ve modern biyokiitle
kaynaklarina bagh bir ({retim-tiiketim dengesi s6z
konusudur. Bu sekilde, diinyada da hem fosil enerji
kaynaklari yoni ile disa bagimhlik azalmakta, hem de
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cevre konusunda olumlu adimlar da atilmaktadir [4] (Sekil
2.b). Dolayisiyla hem Tirkiye hem de Sivas igin
yenilenebilir enerji potansiyeli mutlaka ilgili kurum ve
kuruluslarca, glindemde ve degerlendirmede olan bir
konu olacaktir. Bu konuda [5] calismasinda Tirkiye'nin
yenilenebilir enerji kaynaklarindan zengin bir altyapiya ve

hammaddeye sahip olmasi nedeniyle yatirimlarin
arttinlmasi  ve  yayginlasmasi  saglandiginda, disa
bagimhhgin  azaltlmasinin  hedeflenebilecegi  gibi

gelecekte temiz, glvenilir ve yenilenebilir enerjinin
Turkiye’nin ekonomik kalkinmasina fayda da saglayacagini
ifade etmesi dikkat cekmektedir. [6] ise Turkiye ve OECD
Ulkelerinin biyokitle kaynakh elektrik enerjisi Uretimini
arastirarak  bunu etkileyen degiskenlerin  etkinlik
derecesinin belirlemis ve Tiirkiye'nin gerekli stratejilerinin
belirlenmesine katkisini incelemistir. Béylece biyokiitle ve
atiklardan elde edilen enerji iretimi lizerinde Tirkiye’nin
etkili bir degisken oldugunu ortaya koymustur.

Diger yandan [7] calismasinda 6nemli bir sicaklik
derecesi olarak >100 OC igin ulkenin jeotermal
potansiyelini hesaplamistir. [8] ise 100 ve 500 m derilik igin
Ulkedeki jeotermal kaynaklarin  blylklGginig ve
buralardan elde edilebilecek gii¢ liretim potansiyellerini
belirlemek icin Turkiye’nin yeralti jeotermal sicaklik
dagihmini belirleyen ek bir ¢alisma daha yapmuslaridir.
Buna gore ise mevcut ilksel bilgiler 1s1ginda 100-500 m
derinlikler igin hesaplanmis sicaklik dagilimi haritalarini
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hazirlayarak Uretim potansiyelinin  arttirilabilecegini
gostermislerdir. [9] calismalarinda, jeotermal kaynakla
elektrik  Uretim  miktarinin  arttirlmasi  yéniinde
calismalarin devam etmesinin tlke ekonomisi icin 6nemli
oldugunu belirlemislerdir.
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Sekil 2. a) Dlinya, Latin Amerika ve Brezilya’da elektrik Gretiminde kaynaklara goére oransal boltinlisti (2019 yili igin)
[4] ve b) Diinyada 1980-2018 yillari arasinda tuketilen enerji kaynaklarinin oransal boltints [4].

Figure 2. a) Proportional distribution of electricity production according to resources in the World, Latin America and
Brazil (for 2019) [4] and b) Proportional distribution of energy resources consumed in the world between 1980-2018

[4].

[10] ise Turkiye’nin termal su kaynaklarini cografi
acidan degerlendirerek, giineydogu Anadolu bdlgesi
disinda iyi bir potansiyel olmasi nedeniyle 1si ve elektrik
Uretimine énem verilmesini ve tarim ve turizmde daha
fazla yatirm vyapilarak bu eksikligin giderilmesini de
Onermistir. [11] ise jeotermal santral miktarindan ve
atiklarindan dolayi ¢evrenin korunmasina dikkat ¢ekerek
ve jeotermal enerjinin gelecekteki 6nemini de
vurgulayarak birgok 6neride bulunmustur. Bu 6nerilerden
en oOnemlisi termik santrallerle karsilastirarak yaptig
Oneridir. Bu santral tlrlerinin gevresel sorunlarini ve
etkilerini siralayarak, toprak ve su kirliligi sorunlarinin
boyutu nedeniyle yeniden jeotermal rezervuar
degerlendirmesi yapilip, onlem alinmasini 6nermistir.
Benzer gevre sorunlari ve etkileri, diger yenilenebilir eneriji
tirlerinde de ortaya ¢ikmaktadir. Bunlar gurtlti/toz vb.
kaynakl hava kirliligi, ses kirliligi gibi sorunlar ve etkilerdir.
Bunlarla ilgili olarak yer segiminde CED (Cevresel Etki
Degerlendirme) galismalari 6ne ¢ikmaktadir ve 6nceden
onlemler alnabilmektedir. Sonug olarak, yenilenebilir
enerjiler her ne kadar temiz enerji olsa da dikkat
edilmezse, cevresel sorunlara ve etkilere sebep olabilirler.
Bu nedenle yer seciminden, isletme sireci de dahil olmak
Gzere CED raporlarina uyumlu dretim yapilmasi zorunlu
olmaktadir.

Sivas’in Yenilenebilir
Uretimler

Enerji Kaynaklari ve Yapilan

Sivas ili de cesitli kirlilik sorunlari ve enerji ihtiyaglari olan
illerimizden biridir. Isinma ve elektrik Uretiminde hala
yliksek miktarda komir kullanmasi ve jeolojisi geregi
evaporit bir havza olmasi nedeniyle jips kaynakli tuzlara
maruz kaldigi icin hava, toprak ve su kirliligi yiksek olan
illerden biridir. Glinimizde gelismekte olan bir

sanayisinin olusmaya baslamasi ise kirlilik sorunlarini ve
enerji ihtiyacini giin gectikge arttirmaktadir. Bulundugu
yakin cografyalarda ortaya ¢ikan deprem vb, olaylar
nedeniyle de nifus alan illerden biri olmus olup, nifusu
gelecekte artabilecek bir ile de donisebilir. Tim bu
durumlar, Sivas’ta enerji ihtiyaci olusturmakla birlikte
yenilenemez enerjinin tim diinyadaki azalma durumu da
bilindiginden, Sivas'ta da yenilenebilir enerjiye gegisler
baslamistir. Ozellikle cografi, meteorolojik, jeolojik ve
topografik ozelliklere gore HES disindaki farkh tlrde
yenilenebilir enerji santralleri de kurulmus ve kurulmaya
devam etmektedir. Ozellikle elektrik Gretiminde, Sivas'ta
2022 yih itibariyle 30 elektrik santralinde yilda yaklasik
3.751 GWh ile Sivas’in elektrik tiketiminin 1.9 katini
karsilayan elektrik tretilmekte olmasi dikkat cekmektedir
[12]. Bu santrallerden biri (Kangal Termik Santrali) disinda
diger hepsi vyenilebilir enerji kaynaklari ile elektrik
Uretmektedirler. Bunlarin cogunlugu ise hidrolik kaynak ile
elektrik tireten HES'leridir. ikinci sirada riizgar kaynagi ile
Uretim yapan RES (Rlzgar Enerji Santrali) ve daha sonra
gilines kaynakli Gretim yapan GES (Gines Enerji Santrali)
santralleri, elektrik Uretimi yapan diger santral tirleri
olarak ilk siralarda yer almaktadirlar. Boylece énemli bir
enerji Uretimi baslamistir ve gelecekte yeni yatirim
planlariyla daha da artabilir.

Sivas’ta en vyaygin enerji kaynaklari ve elde edilen
enerji/tretim turleri incelenerek, Tablo 3 hazirlanmis ve
enerji tirline gore yapilan Gretimler, bu tabloda ayrintih
sunulmustur. Buna gore, yenilenebilir enerji kaynaklari
cesitlidir. Yeralti kaynagi olarak jeotermal, hammadde
kaynakli olarak biyogaz, ylizey suyu kaynagi olarak hidrolik
ve atmosferik kaynak olarak ise glnes, riizgar enerji
kaynaklari mevcuttur. Tum bu kaynaklar incelendiginde,
farkh tiirde Gretimler yapildigi gozlenmektedir. En ¢ok isi
ve elektrik Gretimi yapilsa da biyokiitle enerji kaynagi ile
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biyogaz, etanol, hidrojen, metan, metanol ve motorin gibi
yakitlar uretildigi gorilmektedir. Bu gesitlilik 6nemli olup,
yeni projeler ortaya konulmasinda da yol gosterici ve
tesvik edici olacaktir. Bu nedenle gelecekte daha fazla
Uretim olabilecegi 6n gorilmektedir.

Yenilenemez enerji kaynaklariyla Uretilen enerjiler
Sivas'ta komir kaynakli olup, 1si ve elektrik Gretimi, yakit
ve enerji disinda gesitli sanayilerinde hammadde ve farkli
amaglar icin de kullanilmaktadir. Ancak Sivas ilinin aslinda,

yenilenebilir enerji kaynaklari agisindan zengin oldugu
Tablo 3’te de sunuldugu lizere gok cesitlidir. Dolayisiyla
Sivas’ta da dretilen veya yakin zamanda {retiminin
baslayacagl bu enerjiler ayrintili incelenirse, kaynagi,
Uretilen enerji tird ve kullanim amaglari ile 6nemi daha da
iyi anlasilir. Buna gore Sivas’taki bu yenilenebilir enerji
kaynaklarinin genel 6zelliklerinin ayrintilari  asagida
sunulmaktadir.

Cizelge 3. Sivas’in yenilenebilir enerji kaynaklarina gore eneriji tlrleri ve bunlara gére yapilan tGretimler.
Table 3. Energy types according to Sivas' renewable energy sources and production based on them.

YENILENEBILIR enerji kaynaklari

YENILENEBILIR eneriji ile yapilan iiretimler

Atmosferik kaynaklar

*GUnes enerjisi

*RUizgar enerjisi

Yeralti kaynaklari

*)Jeotermal eneriji

Hammadde (atiklar) kaynaklari
*Biyokutle enerjisi

Isi ve elektrik Gretimi
Isi ve elektrik Gretimi

Isi Uretimi, tarim, turizm, saglik, sanayi-CO, liretimi

Elektrik Gretimi, biyogaz, etanol, hidrojen, metan, metanol ve

motorin yakit Gretimi

Yery(izi su (yuzey sulari) kaynaklari
*Hidrolik enerji

Isi ve elektrik Gretimi

Glines enerijisi: Glines gekirdeginde yer alan flizyon siireci
ile (hidrojen gazinin helyuma déniismesi) agiga ¢ikan isima
enerjisi, 1s1 ve elektrik Gretiminde kullanilmakta olup,
bircok arastirma yapilmakta ve gelisen teknolojilerle
kullanimi da gittikce artmaktadir. Gilinesten vyayilan
3,9x1026 W lik bu enerjinin ¢ok az bir miktari yerylziine
kadar ulasir ve atmosferin dis vyizeyindeki her
metrekareye ortalama 1.367 W gli¢ diiser [13]. Atmosfere
gelen ve genellikle X i1sinlarindan ve ultraviyole isinlardan
olusan bu isimalarin bir kismi sogrulurken, bir kismi
yansimaktadir. Glines enerjisinden elektrik Uretimi icin
genel olarak giinesten gelen 1s18in dogrudan elektrige
cevrildigi fotovoltaik sistemler dikkat cekmektedirler.
Ancak elde edilen sicaklik degerlerine gore distik sicaklik
uygulamalari ve yogunlastiricili isil sistemler de isil glines
enerjisi teknolojileri olarak kullanilmaktadirlar. Gines
enerjisinden dislk sicaklik elde edilmesine yonelik diisiik
sicaklik uygulamalari, dizlemsel ve vakumlu glines
kolektérleri, glines havuzlari, glines bacalari, su aritma
sistemleri, glines mimarisi, Grlin kurutma ve sera Isitma
sistemleri ve gilnes enerjisi ile pisirme icin
kullanilmaktadir.  Bu  sistemler dizlemsel gines
kolektorleri ylzeyine gelen glines enerjisinin su, hava veya
herhangi bir akiskana iletilmesi prensibine gore calisirlar
ve en ¢ok evlerde su isitma (70°C) amaciyla kullanilirlar.
Yogunlastiriciliisil sistemler ise parabolik aynalar, ganaklar
veya heliostatlar kullanilarak, 6zellikle 10 MW ve lizerinde
elektrik enerjisi Gretimi amacli kullanilirlar. Sivas’ta isil
sistemlerle Uretim yapilmaktadir. Bunun nedeni giin
icerisinde, cografik, topografik ve meteorolojik 6zellikleri
nedeniyle glinesin uzun slre devam etmesidir.

Sekil 3’te Tirkiye yillik glines enerjisi potansiyeli
haritasinda, Sivas’in yaklasik kuzeyden giineye dogru bir
artisla, 1550-1800 KWh/m2-yil araliklarinda degisim
gosteren enerji potansiyeli oldugu goézlenmektedir [4, 14].
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Goruldagi Uzere, Sivas Turkiye’nin en iyi glnes alan
illerinden biridir. Ayrica, il sinirlarinin kapsadigi alan
genisligi ve havza konumunda bir jeolojik 6zellige sahip
olmasi nedeniyle, glines santrali kurmaya uygun diz
topografik ozellikler (plato gibi) de barindiran ve alansal
olarak santral kurulabilecek alan potansiyeli de fazla olan
bir il 6zelligi tasidigi gozlenmektedir. Bu nedenle bu
ozellikler GES kurulmasi igin yeterli ve tesvik edici 6nemli
sebeplerdendir. Bu vylzden Sivas icin  Onemi
anlasildigindan, planlanan yeni yatirimlar listesinde de yer
aldig1 gbzlenmektedir.

Riizgar enerjisi: Riizgar, glines kaynakli radyasyonun
yerin ylzeyini, yerel cografi farkhhklar ve yerylziiniin
homojen olmayan isinmasina bagh olarak zamansal ve
yoresel degisiklik gostererek farkli isitmasi nedeniyle ve
Sekil 3’te gilines enerji potansiyeli yliksek miktarda
gozlense de havanin degisen sicaklik, nem ve basing
farklarina gére hava hareket ederek, giinliik toplam glines
enerjisinin yaklasik %2’lik miktari, rlzgar enerjisine
doniisebilmektedir [4]. Diger vyandan rizgar hizi
yukseklikle artar ve teorik gucli ruzgar hizinin kiipi ile
orantili olarak degisir (Sekil 4). Ruzgar enerijisi kaynakl RES
ile elektrik Uretim uygulamalarinin ilk  yatirm
maliyetlerinin yiksek, kapasite faktorlerinin disik olmasi
ve degisken enerji tretimi gibi olumsuz yonleri olsa da
yenilenebilir ve temiz enerji kaynagi olarak Gstlnlukleri
daha fazladir. Bu da RES santrallerinin yayginlasmasini ve
sayllarinin artmasini saglamistir.

GlUnUmuzde rizgar enerji sistemleri (RES) teknolojileri
gelisimleri artarken, lretilen enerji miktari da artmaya
devam etmektedir. Sekil 4’de gorildugu Uzere, Tlrkiye
yillik riizgar enerjisi potansiyeli haritasinda, Sivas’in llke
genelindeki duruma goére karsilastirilmasi yapilirsa,
Sivas’in ortalamanin lzerinde bir riizgar enerji kaynagina
sahip oldugu gorilebilir. il sinirlari icerisinde, ortadan



Ozel / Journal of Engineering Faculty, 1(2): 105-117, 2023

batiya dogru olan alanlar harig, her tarafta rlzgar
seviyesinin ortalama olarak iyi bir dagilim gosterdigi ve
hatlar olusturdugu gozlenebilmektedir [15, 16]. Bu hatlar,
kuzeyde kuzeybati-glineydogu yoniinde, giineye dogru ise
glneybati-kuzey dogu yonde iki 6nemli hat olarak
gozlenmektedir. Ozellikle bu hatlar boyunca, gé¢
yogunlugu ortalama 600 Wh/m2-yil olan bir enerji

potansiyeli sunmaktadir [15]. Benzer sekilde bu hatlar
boyunca riizgar hizinin ise en yuksek hiz araliginin 5-8 m/s
arasinda degisen yuksek hizlara ulastigi gézlenmektedir.
Bu sonuclara gore, denizden yiiksekligi 1250 m’den daha
fazla olan Sivas, riizgar enerji kaynagi acgisindan yiksek bir
potansiyele sahiptir.
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Sekil 3. Turkiye yillik glines enerjisi potansiyeli haritasinda, Sivas’in yaklasik kuzey-giiney yoniinde artisla, 1550-1800
KWh/m2-yil araliklarinda degisim gosteren enerji potansiyeli [4, 14].

Figure 3. On the annual solar energy potential map of Turkey, the energy potential of Sivas varies between 1550-
1800 KWh/m2-year, increasing approximately in the north-south direction [4, 14].

Tirkiye’nin iyi riizgar alan bir ili olarak Sivas il sinirlarinin
kapsadigi alan genisligi ve havza konumunda bir jeolojik
ozellige sahip olmasi, riizgar santrali kurmaya uygun daghk
arazisi olan, engebeli topografik 6zelliklere sahip, santral
kurulabilecek alan vyeri sayisi/potansiyeli fazla olan
ozellikleri ile riizgar enerjisi ile elektrik ve 1s1 Gretimi icin
uygun kosullar sunmaktadir. Dolayisiyla daglik alanlarda
surekli degisen yukseklik farklari, riizgar santrali kurmaya
uygun alan sayisinin iyi bir sayida oldugunu da
gostermektedir.

Jeotermal enerji: Jeotermal enerji, yerkabugunun
cesitli derinliklerinde birikmis 1s1 ve basincin olusturdugu
sicakhklarin, bolgesel atmosferik ortalama sicakhgin
Gzerinde olan ve gevresindeki yeralti ve yerUsti sularina
gore daha fazla ¢6ziilmis mineraller, gesitli tuzlar ve gazlar
icerebilen sicak su, buhar ve gazlar ile ylizeye tasinan isi
enerjisidir. Jeotermal kaynaktan ¢ikan buhar ve sicak su iki
farkh kaynak olarak degerlendiriimektedir. Jeotermal
enerji, jeotermal sahalarda agilan kuyularda buhar ve su
olarak ayristirildiktan sonra cesitli teknolojilerle JES’nde,
elektrik enerjisi Uretiminde ve Isi (retiminde de

kullaniimaktadir. Disuk sicaklik, basing ve debideki
jeotermal kaynaklar ise sera, organik tarim, Griin kurutma,
yerel/bolgesel 1s1 ihtiyaglarinin karsilanmasinda tercih
edilmektedir. Termal turizm ve saglik amagh kullanimi ise
en yaygin olanlardir. insan sagligina yararli mineraller
icerebilen duslk sicakhktaki jeotermal kaynak sulari, saghk
amacli tedavilerde siklikla tercih edilmektedir. Sivas’ta bu
kullanimlarin her biri mevcuttur. Jeotermal kaynak, turizm
ve saglik amagl yillardir kullanimi olsa da eklenen yeni
tesislerle kapsami kullanilabilirligi ve kullanim tarleri
gelistiriimis ve genisletilmistir. Glnimizde tarimsal
alanda da 6nemli bir seracilik vb. alanlarda kullanimlari da
vardir. Sekil 5’te Tirkiye jeotermal enerji kaynaklari
haritasinda Sivas 20-49 OC arasi sicaklik grubundaki bolge
icinde gosterilmektedir [17, 18]. Ancak Sivas'in
Sicakcermik bolgesinde bu deger ortalama 45-49 0C
sicaklik araginda olan bir jeotermal kaynaktir. Bu kaynak,
saghk, turizm, 1s1 enerjisi ve tarim yapmak amaciyla
kullanilmaktadir.
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Sekil 4. TUrkiye riizgar haritalarinda siraslyla Sivas’in ortalama riizgar enerji potansiyelinin ve hizinin gériinimu[15,
16]

Figure 4. View of the average wind energy potential and speed of Sivas on Turkey wind maps, respectively[15, 16]
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Sekil 5. Turkiye jeotermal enerji kaynaklari haritasinda Sivas ilinde bulunan jeotermal kaynak (20-49 OC arasi sicaklik
grubunda) isletmeleri bolgesi [17, 18].

Figure 5. Geothermal resource operations region (in the temperature group between 20-49 0C) located in Sivas
province on the geothermal energy resources map of Turkey [17, 18].
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Biyokiitle enerjisi: 5346 sayili Kanun’a gore ise
biyokitle; ithal edilmemek kaydiyla, belediye atiklarinin
(cop gazi dahil) yani sira bitkisel yag atiklari, gida ve yem
degeri olmayan tarimsal atiklari, endistriyel odun
disindaki orman urunleri ile atik lastiklerin islenmesi
sonucu ortaya ¢ikan yan Uriinlerden elde edilen kaynaklari
ve sanayi atik camurlari ile aritma c¢amurlari olarak
tanimlanir. Biyokiitle hammaddeleri gesitli islemlerden
gegirilerek, kati, sivi ve gaz yakitlar tiretilmektedir. Bunlar
organik maddelerden cesitli yollarla elde edilen biyokitle
enerjisiyle biyogaz, etanol, hidrojen, metan, metanol ve
motorin gibi yakitlar olup, biyokitle yakitlarin cesitli
tekniklerle islenmesi ile 1s1 ve elektrik Uretimi de
yapilabilmektedir. Kisacasi temel bilesenleri karbonhidrat
bilesikleri (C, H, O) olan bitkisel ve hayvansal kdkenli tim
maddeler biyokitle enerji kaynagi olabilir ve bu
kaynaklardan Uretilen enerjiye ise biyokitle enerjisi denir.
Baslica biyokitle kaynaklari Sivas icin asagidaki gibi
listelenebilir.

1) Tarimsal biyokitle kaynaklari olarak yagli tohumlu
bitkiler (kanola, aygicegi), nisasta bitkileri (patates,
bugday), elyaf bitkileri (keten, kenevir) ve bitkisel artiklar
(dal, sap, saman, kok, kabuk)

2) Orman ve orman urtinlerinden elde edilen biyokitle
kaynaklari olarak sinirli miktarda da olsa orman ve
ormancilik endistrisi atik ve artiklari.

3) Hayvansal biyokiitle kaynaklari olarak buyikbas,
kiicikbas ve kiimes hayvanlarinin diskilari, mezbaha
atiklari ve hayvansal drinlerin islenmesi sirasinda ortaya
¢ikan atiklar.

4) Kentsel ve endustriyel atiklardan elde edilen

biyokitle kaynaklari olarak, biyolojik kokenli endistri
atiklari, belediye atiklari, aritma gamurlari.
Bu kaynaklar, Sivas’in toprak yapisi, cografi-topografik ve
iklimsel kosullarina gore uretilen tarim ve hayvancilik ve
cesitli sanayiler kaynakh atiklarla olusturulan kaynaklardir
(Sekil 6). Sekil 6 incelenirse, bitkisel atik (720.000,00-
1.159.000,00 araliginda), belediye atiklari (145.000,00-
233.000,00 arahginda), orman atiklari (29.200,00-
40.400,00 arahginda) sayesinde yillik ton miktarina bagli
olarak, 1.9-4.10 araligindaki ilce sayisi oranina gore,
kurulmus isletmelerde bu atiklardan vyakit tdrleri
Uretilmektedir [4, 19, 20]. Sekil 7°de ise Uretilen yakitlarin
islenmesiyle Uretilen 1s1 ve elektrik enerjisinin bulundugu
yere gore elektrik Gretim miktarlari verilmektedir. Sivas’ta
yillik elektrik Gretimi 2022 yil itibariyle 12,4 MW oldugu
gorilebilir (Sekil 7).
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Sekil 7. Turkiye biyokitle elektrik santrallerindeki Gretim miktarlari (12,4 MW’lik elektrik Giretim) [20].

Figure 7. Production amounts in Turkish biomass power plants (12.4 MW electricity production) [20].
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Hidrolik enerjisi: Cesitli enerji kaynaklari igerisinde
hidroelektrik enerji santralleri ¢cevre dostu olmalari ve
dusik potansiyel risk tasimalari sebebiyle tercih edilirler.
Hidroelektrik  santraller; c¢evreye uyumlu, temiz,
yenilenebilir, ylksek verimli, yakit gideri olmayan, uzun
omurla, isletme gideri ¢ok dlisik disa bagimli olmayan
yerli bir kaynaktir. Hidroelektrik enerji santralleri (HES),
suyun potansiyel enerjisinin kinetik  enerjiye
donusturilmesi ile elektrik enerjisinin Uretildigi elektrik
santrali tridir. Bu amagla hidrolik enerjiden
yararlanabilmek igin su toplama yerleri olusturulur (baraj,

akarsu, nehir, selale, vb.) ve su biriktirilerek, bu suyun
hareket enerjisi sayesinde tirbinden gecen su kinetik
enerjiye donusur ve elektrik enerjisi dretilir. Sivas’ta
elektrik Gretmek igin ¢ogunlugu Susehri ve Gemerek’te
olmak lizere birden gok ve Koyulhisar, imranli, Sarkisla ve
Divrigi ilcelerinde ise en az bir HES bulunmaktadir (Sekil 8).
Sekil 8de gorildugi Uzere Sivas'in potansiyeli >500
MWe'nin Gizerinde dagilim gosteren grupta sunulmaktadir
[21].

> 1500 [ 300 | 250 100 SRR

Sekil 8. Turkiye’nin illere gore HES dagilimi haritasi [21].

Figure 8. Turkey's hydroelectric power plant distribution map by province [21].

Sonug olarak, Sivas'ta Uretilen veya yakin zamanda
Uretimine baslanacak diger enerji kaynaklari, gelecekte
blyik o6lclide yenilenebilir enerji kaynaklari olacaktir.
Sivas'ta oOzellikle Kangal termik santrali, elektrik
Gretiminde bolgede o6nemli bir yere sahip olsa da
yenilenemez bir enerji kaynagi tlridldr. Bu nedenle
gelecekte bu kaynak bitecegi icin tesisin kullanimdan
kaldirilmasi da olasidir. Dolaysiyla yenilenebilir enerji
kaynaklari potansiyeli, gelecegin enerji kaynagi olarak
isletme sayisinin da artmasiyla birlikte Sivas ve yakin
cevresi dahil, Ulke genelinde de o6nemli bir ihtiyac
karsilayabilir ve Gretim miktari ve kullanim amaglari
artabileceginden 6nemi de artabilir. Bunun yani sira yeni
tarim vb. politikalarin hayata gecirilmesi ile biyokitle
enerjisi olusturan alanlarin, biyokitle enerji kaynaklari da
arttirilabilir. Dolayisiyla biyokiltle potansiyeli, bitki ile
cevre arasindaki enerji akisi devam ettikge var olacaktir.
Ayrica, havalandirma-iklimlendirme sistemleri de 6nemli
gelismeler gosteren yenilenebilir enerjilerden olacaktir.
Sivas’ta yenilenebilir enerji ile olan Uretimi arttirmak
sadece ilin ihtiyacini karsilamakla kalmayacagi, zamanla
yakin cevresindeki illere de katki saglayabilecegi
dusindlirse, Sivas’in enerji potansiyeli c¢ergevesinde
gelecege yonelik stratejiler gelistirmek 6nemlidir.
Turkiye’nin enerji stratejisinin uluslararasi boyutunu
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olusturan temel unsurlardan bazilari asagida sunulmustur
[22]:

e Artan talep ve disa bagimhhg! dikkate alarak,
petrol ve dogal gazin tedarikinde glizergah ve
kaynak gesitlendirmesini saglamak,

o Bolgesel ve kiresel enerji giivenligine katkida
bulunmak,

e Enerjide bolgesel ticaret merkezi olmak,

e Enerji zincirinin her asamasinda surdurilebilir
kalkinma baglaminda sosyal ve cevresel etkileri
dikkate almak,

e Yerli ve yenilenebilir
Uretimindeki payini artirmak,

e Nikleeri enerji sepetimize dahil etmek.

Bunlara gore, Sivas'ta yenilenebilir enerji ile ilgili
gelismeler ve cesitlilik arttikga, ulusal ve uluslararasi
boyutta stratejileri de hazir olmalidir. Sivas’taki Uretilen
enerjinin fazla olmasi durumunda cevre illere de faydal
olacagi disindlerek, artan yatirimlarla hem enerji miktari
hem de bircok konuda Glkeye katki saglayan bir il olabilir.
Uluslararasi katki, enerji satisi ile ilgili olmayabilir. Ama
enerji Uretim tdrleri, kullanim ¢esitliligi, hammadde
cesitleri ve teknolojileri ile ilgili olabilir. Bu konularda
olusacak gelismelerde, o©ncl ilkler ortaya konulursa,
uluslararasi ilgiyi izerine toplayabilir. Boylece, uluslararasi
platformlarda, ulkeye ekonomik, tanitim, turizm vb.

enerjinin  elektrik
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konularinda degerler katabilir. Bu konularda Tirkiye Enerji
Stratejileri ve Politikalari Arastirma Merkezi’nin (TESPAM)
ve Sabanci Universitesi istanbul Uluslararasi Eneriji ve iklim
Merkezi’'nin (IICEC), ulusal-uluslararasi g¢alismalari ve
hedefleri bulunmaktadir [23, 24]. Bu kuruluslar, Sivas igin
ornek olarak alinip, yerelde Sivas ic¢in stratejiler
gelistirilebilir. TESPAM biinyesindeki disiplinler arasi
¢alisma gruplari ve arastirma koordinatorlikleriyle,
BM’nin  (Birlesmis  Milletler) surdirilebilir  gelisim
hedeflerine katki koyan, koordine ettigi istiraklerle,
teknolojik girisimciligi, yeni fikirleri ve ¢ok uluslu
isbirliklerini  destekleyen  bir  kurulustur.  Ozellikle
TESPAM’In kapsamindaki bazi basliklar incelenirse,
e s gelistirme ile uluslararasi ticaretin
gelistirilmesi,
e Green ile yesil donlisimin ve verimlilige katki
saglayacak uygulamalarin koordine edilmesi,
e Teknoloji ile is glivenligi ve akilli otomasyon
sistemlerinin yayginlastiriimasi,
o Akademi ile egitim imkanlarinin gelistirilmesi,
e  Piyasalar ile fiyat dinamiklerinin daha anlasilir bir

sekilde  okunmasinin  saglanarak, deger
zincirlerinde olusabilecek risklerin  bertaraf
edilmesi,

e World Energy Base ile butlin uluslararasi
kamuoyuna daha butlnlesik bir farkindalk
ortami olusturulmasi,

amaciyla yapilan faaliyetleri ve benzer sekilde, IICEC'nin
hedefleri de yol gosterici olacaktir. [ICEC enerji
onceliklerinde enerji politikalarina goére, temiz enerji
arzinin ve verimliliginin arttirlmasi, enerji kaynaklarinin
cesitlendirilmesi, gelisen dunyanin enerji ihtiyacinin
surdurdlebilir kosullarda karsilanmasi, yenilenebilir enerji
ve diger ilgili konular hakkinda giincel bilgi ve analizlerin
saglanmasi, givenli, strdirilebilir ve verimli elektrik
piyasalarinin gelisimi icin strateji ve politika onerileri
gelistirilmesi, yenilik¢ci enerji teknolojileri gelistiriimesi,
enerji  tiketicilerinin  ihtiyag ve davranislarindaki
degisimlerin belirlenmesi ve bu degisimlerin enerji
piyasalarini ve enerji politikasi hedeflerine ulasmayi nasil
etkilediklerinin arastirilimasi gibi bazi hedefleri, Sivas’in
yenilenebilir  enerji  kaynaklariyla iliskilendirilerek
calismalar ve planlamalar yapilmasi faydal olacaktir.
Boylece, Sivas’in potansiyel enerji kaynaklari ile uyumlu
olabilecek kullanish bir ulusal-uluslararasi strateji plani
hazirlanabilir ve kullanilabilir. Yapilacak
degerlendirmelere gore il ve yakin bolgelerle sinirli kalip
kalinamayacagl da arastirilarak, strateji hazirlamak daha
iyi gelismelere yol agabilir.

Turkiye’nin  gesitli  kurumlari  tarafindan hazirlanan
Tirkiye'deki cesitli doga olaylarina yonelik hazirlanmis
haritalar, HGK-Harita Genel Komutanhgi haritalari, MTA-
Maden Tetkik ve Arama Enstitisi  haritalari,
Universitelerde (harita-jeoloji-jeofizik-maden-meteoroloji
mihendisligi bolumleri) bilimsel c¢alismalarla Gretilmis
haritalar, teknolojiler vb. sonuglar, B.U. Kandilli
Rasathanesi ve AFAD tarafindan hazirlanan afet, risk,
tektonik, jeoloji, sismotektonik ve diger haritalari da

incelenerek il ve llke genelinde stratejiler ve planlamalar
hazirlanmalidir. Ornegin Sekil 9 incelenirse,

depremlerden, kirmizi renk, heyelanlardan, mavi renk,
su baskinlarindan (sel, taskin vb.) mor renk, kaya
diismelerinden, yesil renk, diger afetlerden (kirlilik,
yangin, obruklar, magara ¢okmesi vb. olaylar) ve beyaz
renk ise c¢ig afetlerinden etkilenen yerlesim birimlerini
gostermektedir [25]. Bunlara bagl olarak ve iliskili olarak
Karadeniz, i¢ Anadolu dogusu, Dogu Anadolu, Giineydogu
Anadolu batisi ve Dogu Akdeniz bolgeleri en ¢ok afet
gorilen bolgeler olarak gozlenmektedir. Bunun temel
nedeni, heyelan, su baskini ve kaya dismesi olaylarinin
¢ogunlukla Karadeniz ve Dogu Toros bodlgelerinde
oldugundan, cografik, jeolojik, meteorolojik ve toprak
yapisi Ozellikleri nedeniyle oldugu yorumlanabilir. Bu
nedenle enerji kaynaklari icin tesis ve isletme hazirliklari
yapilirken, bu olaylar g6z ardi edilmeden yatirimlar
yapilmasina her zaman dikkat edilmesi 6nemli ve yararl
olacaktir. Clnki santrallerin yer seciminde oldugu gibi
isletilmesi stireci boyunca da afetlere karsi korumada ve
afetler sonrasi olusacak gevresel sorunlarda veya isletme
slresi boyunca ortaya ¢ikabilecek gevresel sorunlar igin
santral kurulumu hazirlik c¢alismalarinda, bu konulara
gereken 6zen ve Onemin verilmesi her zaman 6nemli

olmaldir. Boylece, hem ulke hem de isletme igin
ekonomik kayiplarin azaltilmasi, ©6nlenmesi, enerji
givenligi  sorunlari  olusmamasi ile  yatirimlarin

yapilmasinda tesvik edici bir rol ortaya c¢ikmasi da
saglanabilir. Ayrica, Ar-Ge ¢alismalari icin ekonomik
kayiplar 6nlenmis olurken, insanlar ve diger canlilar igin
yasamlar korunur, yasamsal ¢evre ve yasamlari icin gerekli
enerji kaynaklarinin daha iyi degerlendirilerek kullaniimasi
da saglanabilir.  Glniimizde 6zellikle cevre korumada,
yatirim siirecinde yenilenebilir enerji kaynaklari ve cevre
iliskisi de ©6nemli konulardandir. Clnkl cevreyi
korunmadan yatirrm yapmak o kaynaktan yeterli bir
Uretim saglamayacagi gibi Glkenin degerlerinin korunmasi
icin ¢evreye de zarar vermemelidir. 1983 Cevre
Kanunu’'nda 6nemli bir konu ortaya atilmistir [26]. TC
Anayasasi  “Cevreyi ekonomik kalkinma hedeflerine
olumsuz etki yapmamasi kosuluyla hesaba katsa da,
Anayasaya gore herkesin temiz ve saglkli bir ¢evrede
yasama hakki vardir” ilkesi CED (Cevresel Etki
Degerlendirme) calismalarina altyapi olusturmaktadir.
Altinci, Yedinci, Sekizinci Kalkinma Planlarimizda ise
Surdurilebilir Kalkinma Kavrami da yer almistir. Kiyi
Kanunu, Turizmi Tegvik Kanunu, Kiltir ve Tabiat
Varhklarini Koruma Kanunu gibi kanunlarda cevresel
konulara iliskin mevzuatta 6nemli yer tutmaktadir. 1993
yilinda Cevre Kanunun 10. Maddesi uyarinca CED
Yonetmeligi cikarilmis ve su an yirirlikte olan yonetmelik
16.12.2003 tarih ve 25318 sayili resmi gazetede
yayimlanan yodnetmeliktir. CED Yonetmeligi sayesinde
Ulkemizde mevzuatta yer alan hava ve su kirliginin
onlenmesi, kiyilarimizin korunmasi, tarim alanlarinin,
meralarin korunmasi gibi gevre ile ilgili pek cok yonetmelik
etkin sekilde kullanilabilmektedir. Buna gére CED Raporu,
asagida genel olarak ifade edilen bolumleri
kapsamaktadir.
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Sekil 9. Turkiye’nin afet tiirleri haritasi [25].

Figure 9. Turkey's disaster types map [25].

o Karasal ve denizel alanlar i¢in flora-fauna bilgileri

. Risk analizleri, modellemeler

o Zemin etlid ¢alismalari, bolgenin depremselligi,
jeolojik, hidrojeolojik, jeomorfolojik 6zellikleri,

o Mevcut Kirlilik yuktniin belirlenmesi

o Sosyoekonomik 6zelliklerin belirlenmesi

o Atik yonetimi ve bertarafi
Dolayisiyla CED’in  etkin  kullanimi,  “strdurlebilir
kalkinma”nin  saglanmasinin, vyani dogadaki tim
degerlerin gelecek kusaklara kalmasinin en etkin ve saglikh
yoludur. Dogal kaynaklarin hizla tiiketilmesi, hava, su ve
topragin her gegen gilin artan oranlarda kirlenmesi, 6nemli
bir kisminin kullanilamaz hale gelmesi, 0zellikle
blyliksehir ve sanayi bolgelerinin gcevre kirliligi sebebiyle
yasanamaz hale gelmesi sorunlari aslinda 6nlenebilir,
azaltilabilir ve ¢o6ztumleri gelistirilebilir. CED raporu
hazirlanarak, cevreyi dogrudan ya da dolayh olarak,
olumlu ya da olumsuz yonde etkileyen bir faaliyetin
etkilerinin, bu faaliyetle ilgili yatirimlara baslamadan 6nce,
heniiz karar verme asamasinda iken irdelenmesi ve bu
faaliyetin yaratabilecegi olumsuz etkilerin 6nlenmesiya da
cevreye zarar vermeyecek 6lglide en aza indirilmesi igin
alternatif ¢oztimlerin belirlenmesi saglanabilir. CED’in tek
basina yeterli olmayacagl durumlarda stratejik CED
(SCED), Cevre Yonetimi’yle birlikte butlincal bir yaklasilma
ve akila bir bicimde kullanilan, kisaca ¢evre yonetimi
kapsamli bir yontem olarak kullaniimaktadir. Boylece
ekonomik ve sosyal gelismeleri Onlemeden, cevre
degerlerini, ekonomik politikalar karsisinda korumak
miimkundir. Bu sekilde yenilenebilir gesitli tiirdeki enerji
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kaynaklari Uretilmesi daha kolay ve faydal olarak
yapilabilir ve yasamsal bir ihtiyac olan enerji ihtiyaci
basaril bir sekilde karsilanabilir. Boylece ¢evresel sorunlar
ve bunlarin etkilerinin, enerji kaynaklarini olumsuz yonde
etkilememesi de 6nceden saglanmis olacaktir.

Sonuglar

Bu makalenin amaci dogrultusunda  yapilan
arastirmalardan ve incelemelerden sonra Sivas igin
yenilenebilir enerji kaynaklar agisindan 6nemli sonuglar
edilebilmistir. Arastirma ve incelemelerin sonuglari,
hazirlanan tablolarla birlikte yorumlanmistir. Buna gore,
Gretim agisindan Sivas’in yenilenebilir enerji potansiyeli
yuksektir ve enerji kaynaklari da ¢esitlilik icermektedir.
Bunlarda en 6nemli sebeplerin, havza 6zelligi nedeniyle
jeolojisinin yani sira cografik, topografik ve meteorolojik
ozelliklerinin  zenginliginin  etkili  olmasi  olarak
belirlenmistir. Denizden yuksekliginin 1250 m’den fazla
olmasi, ova, plato, dag ve irmak zenginliginin de 6nemli
avantajlari oldugu belirlenmistir. Bu nedenle 6zellikle
elektrik Gretiminde HES, RES ve GES santralleriyle 6nemli
bir enerji Gretimine ulasildigl belirlenmistir. Yenilenebilir
enerji kaynaklariyla diger santrallerle de gesitli Gretimlerin
yapildigi gesitliligin de arttigi belirlenmistir. Bunlar basta
JES (Jeotermal Enerji Snatrali) kaynakli turizm, saglhk,
tarim ve CO?2 ile ilgili Gretimler olup, biyokitle kaynakli
olarak ise yakit ve diger enerjilerin tretiminin de yapildig
gozlenmistir. Sonug¢ olarak Sivas'in enerji kaynak
ihtiyacinda, yenilenebilir enerjilerin dnemli yeri oldugu ve
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mevcut santrallere yeni santral eklenmesi ile ilgili
yatirmlarin da devam ettigi gozlenmistir. Boylece,
gelecekte Sivas’in yenilenebilir ve temiz eneriji ile enerji
ihtiyacinin karsilanabilecegi diisiinilmektedir. Bu sayede,
Sivas’in ozellikle hava, su ve toprak kirliliginin azalmasi da
saglanabilir ve kirlilik artisi 6nlenebilir. Ayrica fazla tretim
olmasi durumuna da hazirlik yapilmasi ve yeni ulusal-
uluslararasi stratejilerinin olmasi gerektigi ifade edilmistir.
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