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Yiiksek kan basinci; 6zellikle kritik hastalarda izlenmedigi ve kontrol edilmedigi takdirde daha fazla saglik
komplikasyonlarina sebep olmaktadir. Son zamanlarda diinyada siirekli tiiketilen hazir gida benzeri
besinlerden dolay1 kardiyovaskiirel hastaliklar arttirmaktadir. Bu hastaliklar diinyanin en yaygin 6lim
sebepleri arasinda yer almaktadir. Kalp ile ilgili hastaliklar1 tespit ve tedavi etmek i¢in bir¢ok parametreyle
birlikte kan basincida siirekli takip edilmelidir. Kan basinci 6l¢iimii igin gelistirilen birgok girisimsel ve
girisimsel olmayan yontem gelistirilmistir. Hastanelerde kullanilan ¢ogu yontem girisimsel yontemlerdir.
Bu yontemler, siirekli kan basmci tahmini igin kullanilmamaktadir. Ayrica bir psikolojik rahatsizlik olan
‘Beyaz Palto Sendromu’ diye adlandirilan bir rahatsizlik vardir. Bu rahatsizlik 6zellikle halk arasinda da
‘Doktordan Korkmak® olarak bilinir. Olgiim esnasinda hastanin kan basincinin normal degerler disinda
yilksek ¢ikmasinda sebep olan bu hastaliktan kaginmanm bir diger yontemi ise temassiz tansiyon
Ol¢timiidiir. Bu ¢alismada Photoplethysmogram (PPG) ve Electrocardiogram (ECG) gibi temassiz bir
sekilde toplanabilen sinyallerden Arteriyel Kan Basinci (ABP) tahmini yapilmaktadir. Calismada birden
fazla derin 6grenme modeli ve bu modeller farkli hiperparametreler ile karsilastirilmistir. Ayrica ¢alismada
6l¢lim metrigi olarak ortalama hatalarin karesi (MAE) kullanilmistir. Elde edilen sonuglara gére LSTM
model i¢in 0.0165, LSTM ve dense katmanlarindan olusan model i¢in 0.0258, sadece dense katmanli
mimariden olusan birinci model i¢in 0.0141, sadece dense katmanli mimariden olusan ikinci model igin
0.281 sonuglart elde edilmistir. GAN i¢in ise Olgiim metrigi olarak ikili ¢apraz entropi kullanilmistir.
Burada elde edilen ikili ¢apraz entropi degeri ise 2900 adimda egitilen model igin 2.382, 10000 adimda
egitilen model i¢in ise 1.014 olarak 6l¢ilmistiir. Elde edilen ABP degerlerinden sistolik tansiyon ve
diyastolik tansiyon tahmini yapilmis olup elde edilen MAE sonuglari ise sistolik tansiyon igin 2.19,
diyastolik tansiyon igin ise 0.941 olarak 6lgiilmiistiir.
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* Sorumlu Yazar

High blood pressure; It causes more health complexes, especially if the critical area is not monitored and
controlled. Cardiovascular transmission is increased due to fast food-like foods consumed constantly in
the world recently. It is among the most common causes of death in the world. Blood pressure, along
with many parameters, must be constantly monitored for the diagnosis and treatment of heart-related
diseases. Many invasive and noninvasive methods have been used for blood pressure details. Most
methods used in hospitals are interventional procedures. These parameters are not used for continuous
blood pressure estimation. There is also a disease called 'White Coat Syndrome', which is a
psychological disorder. These disorders are known as 'Fear of the Doctor', especially among the public.
Another method to avoid this disease, which is the cause of high bursts of blood pressure outside the
normal values during the measurement periods, is non-contact pressure values. Arterial Blood Pressure
(ABP) is estimated from signals that can be displayed at the highest level without contact, such as
effective Photoplethysmogram (PPG) and Electrocardiogram (ECG). In the study, more than one deep
learning model and these models were compared with different hyperparameters. Additionally, mean
squared errors (MAE) was used as the measurement measurement metric. According to the obtained
LSTM model, the result was 0.0165, 0.0258 for the model consisting of LSTM and dense layers, 0.0141
for the first model consisting only of dense embedded architecture, and 0.281 for the second model
consisting of only dense embedded architecture. For GAN, binary cross entropy was used as the
measurement metric. The binary cross entropy value obtained here was measured as 2.382 for the model
that was kept until 2900, and 1.014 for the model that was kept until 10000. Systolic blood pressure and
diastolic measurement were estimated from the ABP values obtained, and the MAE results obtained
were measured as 2.19 for systolic blood pressure and 0.941 for diastolic blood pressure.
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Giris

1733 yilinda ilk kan basinci Ol¢iimleri ve nabiz basinci
Olciimleri yapilmistir. Ancak bu daha ¢ok ham dlglimler ve
yirminci yiizyilin tekniklerinden ¢ok uzak tekniklerdir. Hales,
‘Anatomik Diseksiyonlarin Uyumsuzlugu’ nedeniyle kan
basinci deneyleriyle hemen devam edememistir. Ancak daha
sonra, ventrikiillerin kapasitesini ve dolasimin diger birgok
Ozelligini inceleyerek sorgularina devam etmistir. Ancak bir
yiizy1l sonra, Poiseuille'nin civa bir manometrenin 1828'de
uygulamaya konmasiyla kan basmci iizerinde dogru bir
calisma baslamigtir. Poiseuille 1828 yilinda, arteriyel kan
basincinin 6l¢iimii i¢in civa manometre kullanimiyla doktora
disserasyonu ile Kraliyet Tip Akademisi'nin altin madalyasini
kazanmigtir. Helmholtz tarafindan 1850 yilinda kas
hareketlerini kaydetmek i¢in gelistirilen miyograf ve yeni bir
grafik yontemiyle nabzi ilk izleyen Tubingen Vierordt
tarafindan bir tansiyon aleti (sphygmograf) gelistirilmistir.
Kan basincinin ilk gergek dogru tahmini 1856 yilinda cerrah
Faivre tarafindan yapilmistir; bir civa manometresine bir arter
baglanmis ve boylece dogrudan 6l¢iim elde edilmistir. Bahsi
gegen civa taniyon aleti ile femoral arter kan basmecimnin 120
mm/hg ve brakiyal arter basincinin 115 ile 120 mm/hg oldugu
tespit edilmistir. Bunlar ve diger dogrudan okumalar, kan
basinct i¢in normal bir aralik olusturmada gok degerlidir.
Ancak, kaniil ile arter arasinda dogrudan baglanti igeren
hi¢bir yontem yaygin sekilde kullanilamayabilecegi i¢in bu
yontem rutin Olgiimler icin kesinlikle kullanigsiz bir
yontemdir[1]. Kan basincin1 dlgmeye yonelik bir¢ok cihaz,
ortak bir 6zellige baglidir; osilometrik kan basincini 6lgmek
i¢in sigirilebilir mansetle ekstremitelerin (kol, bilek, parmak
veya bacak) arterisi tikanmalidir veya Korotkoff seslerinin
algilanmasiyla bu islem yapilmalidir. Nabiz dalga bigimi
analizi gibi kol veya bacak tikanmasina bagli olmayan diger
teknikler de kullanilabilir ~ancak bunlarm  klinik
uygulamalarda ¢ok az uygulamasi vardir. Giiniimiizde
mevcut olan teknikler, kokenlerini geleneksel oskiiltasyon
kan basmei 6l¢iim teknigine borgludur ve bu yeni tekniklerin
gercekten de gelencksel civali tansiyon aleti kadar dogru
Olctimler sundugu gosterilmelidir. Tansiyon aletinin
tanitilmasindan bu yana, civali ve aneroid tansiyon aleti kan
basincini 6lgmek i¢in en popiiler cihazlar olmustur[2].

Tansiyon, kan basmcini ifade eden bir tibbi terim olarak
kullanilmaktadir ve kanin arterler ve damarlar igindeki
basincini ifade etmektedir [3]. Tansiyon, genellikle iki
bilesenle ifade edilmektedir: sistolik tansiyon, kalbin
kasildig1 anki en yiiksek kan basmcmi temsil ederken,
diyastolik tansiyon, kalp dinlendigi anki en diisik kan
basincini gostermektedir [4]. Tansiyonun normal aralikta
olmasi, viicudun saglikli bir sekilde ¢aligmasi i¢in 6nemlidir.
Tansiyon kanm dolagimimi diizenlemekte ve organlara
oksijen ve besin tagimaktadir [S]. Tansiyonun yiiksek
(hipertansiyon) veya diisiik (hipotansiyon) olmasi ciddi
saghk sorunlarma yol acabilir. Ozellikle yiiksek tansiyon,
kalp hastaliklari, felg, bobrek problemleri ve diger saglik
sorunlaria yol agabilen bir risk faktoriidiir [6]. Tansiyon,
birgok faktorden etkilenebilir, bunlar yas, cinsiyet, genetik
yatkilik, beslenme aligkanliklari, fiziksel aktivite diizeyi,
stres ve obezite gibi faktorleri igermektedir. Bu nedenle,
tansiyonun diizenli olarak olgiilmesi ve gerektiginde tedavi
edilmesi 6nemlidir [7].
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Tip literatiirii, tansiyonun tan1 ve tedavisi konularinda birgok
arastirma ve klinik ¢alisma igermektedir. Bu caligmalar,
tansiyonun nedenleri, risk faktorleri ve tedavi ydntemleri
iizerine derinlemesine  bilgi  saglamaktadir.  Saghk
profesyonelleri, hastalarin tansiyon seviyelerini izlemelerini
ve uygun Onlemleri alarak sagliklarini korumalarimi tesvik
etmek icin bu bilgilere dayanmaktadir [8].

Literatiirde de kan basinci tahmini i¢in kullanilan baslica iki
tip sinyal tiirii vardir. Bunlar Photoplethysmogram (PPG) ve
Electrocardiograph (ECG) dedigimiz sinyal tiirleridir. Bu
sinyal tiirlerinden baslica yapay zeka destegi ile sistolik kan
basinci, diyastolik kan basici ve arteriyel kan basici (ABP)
diye adlandirilan tansiyon tiirleri tespit edilmektedir.
Arteriyel kan basinci izleme (ABPM), tibbi bir dlglim
teknigidir ve bir bireyin kan basincini 24 saat boyunca siirekli
olarak izlemek i¢in kullanilir [9]. Bu yontem, giinliik yasamin
normal kosullarinda kan basincinin degisimlerini incelemeyi
amaglar. Genellikle bir tansiyon manseti ve tasinabilir bir
cihaz kullanilarak gergeklestirilir [10]. ABPM, klinik
ortamlar diginda kan basincint dlgmek ve kaydetmek icin
kullanilir. Bu sayede beyaz Onliik hipertansiyonu gibi
olgularin teshis edilmesi, gece uykusu sirasinda meydana
gelen kan basinci degisikliklerinin gézlemlenmesi ve gizli
gece hipertansiyonunun belirlenmesi miimkiin olur [11].
Ayrica, bu yontemle elde edilen veriler, hipertansiyon teshisi
ve kardiyovaskiiler risk tahmini ig¢in daha kesin bilgiler
saglar.

Bahsedilen hastaliklar ve riskler nedeniyle, 6zellikle ileri
yaslardaki hastalar i¢in siirekli tansiyon takibi biiyiik 6nem
tagimaktadir. Ani yiikselen tansiyonlar ve hipertansiyon gibi
stirekli takip gerektiren saglik sorunlari, geleneksel manget
tabanli tansiyon 6l¢iim teknikleri ile tedavi edildiginde hem
maliyetli hem de hastalar i¢in rahatsizlik yaratan bir siire¢
olusturabilmektedir. Bu nedenlerle, manset kullanmadan ve
siirekli bir sekilde tansiyon Ol¢limii yapabilen bir ¢oziim
gerekliligi dogmustur. Bu ¢dziim, basit bir cihazla PPG ve
ECG sinyallerinden ABP sinyali tahmin ederek elde
edilebilir. Tlgili probleme yénelik meveut literatiirde cesitli
¢6ziim yontemleri bulunsa da, bu ¢alisma, literatiirdeki diger
calismalarin eksikliklerini ve avantajlarini inceleyerek, daha
iyi sonuglar elde edebilmek igin yeni bir yaklasim ve yapay
zeka modeli 6nermektedir.

Bu calismanin amaci; siirekli ve temassiz tansiyon ol¢limii
gerceklestirmek icin bir yapay zeka modeli gelistirmektir. Bu
kapsamda birden ¢ok derin Ogrenme modellerinin
performansi incelenmistir. Ikinci boliimde; literatiirde yer
alan daha 6nce kabul goriilmiis caligmalar hakkinda bilgiler
verilmistir. Literatiirde yer alan ¢aligmalarin basarim oranlari,
kullanilan teknikler ve veri 6n isleme asamalar1 gibi asamalar1
incelenmistir. Caligmalarin metrikleri incelenmis ve basarilt
olan calismalar referans ahmmustir. Uciincii béliimde;
calismada kullanilan veri setinin igerigi, veri setinde ki
sinyallerin 6zellikleri hakkinda bilgiler verilmistir. Ayrica
verilerin 6n isleme asamalari ve 6n isleme asamalarinda
kullanilan teknikler, taban kaldirma ve normalizasyon gibi
islemlere ve bu iglemlerin sonuglarina deginilmistir.
Caligmada kullanilan derin dgrenme teknikleri, modellerin
mimari yapilari, modellerin hiperparametreleri ve modeller
hakkinda bilgiler verilmistir. Son bolim ise; bulunan
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bulgular, sonuglarin tartigilmast ve literatiirle
karsilastirilmasini kapsamaktadir.

flgili Calismalar

Bu kisimda temassiz tansiyon tahmini iizerinde

gerceklestirilen klasik makine 6grenmesi ve derin 6grenme
tabanli ¢alismalara yer verilmistir. Calismalarda kullanilan
derin 6grenme modelleri, klasik makine 6grenme modelleri
ve Ozellik c¢ikarma asamasinda nasil bir yol izlendigi
konusunda aragtirmalar yer almaktadir. [12] numarali

calismada manget tabanli Olglimden elde edilen
fotopletismogram (PPG) sinyallerinden, klasik makine
O0grenmesi algoritmalar1  kullanilarak tansiyon tahmin

edilmesi amaglanmigtir. Daha optimize bir smniflandirict
secmek, Oznitelik ¢ikarmak ve olasi makine 6grenmesi
hatalarinin 6niine gegebilmek igin aga¢ tabanli pipeline
optimizasyon agact ad1 verilen (TPOT) bir ara¢ kullanilarak
en iyi regresyon modeli seg¢ilmistir. Verilerin 6n isleme
asamasinda sinyaller icerisinde yer alan potansiyel giiriiltiiller
elimine edilebilmek i¢in TPOT igerisinde yer alan notch
filtresi, band-pass filtresi ve sifir faz filtreleri gibi filtrelerle
isleme tabi tutulmustur. Ardindan tansiyon tahmini
yapabilmek i¢in rastgele orman (RF) ve en yakin komsu
(KNN) algoritmalart kullanilmistir. Caligmada, 1000 konu
icin 32.061 milyon 6rnek igeren PhysioNet global veri
kiimesi kullanilmigtir. Calismada degerlendirme metrigi
olarak ortalama mutlak hata (MAE) kullanilmigtir. Elde
edilen sonuglar sistolik tansiyon i¢in 6.52, diyastolik tansiyon
i¢in ise 4.19 olarak bulunmustur.

Ayrica literatiirde yer alan ¢aligmalarin bir¢ogunda tansiyon
tahmini i¢in, PPG sinyallerine ek olarak elektrokardiyografi
(ECG) sinyalleri de kullanilmaktadir. [13] numaral
calismada PPG ve ECG sinyallerinden tansiyon tahmini
yapilmast hedeflenmistir. Arastirma da PhysioNet veri
tabaninda yer alan MIMIC-II veri kiimesi kullanilmigtir. Bu
veri kiimesi 942 hastanin 12.000 6rnegini igeren 125 Hz
frekansli sinyallerden olusmaktadir. Ayrica ¢alismada
literatiirden farkli olarak MIMIC-II veri setine ek olarak BCG
veri seti de kullanilmigtir. Veri 6n isleme islemleri MATLAB
ortaminda gergeklestirilmistir.

On islenmis veri setinden 6zellik ¢ikarmak icin U-Net tabanl
bir derin &grenme mimarisi kullamlmistir. Oz nitelikler
cikartildiktan sonra, klasik makine 6grenmesi algoritmalari
ile tahmin yapilmistir. Bu algoritmalar igerisinde en iyi
sonucu multi-layer perceptron (MLP) algoritmasi vermistir.
Elde edilen sonuglar Ingiliz Hipertansiyon Toplulugu (BHS)
ve Tibbi Cihazlar1 Gelistirme Dernegi (AAMI) standartlarina
gore degerlendirilmistir. Her iki standarda gore de elde edilen
sonuglar A sinifinda yer almistir.

Literatiirde siniflandirmadan ziyade kiimeleme algoritmalart
da kullanilmistir. [14] numarali ¢alismada PPG, ECG,
ICG,BCG gibi sinyallerin bagimsiz degisken oldugu ancak
arter kan basmci (ABP) sinyallerinin bagmmli degisken
oldugu iizerinde durulmugtur. Bahsi gegen bu dort
sinyallerden &zellik ¢ikarilmasi ve ¢ikarilan bu 6zelliklerin
makine 6grenmesi algoritmalarma verilerek tansiyon tahmini
yapilmasi amaglanmigtir. Daha 6nce bahsedilen ¢aligmalara
ek olarak bu calismada dogrulugu arttrmak amaciyla
kiimeleme adimi igeren yeni bir yontem sunulmaktadir.
Onerilen bu yeni teknik her kiimede gradyan arttirma
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regresyonu (GBR), rastgele orman (RF), rastgele orman
regresyonu (RFR) ve multi-layer perceptron (MLP) gibi
geleneksel makine Ogrenmesi algoritmalart uygulayarak
modeller olusturmustur. Bu sayede PPG ve ECG
sinyallerinden nabiz gegis siiresi (PTT), PPG yogunluk oram
(PIR) ve kalp atis1 hiz1 (HR) gibi 6zellikleri girdi olarak verip,
ABP sinyallerinden sistolik ve diyastolik kan basincini
bagimli olarak tahmin etmektedir. Bu c¢alismada da
digerlerinde oldugu gibi PhysioNet’in MIMIC-II veri seti
kullanilmigtir. 5 kiime ve GBR uygulandiginda SBP i¢in
MAE 2.56, DBP i¢in ise 2.23 degerleri elde edilmistir. Fakat
kiimeleme islemi uygulanmadan elde edilen en iyi sonuglar
SBP i¢in 6.36, DBP i¢in 6.27 olarak 6l¢iilmiistiir.

[15] numarali ¢aligmada kesik bir SBP veya DBP tahmini
yapmak yerine tiim kan basinci dalga formunu tahmin
edilmesi tizerine odaklanilmistir. PPG verilerinden, arteriyel
kan basincini tahmin edebilmek i¢in yeni bir derin 6grenme
modeli Onerilmistir. Burada ham bir sekilde verilen PPG
sinyallerinden ABP sinyalini tahmin edilmesi amaglanmistir.
Calismada MIMIC-II [16] veri seti kullanilmistir. Calismada
veri On isleme asamasinda Oncelikle verilerin giirtiltiiden
arindirilma islemi gerceklestirilmis olup, ardindan Z-Score
normalizasyon  iglemi  gerceklestirilmistir.  Ardindan
sinyallerin hizalandirilmasi islemi gergeklestirilmistir. Diger
caligmalar gibi sinyallerin birinci ve ikinci tiirevlerinden
ozellik ¢gikarim iglemi gergeklestirilmistir. Burada belirtilen
ABP degerinin en yiiksek noktast SBP, en diisiik noktasi ise
DBP degerlerini vermektedir. Model olarak LSTM tabanli bir
kodlayict yapist kullanilmistir. Caligmada LSTM modelde
SBP i¢in, mutlak hata degeri 4.05, DBP ic¢in 2.41
bulunmustur. BHS standartlarinda ise bu degerler Grade A
gibi bir seviyeye ulagmustir.

[17] numarali ¢aligmada diger ¢alismalar gibi ama¢ PPG ve
ECG sinyallerinden SBP ve DBP tahminidir. MIMIC-II veri
seti kullanilmistir. Bu ¢alismada ABPNet ad1 verilen bir yeni
bir teknik uygulanmistir. Bu ag yapist Cok Katmanli
Algilayicilar (MLP) igeren bir yapidadir. Calismada metrik
olarak Root Mean Square Error (RMSE) metrigi
kullanilmistir. Klasik bir MLP yapisindan olugan bu yap1 i¢in
test sonuglart SBP i¢in 3.6, DBP i¢in ise 3.2 olmustur. Son
olarak egitilen modeli, kendilerinin gelistirdigi ve VITAL-
ECG diye adlandirilan cihaza bu modeli gdmiip, giyilebilir
bir cihaz halinde 6l¢iim yapacak sekilde diizenlemislerdir.

Materyal ve Yontemler
PPG, ECG ve ABP Sinyalleri

Biyomedikal cihazlarin o6lglimleri temassiz bir sekilde
yapmasi, bu cihazlar1 kullanan kisilere biiyiik bir oranda
fayda saglamaktadir. Temassiz 6l¢tim yontemlerinde en ¢ok
kullanilan ve fotopletismografi (Photoplethysmography)

olarak adlandirilan PPG, optiksel oOlglim teknikleri
glinimiizde en c¢ok kullanilan yoOntemler arasinda
bulunmaktadir [18]. Fotopletismografi (PPG), viicut

iizerinden temassiz olarak bazi fizyolojik parametrelerin elde
edilme teknigi olarak da adlandirilabilinir. Bu ydntem
kullanilarak elde edilen PPG sinyalleri igerisinde birgok
fizyolojik bilgi barindirmasi ve temassiz bir sekilde siirekli
olarak izlenebilmesi nedeniyle birgok avantaja sahiptir. PPG
sinyal verilerinin kaydedilmesinin temelinde kalbin kan
damarlarina kan pompalamasi sonucunda meydana gelen
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kan damarlarindaki hacimsel degisiklikler yer almaktadir.
PPG olglimii deri lizerinden, kulak memesi, parmak ucu gibi
kilcal damarlarin yogun olarak bulundugu bdlgelerden rahat
bir sekilde elde edildigi gibi bilek iizerinden de
yapilabilmektedir. Bu 06l¢iim esnasinda sensér kisminda
verici olarak belli bir dalga boyunda 151k yayan led ve alict
olarak da kullanilan bu dalga boyuna duyarli bir fotodiyot
kullanilmaktadir [19]. Caligmada kullanilan veri setinde yer
alan 125 Hz frekansinda PPG sinyalinden bir kesit Sekil 1’de
gosterilmigtir.
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Sekil 1. PPG sinyal 6rnegi.

ECG; viicut iizerine yerlestirilen elektrotlar ile belirlenen
siire boyunca kalbin hareketini ve elektriksel aktivitesini
o6l¢iilerek kaydeden bir cihazdir. Kayit yapildiktan sonra elde
edilen grafige ise elektrokardiyogram grafigi denir.
Literatiirde elektrokardiyografi, kalp kasinin ve sinirsel
iletim sisteminin ¢alismasini incelemek tizere kalpte
meydana gelen elektriksel aktivitelerin kaydedilmesi olarak
tanimlanir. Bu kayit sonucunda elde edilen grafik ECG
grafigi olarak adlandirilir. Bu 6l¢iimii yapmak i¢in kullanilan
alete de elektrokardiyograf cihazi denir. Bu cihaz kalbin
kasilmasi sirasinda olusan elektriksel aktivitenin grafiksel
olarak kayit edilmesini saglamaktadir. Kalp atimi olarak da
adlandirilan, atriyum ve ventrikiillerinin kasilmast ve
gevsemesi sirasinda bir elektriksel aktivite olugsmaktadir. Bu
aktivite, kalp ritmi, frekansi ve yayilimi hakkinda pek ¢ok
veri icermektedir [13]. Calismada kullanilan veri setinde yer
alan 125 Hz frekansinda ECG sinyallerinden bir kesit Sekil
2’de gosterilmistir.
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Sekil 2. ECG sinyal 6rnegi.

Arter kan basinci (Arterial Blood Pressure(ABP)), kanin
arter duvarinda olusturdugu basing olarak tanimlanir. Bu
basing sabit olmamakla birlikte kalbin pompalama islevi
sirasindaki devinimlere gore degisiklik gosterebilmektedir.
Sistol doneminde kanin olusturdugu basing sistolik
tansiyonu, diyastol doneminde olusturdugu basing ise
diyastolik tansiyonu vermektedir. Calismada kullanilan veri
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setinde yer alan 125 Hz frekansinda ABP sinyalinden bir
kesit Sekil 3°te gdsterilmistir.
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ABP Signal
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1000
Sekil 3. ABP sinyal 6rnegi.

ABP sinyallerinden SBP ve DBP tahmini kolaylikla
yapilabilmektedir. Burada istenilen SBP degeri ve sinyal eger
180 mmHg’den biiyiik veya 80 mmHg’den kiiciik ise, SBP

degeri hesaplamak i¢in Denklem 1’de ki formiil
kullanilmaktadir [15].
SBP = max(ABP) )

Istenilen DBP degeri ve sinyal eger 130 mmHg’den biiyiik
veya 60 mmHg’den kiiciik ise DBP degeri hesaplamak igin
ise Denklem 2’de ki formiil kullanilmaktadir [15].

DBP = min(ABP) )

Verilerin Hazirlanmasi

Caligmanin bu boliimiinde kullanilan veri seti ve verilerin
hazirlanmas1 hakkinda bilgiler verilecektir. Caligmada
kullanilan veri seti literatiirde de ¢cogu ¢alismada kullanilan
PhysioNet’e ait olan MIMIC-II [16] veri setidir.

Yogun bakim iinitesi (ICU) hastalarmin kritik durumu,
yakindan izleme gerektirmekte ve bunun sonucunda c¢ok
parametreli  bliyilk miktarda veri siirekli olarak
toplanmaktadir. Bu, klinik veri madenciligi ile ilgilenen
aragtirmacilar i¢in benzersiz bir firsat olsturmaktadir. Genel
kullanima agik bir ICU veri tabani (¢ok parametreli Akilli
Izleme) olusturarak yogun bakimda (MIMIC-II) daha seffaf
ve verimli bir yogun bakim aragtirma toplulugu olusturmaya
calistlmigtir,. MIMIC-II’de sunulan veriler, 2001 ile 2008
yillar1 arasinda Beth Israil Deaconess Tip Merkezi'nden
toplanmis ve 26,870 yetiskin hastadan olusmaktadir. MIMIC
II iki ana bilesenden olugmaktadir; bunlar klinik veriler ve
fizyolojik dalga bigimlerindir. Hasta demografik bilgileri,
intravendz ila¢ damlama oranlar1 ve laboratuvar test
sonuglarini igeren klinik veriler iligkisel bir veri taban1 olarak
diizenlenmistir. Hasta basinda kaydedilen 125 Hz sinyalleri
ve ilgili vital bulgular1 da igeren fizyolojik dalga formlart agik
kaynak formatinda kaydedilmistir [20].

Calismada kullanilan veri seti li¢ kanaldan olusmaktadir;

1. PPG sinyali, FS=125Hz; parmak ucundan gelen
fotopletimograf

2. ABP sinyali, FS=125Hz; girisimsel arteryel kan
basinct (mmHg)

3. ECG sinyali,
elektrokardiyogram

FS=125Hz; kanal II'den
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Veri 6n isleme asamasinda ilk olarak, sinyaller kolay
islenebilmesi agisindan 1024 numuneye boliinmiistiir. Veri
setinden gelen sinyaller bir¢ok durumda ciddi taban ¢izgisi
kaymasindan zarar gormektedir. Bu nedenle, sinyalleri
normallestirmeden  6nce  taban  ¢izgisi = gezinmesi
kaldirilmigtir. Taban ¢izgisi kaldirilirken, Butterworth filtresi
kullamigtir. Taban ¢izgisi kaldirma islemi genellikle
biyomedikal sinyal isleme gibi alanlarda kullanilmaktadir.
Ormnek olarak ECG sinyallerinde kalp atiglari arasindaki
diisiik frekansh giiriiltiiyli (taban c¢izgisi) kaldirmak icin
Butterworth  filtresi  kullanilabilmektedir.  Butterworth
filtresinin transfer fonksiyonu Denklem 3’te gosterilmistir.

A3)

—r
/1+(wic)2n

Taban ¢izgisi kaldirma islemi i¢in genellikle yiiksek gegiren
(high-pass) Butterworth filtresi kullanilmaktadir. Calismada
taban ¢izgisi kaldirma islemi asagidaki adimlari igeren
asamalardan gegerek yapilmistir

H(jw) =

e Sinyalin Fourier Doniisiimii Hesaplanmasi:
Fourier doniigiimii, bir sinyali zaman alanindan
frekans alanina doniistirmektedir. Bu, sinyalin
farkli frekanslardaki bilesenlerini analiz etmeyi
miimkiin kilmaktadir.

e Butterworth Filtresi Uygulanmasi: Hesaplanan
Fourier  doniisiimiine  Butterworth filtresi
uygulanmistir. Bu iglem, diisiik frekansl bilesenleri
(taban ¢izgisi) bastirmakta ve yiiksek frekanslt
bilesenleri (6rnegin, EKG’deki QRS kompleksleri)

Sinyalleri 1024 Es
Pargalara Ayirma

<

Taban Gizgisi
Kaldirma

Ham Veri Seti
PFG, ECG, ABP '

—>

gecirmektedir. Filtre, kesme frekanst ve derecesi
gibi parametrelere baglhdir.

e Ters Fourier Doniisiimii Hesaplanmasi: Son
asamada ise filtrelenmis sinyalin ters Fourier
doniisiimiinii  hesaplanmistir. Bu islem, sinyali
frekans  alanindan  zaman  alanina  geri
dondiirmektedir.

Sekil 4’te taban ¢izgisi kaldirilmig bir sinyal Ornegi
gosterilmisgtir.
Orjinal Sinyal
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Sekil 4. Butterworth filtresi ile taban ¢izgisi kaldirma.

Taban ¢izgisi kaldirma islemlerinin ardindan sinyaller max-
min normalizasyon isleminden gegirilip 0-1 arasinda
indirgenmistir. Veri setinin tamamini derlemeden 6nce son
derece bozulan sinyaller kaldirilmistir. Veri 6n isleme yapist
Sekil 5°te gosterilmistir.

Kétu Sinyalleri

On Islenmis Veri
Setinin Olusturulmasi

=>

Ayirma

Min - Max Veri
Normalizasyonu

Sekil 5. Verilerin 6n isleme asamalari.

Farkh Derin Ogrenme Modelleri Ile Tahmin

Calismada birden fazla derin 6grenme modeli kullanilip
sonug¢lar1 karsilastirilmistir.

Uzun Kisa Siireli Hafiza (LSTM), 6zellikle makine 6grenimi
ve yapay zeka alanlarinda sik¢a kullanilan bir derin 6grenme
modeli tiiriidiir. Ozellikle zaman serileri, dil isleme,
konusma tanima ve daha pek ¢ok uygulamada biiyiik basar1
elde etmistir. LSTM modelin 6ne ¢ikan ozellikleri, diger
geleneksel sinir ag1i modellerine gore uzun vadeli
bagimliliklar1 daha etkili bir sekilde yakalayabilmesi ve bu
sayede daha karmasik veri yapilarimi isleyebilmesidir.

531

LSTM, 1997 wyilinda Sepp Hochreiter ve Jiirgen
Schmidhuber tarafindan tamitilmigtir. LSTM, 0&zellikle
"patlayan ve kaybolan gradyanlar" olarak adlandirilan
sorunu agmak icin tasarlanmigtir. Bu sorun, geleneksel
tekrarli sinir aglart (RNN)’lerin uzun siireli bagimliliklar
etkili bir sekilde yakalayamamalarindan kaynaklanir ve bu
nedenle egitimleri zorlastirmaktadir. LSTM, bu sorunu
hafiza hiicreleri ve kapt mekanizmalari kullanarak
¢6zmektedir. Bu hiicreler, veriyi okuma, yazma ve unutmak
icin 6grenilen bilgilere dayali olarak islemektedir [21].

Bu c¢aligmada oncelikli olarak kullanilan derin 6grenme
modeli Bolim LSTM modeldir. LSTM birimi sayisi igin
farkli hiperparametre degerleri {128, 256, 512, 1024} test
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edilmistir. LSTM modeli, gegici veri alma 6zelligi nedeniyle
uygundur. PPG, ABP ve ECG sinyallerinin hepsi 6nemli
gegici bilesenlere sahiptir. LSTM model mimarisi Sekil 6’da
gosterilmistir.

Ikinci olarak LSTM ve dense katmaninin birlesiminden
olusan bir model tercih edilmistir. Mimarideki bu degisiklik,
modelin degerleri ¢ikarmaya baslamadan Once tiim girisi
gormesi durumunda daha iyi ABP sinyalleri tahmin edip
etmeyecegini degerlendirmek icin eklenmistir. Bu mimaride
ise {128, 256, 512, 1024} LSTM birimi test edilmistir.
Mimarinin yapis1 Sekil 7°de gosterilmistir.

Ugiincii olarak kullanilan modeller de daha yiiksek boyutlara
sahip dense katmanlari kullanilmigtir. Bu, modelin bir
otomatik kodlayici olarak hareket etmesine ve giris verilerini
giiriiltiiden armdirmasina olanak tanimaktadir. Ayrica Sekil
7'deki modelin kod ¢ozilicli’kodlayict yapisi, farkh
biyomedikal sinyaller arasinda bir kod ¢dziicii gorevi
gorecek sekilde tasarlanmistir.

Diger kullanilan dense katmanli mimariler ise Sekil 8’de ve
Sekil 9°da gosterilmisgtir. Caligmada ek olarak GAN
mimarisi de kullanilmugtir.

128, 256, 512, 1024

Girig

LSTM
Dense

- =

Dense

Generative Adversarial Networks (GAN) fikri 2014 yilinda
Ian Goodfellow’un arkadaslariyla yaptigi bir muhabbet
sirasinda ortaya atilmis ve ardindan bilimsel bir makale
olarak yaymlanmistir. GAN modelinde bir veri {iretmek
istenilir ve o veriden yeterli sayida ornek verilirse modele,
yine ayni veri tipinde yeni Ornekler irettirebilmektedir.
Sisteme binlerce kus fotografi verilirse sistem, bir kusun
nasil goriinmesi gerektigini O6grenecek ve yeni kus
fotograflar1 iretecekti. GAN mimarisinde birbiriyle
¢ekisme halinde bulunan iki farkli yapay sinir ag
bulunmaktadir. Bu yapay sinir aglar1 Uretken (Generator) ve
Ayirt Edici (Discriminator) aglar olarak adlandirilir. Uretken
ag, gercekle Ortiisen veya gercege benzeyen benzersiz veriler
iretirken ayurt edici ag ise sahte ve gergek verileri
birbirinden ayirt etmeye c¢alismaktadir. Bu iki sinir ag
birbiriyle ¢ekisirken ayirt edici ag giderek gercek ve sahte
resimleri daha iyi ayirt etmeye baslamaktadir. Uretken ag ise
daha gercekgi sahte resimler {iretimi yapmaktadir. Bu diizen
¢ok gilizel bir oOrnek olan hirsiz ve polis ikilisine
benzetilmektedir. Vakit ilerledikge polis, hirsizlar
bulabilmek igin sahte paralarin tespitinde daha basarili
olmaktadir. Hirsiz ise polisi yenebilmek i¢in daha gergekei
sahte paralar liretmeye baglar [22].

# Dense
Cikis

Sekil 6. LSTM tabanlt model.

128, 256, 512, 1024

Girig

Tam Baglanti I

Kiime Normallestirme

I#

LSTM

-

Dense

I Cikis

# Dense
#Tam Baglant
#KUme Normallestirme

Sekil 7. LSTM ve dense tabanli model.

128, 256, 512, 1024

Giris I

=>

Tam Badlant |

Kdme Normallestirme

Dense

1
# Dense
e # BeLEIN #‘ram Baglanti
#KUme Normallegtirme

Dense

Sekil 8. Dense tabanli model.
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128, 256, 512, 1024

Girig

-

Kame Normallestirme

Tam Baglant |

Dense

512
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Sekil 9. Dense tabanli model-2.

Basarim Degerlendirmesi

Calismada birden ¢ok derin 6grenme modeli kullanilmis ve
bu modellerin bagarimlar1 karsilastirilmistir. Kullanilan
modellerin mimarilerinden ve detaylarindan bir Onceki
bdliimde bahsedilmistir. Optimize edilmis parametrelerle en
iyi ag mimarisini belirlemek i¢in birkag farkli ¢alisma
yapilmistir. Bu bolimde kullanilan farkli parametrelere gore
sonuglar karsilagtirilacaktir.

LSTM Model

LSTM modellerde birim sayisina, adim sayisina, kullanilan
aktivasyon fonksiyonuna ve kiime biiylikliigiine gore
calisma gergeklestirilmigtir. LSTM birimi sayist i¢in farkll
hiperparametre degerleri sirasi ile {128, 256, 512,1024},
{10, 50, 100}, {Dogrusal, ReLU, ELU, SeLU, Sigmoid},
{32, 64, 128} test edilmistir.

Tablo 1. LSTM model birim sayisina gore basart
performansi

Parametreler Birim Sayisi Ortalama
Hatalarin Karesi
Kodlayie1 = LSTM 128 0.0165
Adim Say1s1 =50 256 0.0191
Kiime Biiyiikliigii = 32
Aktivasyon = Dogrusal 512 0.0287
1024 0.0175

Birim sayisina gore karsilastirma yapildiginda Tablo 1°de
goriilmektedir ve birim sayisi arttikga modelin bagarim orant
diismektedir. Fakat sonuclarda da gorildiigli lizere 1024
birimde basari yiikselisi s6z konusudur. En diisiik hata 128
birimde elde edilmistir. Sonuglara gore 128 birim i¢in model
en optimize sonucu vermektedir.

Tablo 2. LSTM model adim sayisina gore basar1

performansi
Parametreler Egitim Tur Ortalama
Sayisi Hatalarin Karesi

Kodlayie1 = LSTM 10 0.114
Birim Sayis1 = 128
Kiime Biiyiikliigii = 32 50 0.0165
Aktivasyon = Dogrusal

100 0.0287

Tablo 2’de LSTM modelin adim sayisia gore basari
performansi Kkarsilastirllmasinda en optimal sonu¢ 50
adimda goriilmektedir. Adim sayist azaldikg¢a hata oraninin
daha fazla oldugunu sdyleyebiliriz. Ancak adim sayist
yiikselince ise hata oran1 azalmaya ragmen yavas bir sekilde
artmaktadir.
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Tablo 3. LSTM model kiime biiyiikliigiine gore basar1

performanst
Parametreler Kiime Biiyiikliigii Ortalama
Hatalarin Karesi
Kodlayic1 = LSTM 32 0.0165
Birim Sayis1 = 128
Adim Sayis1 =50 64 0.0168
Aktivasyon = Dogrusal 128 0.0186

Kiime biiyiikliigli parametre giincellemesinin gergeklestigi
aga verilen alt orneklerin sayist olarak tanimlanmaktadir.
Toplu boyut i¢in iyi bir varsayilan deger 32 olabilir. Ayrica
32, 64, 128, 256 ve benzeri degerler de kullanilmaktadir.
Caligma da Tablo 3’teki kiime biiyiikliigiine gore basari
performansi karsilagtirilmasinda farkli degerlerde denenmis
en optimal sonug 32 degerinde elde edilmistir.

Tablo 4. LSTM model aktivasyon fonksiyonuna gére
basar1 performansi

Parametreler Aktivasyon Ortalama
Fonksiyonu Hatalarin Karesi

Dogrusal 0.0165

Kodlayic1 = LSTM

Birim Sayis1 = 128 ReLU 0.0284

Adim Sayis1 =50 ELU 0.0170

Kiime Biiyiikliigii = 32 SeLU 0.0200
Sigmoid 0.0240

Aktivasyon fonksiyonlar1 ndronlarin toplam fonksiyonunda
iiretilen c¢iktilarin nasil bir degisimden gecmesi gerektigini
belirlemede kullanilmaktadir. Tablo 4’te goriildiigii gibi
“Dogrusal (Linear)” aktivasyon fonksiyonu en optimal
sonucu vermistir. Tiim deneyler sonucunda elde edilen en
optimal sonucu veren hiperparametreler sdyledir;

. Birim say1s1 = 128,
. Adim say1s1 = 50,
. Kiime biyiikligii =32,
. Aktivasyon fonksiyonu = Dogrusal.
Sekil 10’da egitilen LSTM modelin tahmin grafigi

verilmigtir.
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Sekil 10. LSTM Modelin Tahmin Grafigi.
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LSTM + Dense Model

Calisma da LSTM ve dense katmanlarindan olusan hibrit bir
model de tercih edilmistir. Birim sayisina, adim sayisina ve
kiime biiytikliigiine gore ¢alisma gerceklestirilmistir. LSTM
birimi sayis1 i¢in farkli hiperparametre degerleri sirasi ile
{128, 256, 512,1024}, {10, 50, 100}, {32, 64, 128} test
edilmigtir.

Gelistirilmis olan hibrit model de LSTM model gibi 128
birim en iyi sonucu vermistir. Tablo 5’te LSTM ve dense
modelin birim sayisma gore basart karsilagtiriimasi
incelendiginde birim sayis1 arttikga basarim orani da
dogrusal bir sekilde diismektedir. En optimal sonug en diisiik
birim sayisindadir.

Tablo 5. LSTM+Dense model birim sayisina gore basar1

performansi
Parametreler Birim Ortalama
Sayis1 Hatalarin Karesi
Kodlayier = LSTM+Dense 128 0.0258
Adim Sayis1 =50 256 0.0278
Kiime Biiyiikliigii = 32 512 0.0279
Aktivasyon = ReLU 1024 0.0302

Tablo 6’da verilen LSTM ve D modelin adim sayisina gore
basar1 karsilagtirilmast sonuglardan yola ¢ikarak, 50 adimlik
egitimin en iyi sonucu verdigini sdyleyebiliriz. Adim say1s1
azaldik¢a ve arttik¢a hata oraninin yiikselmesi bagarimin
distiiglini gostermektedir.

Tablo 6. LSTM+Dense model adim sayisina gore basar1

performansi
Parametreler Egitim Tur Ortalama
Sayisi Hatalarin Karesi
Kodlayie1 = LSTM+Dense 20 0.0398
Birim Sayis1 = 128
Kiime Biiyiikliigii = 32 50 0.0258
Aktivasyon = ReLU 100 0.0287

Aga verilen alt 6rneklerin sayisinda bir 6nceki modele
benzer olarak 32 kiime biiyiikligii en iyi sonucu
vermektedir. Kiime boyutu biiyiidiikce hata oranin arttig
Tablo 7°de goriilmektedir.

Tablo 7. LSTM+Dense model kiime biiyiikliigiine gore
basar1 performansi

Parametreler Kiime Ortalama
Biiyiikliigii Hatalarin Karesi
Kodlayie1 = LSTM+Dense 32 0.0258

Birim Sayis1 = 128
Adim Sayis1 = 50 64 0.0275
Aktivasyon = ReLU 128 0.0283

Hata oran1 ve kiime biiyiikliigli dogru orantilidir. Elde edilen
sonuglara gdére modelin en optimal sonu¢ veren
hiperparametreleri sdyledir;

e Birim sayis1 = 128,

e  Adim sayis1 = 50,

e Kiime biyiikligi =32,

e Aktivasyon fonksiyonu = ReLU.

Sekil 11°da egitilen LSTM ve Dense katmanlarindan olugan
modelin tahmin grafigi verilmistir.
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Sekil 11. LSTM + Dense Modelin Cikt1 Grafigi.
Dense Katmanh Model

Yogunluk (dense), ¢cogu durumda c¢alisan standart bir
katman tiiriidiir. Yogun bir katmanda, onceki katmandaki
tim digiimler mevcut katmandaki diigiimlere baglanir.
Caligmada yogunluk katmanindan olusan iki adet mimari
bulunmaktadir. Farkli hiperparametrelere gore sonuglar elde
edilmis ve en optimal sonu¢ sunulmustur.

Caligma sonuclart Tablo 8’de gosterildigi iizere dense
modeli icin kiime biiyiikliigiine goére basar1 performansi
incelediginde en optimal sonu¢ 128 kiime biiyiikliiglinde
almmistir. Kiime boyutu biiyilidiikce dogrusallikta dogru
orantili bir sekilde biiyiimektedir.

Tablo 8. Dense modeli i¢in kiime biiyiikliigiine gore basari

performanst
Parametreler Kiime Biiyiikliigii Ortalama
Hatalarin Karesi
32 0.0176

Kodlayic1 = Dense
Adim Sayis1 = 50 64 0.0142
Aktivasyon = Sigmoid

128 0.0141

Sigmoid en yaygin kullanilan aktivasyon fonksiyonlarindan
birisidir ve [0,1] araliginda ¢ikt1 iiretmektedir. Calismada,
Tablo 9°da dense modeli i¢in aktivasyon fonksiyonuna gore
basar1 performansi karsilastirilmasinda en optimal sonug
“Sigmoid” aktivasyon fonksiyonu tarafindan
iiretilmektedir.

Tablo 9. Dense modeli i¢in aktivasyon fonksiyonuna gore
basar1 performanst

Parametreler Aktivasyon Ortalama
Fonksiyonu Hatalarin Karesi
Kodlayic1 = Dense Dogrusal 0.0176
Adim Saylsl =50 ReLU 0.0167
Kiime Biiyiikliigii = 128
Sigmoid 0.0141

Onerilen birinci dense katmanli mimari modelinin ¢iktist
Sekil 12’de gosterilmistir
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Model: "sequential™

Layer (type) Output Shape Param #

dense (Dense) (None, 1eee, 128) 384

dropout (Dropout) (None, 1eee, 128) )

batch_normalization (Batchi
ormalization)

(None, 1@@@, 128) 512

dense_1 (Dense) (None, 18ee, 256)

dropout_1 (Dropout) (None, 18@@, 256) ]

batch_normalization_1 (Batc
hNormalization)

(None, 1800, 256) 1024

dense_2 (Dense) (None, 1eee, 512) 131584

dropout_2 (Dropeut) (None, 1808, 512) )

batch_normalization_2 (Batc
hNormalization)

(None, 1@00, 512) 20648

dense_3 (Dense) (None, 1e@e, 256) 131328

dropout_3 (Dropout) (None, 18ee, 256) [}

batch_nermalization_3 (Batc
hNormalization)

(None, 1800, 256) 1024

dense_4 (Dense) (None, 1000, 128) 32896

dropout_4 (Dropeut) (None, 1800, 128) )
batch_normalization_4 (Batc (None, 1@@@, 128) 512
hNormalization)

dense_5 (Dense) (None, 1eee, 1) 129

Total params: 334,465
Trainable params: 231,005
Non-trainable params: 2,56@

Sekil 12. Birinci modelin mimarisi ve parametreleri.

Ikinci dense katmanli mimarisi ise ek olarak dense
katmanlarindan olusmaktadir. Birinci model de oldugu gibi
kiime biyiikliigii ve aktivasyon fonksiyonu iizerinden
karsilastirma yapilmistir. En optimal sonug se¢ilmistir.

Tablo 10’da goriildiigii gibi dense modeli-2 i¢in kiime
biiylikliigiine gore basart performanst incelendiginde en
optimal sonug 128 degerinde elde edilmistir fakat bu model
diger onerilen modellere gore diisiik sonu¢ vermistir.

Tablo 10. Dense katmanli model-2 i¢in kiime biiyiikliigline
gdre basar1 performansi

Parametreler Kiime Ortalama
Biiyiikliigii Hatalarin Karesi
32 0.283
Kodlayier = Dense
Adim Sayis1 =50 64 0.289
Aktivasyon = Sigmoid 18 0281

Tablo 11°de sunuldugu iizere dense modeli-2 igin
aktivasyon fonksiyonuna gore basar1 performansi
kargilagtirilmasinda en basarili aktivasyon fonksiyonu
“Sigmoid” olmustur.

Tablo 11. Dense katmanli model-2 i¢in aktivasyon
fonksiyonuna gdre basar1 performansi

Parametreler Aktivasyon Ortalama
Fonksiyonu Hatalarin Karesi
Kodlayier = Dense Dogrusal 0.318
Adim Sayis1 =50
Kiime Biiyiikliigii = 128 ReLU 0.312
Sigmoid 0.281

Modelin basariminda en optimal sonuglar sunulmustur.
fkinci modelin mimarisi Sekil 13°de ki gibidir;
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Model: “"sequential 1"

Layer (type) Output Shape Param #
dense_12 (Dense) (None, 1688, 128) 384
dropout_7 (Dropout) (None, 1e@eg, 128) a
batch_normalization_7 (Batc (MNone, 1@@9, 123) 512
hiormalization)

dense_13 (Dense) (None, 1@8@, 256) 33824
dropout_8 (Dropout) (None, 1@@@, 256) a
batch_normalization_8& (Batc (MNone, 1860, 256) 1624
hiormalization)

dense_14 (Dense) (None, 1@e@, 512) 131584
dense_15 (Dense) (None, 1eee, 1) 513

Total params: 167,841
Trainable params: 166,273
Non-trainable params: 768

Sekil 13. Tkinci modelin mimarisi ve parametreleri.

Onerilen  modellerin  en iyi  sonuglar

hiperparametreleri soyledir;

veren

e Birinci model I¢in;

o Adim sayis1 = 50,

o Kiime bilyiikliigii = 128,

o Aktivasyon fonksiyonu = Sigmoid.
o  Tkinci model icin;

o Adim sayis1 = 50,

o Kiime bilyiikliigii = 128,

o Aktivasyon fonksiyonu = Sigmoid.

GAN Model

Caligmada kullanilan modelde farkli metrikler ve aktivasyon
fonksiyonlari kullanilmistir. 2900 ve 10000 adimda egitilen
iki model egitilmis ve bu egitimlerin sonuglan
karstlagtirilmistir. Oncelikle karsilastirma yapilan metrik
sOyledir;

e Ikili ¢apraz entropi: Ikili capraz entropi kayip
fonksiyonu bir 6rnegi iki siniftan birisine ait olarak
smiflandirilan  problemlerde  kullanilmaktadir.
Ornek verilecek olursa bir gériintiiniin kedi veya
kdpek oldugu belirlenmek isteniyorsa devreye bu
kay1p fonksiyonu girmektedir. Kopek ise 1, kedi ise
0 olarak isaretleyebilmektedir.

o Sizdiran ReLU: Sizdiran ReLU ozellikle kiigiik
aglar icin Onem arzetmektedir. Kiigiik aglarda
normal ReLU kullanildiginda geri yayilim yapmak
icin gradyan elde etmek nerdeyse imkansizdir.
Sizdiran ReLU ile ag tiim degerlerin sifir oldugu
alanlarda bile gradyana sahip olabilir.

GAN mimarisine ait olan ayirt edici agin yapisi Sekil 14°te,
iiretken agin mimarisi ise sekil 15°te gosterilmistir.
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Model: "seguential 9"

Layer (type) Output Shape Param #
flatten 5 (Flatten) (None, 2088) 8
dense_25 (Dense) (Mone, 512) 1824512
leaky_re_lu 17 (LeakyRelU) (None, 512) a
dense_26 (Dense) (Mone, 256) 131328
leaky_re_lu 18 (LeakyRelU) (None, 256) a
dense 27 (Dense) (None, 1) 257
Total params: 1,156,897
Trainable params: 1,156,897
Mon-trainable params: @
Sekil 14. GAN ayirt edici ag§ mimarisi ve parametreleri.
Model: "sequential 18"
Layer (type) Output Shape Param #
dense_28 (Dense) (None, 256) 25856
leaky_re_lu_19 (LeakyRelU) (None, 256) a
batch_normalization_9 (Batc (MNone, 256) 1824
hiormalization)
dense_29 (Dense) (None, 512) 131584
leaky_re_lu_20 (LeakyRelU) (None, 512) a
batch_normalization_18 (Bat (MNone, 512) 2043
chNormalization)
dense_3@ (Dense) (None, 1824) 525312
leaky_re_lu_21 (LeakyRelU) (None, 1824) a
batch_normalization_11 (Bat (MNone, 1824) 4896
chNormalization)
dense_31 (Dense) (None, 2eea) 2850800
reshape_3 (Reshape) (None, 1eee, 2) a

Total params: 2,739,928
Trainable params: 2,736,336
Non-trainable params: 3,584

Sekil 15. GAN iiretken edici ag mimarisi ve parametreleri.

2900 adimla egitilen GAN'dan elde edilen sonuglar, [-
0.8,1.0] yerine [0.02,0.52] arasinda degisen, 10000 adimla
egitilen GAN'dan elde edilen sonuglara gére ¢ok daha
yakindir. Elde edilen sonuglar Tablo 12 ve Tablo 13’te

gosterilmigtir.

Tablo 12.GAN mimarisi 2900 adim egitim sonuglari

Parametreler

ikili Capraz Entropi

Kodlayic1 = GAN

Adim Sayis1 = 2900

Kiime Biiyiikliigii = 32
Aktivasyon = Tanh - Sigmoid
Kayip = Ikili Capraz Entropi
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Tablo 13.GAN mimarisi 10000 adim egitim sonuglari

Parametreler ikili Capraz Entropi
Kodlayic1 = GAN
Adim Sayis1 = 10000
Kiime Biiyiikliigii = 32 1.014

Aktivasyon = Tanh - Sigmoid
Kayip = Ikili Capraz Entropi

Ilgili sonuglara ait tahmin grafikleri de Sekil 16 ve Sekil
17°da gosterilmistir.
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Sekil 16. GAN tahmin sonuglari.

o 200 400 600 800 1000 o 200 400 €00 800 1000

Sekil 17. GAN adim sayisina gore tahmin karsilastirmasi
(Soldaki 10000, sagdaki 2900)

Tiim sonuglar géz Oniine alindiginda ABP degerlerinden
SBP ve DBP tahminleri yapilabilmektedir. Denklem 1 ve
Denklem 2’de verilen formiiller ile SBP ve DBP tahmini
yapildiginda elde edilen sonuglarda en iyi sonu¢ veren
model i¢cin MAE degeri SBP i¢in 2.19, DBP igin ise
0.941 tiir.

BHS (British Hypertension Society) Standardi

Ingiliz Hipertansiyon Toplulugu (BHS), literatiirde bir
metrik olarak siklikla kullanilan BP 6l¢lim cihazlarini ve
yontemlerini degerlendirmek i¢in bir standart olarak hareket
etmek ilizere yapilandirilmis bir protokol [4] tanitmistir. BHS
standardi, sonuglar1 esas olarak ii¢ kategoriye ayirirken,
performansi mutlak hataya dayali olarak
degerlendirmektedir; Derece A, B ve C. Dereceler, tahmin
mutlak hatalarinin ylizde kaginin sirasiyla 5 mmHg, 10
mmHg ve 15 mmHg'nin altina (kiiciik veya esit) diistigii
Olciilerek saglanmaktadir. Bir algoritmanin veya boru
hattinin belirli bir derece elde etmesi i¢in {li¢ kategorinin de
kriterlerini  karsilamasi  gerektiginden = bahsetmek
gerekmektedir. Ayrica C Derecesi gereksinimlerini
karsilayamayan ¢aligmalar i¢in D Derecesi vardir[4].

BHS standardina gére ABP igin ortalama hatalarin karesi
hemen hemen tiim tahminler igin A seviyesi esigi olan 5
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mmHg'nin altinda veya ona esit oldugu goriilebilmektedir.
BHS standardina gore ABP siniflandirmasi sonuglar1 Tablo
14’te gosterilmistir.

Tablo 14. BHS standardina gére ABP siniflandirmasi

Kiimiilatif Hata Oram
<SmmHg <10mmHg <15mmHg

Gergeklestirilen
Calisma ABP 91.35% 98.35% 98.85%
Sonuclarn

A 60% 80% 95%
BHS Seviye
Standartlar: B 50% 75% 90%

Seviye

C 40% 65% 85%

Seviye

AAMI (Association for the Advancement of Medical
Instrumentation) Standardi

Tibbi Aletleri Geligtirme Dernegi (AAMI), BP o6l¢lim
cihazlarimi ve algoritmalarini degerlendirmek i¢in BHS ile
benzer bir standart [4] Onermistir. Bu standarda goére, BP
Olglim sistemlerinin sirastyla 5 mmHg ve 8 mmHg'den
kiiciik veya esit biiyliklikte (mutlak deger) bir Ortalama
Hatas1 (ME) ve Standart Sapmasi (STD) olmak zorundadir.
Ayrica degerlendirilecek denek sayist 85 veya daha fazla
olmalidir.

Tablo 15'te sunuldugu gibi AAMI standardina gére ABP
simiflandirmasi, modelden gelen tahminler, AAMI
standardinin her iki kategorisini de karsilamaktadir ve
kriterlerle biiyiik bir marj tutmaktadir.

Tablo 15. AAMI standardina gére ABP siniflandirmasi

ME SS Ornek
Sayisi
Sonuglar ABP 0.09 0.94 26,870
AAMI <SmmHg <8 mmHg >85
Standart

Bulgular ve Tartisma

Calismada elde edilen tahmin sonuglarindan ve elde edilen
MSE kay1p degerlerinden, bu problem i¢in en uygun model,
128 LSTM biriminden olusan modeldir. LSTM model,
ABP sinyalinin hem genligini hem de periyodikligini tahmin
etmistir. LSTM+Dense katmanlarindan olusan model,
genligi daha sonraki zaman adimlarinda tahmin etme
konusunda smirh yetenek gostermistir, ancak genel sinyal
tahmininde bir takim giiriiltiiler mevcuttur. Dense katmanli
modeller, yalnizca periyodiklik verilerini yakalayabilmis ve
ABP sinyalinin genligini tahmin edememistir.

GAN tarafindan olusturulan iiretken modeli, ilk veri setine
benzeyen modeller iiretmeyi basarmistir. Benzerlik,
grafiklerdeki zirvelere ve bunlarin neredeyse esit araliklarla
diizenli olarak meydana gelmesine dikkat edilerek fark
edilebilmektedir. Gergek verilerle karsilagtirildiginda, GAN,
her bir yerel maksimum kiimesi arasindaki egrilerin
diizgiinliigiinden yoksundur. Ancak bu, egitim verilerinin
baslangi¢ boyutunun biiyiik olmadigini kabul ederek ve bu
nedenle modelin 6zelliklerini gelistirmesine izin vermedigi
yoniinde agiklanabilir.

Elde edilen sonuglar incelenecek olursa modeller igerisinde
en iyi sonu¢ veren model olan LSTM modelin en biiylik
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avantaji, temassiz bir sekilde elde edilen verilerden ABP
tahminini diistik bir hata orani ile elde etmesidir. Her ne
kadar model SBP ve DBP degerlerini tahmin edemiyor olsa
da, bir ABP sinyal boyunu tahmin edebilmektedir. Tahmin
edilen dalga formu doktorlarm tibbi bir teshis i¢in
bagvurabilecekleri kadar 6zellik igermektedir.

Ayrica dnerilen model diinya standartlarinda gegerli olan
BHS ve AAMI standartlarm1 da A seviye diizeyinde
kargilayacak tahminler iretmis ve gegerli oldugunu
ispatlamistir. Mevcut yaklasim, elde edilen sinyallerdeki
hareket yapilarimi ele alacak sekilde tasarlanmadigindan,
mevcut sistemi giyilebilir bir cihaz i¢in dogrudan kullanmak
zor olacaktir.

Calismada 26.870 yetigkin hastadan elde edilen PPG ve
ECG sinyallerinden ABP sinyali tahmini yapilmistir. Elde
edilen sonuglar incelenecek olursa, karmasik oOzellik
mithendisligi  yapilmadan  kan  basinci  tahmini
gergeklestirme igleminde basarili sonuglar elde edilmistir.

Gergeklestirilen ¢aligmanin literatiirde ki diger ¢alismalarla
kargilagtirilmast Tablo 16°da verilmistir.

Tablo 16. Literatiirde ki diger ¢aligmalarla karsilastirilmasi

Calismalar Veri Seti Metot MAE (SBP- DBP)
[12] MIMIC-1I TPOT 6.52 - 4.19
[13] MIMIC-II U-Net 2.728 - 1.166
[14] MIMIC-II Kimeleme 2.561 -2.231
[17] MIMIC-II LSTM 4.05-2.41
Gergeklestirilen MIMIC-II LSTM 2.19-0.941
Calisma
Model c¢ogunlukla ¢ok temiz sinyaller {izerinde
egitildiginden, model performansmi biiyik Olgiide
etkileyebilir. Ancak, hareket artefakti bircok yolla

diizeltilebilir. Sonug olarak, 6nerilen model, gercek zamanli,
invazif olmayan BP izleme uygulamalari i¢in uzaktan izleme
sunucularinda ve mobil uygulamalarda dagitim i¢in uygun
olabilir.

Sonuclar

Caligmanin sonuglari, literatiirdeki benzer g¢aligmalardan
onemli dlgiide daha iyi sonuglar elde ettigini gostermektedir.
Bu basarmin ardinda, veri 6n isleme asamasindan egitim
stiresine ve test tekniklerine kadar bir dizi faktoriin etkisi
oldugu goriilmektedir. Onerilen ve egitim sonucunda
kaydedilen derin 6grenme modeli, diger calismalarda
goriilen 6rnekler gibi giyilebilir cihazlara entegre edilerek
kritik hastalik durumlarinda siirekli tansiyon takibi igin
kullanilabilinir. Ancak, bu uygulamanin etkisini gesitli
faktorler etkileyebilir; hastanin uyku durumu, aktivite
seviyesi, yas ve kronik rahatsizliklar gibi etkenler tansiyon
sonuglarini etkileyebilir. Bu nedenle siirekli tansiyon takibi
i¢in uygun bir ortam saglanmali ve hastanin 6zel durumlari
da dikkate alinmalidir. Modelin tahmin ettigi arteriyel kan
basinct (ABP) sinyalleri, sistolik ve diyastolik tansiyon
tahminlerinin temelini olusturmaktadir. Arteriyel kan
basinct tahmini, egitilen modeller araciligryla yiiksek
basarim oranlarma ulagmis ve bu sayede tansiyon tiirlerinin
dogru tahmin edilmesini saglamistir. Bu c¢alisma, stirekli
tansiyon izlemesi i¢in Onemli bir adim olarak
degerlendirilebilinir.



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Sayfa 527-538

Tesekkiir

Bu calismada, Firat Universitesi B_ilimsel Aragtirma
Projeleri Koordinasyon Birimi (FUBAP) tarafindan
TEKF.23.29  numarali proje ile desteklenmistir.
Desteklerinden dolay1 FUBAP birimine tesekkiir ederiz.
Kaynaklar

[11J. Booth, “A short history of blood pressure

measurement,” Proceedings of the Royal Society of
Medicine, vol. 70, no. 11, pp. 793-799, 1977.
doi:10.1177/003591577707001112.

[2]1 G. Beevers, “ABC of hypertension: Blood pressure
measurement,” BMJ, vol. 322, no. 7292, pp. 981-985,
2001. doi:10.1136/bm;.322.7292.981.

[3] “High blood pressure&nbsp;,” www.heart.org,
https://www.heart.org/en/health-topics/high-blood-

pressure (accessed Oct. 16, 2023).

[4] “High blood pressure in adults - hypertension:
Medlineplus medical encyclopedia,” MedlinePlus,
https://medlineplus.gov/ency/article/000468.htm

(accessed Oct. 16, 2023).

“Hypertension,”  World
https://www.who.int/health-
topics/hypertension#tab=tab 1
2023).

Health  Organization,

(accessed Oct. 16,

[6] “Low blood pressure (hypotension),” Mayo Clinic,
https://www.mayoclinic.org/diseases-conditions/low-
blood-pressure/symptoms-causes/syc-20355465

(accessed Oct. 16, 2023).
[7]

“Know your risk for high blood pressure,” Centers for
Disease Control and Prevention,
https://www.cdc.gov/bloodpressure/risk _factors.htm

(accessed Oct. 16, 2023).
(8]

“High blood pressure,” Centers for Disease Control and
Prevention,
https://www.cdc.gov/bloodpressure/index.htm

(accessed Oct. 16, 2023).

M. Holanger, S. E. Kjeldsen, K. Jamerson, and S.
Julius, “Smoking and overweight associated with
masked uncontrolled hypertension: A hypertension
optimal treatment (HOT) sub-study,” Blood Pressure,
vol. 30, no. 1, pp. 51-59, 2020.
doi:10.1080/08037051.2020.1787815.

[10] E. OBrien, “From measurement to profiles, phenomena
and indices: A workshop of the European Society of
Hypertension,” Blood Pressure Monitoring, vol. 10, no.
6, pp. 291-295, 2005. doi:10.1097/00126097-
200512000-00001.

[11] G. Parati et al., “European Society of Hypertension
Practice Guidelines for Ambulatory Blood Pressure

538

Monitoring,” Journal of Hypertension, vol. 32, no. 7,
pp. 1359-1366, 2014.
doi:10.1097/hjh.0000000000000221.

[12] S. M. Fati, A. Muneer, N. A. Akbar, and S. M. Taib,
“A continuous cuffless blood pressure estimation using
tree-based pipeline optimization tool,” Symmetry, vol.
13, no. 4, p. 686, 2021. doi:10.3390/sym13040686.

[13] S. Mahmud et al., “A shallow U-net architecture for
reliably predicting blood pressure (BP) from
Photoplethysmogram (PPG) and Electrocardiogram
(ECG) signals,” Sensors, vol. 22, no. 3, p. 919, 2022.
doi:10.3390/522030919.

[14] A. Farki, R. Baradaran Kazemzadeh, and E.
Akhondzadeh Noughabi, “A novel clustering-based
algorithm for continuous and noninvasive cuff-less
blood pressure estimation,” Journal of Healthcare
Engineering, vol. 2022, pp. 1-13, 2022.
doi:10.1155/2022/3549238.

[15] L. N. Harfiya, C.-C. Chang, and Y.-H. Li, “Continuous
blood pressure estimation using exclusively
photopletysmography by LSTM-based signal-to-signal
translation,” Sensors, vol. 21, no. 9, p. 2952, 2021.
doi:10.3390/521092952.

[16] A. L. Goldberger et al., “Physiobank, PhysioToolkit,
and PhysioNet,” Circulation, vol. 101, no. 23, 2000.
doi:10.1161/01.cir.101.23.e215.

[17] A. Paviglianiti, V. Randazzo, E. Pasero, and A. Vallan,
“Noninvasive arterial blood pressure estimation using
abpnet and vital-ECG,” 2020 IEEE International
Instrumentation and Measurement Technology
Conference (I2MTC), 2020.
doi:10.1109/i2mtc43012.2020.9129361.

[18] J. Kraitl, U. Timm, H. Ewald, and E. Lewis, “Non-
invasive measurement of blood components,” 2011
Fifth International Conference on Sensing Technology,
2011. doi:10.1109/icsenst.2011.6136976.

[19] “A wireless heart rate monitoring system based on
photoplethysmography (PPG) technique,” Strad
Research, vol. 7, no. 9, 2020. doi:10.37896/sr7.9/011.

[20] Joon Lee et al., “Open-access mimic-II database for
Intensive Care Research,” 2011 Annual International
Conference of the IEEE Engineering in Medicine and
Biology Society, 2011.
doi:10.1109/iembs.2011.6092050.

[21]Hochreiter, S., & Schmidhuber, J. (1997). Long short-
term memory. Neural computation, 9(8), 1735-1780.

[22] I. Goodfellow et al., “Generative Adversarial
Networks,” Communications of the ACM, vol. 63, no.
11, pp. 139-144,2020. doi:10.1145/3422622.



DUIJE (Dicle University Journal of Engineering) 14.4 (2023) Sayfa 539-546

Dicle University
Journal of Engineering

https://dergipark.org.tr/tr/pub/dumf
duje.dicle.edu.tr

Arastirma Makalesi / Research Article

Hepatit hastaliginin tespitinde bulanik mantik ve makine 6grenmesi yontemlerinin

karsilastirilmasi

Comparison of fuzzy logic and machine learning methods in detection of hepatitis

disease

Cengiz Coskun'”, Emre Yiiksek?

' Mardin Artuklu Universitesi, Bilgisayar Miihendisligi Béliimii, cengizcoskun@artuklu.edu.tr
ORCID: https://orcid.org/0000-0001-8552-1363

2Sivas Bilim ve Teknoloji Universitesi, Bilgisayar Miihendisligi Boliimii, eyuksek@sivas.edu.tr
ORCID: https://orcid.org/0000-0002-1885-5539

MAKALE BILGILERI

(0Y4

Makale Gegmisi:

Gelis 23 Haziran 2023
Revizyon 30 Agustos 2023
Kabul 16 Kasim 2023
Online 31 Aralik 2023

Anahtar Kelimeler:

hepatit, bulanik mantik, makine
ogrenmesi, oznitelik se¢imi

Yaygin bir karaciger rahatsizlig1 olan hepatit, diinya ¢apmnda énemli halk saglig1 sorunlarindan biridir.
Klinik verilerin dogru yorumlanmasi, hepatit tanisinin yapilabilmesi igin ele alinmasi gereken en 6nemli
sorunlardan birisidir. Bu ¢aligmada, 6liimciil hepatit hastaligmnin tanisi i¢in 6znitelik segimi yontemi
uygulanarak, bulanik modelleme ile ¢esitli makine 6grenmesi yontemlerinin hastalik tespitindeki basarist
karsilastinlmistir. Calismada UCI makine 6grenimi deposundan edinilen hepatit veri seti kullanilmigtir.
Kullanilan veri seti ilk olarak veri 6n islemeden gegirilmis, siniflandirma basarisinin artirilmasi igin
oznitelik secimi ile veri setindeki 6zellik sayist azaltilmistir. Ozellik sayis1 azaltilan veri seti kullanilarak
bulanik model ve makine O6grenmesi modelleri denenmistir. Elde edilen sonuglar ¢esitli metrikler
kullanilarak degerlendirilmistir. Yapilan ¢calismalar sonucunda Bulanik Mantik yontemi ile dogruluk %94
olurken, Gradient Boosting algoritmasi ile dogruluk, kesinlik, duyarlilik ve f-skor metrigi agisindan
sirastyla %98.36, %98.68, %98.95 ve %98.91 olarak hesaplanmistir. Elde edilen sonuglar, hepatit
hastalignin teshisinde makine 6grenmesi yontemlerinden Gradient Boosting yonteminin diger makine
6grenme yontemlerine ve bulanik yaklagima gore daha basarili oldugu goriilmiistiir.
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* Sorumlu Yazar

Hepatitis, a common liver disorder, is one of the major public health problems worldwide. Accurate
interpretation of clinical data is one of the most important problems to be addressed in order to diagnose
hepatitis. In this study, the success of fuzzy modeling and various machine learning methods in disease
detection is compared by applying feature selection method for the diagnosis of fatal hepatitis. The
hepatitis dataset obtained from the UCI machine learning repository was used in the study. The dataset
was first subjected to data preprocessing and the number of features in the dataset was reduced by feature
selection to increase the classification success. Fuzzy model and machine learning models were tested
using the reduced number of features. The results obtained were evaluated using various metrics. As a
result of the studies, the accuracy with the Fuzzy Logic method was 94%, while the accuracy with the
Gradient Boosting algorithm was calculated as 98.36%. The results show that Gradient Boosting algorithm
is more successful than other machine learning methods and fuzzy approach in the diagnosis of hepatitis
disease.
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Giris

Hastalik teshisi, tip ve saglik alaninda bir hastaligin
tedavisinde atilmasi gereken ilk ve en Onemli adimdir.
Hastaligin yanlis teshisi, genellikle komplikasyona yol
acmakta ve nihayetinde de olimle sonuglanabilen, yanlis
tedavilere yol acabilmektedir [1]. Hastalik tedavisinde,
hastaligi baslica belirtileri ve semptomlarmin diizgiin bir
sekilde analiz edilerek elde edilen teshis ¢ergevesinde dogru
tedavinin uygulanmasi kritik 6neme sahiptir. Tedavinin
dogru zamanda ve dogru sekilde uygulanmasi ise oldukga zor
olmakla birlikte hastalik ve hastanin ge¢misi hakkinda gok
fazla bilgi gerektirmektedir. Bu sebeple hastaligin teshisinin
dogru bir sekilde yapilmasi ve hastalik niteliginin tespiti
hayati 6nem arz etmektedir.

Karaciger rahatsizliklarinn  dogru  zamanda  tespit
edilemedigi  durumlarda, hastalik, 6lime  neden
olabilmektedir. Karaciger rahatsizliklarinin baslica nedenleri;
bagimlilik yapan uyusturucu vb. maddelerin kullanima,
stirekli alkol ve sigara kullanimi, giinliik esyalarm ortak
kullanim1 ve sterilizasyon olmadan veya dogru koruma
onlemleri alimmadan yapilan kan naklidir [2]. Karaciger
rahatsizliklarinin analizi i¢in bir¢ok yontem ve yaklagim
kullanilmigtir. Bunlardan bazilar1 fiziki muayene, karaciger
testleri, ultrason, karaciger biyopsisi ve kan testleridir.

Diinya genelinde, son evredeki karaciger rahatsizliklar
onemli 6liim sebeplerindendir [3]. Diinya Saghk Orgiitii’niin
verilerine gore 2017 yilinda hepatit nedeni ile 1,4 milyon
6liim gergeklesmis ve 325 milyon insan enfekte olmustur [4].

Gilinlimiizde yapay zekd, birgok farkli alandaki tibbi
problemlerin ¢oziimiinde etkin olarak kullanilmakta ve bu
problemlerin  ¢oziilebilmesi  i¢in  akilli  sistemler
gelistirilmektedir [5]. Bulanik ¢ikarim sistemi (Fuzzy
Inference System, FIS) ve makine O0grenmesi yontemleri,
problemleri analiz etmek ve ¢ikarim yapmak i¢in kullanilan
yapay zeka yontemleridir. Bu ydntemler otonom robotlar,
cesitli endiistri alanlari, bilgisayar bilimleri, tibbi sistemler,
hava tahmin sistemleri ve tarim gibi hayatin bir¢ok alaninda
kullanilmaktadir.

Literatiirde, hastaliklarmm  tespiti i¢in yapay zeka
yontemlerinin  kullanildigi birgok c¢aligma bulunmaktadir.
Dogrusal Diskriminant Analizi (Linear Discriminant

Analysis, LDA) ve Uyarlamali Ag Tabanli Bulanik Cikarim
Sistemi (Adaptive Network based on Fuzzy Inference
System, ANFIS) kullanarak gelistirilen modellerle hepatit
teshisinde %94.16 oraninda basar1 saglanmistir [6]. Yapay
Bagisiklik Tanima Sistemi (Artificial Immune Recognition
System, AIRS) ve Bulanik Kaynak Tahsis Mekanizmasini
(Fuzzy Resource Allocation System) kullanarak hepatit
teshisi yapabilen bir sistemde 10-fold ¢apraz dogrulama
(cross validation) uygulayarak %92.59 oraninda dogruluk
elde edilmistir [7]. Dogrusal Olmayan Yinelemeli Kismi En
Kiiciik Kareler (Non-Linear Iterative Partial Least Squares)
ve Kendini Diizenleyen Harita (Self Organizing Map)
kullanarak gelistirilen hepatit teshisinde ROC metrigi
bakimindan %93.06 basar1 saglanmistir [8]. Cok Katmanli
Mamdani Bulanik Cikarim Sistemi (Multilayer Mamdani
Fuzzy Inference System) kullanilmis hepatit B teshisi sistemi
%92.2 oraninda basari saglamistir [9]. ANFIS kullanan bir
hepatit teshis sistemi %95.24 oraninda basar1 saglamistir
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[10]. Levenberg-Marquardt algoritmasi ile Yapay Sinir Ag1
(Artificial Neural Network) kullanan bir hepatit teshis
sistemi, 10-fold capraz dogrulama uygulayarak %91.87
oraninda basar1 saglamistir [11]. Baska bir kalp rahatsizlig1
teshis sisteminde Relief algoritmasi, Rough Set yontemi ile
C4.5 smiflandirma algoritmasi kullanilmig ve Jackknife
capraz dogrulama yontemi uygulanarak %92.59 oraninda
basar1 saglanmistir [12]. Genetik Algoritma ve ANFIS
kullanarak hepatit teshis sistemi %97.44 oraninda bagari
saglamigtir [13]. Destek Vektor Makinesi (Support Vector
Machine, SVM) ve Benzetilmis Tavlama (Simulated
Annealing) yontemleri ile gelistirilen hepatit teshis
sisteminde 10-fold ¢apraz dogrulama ile %96.25 oraninda
basart saglanmistir [14]. Temel Bilesen Analizi (Principle
Component Analysis, PCA) ve En Kiiciik Kareler Destek
Vektdr Makinesi (Least Squares Support Vector Machine,
LSSVM) kullanan hepatit teshisinde %95 oraninda basar1
saglanmistir [15]. Bagka bir hepatit teshis sisteminde Fisher
Dogrusal Analiz (Local Fisher Discriminant Analysis) ve
SVM kullanilmis ve %96.77 oraninda basart saglanmistir
[16]. Rough Set ve Asir1 Ogrenme Makinesi (Extreme
Machine Learning, ELM) kullanan bir hastalik teshis
sisteminde %93.75 oraninda basar1 elde edilmistir [17]. ELM
ve Tek Katmanli Ileri Beslemeli Sinir Ag1 (Single Layer Feed
Forward Neural Network) kullanilan sistemde %94.44
oraninda basari saglanmistir [18].

Bu ¢alismada 6znitelik se¢imi yontemi (feature selection) ile
bulanik ¢ikarim sistemi ve makine dgrenmesi kullanilarak
hepatit hastalig1 tespiti i¢in model gelistirilmeye ¢alisilmig ve
bulanik ¢ikarim sistemi ile makine dgrenmesi modellerinin
basarist karsilastirlmistir. Ik asamada, dznitelik secimi ile
veri kiimesindeki &zellik sayisi azaltilmaya calisiimigtir.
Bunun i¢in her bir 6zniteligin ¢ikt1 degiskeni ile sahip oldugu
korelasyon degeri kullanilarak hastalikla iligkili en 6nemli
ozellikler secilmeye calisilmis ve bu sayede smiflandirma
dogrulugunun artirilmasi hedeflenmistir. Ikinci asamada ise
hepatit hastaliginin teshisi igin segilen 6zellikler kullanilarak
bulanik ¢ikarim sistemi ve makine 6grenmesi modelleri ile
sonug iretilmistir. Bu yaklagim, literatiirde yapilmig 6nceki
calismalara oranla daha az hesaplama siiresi gerektirmesi,
azaltilmis smiflandirma karmagsikligi ve daha yiiksek
dogrulukta siniflandirma bagaris1 sunmasi gibi sebeplerle bu
calismada uygulanmustir.

Calismanin kapsami Bulanik Mantik ve Makine Ogrenmesi
algoritmalarinin kullanilarak hepatit hastaligimnin tespiti i¢in
kiyaslanmasidir. Giris boliimiinde, bu alanda yapilan benzer
caligmalara, Materyal ve Metot boliimiinde kullanilan
modellerin basarim oOlgiitlerinin hesaplanmasina ve bulanik
mantik ve makine dgrenmesi algoritmalarina ve c¢alisma
prensiplerine deginilmistir. Deneysel Sonuglar ve Tartisma
boliimiinde yapilan calismalar ve elde edilen sonuglar
tartisilmistir.  Son Boliimde, elde edilen sonuglarin
degerlendirilmesi yapilmistir.

Materyal ve Metot

Bu calismada hepatit hastaliginin teshisinde kullanilacak
modeller olusturulmadan 6nce veri Onigleme ve Oznitelik
secimi islemleri uygulanmistir. Oznitelik se¢imi ile, veri
setindeki gereksiz Ozellikler ¢ikarilarak, c¢iktt degerini
belirleyici 6zelliklerin modelde yer almasi, ¢ikti degeri
iizerinde etkisi az olan 6zelliklerin modelde kullanilmamasi
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saglanmistir. Calismada agik erisimli UCI Makine Ogrenmesi
Deposundan alinan Hepatit hastalik [19] wveri seti
kullanilmigtir. Veri setinde 6znitelik se¢imi ile kullanilacak
ozellikler belirlenmeden dnce on isleme yapilarak eksik ve
gereksiz veriler silinmistir.

Kullanilan Veri Seti

Calismada acik erisimli UCI Makine Ogrenmesi Deposundan
alman Hepatit hastalik veri seti kullanilmistir. Veri setinde
yer alan 6zellikler Tablo 1’de gosterilmistir.

Tablo 1. Calismada kullanilan veri seti.

Ozellik Ozelli Ozellik Deger

No Ozellik Ad1 Araligi

1 Hasta ID 1-615

2 Yas 19-77

3 Cinsiyet E-K

4 ALB (Albiimin) 14.9-82.2

5 ALP (Alkalen 11.3-416.6

fosfataz)

6 ALT (Alanin 0.9-3253

Aminotransferaz)

7 AST (Aspartat Aminotransferaz) 10.6 — 324

8 BIL (Bilirubin) 0.8 254

9 CHE (Kolinesteraz) 1.42-16.41

10 CHOL (Kolesterol) 1.43-9.67

11 CREA (Kreatinin) 8.0-1079.1

12 GGT (Gama 4.5-650.9

Glutamil Transferaz)

13 PROT (Kan Proteini) 44.8-90.0
0=Kan Bagiscisi,
0s=Siipheli Kan

Bagiscisi,
14 Kategori 1=Hepatit Hastast,
2=Fibrozis
Hastast,
3=Siroz Hastas1
Veri On isleme

Veri 6n isleme agamasinda oncelikle veri setindeki eksik
veri igeren veriler silindi. Ardindan daha az hesaplama siiresi
ve daha az karmagiklik igin veri seti lizerinde F-test
uygulanarak gereksiz 6zellikler veri setinden ¢ikarildi. Ayrica
SMOTE [20] yontemi kullanilarak eksik sayidaki sinif tiirleri
(1=Hepatit Hastas1i, 2=Fibrozis Hastasi, 3=Siroz Hastas1)
cogaltildi. Ayrica kategorik degerler igeren kategori
ozelliginde 0=Kan Bagiscist ve 0s=Siipheli Kan Bagiscist
kategorileri kendi aralarinda Hasta Degil olarak ve 1=Hepatit,
2=Fibrozis ve 3=Siroz kategorileri de kendi aralarinda Hasta
olarak birlestirildi. Son olarak da birlestirilen kategorilere
Label Encoder islemi uygulanarak veri 6n isleme islemi
bitirildi. Veri 0n islemenin ardindan veri setindeki dzellikler
Tablo 2’de gosterilmistir.

Tablo 2. Veri 6n isleme sonrasi veri seti.

Ozellik No Ozellik Adt Ozellik Degerleri
1 ALB 149-822
2 AST 10.6 — 324
3 BIL 0.8-254
4 GGT 4.5-650.9
5 Hastalik 0 (Hasta Degil),
Durumu 1 (Hasta)

Bulamik Mantik

Mantik biliminin temel yapi tasi olan dnermeler, dogruluk
degerine sahip hiikiim bildiren ifadelerdir. Antik Yunan
doneminden baslayarak giinimiize kadar gelen klasik
mantikta 6nermeler yanlis ve dogru olmak iizere dogruluk
degerini {0,1} kiimesinden alir. Klasik mantigin belirsizlik
kavramina yer vermeyen yaklagimi sonucu, bazi problemlerin
¢Oziimiinde ortaya c¢ikan ¢oziimsiizliiklerle birlikte 20. yy
baslarindan itibaren, felsefi olarak elestirilmeye; dogada ve
bilimde var olan belirsizlikten bahsedilmeye baslandig:
goriilmektedir [21], [22]. Klasik mantigin karsisinda yer alan
bulanik mantik teorisi, 1965 yilinda Zadeh tarafindan ortaya
atilmustir [23]. Bulanik mantik teorisi, iki degerli 6nermeler
yerine belirsizlik kavrammin géz Oniine alindigi, degerini
[0,1] araligindan alan dogruluk derecesine sahip dnermeleri
temel almaktadir. Boylece Zadeh, klasik iki degerli mantigin
dayandigi  keskinlik  yaklagimi  yerine, insanlarin
diistinmesinde ve akil yiiriitmesinde kullandig1 belirsizligi
one cikarmigtir. Bulanik mantik teorisi temel anlamda
bulanik kiime teorisine dayanir. Bulanik kiimeler, keskin
sinirlara sahip kiime kavrami yerine sinirlar1 belirsiz olan ve
elemanlarin iiyeliklerinin kiimeye aidiyeti keskin olmayan
kiime anlayismna dayanmaktadir. Klasik mantikta akil
yiiriitme yolu ile ¢ikarim yapilir, bunun i¢in mantik biliminin
farkli yaklagimlar1 kullanilir. Bulanik akil yiiriitme (yaklagik
akil ytiriitme) de bulanik kiime ve bulanik mantik teorilerini
temel alir. Giinliikk hayatimizda kullandigimiz akil yiiriitme,
klasik mantikta yer alan akil yiiriitme yaklasimlarina
benzemekle birlikte belirsizlik tasiyan kavramlar iizerinden
yapildigindan, bulamk akil  yiiriitme  yaklagimin
andirmaktadir. Bulanik modellemede kullanilan ¢ikarim
mekanizmalari, tanimlanmig olan bulanik kiime ve bulanik
kurallar1 kullanarak bulanik akil yiirlitmenin uygulanmasini
ve karsilagilan yeni degerler icin tahmin yapilmasini saglar.
Bulanik modellemede kullanilan ¢ temel c¢ikarim
mekanizmast  Mamdani, Sugeno ve  Tsukamoto
yaklagimlaridir. Bu ydntemler sayesinde giiniimiiz dijital
sistemlerinde, bulanik kiime ve bulanik mantik teorilerinden
faydalanilarak bulanik akil yiirlitme isleminin yapilmasi
saglanmis ve insan benzeri akil yiiritmenin bir yansimasi
olan bulanik modellemenin yolu agilmisgtir.

Makine Ogrenmesi

Yapay zekanin bir alt dali olan makine 6grenmesi, karmasik
veriden bir Oriintli tespit edilmesi ve akilct kararlar
verebilmek icin istatistikten ve bilgisayarlarin islem
giiclinden faydalanmaktadir.

Bu calismada smiflandirma algoritmalarindan Random
Forest, Decision Tree, XGBoost, Gradient Boosting, MLP,
Support Vector Machine (SVM) ve k-Nearest Neighbors
algoritmalar1 kullanilmigtir.

k Nearest Neighbors : Bu algoritma siniflandirilmak istenen
verinin daha Onceki verilerden k tanesine olan yakinligini
kullanarak siniflandirma yapmaktadir. Komsuluk mesafesini
dlemek icin Oklid uzakh@ kullanilmaktadir. Uzakliklar:
hesaplanan k tane 6rnegin ait olduklar simiflarin ¢ogunluguna
gbre yeni veri bir sinifa atanir.

Decision Tree : Bu yontemde egitim asamasinda veri
setinden faydalanilarak bir aga¢ yapisi olusturulur.
Karsilasilan yeni veri i¢in agacin kdkiinden baslanilarak her
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diigimde yapilan karsilastirma ile agacin yapraklarmdaki
sinif etiketlerine giden kollar ile siniflandirma islemi
yapilmaktadir.

Random Forest : Siniflandirma iglemi sirasinda birden fazla
karar agact lreterek siniflandirma oranint yiikseltmeye
amaclayan bir algoritmadir. Rastlantisal olarak secilen karar
agaclari bir araya gelerek karar ormanini olusturur.

Gradient Boosting : Random Forest algoritmasina benzeyen
bu algoritma karar agaglarin1 kullanmaktadir. Aralarindaki
temel fark, son tahminin tim agaclarin dogrusal bir toplami
olmasi ve her agacin amacinin 6nceki agacin hatasini en aza
indirgemeye ¢aligmasidir.

Support Vector Machine : Support Vector Machine, iki
smiftan olusan ve dogrusal olmayan sekilde ayrilabilen veri
kiimesi i¢in, veri kiimesindeki smiflari sonsuz sayida bdlen
¢izginin (karar sinir1) oldugu temel prensibi ile ¢alisan bir
algoritmadir. Iki sinifin en iyi sekilde ayiran ¢izginin segimi,
egitim numunelerinin  bir alt kiimesi kullanilarak
gerceklestirilir.

Multi Layer Perceptron : Multi Layer Perceptron, insan
beyninin bilgiyi isleme siirecini taklit eden bir algoritmadir.
MLP, giris katmani, gizli katman ve ¢ikis katmanindan
olusmaktadir. Giris katmani, digsaridan kendisine gelen
bilgileri islenmek {iizere gizli katmana iletir. Gizli
katmanlarda islenen bilgiler, ¢ikis katmaninda tahmin sonucu
tiretilerek sistemden ¢ikmaktadir.

XGBoost : Gradient Boosting temelli bir algoritmadir.
XGBoost, Gradient Boosting farkli olarak asir1 6grenmeyi
onlemek i¢in daha diizenli bir model bigimlendirmesi
kullanmaktadir.

Modellerin Gelistirilmesi

Bu calismada hepatit hastalik veri seti kullanilarak Bulanik
Mantik ve Makine Ogrenmesi yontemleri ile modeller
olusturulmus ve elde edilen modellerin basarimlari
degerlendirilmistir. Modellerin bagarimini arttirmak i¢in veri
setinde, F-test kullanilarak 6znitelik se¢imi, SMOTE yontemi
kullanilarak eksik sinif verilerinin eklenmesi ve kategorik
verilerin sayisallagtirilmasi gibi veri Oniglemleri yapilmigtir.
F-test sonucu veri setindeki ALB, AST, BIL, GGT ve
Hastalik durumu 6znitelikleri segilmistir.

Calismada bulanik modelin gelistirilmesi agsamasinda Python
programlama dilinde gelistirilmis olan pyFUME [24]
kiitiiphanesi kullanilmistir. pyFUME Kkiitiiphanesi, bulanik
modelleme konusunda oldukga faydali bir kiitiiphane olmasi
sebebiyle caligmada tercih edilmistir. Bulanik modeldeki
tiyelik fonksiyonlart ve kurallar, pyFUME Kkiitiiphanesi
kullanilarak olusturulmustur.

Modelde, her bir 6zellik i¢in 3 bulanik kiime tanimlanmis —
Diisiik, Normal, Yiiksek—; diisiik ve yiiksek bulanik kiimeler
icin iicgen iiyelik fonksiyonlar, Normal bulanik kiimeler i¢in
ise yamuk {iiyelik fonksiyonlar olusturulmustur. Her bir
Ozellik icin olusturulan iyelik fonksiyonlar1 Tablo 3’de
gosterilmistir.

Tablo 3. Veri 6n isleme sonrasi veri seti.

Ozellik Destek Araligi, Bulanik Kiime Adi, Tipi
0 — 65, Diisiik, iggen
ALB 30 — 100, Normal, yamuk

75 — 150, Yiksek, tiggen

0 — 175, Disiik, liggen
AST 130 — 360, Normal, yamuk
300 — 400, Yiiksek, liggen

0 — 70, Diisiik, tiggen
BIL 30 — 200, Normal, yamuk
150 — 300, Yiiksek, tiggen

0 — 100, Disiik, tiggen
GGT 35— 600, Normal, yamuk
500 — 700, Yiiksek, tiggen

Her bir 6zellik icin olusturulan iiyelik fonksiyonlar1 Sekil
2’de gosterilmistir.

Uyelik fonksiyonlarinin olugturulmasinin ardindan bulanik
modeldeki kurallar olusturulmustur. Kurallar uzman goriisii
ile olusturulmus ve 14 kural bulanik modele eklenmistir.

Bulanik modelde ¢ikarim mekanizmasi olarak Mamdani
¢ikarim yontemi kullanilmigtir.  Modelde durulagtirma
yontemi olarak agirlik merkezi yontemi kullanilmigtir.
Agirlik merkezi yonteminde, tetiklenen kurallardan gelen
iiyelik degerlerinin, bulanik ¢ikis kiimeleri tizerinde kestigi
alanlar toplanir. Daha sonra bu alanlarin geometrik agirlik
merkezi hesaplanir. Ortaya ¢ikan deger ise durulagsmis ¢ikis
degeri olmaktadir.

1

2. If (ALB is yuksek) and (AST iz dusuk) and (BIL is dusuk) and (GGT is normal) then (HASTA is 1) (1)
3. If (ALB is dusuk) and (AST is normaly and (BIL iz dusuk) and (GGT iz dusuk) then (HASTA iz 1) (1)
4. If (ALB iz dusuk) and (AST is dusuk) and (BIL is normal} and (GGT is dusuk) then (HASTA iz 1) (1)
5. If (ALB is dusuk) and (AST is dusuk) and (BIL is dusuk) and (GGT is dusuk) then (HASTA is 1) (1)
5. If (ALB iz dusuk) and (AST is dusuk) and (BIL is dusuk) and (GGT iz normal) then (HASTA iz 1) (1)
7. If (ALB iz dusuk) and (A5T iz normal} and (BIL iz dusuk) and (GGT iz normal) then (HASTA is 0 (1)
8. If (ALB iz normal) and (AST iz dusuk) and (BIL iz dusuk} and (GGT is dusuk) then (HASTA iz 0) (1)
9. If (ALB ie normal} and (AST is dusuk) and (BIL is normal} and (GGT ie normal} then (HASTA is 0} (1)
10. If (ALB iz normal) and (AST is dusuk) and (BIL is dusuk) and (GGT iz normal) then (HASTA s 0) (1)
11, If (ALB is normal} and (AST is normal} and (BIL is dusuk) and (GGT is dusuk) then (HASTAIs 1) (1)
12.If (ALB is dusuk) and (AST is yuksek) and (BIL iz normal) and (GGT iz normal) then (HASTA is 1) (1)
13. If (ALB iz normal) and (AST iz normal) and (BIL is dusuk) and (GGT is normal) then (HASTA s 1) (1)
14, If (ALB iz normal) and (AST is normal} and (BIL iz normal} and (GGT is normal) then (HASTA is 13 (1)

Sekil 1. Bulanik modeldeki kurallar.

10
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—Yilksek
00
o 20 40 680 80 100 120 140
10
05 | == Disiik
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—YUksEK
00
o 50 100 150 200 250 300 350 400
10
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00
o 50 100 150 200 250 300
10
o5 — Disitk
s Normal
— YUksEK
00
o 100 200 300 400 500 800 0o
Hastalik Durumu
10
= Hasta
05 = Hasta Degil
00

Sekil 2. Bulanik model iiyelik fonksiyonlari.

Caligmada makine oOgrenmesi modellerinin gelistirilmesi
Python 3.10 ortaminda yapilmistir. Calismada makine
o0grenmesi modelleri, en basarili sonucu veren parametrelerin
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bulunmasi amacityla GridSearch yontemi ile gelistirilmistir.
Ayrica her bir model i¢in 10-¢apraz dogrulama
uygulanmistir.

Deneysel Sonuclar ve Tartisma

Egitim verisi ile modeller egitildikten sonra test verisi ile
modellerin  basarimlar1  test edilmistir.  Modellerin
basarimlarinin karsilastirilmasi icin ¢esitli degerlendirme
kriterleri kullanilmaktadir. Bu calismada degerlendirme
kriteri olarak dogruluk, kesinlik, duyarlilik ve F-Skor
kullanilmig; bu  Olgilitler  hesaplanirken  karmasiklik
matrisinden faydalanilmistir. Karmagiklik matrisi Tablo 4’de
gosterilmistir.

Tablo 4. Karmagiklik Matrisi.

Gergek Degerler
Pozitif (1) Negatif (0)
Tahmin Porzitif (1) TP FP
Degerleri Negatif (0) FN TN

TP : True Positive (Dogru Pozitif): Gergek sinift pozitif olan
bir 6rnek dogru siniflandirildi

FP : False Positive (Yanlis Pozitif) : Ger¢ek smifi negatif
olan bir 6rnek yanlis siniflandirildi

FN : False Negative (Yanlis Negatif) : Gergek sinifi pozitif
olan bir 6rnek yanlis siniflandirildi

TN : True Negative (Dogru Negatif) : Gergek sinifi negatif
olan bir 6rnek dogru smiflandirild

Dogruluk, dogru smiflandirilan 6rnek sayismin  tiim
orneklerin sayisina oranidir. Bir modelin basarisint 6lgmek
i¢in sik kullanilir, ancak tek basina yeterli degildir.

TP + TN

(1)
TP + FP + FN + TN

Dogruluk =

Kesinlik, pozitif olan ve dogru tahmin edilen drnek sayisinin
pozitif olarak tahmin edilen 6rnek sayisina oranidir.

TP

Kesinlik = m

(2)

Duyarlilik, pozitif olan ve dogru olarak tahmin edilen 6rnek
sayisinin pozitif 6rnek sayisina oranidir.

TP

_— 3
TP + FN (3)

Duyarlilik =
F-Skor, esit dagilmayan veri kiimelerinde hatali bir model
secimi yapmamak i¢in dogruluk metriginin yani sira tercih

edilen bir metriktir ve kesinlik ve duyarlilik degerlerinin
harmonik ortalamasi alinarak hesaplanmaktadir.

2 x Duyarlilik x Kesinlik
F — Skor = —
Duyarlilik + Kesinlik

3

Bulanik modelin {iyelik fonksiyonlarinin ve kurallarin
olusturulmasinin ardindan modelin basaris1 Glgiilmiistiir.
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Yapilan OSlgiimlerin neticesinde bulanik model ile %94
dogruluk degeri elde edilmistir.

Makine 6grenmesi modellerinden elde edilen sonuglar Tablo
5’de gosterilmistir. Yapilan Olglimler neticesinde hepatit
hastalik tespitinde en basarili sonug, %98.36 dogrulukla
Gradient Boosting algoritmasi ile alinmustir.

Bulantkk mantik  yontemi ve makine Ogrenmesi
algoritmalarindan elde edilen sonuclara bakildiginda makine
O0grenmesinin bulanik mantia gore daha basarili oldugu
gozlenmektedir. Kullanilan makine 6grenmesi modelleri
karsilagtirildiginda en basarili sonucun, makine 6grenmesi
algoritmalarindan Gradient Boosting algoritmas ile alindigi
goriilmektedir.  Gradient Boosting algoritmasma  ait
karmagiklik matrisi Sekil 3’de ve ROC egrisi grafigi Sekil
4’de gosterilmistir.

Hasta Degil

Hasta

Hasta Degil

Hasta

Sekil 3. Gradient Boosting algoritmasina ait karmagiklik
matrisi.

ROC Curves for GradientBoostingClassifier
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Sekil 4. Gradient Boosting algoritmasina ait ROC-AUC
grafigi.
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Tablo 5. Simiflandirma algoritmalarinin basari oranlari.

Algoritma
ve Dogruluk

Hiperparametreleri

Kesinlik

Capraz
Duyarlilik F-Skor Dogrulama (10) ROC-AUC

Gradient Boosting
0.9836

(loss="log_loss',learning_rate=0.1,
n_estimators=200,criterion="friedman_mse"')

Random Forest
0.9703

(n_estimators=200, criterion="gini'")

XGBoost
(learning_rate=0.001, n_estimators=100, 0.9702
objective="binary:logistic")

SVM

(C=1.0, kernel="rbf", degree=3,
gamma="scale')

0.9682

Decision Tree
0.9639

(criterion='gini', splitter="best")

MLP

(hidden_layer_sizes=(200,),
activation='sigmoid’, solver="adam’,
batch_size="auto', learning_rate='constant',
learning_rate_init=0.001, max_iter=200)

0.9626

kNN

(n_neighbors=3, weights='distance’,
algorithm="auto', leaf size=30,
metric="euclidean')

0.9588

Bulanik Model (Mamdani) 0.9400

0.9868

0.9795

0.9773

0.9752

0.9838

0.9727

0.9706

0.9689

0.9895 0.9891 0.9824 0.9699

0.9885 0.9840 0.9698 0.9432

0.9885 0.9829 0.9669 0.8660

0.9908 0.9829 0.9618 0.8516

0.9771 0.9804 0.9583 0.8885

0.9794 0.9760 0.9555 0.9450

0.9839 0.9727 0.9576 0.8702

0.9759 0.9723 0.9387 0.8342

Sonuclar

Bu ¢aligmada, hepatit hastaliginin kan degerlerini kullanarak
dogru tespit edilmesi i¢in bulanik model ve makine
O6grenmesi modellerinin gelistirilmesi ve g¢ikan sonuglarin
karsilastirilmasi amaclanmistir. Calismada kullanilan ve kan
degerleri bilgilerinden olugan veri seti, UCI Makine
Ogrenmesi deposundan edinilmistir. Veri seti ilk olarak on
islemeden gecirilmis ve hatali/eksik veriler silinmistir.
Ardindan bulanik model i¢in {iyelik fonksiyonlar1 ile bulanik
kurallar olusturulmus ve makine Ogrenmesi modelleri
gelistirilmigtir. Son olarak hem bulanik modelin hem de
makine 6grenmesi modellerinin basari test edilmis ve en iyi
sonug %98.36 dogruluk orani Gradient Boosting algoritmasi
ile elde edilmistir. Ayrica Gradient Boosting algoritmasiyla
kesinlik, duyarlilik, f-skor ve roc-auc metriklerinden sirasiyla
98.68, 98.95, 98.91, 96.99 skorlar1 elde edilmistir. Gradient
Boosting algoritmasi ile bulanik mantik yonteminden elde
edilen sonuglara  bakildiginda  Gradient  Boosting
algoritmasinin daha basarili sonug verdigi goriilmektedir. Bu
sonu¢ makine &grenmesi modellerinin bulanik modellere
gore hastalik tespiti problemlerinde daha basari sonuglar
verdigini gostermektedir. Ayrica bu g¢alismada kullanilan
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yontemlerle elde edilen basart oranmin literatiirdeki diger
caligmalara oranla daha yiiksek oldugu goriilmektedir. Bu
calisma ile literatiirdeki diger c¢alismalarin detayli
kiyaslanmasi Tablo 6’da gosterilmistir.

Bu c¢alismada makine Ogrenmesi modelleri ile bulanik
modellerin hepatit hastaliginin tespitinde kiyaslanmasi
yapilmistir. Yapilan kiyaslama sonucunda makine 6grenmesi
modellerinin bulanik modellere gore hepatit hastaliginin
tespitinde kullanilmasinin daha dogru sonuglar verecegi
kanatine varilmistir. Makine 6grenmesi modellerinin kendi
icerisinde kiyaslanmasi sonucunda ise en basart makine
o0grenmesi modelinin Gradient Boosting algoritmasi ile
olusturulan model oldugu gézlemlenmistir.

Gelecek caligmalarda sistemin basarist sinir aglari, bulanik
mantik temelli sinir aglar1 ve derin 6grenme yontemleri
kullanilarak artirilabilir. Ayrica sistem diger hastaliklarin
teshisinde kullanilmak tizere genisletilebilir.
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Tablo 6. Veri 6n isleme sonrasi veri seti.

Calisma Basari
- Kullanilan Y6ntem Olgiim %ii?lrll
Yil Metrigi
[6] - 5
2009 ANFIS, LDA Dogruluk 94.16
[7]- AIRS, FRAS, Capraz 3
2006 Dogrulama (10) Dogruluk—92.59
[8]-
2019 NIPALS, SOM ROC 93.06
[9]- -
2019 MMFIS Dogruluk 92.20
10] - -
o ANFIS Dogruluk ~ 95.24
[11]- YSA, Levenberg-Marquardt, -
2011 Capraz Dogrulama (10) Dogruluk o1.87
[12]- Relief, Rough Set, C4.5, -
2017 Jackknife Capraz Dogrulama Dogruluk 92.59
[2167’ 1]3_ Genetik Algoritma, ANFIS Dogruluk 97.44
[14] - SVM, Benzetilmis Tavlama, -
2012 Capraz Dogrulama (10) Dogruluk 96.25
[21051]1' LSSVM, PCA Dogruluk  95.00
[21061] 1‘ SVM, LFDA Dogruluk 96.77
[21071]3_ ELM, Rough Set Dogruluk 93.75
[18] - Tek Katmanl {leri Beslemeli -
2016 Sinir Ag1, ELM Dogruluk 9444
Bu Bu!_amk Mantik, Makine
calisma Ogrenmesi, Capraz Dogruluk 98.36

Dogrulama (10)

Etik kurul onay ve ¢cikar ¢atismasi beyam
Hazirlanan makalede etik kurul izni alinmasina gerek yoktur.

Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
catismasi bulunmamaktadir.

Yazar Katkilari

Yazar 1 ve Yazar 2
-Calisma konsepti ve tasarim
-Veri toplama, verilerin analizi ve yorumlanmasi

-Taslagin olusturulmasi
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MAKALE BILGILERI 0z

Saglik sektoriinde hastaliklarin teshisi i¢in yapay zekanin alt dallarindan olan makine 6grenmesi oldukca
yaygmn kullanilmaktadir. Calismada anne saglig riski {izerine bir veri seti kullanilarak hamilelikte risk
iizerine siniflandirma ¢alismasi yapilmasi amaglanmustir. Calismada, makine 6grenmesi algoritmalarindan
lineer regresyon, destek vektér makineleri, karar agaci algoritmasi, rastgele orman algoritmasi, ¢ok
katmanl algilayici, naive bayes smiflandiricisi, k-en yakin komsu algoritmasi ve XGBoost siniflandiricist
kullanilmistir. Ayn1 zamanda her bir algoritma i¢in temel bilesenler analizi (PCA) ve lineer diskriminant
analizi (LDA) uygulanmig olup olusturulan modellerin dogruluk oranlarina bakilarak tahminde
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bulunulmustur. Yapilan tahmin sonucunda en yiiksek dogruluk oram1 %84 ile rastgele orman
algoritmasindan, PCA doniisiimii kullanilarak yapilan tahmin sonucuna gore en yiiksek dogruluk orani
%382 ile rastgele orman algoritmasi ve K-en yakin komsu algoritmasindan ve LDA doniisiimii kullanilarak
yapilan tahmin sonucuna gore ise en yiiksek dogruluk oran1 %85 ile karar agaci algoritmasi ve K-en yakin
komsu algoritmasindan elde edilmistir. Smiflandirma isleminde LDA doniisiimiiniin daha yiiksek sonug
elde ettigi goriilmektedir.
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* Sorumlu Yazar

Machine learning, one of the sub-branches of artificial intelligence, is widely used in the health science
for the diagnosis of diseases. In this study, it was aimed to perform a classification study on risk in
pregnancy using a data set on maternal health risk. In this study, linear regression, support vector machines,
decision tree algorithm, random forest algorithm, multilayer perceptron, naive bayes classifier, k-nearest
neighbor algorithm and XGBoost classifier were used as a classifier. At the same time, principal
components analysis (PCA) and linear discriminant analysis (LDA) were applied for each algorithm, and
predictions were calculated as the accuracy of the models. As a result of the classification, the highest
accuracy was 84% for the random forest algorithm. With PCA transform, the highest accuracy was
calculated 82% for the random forest algorithm and K-nearest neighbor algorithm. The best accuracy for
LDA transform was obtained 85% for decision tree algorithm and K-nearest neighbor algorithm. It is seen
that the LDA transformation achieves higher accuracy for the classification process.
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Giris

Her kadinin diinyaya yeni bir hayat getirdiginde hissettigi
mutluluk paha bigilemezdir. Elbette bu sevinci yagamak her
annenin en dogal hakkidir. Ancak bazi sebeplerden dolay1
diinyada ki birgok kadin i¢in bu durum korkutucu hale
gelebilmektedir. Hamilelik sirasinda annenin yasadigi bazi
problemler hem anne hem de bebegin sagligi igin riskli
durumlar  olusturabilir. Aniden ortaya ¢ikabilecek
komplikasyonlar, siddetli kanama riski, enfeksiyonlar veya
artan kan basinci gibi nedenler anne ve bebegin 6liimiine
yol agabilecek etkenler olarak siralanabilir. Anne
6liimlerinin yaklasik %94’iinlin gelismekte olan iilkelerde
meydana geldigi goriilmektedir ve bu dliimlerin neredeyse
%75°1 onlenebilir 6liimlerdir [1]. Anne Sliimlerinin 6niine
gegilmesi  agisindan  erken teshis 6nemli bir rol
oynamaktadir. Bu sebepten dolay1 teshis yontemlerinin de
onemi biiyiiktiir. Teknolojinin gelismesiyle birlikte teshis
yontemleri de gelismis olup yapay zekad bu yontemlerden
biri olmustur. Yapay zeka, hem biiyiik veri setleri ile rahatca
calisabildigi icin hem de hizli bir sekilde ¢6ziim tiretebildigi
icin son yillarda ¢okga tercih edilen yontemler arasinda yer
almaktadir. Makine Ogrenmesi yapay zekanmn alt
dallarindan biri olup veri setlerinin egitilerek tahminlerde
bulunulmasini saglamaktadir.

Marzia Ahmed ve Mohammod Abul Kashem, yaptiklart
calismada veri setinden anne sagligi riskini tahminlemek
icin makine 6grenmesi yontemlerinden karar agaci, rastgele
orman, destek vektor makineleri, sirali minimum
optimizasyon,  lojistik  regresyon, naive  bayes
smiflandiricisi, Ibk ve lojistik model agaci algoritmalarini
kullanmislardir. Oznitelik olarak hiper parametre ayarlama
yontemi olan GridSearchCV kullanarak en iyi sonucu
%98.51 ile karar agaci ile elde etmislerdir [2].  Lokesh
Pawar ve arkadaslar1 yaptiklar1 ¢aligmada anne sagligi
riskini tahminlemek  igin  makine Ogrenmesi
siiflandiricilarindan karar  agaci, naive  bayes
smiflandiricisi, gok katmanl algilayici, J48, lojistik model
agacl, rastgele orman, Rep agaci ve bagging algortimalarini
kullanmiglardir. Gini indeksini kullanarak veri seti iizerinde
ozellik secimi yapmislardir ve en iyi sonucu %70.21 ile
rastgele orman ile elde etmislerdir [3]. Yu Mu ve
arkadaglari, yaptiklar1 c¢alismada makine Ogrenmesi
yontemlerinden 5 seviye k-en yakin komsu ve karar agact
algoritmalarint kullanmiglardir. 5 kat ¢apraz dogrulama ve
egitim dogrulama test veri kiimelerinin oranmi 3:1:1
yaparak en iyi sonucu %385 ile 5 seviye k-en yakin komsu
ile elde etmislerdir. Karar agacindan ise %79 sonucunu elde
etmiglerdir [4]. Zahra Hoodboy ve arkadaslar1 yaptiklari
¢alismada makine 6grenmesi yontemlerinden destek vektor
makinesi, k-en yakin komsu, XGBoost smiflandiricisi,
AdaBoost smiflandiricisi, rastgele orman, lojistik
regresyon, Gauss naive bayes smiflandirict ve karar agaci
yontemlerini kullanmislardir. k-fold ¢apraz dogrulama ve
sentetik azinlik asir1 drnekleme dengeleme teknigini
kullanarak en 1iyi sonucu %93 olarak XGBoost
smiflandiricist ile elde etmislerdir [5]. Shuojia Wang ve

arkadaslari, yaptiklari ¢alismada makine Ogrenmesi
yontemlerinden lojistik regresyon, destek vektér makinesi,
karar agaci, naive bayes siniflandiricisi, XGBoost

smiflandiricist  ve  rastgele orman  yontemlerini
kullanmiglardir. 10 kat capraz dogrulama ve ¢oklu
dogrusalligi  o6nlemek icin  degiskenlerin  Pearson

korelasyonunu test ederek en iyi sonucu %79 ile destek
vekor makinesi ile elde etmislerdir [6]. Prajina Edayath,
yaptig1 c¢aligmada makine Ogrenmesi yoOntemlerinden
lojistik regresyon, naive bayes smiflandiricisi ve rastgele
orman kullanmistir. Alakasiz 6zellikleri azaltmak i¢cin RFE
yontemini uygulayarak %62 ile uygulanan tiim yontemlerin
ayn1 sonucu verdigini goézlemlemistir [7]. Silas S. L.
Pereira ve arkadaslari, yaptiklart c¢alismada makine
O0grenmesi yontemlerinden rastgele orman, destek vektor
makinesi, ¢ok  katmanli  algilayici,  AdaBoost
smiflandiricisy, karar agact ve Gauss naive bayes
siniflandiricisint - kullanmiglardir.  Calismada  RFE
yontemini ve temel bilesen analizini (PCA) uygulayarak en
iyi sonucu %98 ile rastgele orman ile elde etmislerdir [8].
Literatiirde gerceklestirilen ¢alismalarmn listesi Tablo I’de
verildigi gibidir.

Bu c¢aligjmanin amaci; hamilelik esnasinda ortaya
c¢ikabilecek kanama veya enfeksiyon gibi risklerin basit
tetkik ve 6l¢limlerden olusturulabilecek verisetleri ve akilli
smiflandiricilar ile, bu komplikasyonlar yasanmadan 6nce
belirlenebilmesi i¢in makine Ogrenme yodntemlerinin
performanslarinin karsilastirilmasidir. Bu neden ile anne
saglig riski ile litertiirde var olan bir veri seti ve denetimli
O0grenme yontemleri olarak da bilinen siniflandiricilar
kullanarak hamilelikte anne sagligi riski iizerine bir
tahminleme yapmaktir. Bunun yani sira c¢aligmada
siniflandiricilarin performanslarinin karsilastirmasi
hedeflenmistir. En iyi performansi veren ydntemlerin
belirlenmesi, yapilan ¢alismalar {izerinde dogru sonuglar
elde ederek hayatimiza yon veren veren durumlar i¢in etki
etmesi agisindan énem arz etmektedir.

Anne sagligi lizerine literatiirde gerceklestirilen ¢caligmalar
incelendiginde doniisiim algoritmalar1 olarak PCA ve LDA

doniigiimii se¢iminin ¢ok tercih edilmedigi
sOylenebilmektedir. Bu ¢alismada PCA ve LDA
dontigiimiiniin ~ kullanimmm  modellerin  performansi

iizerinde olumlu bir etkiye sahip oldugu goriilebilmektedir.
Ozellikle LDA déniisiimiiniin  kullanim1 en yiiksek
dogruluk oranini elde etmeye yardimci olmustur. Bu oran
%385 ile karar agac1 ve K-en yakin komsu ile elde edilmistir.
Bu sebeple LDA doniistimiiniin siniflandirict yontemleri ile
birlestirilerek siniflandirma basarilarin arttirilabilecegi bu
caligma ile literatiire katki olarak sunulmustur..

548



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Sayfa 547-553

Tablo 1. Literatiir aragtirmasi dzet tablo

-AdaBoost smiflandiricisi
-Karar agaci

-Gauss Naive bayes
siniflandirici

SAYI | YAYINLA VERI SETI ALGORITMA OZNITELIK SONUC
YICI
1 Marzia -Dakka'daki -Karar agac1 -GridSearchCV -%98.51 ile Karar agac1
Ahmed ve hastaneler ve -Rastgele orman yontemi en iyi sonucu vermistir.
Mohammod | dogum -Destek vektor makineleri -Ki-kare testi
Abul kliniklerinden -Sirali minimum optimizasyon | -Bilgi kazanimi
Kashem, elde edilen bir -Lojistik regresyon -Kazang orani
2021 veri seti -Naive bayes siniflandiricisi -15 capraz katlama
-Ibk algoritmasi dogrulamast
-Lojistik model agact
2 Lokesh -Banglades’ -Karar agac1 -Gini indeksini ile | -%70.21 ile Rastgele
Pawar ve deki -Naive bayes siniflandiricisi ozellik se¢imi orman en iyi sonucu
Arkadaglari, | hastaneler ve -Cok katmanli algilayici -k-kat ¢apraz vermistir.
2022 dogum -J48 dogrulamaya
kliniklerinden -Lojistik model agact dayanan Robust
elde edilen -Rastgele orman Modeli
toplam 1014 veri | -REP agaci -%70 egitim %30
-Bagging algoritmasi test ve %60 egitim
%40 test olarak iki
senaryo
3 Yu Mu ve -75542 ¢iftin gok | -5 layer k-en yakin komsu -5 kat capraz -%8S5 ile 5-layer k-en
Arkadaslari, | boyutlu gebelik -Karar agac1 dogrulama yakin komsu en iyi
2018 oncesi saglik -Egitim dogrulama | sonucu vermistir.
verileri test veri
kiimelerinin orani
3:1:1°dir.
4 Zahra -California -Destek vektor makinesi -K-Fold Capraz -%93 ile XGBoost
Hoodbhoy Universitesi -K-en yakin komsu Dogrulama smiflandirici en iyi
ve Irvine Machine -XGBoost siniflandirici -Sentetik Azinlik sonucu vermistir.
Arkadaglari, | Learning -AdaBoost siniflandiric Asir1 Ornekleme
2019 Repository'den -Rastgele orman Dengeleme
elde edilen -Lojistik regresyon Teknigi (SMOTE)
gebeligin ticiincli | -Gauss Naive bayes
trimesterinde smiflandiricisi
olan 2126 gebe -Karar agaci
kadindan olusa
veri seti
5 Shuojia -2015-2017 -Lojistik regresyon -10 kat gapraz -%79 ile destek vektor
Wang ve yillar1 arasinda -Destek vektor makinesi dogrulama makinesi en iyi sonucu
Arkadaglari, | Weill Cornell -Karar agaci -Dogrusalligt vermistir.
2019 Medicine ve -Naive bayes siniflandiricisi 6nlemek i¢in
NewYork -XGBoost siniflandirict Pearson
Presbyterian -Rastgele orman korelasyonu
Hospital’den
alinan veri seti
6 Prajina -NIH All of -Lojistik regresyon -RFE yontemi -%062 ile biitiin ayn1
Edayath ve | Us’un elektronik | -Naive Bayes siniflandiricisi -Boyutsallik sonucu vermistir.
Arkadaglart, | saglik -Rastgele orman indirgemesi
2022 kayitlarinda -Veri seti 60°a 40
hamile olarak ayrilmis
kadinlardan
alinan veriler
7 Silas S. L. -Anonimles -Rastgele orman -RFE yontemi -%98 ile rastgele orman
Pereira ve tirilmis bir veri -Destek vektor makinesi -Temel Bilesen en iyi sonucu vermistir.
arkadaglari seti -Cok katmanl algilayici Analizi (PCA)
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Materyal ve Metot
Veri Setinin Elde Edilmesi

Caligmada Marzia Ahmed isimli aragtirmacinm sundugu
The UCI (University of California, Irvine) Machine
Learning Repository web sitesinden alinan “Maternal
Health Risk Dataset” [9] adli veri seti kullanilmigtir.
Veriler, Baglades’in kirsal bolgelerinden IoT tabanli risk
izleme sistemi araciligiyla farkli hastanelerden, toplum
kliniklerinden ve anne saglig1 hizmetlerinden toplanmustir.
Veri seti 1014 6rnek ve 7 dznitelikten olugmaktadir. Veri
setinde ii¢ etiket bulunmaktadir. Bunlar yiiksek risk, diisiik
risk ve orta risk seklindedir. Tablo 2’de, veri setinde
kullanilan 6znitelikler ve aciklamalari gosterilmistir.

Tablo 2. Oznitelik tablosu

Sl\l;;)a Oznitelik Aciklama Deger
1 Age (Yas) ?;?;?Liﬁi??lehk Niimerik
SistolikBP g:;l l.’asmcmmH
2 (Biiytik . §1y0n) mmHe Niimerik
Tansiyon) cmvsm.d(?n us.t .
degerini belirtir.
DiastolikBP gan ‘pasmcmlnH
3| (Kiigiik ansiyon) mmHg |\
Tansiyon) cmvsm.d(?n a1.t .
degerini belirtir.
Kan sekeri
seviyelerini molar
4 };esk(elze)m konsantrasyon Niimerik
(mmol/L) cinsinden
belirtir.
Dakikadaki atis
5 HeartRate cinsinden normal Niimerik
(Kalp Atim1) | dinlenme kalp atig
hiz1.
Anne viicut
BodyTemp sicakligini belirtir.
6 (Viicut Fahrenheit Niimerik
Sicaklig1) cinsinden
verilmistir.
Onceki dzellikleri
Risk Level dikkate alinarak
7 (Risk gebelik sirasinda Kategorik
Diizeyi) ongoriilen risk
yogunlugu diizeyi
Oznitelik Secimi

Makine O&grenmesi yontemlerini etkin bir sekilde
kullanabilmek icin 6n verilerin islenmesi esastir. Oznitelik
se¢imi, veri 6n analizinde en sik kullanilan ve Onemli
tekniklerden biridir [10]. Bu c¢alismada doniisiim olarak
Temel Bilesenler Analizi ve Dogrusal Diskriminant Analizi
kullanilmistir. PCA veri kiimelerinin boyutunu azaltarak
yorumlanabilirligi arttirmak ve ayni zamanda bilgi kaybini
en aza indirmek amaciyla kullanilan bir tekniktir. Varyansi
art arda maksimize eden yeni ilintisiz degiskenler
olusturarak bilgi kaybini en aza indirir. LDA veri setindeki

degiskenlerin iki veya daha fazla gergek gruba ayrilmasimi
saglamak i¢in kullanilan analizdir. Bu yontemi kullanarak,
p Ozelligi bilinen birimleri gercek gruplarina optimal
diizeyde atayacak fonksiyonlar bulunabilir [11]. Caligmada
PCA ve LDA doniisiimleri kullanilarak smiflandirma
performanslari kargilagtirilmagtir.

Siniflandiricilarin Uygulanmasi

Caligmada denetimli 6grenme siniflandiricilarindan lineer
regresyon, destek vektdr makineleri, karar agaci, rastgele
orman, ¢ok katmanli algilayici, naive bayes siniflandiricist,
k-en yakin komsu ve XGBoost smiflandiricisi
kullanilmigtir ve agsagida tanimlamalar1 verilmistir.

Lineer regresyon, x ve y degiskenleri arasindaki iliskinin
dogrusal bir sekilde yayildigi istatistiksel bir yontemdir. Bu
yontemde giris verisi bagimsiz x degiskeni ve ¢ikis verisi
ise x'e bagimli bir y degiskeni olarak adlandirilir. Yalnizca
bir x degiskenine bagli olan y degiskeni, bagiml degisken
olarak bilinir [12]. Destek vektor makineleri, siniflandirma
ve regresyon analizi yapabilen denetimli Odgrenme
modellerinden biridir. Egitim veri setindeki her &ge, bir
vektoriin bir tarafinda veya diger tarafinda isaretlenir.
Egitim, yeni bir 6rnek i¢in iki siniftan birini belirleyen bir
model olusturur. Bu siniflandiricinin temel amaci ikili bir
dogrusal simif olusturmaktir [13]. Karar agaci, bir kok
diiglimii ve her biri bir girdi alan i¢ diiglimlerden olusan
yonlii bir agagtir. ¢ diigiimler, girdi 6zelliklerine gore
veriyi bolme kararlarini alir. Test diigiimleri, ¢iktilar1 bir
baska diigiime girdi olarak alan ve belirli bir kurala gére
veriyi siniflandiran veya tahmin eden diiglimlerdir. Yaprak
digiimleri ise sonug ¢iktilar1 veren ve bagka bir diigiime
bagli olmayan diigiimlerdir [14]. Rastgele Orman bir agac
olustururken her diigiimde tiim degiskenler arasindan en iyi
dali kullanmak yerine, o diigiim i¢in rastgele bir alt kiime
secerek en iyl dala gore dallara ayirma islemini
gerceklestirir. Bu sekilde, her agag farkll bir alt kiime ile
olusturulur ve sonugcta olusturulan tiim agaclarin tahminleri
birlestirilerek smiflandirma yapilir [14]. Cok katmanlt
algilayicilar t¢ farkli katmandan olusmaktadir. Bunlar,
gelen bilgilerin 6grenme iglemi i¢in kullanildigi ve gizli
katmana iletildigi girdi katmani, &grenme isleminin
gergeklestirildigi bir veya birden ¢ok gizli katman ve bilgi
¢ikiginin saglandigi ¢ikis katmanidir. Bu katmanlar ileri
beslemeli-geri yayilimli algoritmalarin etkili bir sekilde
kullanilmasina olanak tanir [15]. Naive Bayes
Sinflandirici, veri setindeki verilerin siniflandirilmasini
olasilik hesaplart yardimiyla gerceklestirir. Her bir veri
elemant i¢in ayr1 ayri1 tiim olasiliklart hesaplar ve en yiiksek
olasilik degerine sahip sinifa gore simiflandirma yapar [16].
K-En Yakin Komsu, bir verinin kendisine en yakin
komsularinin  kimligini kullanarak siniflandirma veya
regresyon yapar. K, komsu sayisim belirten bir
parametredir ve dogru bir siniflandirma i¢in dogru K
degerinin  secilmesi  Onemlidir  [17]. XGBoost
smiflandiricisi, agac giiclendirme mantigina
dayanmaktadir. Hizli islem yetenegi ve yiiksek performansi
nedeniyle yiiksek basarimda sonuglar veren bir makine
6grenmesi yontemidir[18].
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Uygulamada biitiin siniflandirma islemleri i¢in Google
Colaboratory [19] iizerinden Python [20] kodlar
kullanilmistir. Veri seti egitim ile test olmak iizere tiim
modeller i¢in %75’e %25 olarak ayrilmistir ve her zaman
ayn1 ayrimi yapmast i¢in verisetindeki egitim ve test verileri
sabit tutulmustur. Daha sonra min-max standardizasyon
islemi uygulanmigtir. Egitim ve test veri setleri standardize
edildikten sonra, denetimli O6grenme smiflandiricilart
kullanilmistir.

Veri setine uygulanacak olan doniisiimler uygulanmadan
once boyut sayisi belirleme islemi yapilmistir. Temel
bilesenler analizi ic¢in agiklanan varyans degerlerine
bakilarak boyut sayisi 2 olarak belirlenmis ve LDA
doniisiimii i¢in de ayni deger kullanilmistir. Sekil 1’de en
yliksek varyans degerine sahip ilk 5 6znitelik gosterilmistir.
PCA ve LDA doniistimleri tarafindan doniistiiriilen veri
setinde; egitim veri seti 760 satir ve 2 siitun, test veri seti de
254 satir ve 2 siitundan olusmaktadir. Uygulamada 6nce
doniisiimsiiz model performanslari belirlenmis daha sonra
PCA ve LDA doniisimleriyle elde edilen model
performanslari belirlenerek karsilagtirma yapilmistir.

25
20

15

1‘0 II
0 1 2 3 4 5

Sekil 1. Agiklanan varyans degerleri

=}
&

Sonuc¢lar

Caligmada, her bir yontem igin 6nce doniisiim yapilmadan
dogruluk oranma daha sonra da PCA ve LDA doniisimii
uygulanarak dogruluk oranlart hesaplanmistir. Kullanilan
yontemlerde optimum hiperparametreler deneysel olarak
belirlenmis ve smiflandiricilarin basarilar
karsilagtirilmigtir.

Anne saghgr riski veri setine; lineer regresyon (LR)
uygulandiginda, dogruluk oran1 %62 olarak elde edilmistir.
PCA doniisiimii kullanildiginda dogruluk oran1 %60 olarak
bulunmustur. LDA doniistimii kullanildiginda ise dogruluk
orant %61 olarak elde edilmistir. Destek vektdr makineleri
(DVM) uygulandiginda, kernel fonksiyonu olarak rbf
modeli ile gamma = 31, C = 9 degerleri se¢ildiginde en iyi
dogruluk oran1 %78 olarak bulunmustur. Ayn1 parametreler
ile PCA doniisiimii kullanildiginda dogruluk orani %77
olarak bulunmustur. LDA donisiimii kullanildiginda ise
dogruluk orani1 %77 olarak elde edilmistir. Karar agaci
(KA) uygulandiginda, “gini” parametresi kullanilarak en iyi
dogruluk oran1 %79 olarak bulunmustur. Ayni parametre ile
PCA doniisiimii kullanildiginda dogruluk oran1 %81 olarak

bulunmustur. LDA doniisiimii kullanildiginda ise dogruluk
orant %85 olarak elde edilmistir. Rastgele orman (RO)
uygulandiginda, agag¢ sayist 31 segilerek en iyi dogruluk
orant %84 olarak bulunmustur. Ayni parametre ile PCA
dontisiimii kullanildiginda dogruluk orani %82 olarak
bulunmustur. LDA déniisiimii kullanildiginda ise dogruluk
orani %84 olarak elde edilmistir. Cok katmanl algilayicilar
(CKA) uygulandiginda, 3 tane gizli katman ile aktivasyon
fonksiyonu “relu” ve agulik optimizasyonu ‘“adam”
secildiginde dogruluk oran1 %78 olarak bulunmustur. Ayni1
parametreler ile PCA doniisiimii kullanildiginda dogruluk
orant %67 olarak bulunmustur. LDA doniisimi
kullanildiginda ise dogruluk orami %72 olarak elde
edilmistir.  Naive  Bayes (NB)  siniflandiricist
uygulandiginda, dogruluk orani %62 olarak elde edilmistir.
PCA doniisiimii kullanildiginda dogruluk oran1 %55 olarak
bulunmustur. LDA déniisiimii kullanildiginda ise dogruluk
orani %64 olarak elde edilmistir. K-en yakin komsu (KNN)
uygulandiginda, k=1 segildiginde en iyi dogruluk oranm
%76 olarak bulunmustur. Ayni parametre ile PCA
dontisiimii kullanildiginda dogruluk orani %82 olarak
bulunmustur. LDA doniisiimii kullanildiginda ise dogruluk
orant %85 olarak elde edilmistir. XGBoost (XGB)
smiflandirict uygulandiginda, degerlendirme 6lgiitii olarak
“mlogloss” se¢ildiginde en iyi dogruluk orani %78 olarak
bulunmustur. Ayn1 parametre ile PCA doniisiimii
kullanildiginda dogruluk orani %67 olarak bulunmustur.
LDA doniisiimii kullanildiginda ise dogruluk oranmi %72
olarak elde edilmistir. Elde edilen sonuglar Tablo 3’te
verildigi gibidir.

Tablo 3. Siiflandiriclarin test veri seti dogruluk oranlari

TRl
LR %62 %60 %61
DVM %78 %77 %77
KA %79 %81 %85
RO %084 %82 %84
CKA %78 %67 %72
NB %62 %55 %64
KNN %76 %82 %85
XGB %78 %67 %72

Calismada kullanilan siniflandiricilar arasinda uygulanan t-
testi sonucglarinda p degeri 0.05°den kiiciik hesaplanmugtir.
Bu smiflandiricilarin dogruluk oranlarinin birbirleri ile
arasinda  istatistiksel  olarak  anlamli  oldugunu
gostermektedir (p < 0,05).

Tartisma ve Oneriler

Siniflandiricilarin performanslart incelendiginde, rastgele
orman %84 ile en yiiksek dogruluk oranina sahip oldugu
goriilmektedir. Benzer bir ¢aligma yapan Lokesh Pawar ve
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arkadaslari [3] en iyi sonucu %70.21 ile rastgele orman ile
elde etmislerdir. Ayn veri seti ile ¢aligma yapan Marzia
Ahmed ve Mohammod Abul Kashem [2] ise en iyi sonucu
%098.51 ile karar agaci ile elde etmislerdir. Ayni veri setine
ayni siniflandiricilar uygulandiginda elde edilen sonuglarin
farkli olmasinin en 6nemli nedeni egitim ve test verilerinin
boliinmesinde farkli yontemlerin kullanilmis olmasidir.

Siniflandiricilarin - test veri seti dogruluk oranlarina
bakildiginda destek vektér makinasinin en yliksek %78
oranin1  verdigi gorlilmektedir. Shuojia Wang ve
arkadaglar [6] en yiiksek dogruluk oranint %79 ile destek
vektor makinesi ile elde etmiglerdir.

PCA donisiimi  kullanilarak  yapilan tahminleme
sonuglarma gore en yiiksek dogruluk oranmin %82 ile
rastgele orman ve K-en yakin komsu oldugu
goriilmektedir. Ayn1 doniisiimii kullanarak ¢alisma yapan
Silas S. L. Pereira ve arkadaslar1 [8] en yiliksek dogruluk
oranin1 %98 ile rastgele orman ile elde etmislerdir. Burada
Oznitelik secimi sonrasinda elde edilen 6znitelik sayilari
smiflandirma basarisin1  etkileyen faktorlerin  basinda
gelmektedir.

LDA dontisimi kullanilarak yapilan tahminleme
sonuglaria gore ise en yiiksek dogruluk oraninin %385 ile
karar agaci ve K-en yakin komsu ile elde edildigi
goriilmektedir. Yu Mu ve arkadaslart [4] yaptiklar
calismada en iyi sonucu %385 ile K-en yakin komsu ile elde
etmislerdir. Zahra Hoodboy ve arkadaglar [5] yaptiklari
calismada en 1iyi sonucu %93 olarak XGBoost
smiflandiricisindan elde etmislerdir. Bu c¢alisma igin

dogruluk  oranlarina  bakildiginda ise  XGBoost
smiflandiricisinin - en  yiikksek %78 oranmi  verdigi
goriilmektedir.

Calismada test veri seti dogruluk oranlarina gore lojistik
regresyon %62 ile en diisiik dogruluk degerini vermistir.
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The Performance-Oriented Mobility Assessment (POMA) test is a commonly used evaluation tool in
rehabilitation and physical therapy to assess an individual's mobility and functional movements. It helps
identify areas for improvement by assessing the ability to perform various activities. Experts who are
trained in using the POMA test conduct the evaluation, but the results may vary depending on the
evaluator. Different evaluators may have different approaches, and even the same evaluator's assessment
may differ over time. These variations can affect the reliability of the POMA score. In contrast, gait
analysis provides an objective and more reliable way to assess mobility.

In this study, the goal was to predict the gait measurements obtained from the gait portion of the POMA
test (POMA-G) using objective spatiotemporal gait parameters. The dataset used for analysis included gait
parameters from 44 older adults. The POMA-G scores were rated by two physiotherapists, one of whom
was an expert while the other had less experience but was familiar with the test. The study focused on the
performance of machine learning based models, including Sequential Minimal Optimization (SMO), K-
nearest neighbor(KNN), and Random Forest (RF), in predicting POMA-G scores. The models were trained
with selected gait parameters. Results indicated that SMO exhibited the highest R-squared (R?) values of
0.5676, reflecting its superior predictive capabilities. Moreover, the Intra-class Correlation Coefficients
(ICCs) for SMO and RF were found to be 0.859 and 0.891, highlighting their exceptional reliability in
mobility assessments. The study also examined the reliability of the physiotherapists' assessments and

* Corresponding author A
P € proposed prediction models.

Introduction

The Performance-Oriented Mobility Assessment (POMA)
test is a component of the Tinetti Mobility Test (TMT) and
is commonly used in rehabilitation and physical therapy to
evaluate an individual's functional movements and
activities [1]. It assesses mobility and helps identify areas
for improvement. POMA involves various functional tasks,
such as walking, climbing stairs, standing on one leg, and
reaching for objects [2]. These tests provide valuable
information to healthcare professionals for developing
personalized treatment plans, tracking progress over time,
and assessing the effectiveness of interventions [3]. The
scoring criteria for each POMA test may vary, and results
are interpreted by healthcare professionals with expertise in
mobility impairments [4].

Gait analysis is utilized in biomechanics and physical
therapy to study human body movement during walking [5].
It involves using tools and techniques like video cameras,
motion capture systems, and specialized software to collect
data on gait patterns [6], [7]. Gait analysis provides a
detailed picture of joint angles, muscle activity, and other
parameters, allowing identification of deviations from a
normal gait pattern [8]-[10]. It is particularly useful for
individuals with conditions like cerebral palsy or

Parkinson's disease, where gait abnormalities can impact
mobility [11], [12]. By analyzing these deviations,
healthcare professionals can develop personalized
treatment plans to improve gait and mobility.
Spatiotemporal ~ gait  parameters, which include
measurements like stride length and cadence, are important
for analyzing gait patterns and guiding interventions [13].

POMA evaluations are typically conducted by trained
experts to assess mobility and balance. However, the
variability in evaluation approaches and individual
differences among experts may lead to variations in POMA
scores, affecting reliability. In contrast, gait analysis
employs objective measurement devices to assess gait
parameters, providing more reliable results.

The objective of this study is to predict gait measurements
obtained in the POMA test (POMA-G) using objectively
obtained spatiotemporal gait parameters. A dataset from [1]
is utilized, including gait parameters from 44 older adults
(37 women and 7 men) with an average age of 69.98 years.
Participants' gait is recorded using three cameras as they
walk in a straight line [14]. POMA-G scores are rated by
two physiotherapists, one with extensive experience
administering the test daily for the past five years and the
other familiar with the test but administering it only once a
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year. The physiotherapists evaluate participant videos
twice, with a week-long interval between viewings.

It is proposed in this study to integrate machine learning
algorithms including Sequential Minimal Optimization
(SMO), K-nearest neighbor (KNN), and Random Forest
(RF), to predict POMA-G scores. These algorithms serve as
the predictive models, with the ultimate goal of enhancing
the accuracy and objectivity of mobility assessments. Two
feature selection methods, Relief and Correlation-based
Feature Selection, are applied to the dataset to enhance the
predictive performance of these machine learning models
[15]. In addition to predicting POMA-G scores, this study
also assesses the reliability of expert assessment and the
proposed prediction models.

The following enumeration summarizes the contributions
made by this study to the field.

* The study hints at the possibility of automating mobility
assessments by leveraging objective data from gait analysis.
This contribution points to a future where assessments can
be more objective and less prone to subjectivity.

o The research pioneers the application of predictive
models to advance the field of mobility assessment. By
using machine learning algorithms to predict POMA-G
scores from spatiotemporal gait parameters, it introduces a
novel and promising approach to evaluating an individual's
functional movements and activities.

* The study contributes to the field of rehabilitation and
physical therapy by demonstrating the feasibility of
predicting POMA-G scores, which evaluate an individual's
functional movements and activities, based on
spatiotemporal gait parameters obtained from gait analysis.

* The research evaluates the reliability of prediction
models by comparing ratings given by expert and amateur
physiotherapists. This contribution highlights the
importance of assessing the consistency of human
evaluators.

The remainder of the paper is organized as follows:

In the second section, the materials and methods are
elaborated. The third section presents the results and
findings obtained from the study. In the fourth section, a
comprehensive discussion of the results is provided. The
paper concludes in the fifth section, summarizing the key
insights and implications drawn from this research.

Materials and Methods

In this section, we provide an overview of the methods and
data that were used in the experimental studies. The dataset
utilized in these experiments is described in detail below. In
order to estimate POMA-G score values, three different
machine learning algorithms were employed: SMO, KNN,
and RF. Additionally, various feature selection techniques
were applied to enhance prediction accuracy. Specifically,
these methods were used to identify and select the most
relevant features from the dataset, which were then
incorporated into the model training process.

5 v
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N "

Figure 1. The location of the cameras that were used to record
the movements of the participants during the optoelectronic
motion-capture trials[1].

Table 1. Spatiotemporal gait parameters provided in the

dataset.

Gait Parameters

Left Cadence Right Cadence

Left Foot Off Right Foot Off

Left Walking Speed Right Walking Speed

Left Single Support Right Single Support

Left Stride Time Right Stride Time

Left Double Support Right Double Support

Left Step Time Right Step Time

Left Stride Length Right Stride Length

Left Opposite Foot Off Right Opposite Foot Off

Left Step Length Right Step Length

Left Opposite Foot Contact Right  Opposite  Foot
Contact

Left Step Width Right Step Width

Left Limp Index Right Limp Index

Gait Duration After Data
Crop

Dataset

In this study, the dataset provided by [1] is used in the
experiments. The study presents a dataset of five parts that
focuses on the gait analysis of healthy older adults (37
women and seven men; the average age of 69.98 years,
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average body mass index of 27.71). Spatiotemporal gait
parameters were collected using a Vicon motion analysis
system operating at 100 Hz. The optical motion capture
system consisted of seven Vantage V5 cameras arranged in
a rectangular area measuring 15 meters in length and 6
meters in width. The cameras were mounted on tripods at a
height of 1.90 meters above the floor and were configured
to sample at a rate of 100 Hz. In addition to the optical
motion capture system, three RGB cameras were placed as
shown in Figure 1 to capture video footage of the
participants walking while wearing reflective markers.

Both the Vicon system and the RGB cameras recorded the
participants’ movements simultaneously. Spatiotemporal
gait parameters obtained from the optical motion capture
system are presented in Table 1.

Physiotherapists administered the Short Physical
Performance Battery (SPPB) [13], Gait component of the
Performance Oriented Mobility Assessment (POMA-G)
[2], and the Mini-Mental State Examination (MMSE) [14]
tests to 44 participants. Two physiotherapists independently
evaluated videos of the test subjects. One of the
physiotherapists was an expert who had administered the
test daily for the past five years, while the other was familiar
with the test but had only administered it once a year. Both
physiotherapists evaluated the videos twice, with a week in
between each evaluation.

To sum up in the dataset, the records were obtained from 44
adult individuals during five separate sessions, and from
each of these records, 27 gait parameters as provided in
Table 1 were extracted, resulting in a dataset of dimensions
(44x5%27). One of these records was used for training the
models, while the remaining were utilized for testing the
trained models and conducting the reliability analyses.
Additionally, POMA-G scores, collected from both expert
and amateur physiotherapists during two sessions (44x2x2)
for each adult individual, are also provided in the dataset.

i)Prediction Methods

SMO, KNN, and RF methods have been used to predict
POMA-G scores.

Sequential Minimal Optimization (SMO) is an algorithm
for training Support Vector Machines (SVM). It works by
breaking down the larger problem of training an SVM into
smaller sub-problems that are easier to solve [16]. As in this
study, it is common to utilize SVMs to train models for
regression problems in order to predict continuous output
values. SMO works by breaking down the problem of
training an SVM into a series of smaller sub-problems.
These sub-problems are easier to solve than the original
problem, and they can be solved iteratively. The overall
goal of SMO is to find the values of the SVM’s parameters
(alpha) that will result in the best possible model. To do this
first selects two alpha values to optimize, then solve for the
optimal values of these alpha values using a method called
quadratic programming. Once these values have been
found, the algorithm moves on to the next pair of alpha
values and repeats the process. This continues until all of
the alpha values have been optimized, resulting in a trained

SVM model. In experimental studies, the model has been
trained using a polynomial kernel function.

K-nearest neighbors (KNN) is a non-parametric, instance-
based supervised learning method used for classification
and regression [17]. In the classification setting, the KNN
algorithm works by identifying the K number of training
examples that are closest in distance to the test example, and
then classifying the test example based on the most
common class among those K training examples. In the
regression setting, the KNN algorithm makes predictions by
averaging the K nearest training examples. In the
experimental studies, the parameter 'k' was taken as 3 and
the Euclidean function was used to calculate the distances
between samples.

Random Forest (RF) algorithm was introduced by
Breiman and has been shown to be effective in a variety of
classification and regression tasks [18]. It has gained
widespread popularity due to its versatility and
performance. It is an ensemble learning method that uses
multiple decision trees to make predictions [19]. In the
experimental studies, the number of trees in the forest was
set as 100.

ii)Feature Selection Methods

Two feature selection methods, namely Relief and
Correlation were applied to the dataset. The selected
features resulting from these methods are presented in Table
2. The following subsections provide a brief explanation of
these methods.

Relief feature selection method [20] was proposed by Kira
and Rendell in 1992. Relief works by identifying features
that are different from one another in the data. It does this
by analyzing how well a feature can predict the class of an
instance. The idea is that features that are highly predictive
of the class are more important, and should be kept in the
model [21].

To calculate the importance of a feature, Relief looks at
pairs of instances in the data. For each pair, it calculates the
difference in the feature values for the two instances. If the
feature values are different, the feature is considered
important for distinguishing between the two instances. The
more pairs of instances that a feature can distinguish
between, the more important it is considered to be.

Correlation-based Feature Selection (CFS) is an
algorithm to evaluate the worth of each attribute in a dataset.
The CFS algorithm calculates the correlation between each
attribute and the class attribute, as well as the inter-
correlation between each pair of attributes, and uses this
information to select a subset of attributes that are highly
correlated with the class attribute and are not highly
correlated with each other [22]. CFS algorithm can be used
in conjunction with a search algorithm, such as best first or
Genetic Search, to find the optimal subset of attributes that
should be included in the analysis. This can be useful for
improving the accuracy of predictive models and for
reducing the dimensionality of the data, which can speed up
the learning process.
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Table 2. Selected gait parameters with Relief and
Correlation feature selection methods.

Relief Correlation

Left Single Support Right Stride Length
Right Single Support Left Step Length
Right Foot Off Left Stride Length

Left Stride Time
Left Step Time

Right Step Length
Right Walking Speed

Left Cadence Left Walking Speed

Right Stride Time Right Single Support

Right Step Time Right Cadence

Right Cadence Left Cadence

Right  Opposite ~ Foot  Left Single Support
Contact

Right Double Support

Gait Duration after data
crop

Experimental Results

In this section, the prediction of POMA-G scores from
spatiotemporal gait parameters and the reliability analyses
of POMA-G measurements are performed. The Python
programming language is employed to perform reliability
analyses, data  organization, preprocessing, and
visualization of results. Additionally, the Weka software
[23] is utilized for training predictive models, conducting
tests, and selecting features.

The SMO, KNN, and RF methods are utilized to predict
POMA-G scores. The prediction methods are trained using
the dataset described in Section 2.1, and 10 fold cross-
validation is employed to prevent over-fitting during the
training phase. Five records are collected for each
participant, and spatiotemporal parameters are extracted
from each of these records. The parameters obtained from
one of the five records are used to train the models, while
the parameters from the remaining records are used to test
the trained models. The reliability of the models is assessed
by using the values obtained during the testing process.

The intra-class correlation coefficient method [24] is
employed in the reliability analysis. Amateur and expert
physiotherapists assessed the POMA-G scores in two
sessions using the same video recording for each
participant. The reliability of the physiotherapists and the
prediction models was determined by calculating the intra-
class correlation coefficients for each.

Quality Metrics

The performance of the prediction models was evaluated
using three common metrics: root mean squared error
(RMSE), mean absolute error (MAE), and R-squared (R?).
The intra-class correlation coefficient is used in the

reliability analyzes of the measurements. These metrics
have been widely utilized in previous researches.
Explanation and the corresponding formulas for all the
metrics employed in the study are provided in this section.

RMSE is a measure of the difference between the predicted
values and the true values in a dataset. It is commonly used
to evaluate the performance of a model in predicting
continuous variables, such as in regression analysis. It is
calculated as the square root of the average of the squared
differences between the predicted values and the true
values. Lower values of RMSE indicate a better fit between
the predicted values and the true values.

RMSE = |35, - y,)? (1

MAE is used to evaluate the accuracy of a model’s
predictions like RMSE. However, while RMSE is the
square root of the average squared difference between the
predicted and true values, MAE is simply the average
absolute difference between the predicted and true values.
This means that MAE is less sensitive to outliers than
RMSE, as the absolute difference is not squared.

MAE = ¥, |9 — yil 2)

R-squared (R?), also known as the coefficient of
determination, is a statistical measure that represents the
proportion of the variance in the dependent variable that is
explained by the independent variables in a regression
model. It is a value between 0 and 1, where a value of 0
indicates that the model explains none of the variance in the
dependent variable, and a value of 1 indicates that the model
explains all of the variances in the dependent variable.

9:—y:)2
RZ — 1 _Z(yl yl) (3)

YFi-yi)?

The intra-class correlation coefficient (ICC) is a measure of
the consistency of observations within a group. It is used to
evaluate the reliability of measurements taken by different
raters or judges. The formula for the ICC is:

2
B
k

ICC = — )

e Sy’ is the between-group variance

e ks the number of groups

e Sw?is the within-group variance

e nis the total number of observations

The ICC can take on values between 0 and 1. A value of 0
indicates that there is no consistency among the
observations within each group, while a value of 1 indicates
perfect consistency.

Results

In this section, the validity and reliability of the proposed
models are evaluated using several metrics. To assess the
validity of the prediction models, the R%Z, MAE, and RMSE
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are calculated. A low MAE and RMSE value suggests a
more accurate prediction, as it reflects a lower error in the
prediction. In contrast, a higher R? value indicates a stronger
correlation, which indicates a better prediction. The
reliability of the models is assessed using the ICC. The ICC
is also calculated for the ratings made by physiotherapists
to compare the reliability of the ratings made by the
proposed models.

Table 3. Comparison of the prediction results of models
trained using all features versus those trained using the

features selected by the relief and correlation feature
selection methods.

R? MAE RMSE

SMO 04575 0.7058  0.8607

All Features ~ KNN 03792 0.6752  0.8557
RF 0.4745 05797  0.7695

SMO  0.5676  0.5670  0.7263

Correlation KNN  0.4406  0.6325  0.7989
RF 0.4576  0.6154  0.7904

SMO 03739 0.6483  0.8676

Relief KNN  0.2725 0.6838  0.8705
RF 0.4614  0.5821  0.7760

Spatiotemporal gait parameters were obtained from a single
recording session used to train prediction models. The
POMA-G scores, as rated by an expert physiotherapist,
were used as the ground truth. To prevent overfitting, 10-
fold cross-validation method was employed. Three
methods, namely SMO, KNN, and RF, were used to predict
the POMA-G score. Two different feature selection
methods, relief, and correlation feature selection were used
to identify the features with the highest correlation to the
predicted POMA-G score in order to improve the prediction
accuracy. Upon application of feature selection techniques
to the original dataset, two additional datasets were created
in addition to the original dataset. The prediction methods
were trained on these datasets independently, and the
performance results for each method were calculated
individually.

The prediction results are presented in Table 3. To improve
comprehension of the results, the data from this table is also
depicted in Figure 2 and 3. These figures allow for a visual
comparison of the prediction models in Figure 2, and the
feature selection methods in Figure 3.

ICC is a commonly used measure of reliability, particularly
for data collected by multiple raters. The ICC scores
provided in Figure 4 suggest that expert physiotherapist has
higher reliability in their ratings compared to the amateur
physiotherapist, as their ICC score is closer to 1.

Discussion

The figures and results presented in Table 3 show that the
SMO prediction method combined with the Correlation

feature selection method achieved the best R? (0.5676),
MAE (0.5670), and RMSE (0.7263) values. In terms of R?,
KNN performed poorly on all datasets compared to the
other prediction methods. When comparing SMO and RF,
SMO produced better results only when the correlation
feature selection method was used. Although the best result
among all experiments was obtained with the SMO method,
the prediction model comparisons presented in Figure 2
show that Random Forest (RF) gave the best result in 6 out

of 9 experiments.
Al
AE

0,9

05
04
03
0,2
0,1
0
All All
R2

Correlation  Relief Correlation  Relief Correlation  Relief
M

mKNN =RF mSMO

RMSE

Figure 2. Comparison of the prediction models
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0,6
05
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03
0,2
01

0

KNN RF SMO  KNN RF SMO  KNN RF sMO

R2 MAE
mAll ® Correlation

RMSE
Relief

Figure 3. Comparison of the feature selection methods.

The mean absolute error (MAE) and root mean square error
(RMSE) are both measures of the average magnitude of the
error in the model’s predictions. Lower values for both
metrics indicate that the model’s predictions are closer to
the true values. Except for Correlation feature selection, RF
mostly has lower values for MAE and RMSE than the other
two algorithms, indicating that it has lower prediction errors
on average. When the correlation feature selection method
was applied to the dataset, the lowest MAE and RMSE
results were obtained with the SMO prediction method.

When feature selection is applied, the correlation-based
feature selection method improves the performance of all
models except RF prediction. On the other hand, the Relief
feature selection method does not help much to improve the
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performance of the models, and all models’ performance
decreased compared to the model trained with all features
except the MAE metric of SMO. It can be seen that with
correlation-based feature selection, SMO algorithm
improves significantly in terms of R?2, MAE and RMSE,
which indicates it’s a better choice than the other two
algorithms.

1,0

0,9

0,8
0,7
0,6
05
0,4
03
0,2
0,0

AMATEUR EXPERT KNN RF SMo

mIcC 0,201 0,391 0,810 0,891 0,859
Figure 4. ICC results for the proposed methods’ prediction and

physiotherapists’ ratings.

Based on the Table 3, it seems that the RF algorithm
performs generally better than the other two algorithms.
When all features are used, the RF algorithm has the highest
R? value of 0.4745 and the lowest mean absolute error
(MAE) of 0.5797, indicating that it has the best overall fit
to the data and the lowest prediction errors on average.
Additionally, the RMSE of 0.7695 for RF is also lower than
the others, indicating that its predictions are less dispersed
around the true value. When the correlation-based feature
selection method is applied to the dataset, there is an
increase in the performance of KNN and SMO. However,
when the relief feature selection method is applied it hurts
the performance of all the models. Although the relief
feature selection method reduces the performance of the
model, the performance of RF is still better than the other
two models.

When the results in Figure 4 are analyzed, it is seen that
there is a moderate level of agreement (0.391) between the
ratings given by the experts. The ICC scores for the
prediction models, KNN, RF, and SMO, all have much
higher ICC scores than the amateur and expert
physiotherapists. KNN and SMO have ICC scores of 0.810
and 0.859 respectively, indicating high levels of agreement
among the predictions made by the models. Similarly, RF
has an ICC score of 0.891, also indicating a high level of
agreement among the predictions.

In summary, the ICC values reveal the following:

Amateur and expert groups have lower ICC values,
indicating less consistency in measurements within these
groups.

KNN, RF and SMO prediction methods have high ICC
values, indicating a high degree of agreement and reliability
in their predictions in different situations.

ICC values are valuable for assessing the consistency and
reliability of measurements or predictions, which is
important for understanding the quality and stability of
measurements.

Conclusion

This study shows the use of spatiotemporal gait parameters
obtained from gait analysis to predict scores on the gait
portion of the POMA-G test. The POMA test is used to
evaluate an individual’s ability to perform functional
movements and activities and is commonly used in the field
of rehabilitation and physical therapy. SMO, KNN, and RF
methods were used to predict POMA-G scores from the gait
parameters. 10-fold cross-validation was used to prevent
overfitting during the training phase, and feature selection
methods were also applied to improve the performance of
the models. Among the three prediction models evaluated,
the SMO algorithm performed the best results, with the
highest R? value and the lowest mean absolute error. The
experiments also show that the correlation-based feature
selection method generally improved the performance of all
models, while the Relief feature selection method did not
significantly improve the performance.

The study also evaluated the reliability of the expert
assessment of POMA-G scores by comparing the scores
given by an expert physiotherapist and an amateur
physiotherapist. The results show that expert
physiotherapists have higher reliability in their ratings
compared to amateur physiotherapists, as their ICC score is
higher. The expert physiotherapists’ ICC score is moderate
(0.391) while the ICC scores for the prediction models, all
have high levels of agreement among the predictions made
by the models.

Overall, the study suggests that spatiotemporal gait
parameters obtained from a gait analysis can be used to
predict POMA-G scores with a reasonable level of
accuracy.

The ultimate goal is to achieve a comprehensive assessment
in an automated manner. This study can be regarded as the
initial step towards accomplishing this objective.
Forthcoming endeavors will involve the utilization of
inertial sensors, such as gyroscopes and accelerometers, to
acquire additional components of the POMA assessment.

References

[1] P. E. Caicedo, C. F. Rengifo, L. E. Rodriguez, W.
A. Sierra, and M. C. Gomez, “Dataset for gait
analysis and assessment of fall risk for older
adults,” Data Br., vol. 33, p. 106550, Dec. 2020,
doi: 10.1016/J.DIB.2020.106550.

[2] M. E. Tinetti, “Performance-oriented assessment
of mobility problems in elderly patients,” J. Am.
Geriatr. Soc., vol. 34, no. 2, pp. 119-126, 1986,
doi: 10.1111/J.1532-5415.1986.TB05480.X.

[3] M. W. Rivolta et al., “Evaluation of the Tinetti
score and fall risk assessment via accelerometry-
based movement analysis,” Artif. Intell. Med., vol.

560



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 555-561

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

95, pp- 38-47, Apr.
10.1016/j.artmed.2018.08.005.
S. Kopke and P. G. Meyer, “The Tinetti test,” Z.
Gerontol. Geriatr., vol. 39, no. 4, pp. 288-291,
Aug. 2006, doi: 10.1007/S00391-006-0398-Y.

D. Sethi, S. Bharti, and C. Prakash, “A
comprehensive survey on gait analysis: History,
parameters, approaches, pose estimation, and
future work,” Artif. Intell. Med., vol. 129, p.
102314, Jul. 2022, doi:
10.1016/J,ARTMED.2022.102314.

K. S. Al-Zahrani and M. O. Bakheit, “A historical
review of gait analysis,” Neurosci. J., vol. 13, no.
2, pp. 105-108, 2008.

I. Kosesoy, C. Oz, F. Aslan, F. Kéroglu, and M.
Yigilitag, “Reliability and validity of an innovative
method of ROM measurement using Microsoft
Kinect V2,” Pamukkale Univ. J. Eng. Sci., vol. 24,
no. 5, pp. 915920, Oct. 2018, doi:
10.5505/pajes.2017.65707.

S. Aich et al., “Design of a Machine Learning-
Assisted Wearable Accelerometer-Based
Automated System for Studying the Effect of
Dopaminergic Medicine on Gait Characteristics of
Parkinson’s Patients,” J. Healthc. Eng., vol. 2020,
2020, doi: 10.1155/2020/1823268.

H. Lee, S. J. Sullivan, and A. G. Schneiders, “The
use of the dual-task paradigm in detecting gait
performance deficits following a sports-related
concussion: A systematic review and meta-
analysis,” J. Sci. Med. Sport, vol. 16, no. 1, pp. 2—
7, Jan. 2013, doi: 10.1016/j.jsams.2012.03.013.

I. Kosesoy and C. Oz, “Acquiring Kinematics of
Lower extremity with Kinect,” Avrupa Bilim ve
Teknol. Derg., no. 32, pp. 92-100, 2021.

R. A. States, J. J. Krzak, Y. Salem, E. M. Godwin,
A. W. Bodkin, and M. L. McMulkin,
“Instrumented gait analysis for management of gait
disorders in children with cerebral palsy: A
scoping review,” Gait \& Posture, vol. 90, pp. 1—
8, 2021.

M. Pistacchi et al., “Gait analysis and clinical
correlations in early Parkinson’s disease,” Funct.
Neurol., vol. 32, no. 1, p. 28, 2017.

J. M. Guralnik, L. Ferrucci, E. M. Simonsick, M.
E. Salive, and R. B. Wallace, “Lower-extremity
function in persons over the age of 70 years as a
predictor of subsequent disability,” N. Engl. J.
Med., vol. 332, no. 9, pp. 556562, Mar. 1995, doi:

2019, doi:

[14]

[15]

[16]

[18]

[19]

[20]

[21]

[22]

[24]

561

10.1056/NEJM199503023320902.

M. F. Folstein, S. E. Folstein, and P. R. McHugh,
“‘Mini-mental state’. A practical method for
grading the cognitive state of patients for the
clinician,” J. Psychiatr. Res., vol. 12, no. 3, pp.
189-198, 1975, doi: 10.1016/0022-
3956(75)90026-6.

E. Acar and M. S. Ozerdem, “On a yearly basis
prediction of soil water content utilizing sar data: a
machinelearning and feature selection approach,”
Turkish J. Electr. Eng. Comput. Sci., vol. 28, no. 4,
pp- 2316-2330, 2020.

J. Platt, “Sequential Minimal Optimization: A Fast
Algorithm for Training Support Vector Machines,”
1998. [Online]. Available:
https://www.microsoft.com/en-
us/research/publication/sequential-minimal-
optimization-a-fast-algorithm-for-training-
support-vector-machines/

S. Zhang, D. Cheng, Z. Deng, M. Zong, and X.
Deng, “A novel kNN algorithm with data-driven k
parameter computation,” Pattern Recognit. Lett.,
vol. 109, pp. 44-54, 2018.

L. Breiman, “Random forests,” Mach. Learn., vol.
45,  no. 1, pp. 532, 2001, doi:
10.1023/A:1010933404324.

G. Biau and E. Scornet, “A random forest guided
tour,” Test, vol. 25, no. 2, pp. 197227, 2016.

K. Kira and L. A. Rendell, “A practical approach
to feature selection,” in Machine learning
proceedings 1992, Elsevier, 1992, pp. 249-256.
R. J. Urbanowicz, M. Meeker, W. La Cava, R. S.
Olson, and J. H. Moore, “Relief-based feature
selection: Introduction and review,” J. Biomed.
Inform., vol. 85, pp. 189-203, 2018.

A. G. Karegowda, A. S. Manjunath, and M. A.
Jayaram, “Comparative study of attribute selection
using gain ratio and correlation based feature
selection,” Int. J. Inf. Technol. Knowl. Manag., vol.
2,no. 2, pp. 271-277, 2010.

M. Hall, E. Frank, G. Holmes, B. Pfahringer, P.
Reutemann, and 1. H. Witten, “The WEKA data
mining software: an update,” ACM SIGKDD
Explor. Newsl., vol. 11, no. 1, pp. 1018, 2009.

J. P. Weir, “Quantifying test-retest reliability using
the intraclass correlation coefficient and the SEM,”
J. Strength \& Cond. Res., vol. 19, no. 1, pp. 231—
240, 2005.



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Sayfa 563-570

Dicle University
Journal of Engineering

https://dergipark.org.tr/tr/pub/dumf
duje.dicle.edu.tr

Arastirma Makalesi / Research Article

Goz Ozelliklerinin UKSB - PSO Modeli kullanilarak Otizm Siniflandirilmasi

Autism Classification of Eye Features using the LSTM-PSO Model
Dilber CETINTAS ", Taner TUNCER ?

! Bilgi islem Daire Baskanlig1, Firat Universitesi, dcetintas@firat.edu.tr

ORCID: https://orcid.org/0000-0003-0710-2280

2 Bilgisayar Miihendisligi, Miihendislik Fakiiltesi, Firat Universitesi, ttuncer@firat.edu.tr

ORCID: https://orcid.org/0000-0003-0526-4526

MAKALE BILGILERI

Oz

Makale Ge¢migi:

Gelis 14 Temmuz2023
Revizyon 11 Kasim 2023
Kabul 2 Aralik 2023
Online 31 Aralik 2023

Anahtar Kelimeler:

Goz hareketleri, UKSB, PSO,
Pencere Boyutu

Otizm, bir¢ok biyobelirteci olan karmagik bir rahatsizivktir. Bu karmagik rahatsizligi tamimlamak ve ayirt
edebilmek, birden fazla biyolojik 6zelligi kullanarak miimkiin olabilmektedir. Bu ézelliklerden biri de goz
hareketleridir. Calisma, kullanicilara 6zgii gézbebegi boyutu, goz pozisyonlari(X-Y koordinatlary), ilgi
alammn noktalan, iris yarigapr parametrelerinden olusan dizileri kullanarak otizm spektrum bozuklugu
olan (OSB) ve otizm spektrum bozuklugu olmayan (TS) bireyleri UKSB agi ile otomatik olarak
siniflandirmayr amaglamaktadir. Klinik bulgular ve uzman goriisiiyle tanisi belirlenen bu rahatsizlik
giinliik bilgisayar etkilesimiyle, gz hareketlerinin takibi sonucunda belirlenebilecektir. Boylelikle hem
erken teshis ile zaman kazanci saglanacak hem de tedavi siireci hizlandirilmis olacaktir. Bu dogrultuda
ilk adim olarak, herbir hareketin tiim parametreleri ayri bir dizi olarak alimir. Alinan diziler ikinci
basamakta UKSB aginda islenir. Isleme asamasinda pencere boyutunun dogru segilmesi, sonucu etkileyen
en onemli faktorlerden biridir. Bu dogrultuda modelde pencere boyutunun optimum segilebilmesi igin
PSO (Pargacik Siirii Optimizasyonu) algoritmast kullanilir. UKSB-PSO hibrit modeli kullanilarak iki
senaryo gergeklestiriliv. Bu senaryolardan biri tiim ozellikleri icerirken, senaryo 2’de sadece gozbebegi
boyutu ve ilgi alani ozellikleri mevcuttur. DVM (Destek Vektor Makinesi) siniflandiricist ile basart oram
senaryo 2’de %98,64 olarak maximum él¢iilmiistiiv. Sonuglar, goz izleme verileri kullanilarak otizmin
UKSB ile sumiflandirilmasinin miimkiin oldugunu ve bu yontemin otizm tanisi ve tedavisi igin potansiyel
olarak faydali olabilecegini gostermektedir.
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Autism is a complex disorder with many biomarkers. Identifying and differentiating this complex disorder
is possible by using more than one biological feature. One of these features is eye movements. The study
aims to automatically classify individuals with autism spectrum disorder (ASD) and without autism
spectrum disorder (TS) with the LSTM network, using user-specific sequences consisting of pupil size,
eye positions (X-Y coordinates), points of interest, iris radius parameters. This disorder, which is
diagnosed based on clinical findings and expert opinion, can be determined as a result of daily computer
interaction and monitoring eye movements. In this way, early diagnosis will save time and the treatment
process will be accelerated. As a first step in this direction, all parameters of each movement are taken as
a separate set. The received sequences are processed in the LSTM network in the second step. Choosing
the correct window size during the processing stage is one of the most important factors affecting the
result. Accordingly, PSO (Particle Swarm Optimization) algorithm is used to select the optimum window
size in the model. Two scenarios are implemented using the LSTM-PSO hybrid model. While one of these
scenarios includes all features, scenario 2 only has pupil size and area of interest features. With the SVM
(Support Vector Machine) classifier, the success rate was measured to be maximum 98.64% in scenario 2.
The results show that it is possible to classify autism with LSTM using eye-tracking data and that this
method may be potentially useful for autism diagnosis and treatment.
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Otizm spektrum bozuklugu, hastalarin genellikle sosyal
iletisim, etkilesim ve hayal giicii eksikliklerine sahip oldugu
en yaygin ndrogelisimsel bozukluklardan biridir [1]. Bununla
birlikte, OSB'min temel bilissel eksikligi  heniiz
bulunamamistir ve bozuklugun temel semptomlaria yonelik
etkili tibbi tedaviler hala eksiktir [2]. Etyopatogenezi hala
belirsizdir, ancak genellikle genetik kusurlar, beyin iltihab1 ve
hamilelik sirasindaki anormal durumlar gibi biyolojik
faktorlerle iligkili olduguna inanilmaktadir.

OSB teshisi konan c¢ocuk sayisindaki keskin artig, bu
popiilasyon hakkinda daha fazla arastrma yapilmasi
gerekliligini ~ vurgulamaktadir. Ozellikle dogru klinik
yontemler gerekmektedir. Su anda, otizim rahatsizliginin
tanist i¢in otizm davranigi kontrol listesi [3] ve Cocukluk
Otizmi Derecelendirme Olgegi (CARS) kullanilmaktadir [4].
Bunlar disinda Otizm Spektrum Bozuklugu olan bireylerin,
genellikle yiiz ifadesi, atipik gdzlere bakma tepkisi gibi farkli
sozel olmayan iletisim ipuglarinda ortaya ¢ikan, Onemli
6lgiide sinirh sosyal etkilesim yeteneklerine sahip olduklari
bilinmektedir [5]. Bu durum geleneksel yontem ve
miidahaleler diginda alternatif daha az maliyetli bir yol
arayisini dogurmustur. Biyolojik tepkilerin takibi ile teshis
yoluna gidilmistir. Elektroensefalograf (EEG), VR(Virtual
Reality), g6z izleme tabanli teknolojiler OSB’li bireyler igin
daha nesnel tani araglart olmustur. Elektroensefalografi,
beyin aktivitesini yiiksek zamansal c¢oziiniirlikle analiz
etmeyi saglarken goz izleme teknolojileriyle bilin¢dis1 olusan
verilerin alinip degerlendirilmesi saglanir. Biyometrik
Olctimlerden yararlanmak, uzman puanlama siirecinde
yanlilig1 ve 6znelligi onlemek agisindan da avantajlidir [6].

Otistik ¢ocuklar1 belirlemek i¢in EEG ve goz verilerinin
birlestirilerek ~ kullanildigt ~ bir  ¢alismada, @ DVM
siniflandiricilart  ile  birlestirilmis  minimum  fazlalik
maksimum alaka (MRMR) 6znitelik se¢im yodntemi tercih
edilmigtir. 32 oOzellik segildiginde %85.44'e basariya
ulagtlmistir [7]. Wang'in inceleme arastirmasi, OSB'nin
dinlenme durumu EEG'sinin  elektrofizyolojik  gii¢
degisikliklerinin U geklinde bir profil ¢izdigini gostermistir.
Diisiik frekans ve yiiksek frekans bantlarinda asir giig ve alfa
bandinda yetersiz giic oldugu saptanmistir [8]. Kang ve
arkadaglari, OSB'li ¢ocuklarin sosyal uyaranlar karsisindaki
dikkat tepkilerinin normal cocuklardan farkli oldugunu
saptamistir. Normal yetigkinler, yiizlere bakarken, gozlere
ayn1 zamanda burun ve agiza da odaklanarak belirli bir bakis
kalib1 gosterirken OSB’li bireyler daha dagmik bir bakis
rotast gostermiglerdir [9].

Sheikhani [10], nicel EEG'yi (QEEG) degerlendirmek i¢in
spektrogram ve tutarlilik degerlerini  kullanmis OSB'li
¢ocuklarin sol beyin yarikiiresinde 6nemli 6l¢iide daha diisiik
spektrogram kriter degerlerine sahip oldugunu gostermistir.
Ham verilerden tani koyma alaninda ilk girisim olan
calismada 136 OSB ¢ocuk ve 136 TS ¢ocuktan alinan 272
video igeren veriseti {izerindeki deneysel sonuglar, UKSB
agmin geleneksel makine 6grenme yontemlerinden, 6rnegin
Destek Vektor Makinesinden daha iyi performans gosterdigi
kanitlanmistir. %92,6 oraninda dogruluk elde edilmistir.

Goz verileri, arag verileri ve gevresel veriler birlestirilerek
stirticiilerin dikkatinin arastirildigi ¢alismada evrigimli sinir
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aglar1 (CNN) ve uzun kisa siireli bellek (UKSB) hibrit modeli
onerilmis %95,5'lik bir dogrulukla en son modellerden daha
iyi performans gosterdigi bulunmustur [11]. Kang ve
arkadaglar1 tarafindan gii¢ spektrumu analizi, ¢ift tutarlilik,
entropi ve tutarlilik yontemleri dahil olmak tizere miimkiin
oldugu kadar ¢ok 0Ozelligi ayiklamak icin EEG sinyaline
dayal1 ¢ok 6zellikli birlestirme yontemi kullanilmig, mRMR
algoritmasi kullanilarak se¢im yapilmistir. Sonugda DVM-
dogrusal siniflandirict kullanilarak dokuz 6zellik segildiginde
dogrulugun %91,38'e kadar ¢iktig1 gosterilmistir [12].

Yavas g6z hareketleri (SEM'ler) uykuya baslama
donemini gosterir. SEM'leri algilamak ig¢in, fizyolojik
sinyallerdeki zamansal bilgiler ve ¢ok modlu bilgilerle basa
¢tkmak icin iki modlu UKSB agi kullanilir. Ayirt edici
bilgileri genisletmek igin, iki yatay elektrookiilogram (EOG)
kanalindan gelen sinyallerin toplami olan yeni bir yatay
toplam (HSUM) sinyali tanimlanir. Sinyallerinden gelen
ozellikleri smiflandirmak igin ¢ift modlu UKSB kullanarak
SEM'leri saptamaya yonelik Onerilen yontem, %76,5'lik
ortalama F-skorunu elde eder [13]. Bu calismada, sanal bir
ajanla sosyal etkilesime dayali olarak gozbebegi tepkilerini
(gbzbebegi capi, sabitleme siiresi ve sabitleme yeri)
yakalayan bir UKSB modeli tasarlanilir. Uygulanan farkli
duygu (kizgm, mutlu, ndtr) uyaranlara yanit olarak tiim
gozbebegi tepkilerinin OSB oturumlarinda 6nemli Slgiide
degistigi gozlemlenir. Bu bulgular OSB taramasini ortalama
%77 dogrulukla desteklerken, kizgn ve mutlu duygu
uyaranlarma gore dogruluk daha da artmakta %80 dogruluk
degerine ulagmaktadir [14].

VR sanal ortaminda yiirlirken elde edilen veriler
kullanilarak verilerin 2,5 saniyelik bdliimlerinden kaydedilen
konum, yon ve goz izleme 6zellikleri, kullanicinin 2,5 saniye
sonraki konumunu tahmin edecek bir UKSB modelini
egitmek i¢in kullanildi. Gelecekteki konumlarin ortalama 65
cm'lik bir hatayla tahmin edilebilecegi bulundu [15].

Genellikle davranigsal bir hedefe yonelik g6z hareketleri,
diger herhangi bir motor eylemden &nce gelir [16]. Bu
nedenle, eylem niyetinin tahmini i¢in zengin bir sinyal
sunarlar [17, 18]. DiCriscio ve Troiani, go6zbebegi
genislemesinin, sosyal yanit vermenin klinik OSB dl¢iisii ile
iligkili oldugunu goéstermislerdir [19].

Ahmed ve arkadaslar1 tarafindan yapilan ¢alismada otizmin
erken teshisi i¢in makine 6grenmesi, derin 6grenme ve hibrit
teknikler olmak iizere farkli yapay zeka teknigi
gelistirmislerdir. GoogleNet ve ResNet-18 modelleri sirastyla
%93,6 ve %97,6 dogruluga ulasilmistir. Hibrit teknikler olan
GoogleNet + SVM ve ResNet-18 + SVM igin sirastyla %95,5
ve %94,5 dogruluk elde edilmistir [20].

Uzun kisa siireli bellek (LSTM) algoritmas1 ¢esitli alanlarda
yaygin olarak kullanilmaktadir ancak otizm tespiti igin
dogrudan LSTM algoritmasimnin kullanimi sinirlidir. Lakhan
ve arkadaslan  VGG16-LSTM, VGGI9-LSTM ve
MobileNet-LSTM modellerini sunarak karsilastirmali bir
analiz gergeklestirdiler. MobileNet-LSTM modeli ile en
yikksek otistik  smiflandirma  dogruluguna (%96,60)
ulastlmistir [21].
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GOz Hareketleri ve Veriseti

GOz hareketlerinin  kaydedilmesi ve degerlendirilmesi
1800’Li yillara dayansa da bilgisayar grafiklerinin gelismesi,
goriintii islemedeki iyilesmeler, gozlerdeki sakli bilgilerin
anlasilir olmasimi saglamigtir. Gozler biling dis1 yapilan
hareketler oldugu i¢in bireylerin fikir, diislince, ilgi alan1 gibi
kisisel verileri hakkinda ortiik bilgiler icermektedir. Bu
bilgilere erisebilmek i¢in goz hareketleri ve nasil
yorumlanacagi tablo 1’°de belirtilmistir.

Tablo 1. Goz Hareketleri ve Agiklamalari.

Goz
Hareketleri
Odaklanma

Anlam ve Yorumu

Kullanicin ~ gozlerini  sabitleyerek
bakmasidir. Odaklanma siiresinin
uzun olmasi bakilan alanin kullanicin
ilgisini ¢ektigi olarak yorumlanir.

A noktasina bakildiktan sonra B
noktasina gecis sirasinda yapilan
harekettir. Cok sayida olmasi ekran
iizerinde birseyler arandig1 anlamina
gelir.

Saga dogru ilerleyen metin ya da
gorsellerde gecilen alanlara geri
donme (sola dogru) davramigidir. Bu
durum dikkat dagmiklig1 veya gecilen
alanin anlasgiimadig bilgisine
ulastirir.

Biligsel yik ve duygu durum
degisikliklerinden etkilenir. Yapilan
aktivitenin zorlugu, duygu durum
tespitinde kullanilabilir.

Gozii koruma, nemli tutma gorevleri
bulunan bir reflekstir. Yorgunluk,
uykusuzluk c¢ikarimlarinda  tercih
edilir.

Gozin eksen zerindeki  bakisg
noktalaridir. Bakis alanlar
incelenerek bireyle ilgili kisisel tercih
cikarimlar yapilabilir.

Sigrama

Geri yonli
sigrama

Gozbebegi
Boyutu

Go6z Kirpma

Goz
Koordinatlar1

[22]°deki caligmada Fransa’nin Hauts-de-France
bolgesindeki Fransiz okullarindan katilan 59 katilimcidan
veriler toplanmistir. 29 OSB, 30 TS olan katilimcilarin yas
araligi 3-12 arasinda degismektedir. GOz hareketlerini
kaydetmeden Once ebeveyn izinleri alinir ve oryantasyon
egitimi verilir. Normal gelisim gosterenler ve otizm spektrum
bozuklugu olanlar diye iki gruba ayrilirlar. Verisetinde yer
alan parametreler Tablo 2’de verilmigtir. Tablodaki
parametrelerin - disinda CARS skor degerlerinin  ve
cinsiyetlerin tutuldugu veri dosyast bulunmaktadir.

Tablo 2. Verisetinde yer alan parametreler.

Pupil Diameter (Right -Left) Gozbebegi cap1

Point of Regard X-Y(Right -
Left)

flgi alanlarmin

Koordinatlar1
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Eye Position X-Y(Right - Bakis noktalar
Left)

Pupil Size (Right -Left) Gozbebegi Boyutu
Category (Right -Left) Bakis

Tiiri(Odaklanma,Sigrama,

Go6z Kirpma)

Participant Katilime1 numarasi

Recording Time Zaman

Color Gosterilen imgenin rengi
Tracking Ratio Katilimeinin takip orani
Stimulus [zletilen video ad1

Time of Day Kayit yapilan giin

Veriseti Analizi

Veri setinin sayisal olarak 6zeti Tablo 3’te verilmistir.
Gruplardaki katilimer sayisi esit dagilimlidir. Daha 6nceki
calismalarda belirtildigi gibi otizmin erkek bireylerde daha
fazla goriilmesi sebebiyle erkek katilimci say1s1 daha fazladir.
Ayrica verilen CARS skor degerlerine gore 14 katilimci
normal, 8 katilmer diisiik, 7 katilimci siddetli otizm
seviyesinde yer almaktadir. Katilimcilarin yaslart 3-12
arasinda degigmektedir.

Tablo 3. Verisetinin Ozeti.

Katilimer Sayis1 (OSB, TS) 59 (29, 30)

Cinsiyet Dagilimi (E, K) 38 (= 64%), 21 (= 36%)

Yas Ortalamasi 7.88

CARS Skor Ortalamast 32.97

Motivasyon

e Otizm degerlendirmesinde etkili olan biyolojik goz
parametrelerin  timiinii siirece dahil ederek etkisini

gozlemlemek

» Bakis trafiginin sonraki bakig yolunu etkileme oranini
O0lgmek

* Hiperparametre se¢iminde
optimizasyonla belirleyebilmek

optimum degeri

* Bualanda kisitli yapilmis olan ¢aligmalara katk: saglamak
Metot

UKSB algoritmas1 zaman serisi verilerinin islenmesinde
siklikla kullanilan bir yapay sinir ag1 modelidir. UKSB
modeli, girdi olarak bir dizi zaman serisi verisi alir ve ¢ikti
olarak gelecekteki degerleri tahmin eder. Yapilan goz
hareketleri de zaman igerisinde degisim gosterdigi i¢in bu
veriler zaman serisi olarak islendi. Kurgulanan modelde bir
adim oOnceki veriler {izerinden ne kadar geriye gidilecegi
pencere boyutu ile belirlendi. Pencere boyutu ne kadar
biiyiikse, model o kadar o6nceki veriye erisebilir. Bu durum
modelin daha uzun vadeli tahminler yapmasina olanak tanir.
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Ancak, pencere boyutunun ¢ok biiyiik olmasi, modelin daha
yavas ¢alismasina ve daha az 6grenme yapmasina neden olur.
Bu sebeple optimal boyutun secilmesi gerekir.

On lsleme Pencere Boyutu

I
|
|
I
| T
| ASD veya TS
I

I

: I

lmp | XEEGET + - =
|

I

|

+ UKSB modelinin egitilmesi: En iyi pencere boyutu
belirlendikten sonra, UKSB modeli bu pencere boyutu ile
egitilir ve test veri setinde performansi dl¢iiliir.

LSTM Maodeli

| e SRS i Y g s,

Sekil 1. Tasarlanan Metot.

Bu calismada PSO algoritmasi, UKSB modelinin
pencere boyutunu optimize etmek igin kullanildi. Bu iglem
icin, PSO algoritmasi, pencere boyutunu degistirerek farkli
UKSB modelleri olusturur ve bunlart bir hedef fonksiyonu
kullanarak  degerlendirir. Hedef fonksiyonu, UKSB
modelinin performansmi lgmek igin kullanilir. Ornegin,
hedef fonksiyonu, UKSB modelinin tahminlerinin gergek
verilerle ne kadar iyi eslestigini Olgerek gerekli en uygun
degeri secer. UKSB modelinin pencere boyutunu otomatik
olarak ayarlamak ve daha iyi performans saglayabilmek icin
takip edilecek adimlar:

Veri setinin hazirlanmasi: PSO algoritmasini kullanarak,
pencere boyutunu belirlemek istedigimiz UKSB modelinin
egitim ve test verileri hazirlanir. Egitim veri seti, modelin
O0grenmesi i¢in kullanilirken test veri seti, modelin
performansini 6l¢mek i¢in kullanilir.

« PSO parametrelerinin belirlenmesi: PSO
algoritmasinin  performansin1  etkileyen  parametreler
belirlenir. Bu parametreler arasinda siirii boyutu, maksimum
iterasyon sayisi, hiz sabitleri ve bireylerin en iyi konumlarini
giincellemek i¢in kullanilan agirliklar gibi parametreler
bulunur.

* Hedef fonksiyonunun  tanimlanmasi: Hedef
fonksiyonu, UKSB modelinin performansini dlgmek igin
kullanilir. Bu fonksiyon, UKSB modelinin tahminlerinin
gercek verilerle ne kadar iyi eslestigini dlger. Bu fonksiyon,
ozellikle UKSB modelinin dogru tahminler yapmasi igin
belirli bir pencere boyutuna ihtiyag duyuldugunda daha
yiiksek bir deger dondiiriir.

* PSO algoritmasinin cahstirilmasi: PSO algoritmasi,
farkli pencere boyutlarii deneyerek UKSB modelleri
olusturur ve bu modellerin hedef fonksiyonu kullanarak
performansin1  degerlendirir.  Algoritma,  siiriisiindeki
bireylerin konumlarmi giincelleyerek en iyi pencere
boyutunu bulmaya ¢alisir.

* En iyi pencere boyutunun secilmesi: PSO algoritmasi,
birgok pencere boyutunu deneyerek en iyi pencere boyutunu
bulur. Bu pencere boyutu, en iyi performansi gosteren UKSB
modelinin pencere boyutu olarak segilir.
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Bu c¢aligmada goz izleme teknolojisinden elde edilen
parametre  dizilerini UKSB  modeli ile otizm
smiflandirilmasinda kullanabilecek PSO-UKSB
birlikteliginden olusan bir metot tasarlanmistir. Uygulanacak
bu metot sekil 1°de belirtilmistir. Sekil 1°deki basamaklar
adim adim ag¢iklanmustir.

Veri: Goz izleme ile otizm degerlendirmesi yapabilmek
icin veriseti parametrelerinden olusan Nx15 bir veriseti
hazirlanir. N degeri yapilan goz hareketidir ve kullaniciya
bagli olarak degismektedir. Veriler 6n isleme adiminda eksik
bilgi iceriyorsa manuel olarak silinir. Ayrica satirlar bireyleri
stitiinlar 52 nitelik iceren degerleri belirtir. Herbir nitelik
degerinin tiim kullanicilardan olusan veri dizisini alabilmek
i¢in transpoz adimina gegilir.

Transpoz: Verilerde yer alan eksik goz 6zelligi igeren
satirlar manuel olarak silinir. Ardindan matris olarak tutulan
herbir harekete ait parametre iceriklerinin transpozu alinir.
Boylelikle tiim parametreleri iceren satir elde edilmis olur.

Etiketleme: Satir dizilerinin en sonuna yeni kolon
olusturularak yapilan hareketin OSB’li birey mi yoksa TS’li
birey mi oldugunu belirlenerek sinif etiketleri atanir.

Ayirma : Dizilere pargalanan ve etiketlenen veriler %70-
%30 oraninda ayrilarak egitim ve test boliimleri olusturulur.

Herbir goz hareketi  bir satir olarak dosyada yer
almaktadir. Bu satirlar genellikle 1 ms lik araliklarla
kaydedilmektedir. Bir¢cok ¢alismada deneysel olarak pencere
boyutlarina boliinen diziler bir sonraki adima iletilir.
Deneysel olarak alman pencere boyutunda rastgele segilen
degerler arasindan en iyi sonu¢ veren pencere boyutlart
secilmistir. Fakat bu durum elde edilen basar1 oraninin en
yiksek mi daha iyisi var mu?  Sorusunu
cevaplayamamaktadir. Zaman serisi verilerinin tahmininde
siklikla kullanilan UKSB modelleri, daha iyi sonuclar elde
etmek icin optimal hiperparametrelerin belirlenmesini
gerektirir. Bunlardan biri de pencere boyutudur. Pencere
boyutunun belirlenmesi, tahmin dogrulugunu 6nemli dl¢iide
etkiler. Bu nedenle, bu ¢alismada, PSO algoritmasi
kullanarak UKSB modeli i¢in optimal pencere boyutunun
belirlenmesi hedeflenmistir.
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PSO algoritmas: kullanilarak optimal pencere boyutunun
belirlenmesi i¢in bir MATLAB kodu gelistirilmistir. PSO
algoritmasi, hiperparametre olarak pencere boyutunu alir.
Tahmin edilen ile ger¢ek deger arasindaki farkin en az oldugu
pencere boyutu segilir. Daha sonra, belirlenen optimal
pencere boyutu kullanilarak UKSB modeli egitilir ve
tahminler yapilir. UKSB modelinin parametreleri tablo 4’de
verilmigtir.

Tablo 4. Model Parametreleri.

Parametreler Degerler

UKSB Katman I Neuron size :200

Dropout 0.5

UKSB Katman II Neuron size :400

Epoch 30
Aktivasyon Fonksiyonu Softmax
Optimizasyon Fonksiyonu ~ Adam
Batch Boyutu 30

Tasarlanan metotta PSO ile UKSB i¢in pencere boyutu
belirlenmenin s6zde kodu :

1- Baslangicta, rastgele olarak birkag pencere boyutu
segilir ve bunlar PSO ile optimize edilir.

2- Stirii boyutu, maksimum adim sayisi, cl, c2 ve w gibi PSO
parametreleri belirlenir.

3- Uygunluk(fitness) fonksiyonu tanimlanir. Bu fonksiyon,
veri kiimesini belirtilen pencere boyutuna gére bélerek bir
UKSB modeli olusturur ve modelin tahminleri ile gercek
degerler arasindaki ortalama kare hatayr (OKH) hesaplar.

4- PSO algoritmasi tanimlanir:

a. Stirii boyutu olusturulur ve baslangi¢ pozisyonlar
rastgele atanr.

b. Siirii boyutu'nun her bir bireyinin uygunlugu,
uygunluk fonksiyonu kullanilarak hesaplanir.

c. Stirii boyutu'nun n kisisel en iyi ve global en iyi
pozisyonlar: giincellenir.

d. Hizlar ve pozisyonlar giincellenir.

e. Maksimum adim sayisina veya belirli bir duruma
ulasilincaya kadar b, ¢ ve d adimlart tekrar edilir.

5- En iyi pencere boyutu ¢iktisi verilir.

Kullandigimiz metotta ilk katman 200 noron igerir. Noron
say1st hafizadaki bilgi sayisin1 belirtir. Aktivasyon
fonksiyonu olarak tanh ve sigmoid kullanir. ikinci UKSB
katmani 400 noéron igerir. Ezberleme durumunun oniine
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gegebilmek i¢in néronlarin yarisi aktif edilir ve DVM ile ikili
smiflandirma gergeklestirilir.

Sonuglar ve Tartisma

Otizm smiflandirmasmi incelemek icin iki uygulama
gerceklestirildi. Tk uygulamada mevcut tiim goz dzellikleri
ikinci uygulamada ise ilgi alani noktalari, gézbebegi boyut
degisimi Ozellikleri UKSB aginda islenmesinin ardindan
smiflandirmaya gidildi. Satir dizileri UKSB agia verildi ve
sonuglar kiyaslandi. Her iki uygulamada da sniflandirma
basarimlarinin performans degerlendirmesini yapabilmek
icin karmagiklik matrisi kullanildi. Bu matriste satirlar
gercek siniflart siitunlar tahmin edilen siniflandirmalart
belirtmektedir. Tablolarda dogruluk, duyarlilik, kesinlik ve
F1 metrikleri tercih edildi. Tercih edilen metriklerin
formiilleri denklem1, denklem2, denklem3 ve denklem4’te
verilmistir. Bu metrikleri dl¢ebilmek igin dp (dogru pozitif),
dn (dogru negatif), yp (yanlis pozitif), yn (yanlis negatif)
degerleri kullanilir.

dp+dn

Dogruluk = W (1)

Duyarlilik = dpipyp )

Kesinlik = —2 3
esinlik = T~ (3)

2dp
F1Skor = —— “
2dp+yp+yn
Uygulama 1:

UKSB siral1 veriler lizerinde etkili bir sekilde ¢alisan bir derin
o0grenme algoritmasidir. G6z izleme verileri, sirali verilerdir.
Kisinin bakig odaklar1 ve siireleri, sirayla birbirine baglhdir.
Bu nedenle, UKSB, g6z izleme verilerini siniflandirmak igin
kullanilabilir. UKSB algoritmasi, bu tiir ¢ok boyutlu verileri
islemek i¢in etkili bir segenektir. UKSB, onceki girdilerin
gecmis bilgilerini hatirlayarak ve gelecekteki girdileri tahmin
ederek sirali verileri analiz eder. Bu sebeple goz izleme
teknolojisi yardimiyla alinan g6z hareketlerine ait veri
kiimesi UKSB ile degerlendirili. Bu degerlendirme
yapilirken g6z bebegi, g6z pozisyonu, ilgi alan1 parametreleri
farkli kombinasyonlarla UKSB agima uygulanir.

Veriseti, belirlenen modele gore farkli pencere boyutlarna
gore egitilip basarim degerleri elde edilmistir. Veriseti 15
kolondan olustugu i¢in PSO igin alt sinir=1 iist sinir=15
secilerek pencere boyutunun 1-15 araliginda alinmasi
saglanmistir. Yapilan testler sonucunda pencere boyutunun
bagar1 oranin1 6nemli dlgiide etkiledigi goriilmiistir. Adim
sayist modelin kag¢ kez egitildigini temsil etmektedir. Adim
sayis1 ve siirli boyut degerleri 2 olarak segilerek elde edilen
degerler Tablo 5°te yansitilmusgtir.
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Tablo 5. Adim say1s1=2 Siirii boyutu=2 i¢in basar1 degerleri.

Pencere Egitim Dogrulama Test

Boyutu

6 92.25 92.34 89.56
4 93.80 93.46 92.81
13 98.25 98.5 98.5

5 93.07 93.25 91.93

Bu degerlerin ardindan en optimum sonuca pencere
boyutunun 13 secilmesi durumunda ulasilacagi gozlemlendi.
Go6z hareketleri ile otizm teshisinde UKSB modelinin
avantaji saptandi. Bu avantajda ge¢mis g6z hareketlerinin
gelecek gz hareketlerindeki etkisi sorgulanip pencere
boyutlar1 degistirildiginde gerceklesen sonuglar incelendi.
Pencere boyutunun basarim degerlerini etkilemede oldukc¢a
onemli bir faktdr oldugu saptandi.

Uygulama 2:

Daha 6nce CNN kullanarak gergeklestirdigimiz ¢aligmalarda
[23,24] gbzbebegi boyutu ve ilgi alam1 o6zellikleri
siniflandirmada  oldukga belirleyici  6zellikler olarak
karsimiza  ¢ikmist.  Bu  Ozelliklerin ~ UKSB  ile
degerlendirilmesini yaptigimizda Tablo 6’daki oranlara
ulasildi. Gozbebegi boyutu alinan birey sayisinda eksiklik
mevcut oldugu i¢in alinan veri sayisi da azdir.

Tablo 6. Adim say1s1=2 Siirii boyutu=2 i¢in basar1 degerleri

Pencere Egitim Dogrulama Test
Boyutu

7 95.34 95.59 95.18
6 98.98 98.96 98.62
2 91.15 90.96 90.37
5 98.97 98.96 98.64

Gozbebegi boyutu ve ilgi alan1 dzellikleri tasarladigimiz
modele girdi olarak verilip siirli boyutu ve adim sayilarini
uygulamal’deki ile ayn1 tuttugumuzda daha iyi oranlar elde
edildi. Boylelikle gbéz bebegi boyutu ve ilgi alani
parametrelerinin siniflandirmada oldukca etkili 6zellikler
oldugu birkez daha kanitlamistir. En basgarili oran pencere
boyutunun 6 gelmesi ile elde edilirken en iyi durumun
karmagiklik matrisi sekil 2.a,2.b,2.c’de gosterilmistir.
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G0z izleme ile otizm rahatsizligini tanimlayabilmek i¢in
yapilan bazi ¢aligmalar ve elde ettikleri sonuglar tablo 7°de
verilmistir. Farkli verisetleri ve algoritmalar kullanilarak
yapilan g¢aligmalardan daha iyi basari oranlar1 tarafimizca
elde edilmistir. GOz izleme ile otizm rahatsizligini
tanimlayabilmek i¢in yapilan bazi ¢aligmalar ve elde edilen
sonuglar tablo 7’°de verilmistir.
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Tablo 7. Farkli veri setleri ile yapilan galigmalar

Yazarlar Kullanilan Algoritma Dogruluk
Veriseti (%)

Romuald 17 UKSB 83

Carette,2018 OSB,25TS

(25]

Chen Xia,2020 31 DVM 93

[26] OSB,43TS

Victoria 20 Lojistik 75.3

Yaneva,2020 OSB,20TS Regresyon

[27]

KenjiJ. 39 Random 78

Tsuchiya,2021 OSB,102TS  Forest

(28]

Literatiirde bizimle ayni veriyi kullanan c¢aligsmalar
tablo8’de Dbelirtilmistir. Bu ¢alismalar arasinda UKSB
algoritmasini igeren bir uygulama mevcut degildir. Buna
ragmen yapilan uygulamalarla kiyasladigimizda burada da en
iyi basar1 oranlarina ulastigimiz goriilmektedir. Bu calismada
kullanilan veri seti ile yapilmis calismalarin 6zeti tablo8’de
belirtilmigtir. Bu ¢alismalar arasinda LSTM algoritmasini
iceren bir uygulama mevcut degildir. Elde edilen sonuglar
tablo 8 ile karsilastirildiginda onerilen yontemin dogruluk
degeri daha yiiksek elde edilmistir.

Tablo 8. Ayni veri setleri ile yapilan ¢aligmalar

Yazarlar Kullanilan Algoritma Dogruluk
Veriseti (%)

Federica Cilia, 29 ESA 93

[29] OSB,30TS

Carette ve 29 Lojistik 81.9

ark.) [30] OSB,30TS Regresyon

Elbattah  ve 29 Autoencoders  K=3

ark. [31] OSB,30TS icin 94

Elbattah  ve 29 VAE model 70

ark. [31] OSB,30TS

Onerilen 29 LSTM 98,64

Yontem OSB,30TS

UKSB ile gerceklestirdigimiz uygulamamizda gegmis
gz hareketlerinin hafizaya alinarak degerlendirilmesinin
simiflandirmaya etkisi gozlemlendiginde oldukca basarili
sonuglara erisilmektedir. Uygulama 1 ile goz hareketlerine ait
tiim 6zelliklerin kullanilmast ile iyi diizeyde smiflandirmanin
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gerceklestirilebilecegi gosterilmistir. Bu bagarinin oranint
belirleyen en oOnemli faktdriin pencere boyutu oldugu
ispatlanmustir.

Pencere boyutu literatiirde deneysel yontemlerle
sec¢ilmektedir. Bu duruma ¢6ziim olarak sunulan PSO- UKSB
hibrit modeli optimum pencere boyutunu belirleyerek egitimi
gerceklestirir. Uygulamal’de tiim 6zellikler dahil edildiginde
pencere boyutu 13 oldugunda, Uygulama 2’de sinirh sayida
ozellik ile yapilan egitimde pencere boyutu 5 oldugunda
maximum basarilara ulasildi.

Otizm siniflandirma ¢alismasinda gézbebegi boyutunun
ve ilgi alan1 parametrelerinin belirleyici 6zellikler oldugu bu
calisma ile bir kez daha kanitlanmaktadir. Ozellikle TS
bireyleri ayirt etmede bu 6zelliklerin pozitif etkisinin oldugu
gorildi.

Uygulama 1’de mevcut tim ozellikler egitime dahil
edildiginde OSB’li bireyleri siniflandirma oraninda daha iyi
bulgulara ulasildi. Bu durum biyolojik parametre sayisi
arttikca otizm rahatsizligimi bulma oranmin artacagini
gostermektedir.

G0z hareketlerinin veri sayist maddi sebeplerle hep kisitlt
tutulmaktadir. Bu nedenle derin 6grenme alaninda kisith
calisma olmasi sebebiyle caligmamiz bu alanda Oncii
olabilecektir.
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Giinlimiizde enerji, liretim maliyetlerindeki artis ve fosil kaynaklarin azalmas: gibi faktorler nedeniyle
giderek daha kritik bir konu haline gelmektedir. Bu durum, dogru akim (DA) gii¢ kaynaklan tarafindan
dretilen enerjinin, son kullanicilara en verimli sekilde ulastirilmasi gerektigi bir sorunu ortaya
koymaktadir. Bu baglamda, yakat hiicreleri, riizgar enerjisi ve fotovoltaik enerji gibi dogru akim (DA) gii¢
kaynaklari tarafindan tiretilen enerjiyi, son kullanicilar i¢in kullanilabilir hale getirmek i¢in gii¢ elektronigi
devreleri arasinda inverterler yer almaktadir. Ayni sekilde, fotovoltaik sistemlerin daha yiiksek
verimliligini saglamak i¢in maksimum giiciin elde edilmesini veya regiile edilmesini saglayan kontrol
yapilar ile iki veya {i¢ asamali sistemler gerekmektedir. Empedans kaynakli inverterler, fotovoltaik
panellerden tek asamada maksimum giici saglama ve son kullaniciya ulastirma yetenegi nedeniyle
geleneksel inverterlere gore avantajlidir ve en yaygin kullanilan tagiyict temelli anahtarlama yapisi "Basit
Arttirma Kontrolii" olarak bilinmektedir. Bu ¢alismada, empedans kaynakli inverterler i¢in anahtarlama
sayisint ve buna bagli olarak ortaya gikan anahtarlama kayiplarini azaltmaya yénelik tastyic temelli yeni
bir anahtarlama yapisi tasarlanmistir. "Basit Arttirma Kontrolii" yapisindan esinlenerek, bu c¢aligmada
mevcut tastyict sinyale paralel yeni bir sinyal kullanilarak anahtarlama say1s1 %66 oraninda azaltilmis ve
¢ikis gerilimindeki harmoniklerin frekanslar1 degismekle birlikte toplam harmonik bozulmasinda (THB)
degisme olmamustir. Sonug olarak, bu yontem devre anahtarlama elemanlar: tizerindeki anahtarlama
kayiplarmi azaltir ve empedans kaynakli inverterlerin verimliligini artirma potansiyelini ortaya koyar.
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* Sorumlu Yazar

In today's world, energy is becoming an increasingly critical issue due to factors such as rising production
costs and the depletion of fossil resources. This situation poses a challenge in delivering energy generated
by direct current (DC) power sources to end-users in the most efficient manner. In this context, inverters
play a significant role in converting energy generated from direct current (DC) power sources such as fuel
cells, wind energy, and photovoltaic energy into usable form for end-users. Similarly, to achieve higher
efficiency in photovoltaic systems, control structures enabling the extraction or regulation of maximum
power require two or three-stage systems. Impedance-source inverters, known for their ability to provide
maximum power from photovoltaic panels in a single stage and deliver it to end-users, offer advantages
over traditional inverters and utilize the widely used carrier-based switching structure known as "Simple
Boost Control." In this study, a carrier-based new switching structure has been designed for impedance-
source inverters to reduce the number of switching operations and associated switching losses. Inspired by
the "Simple Boost Control" structure, in this study, the number of switching was reduced by 66% by using
a new signal parallel to the existing carrier signal, and although the frequencies of the harmonics in the
output voltage changed, there was no change in the total harmonic distortion (THD). As a result, this
method reduces switching losses in circuit switching elements, demonstrating the potential to enhance the
efficiency of impedance-source inverters.
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Giris

Inverterlerin temel amaci, dogru akim (DA) giicii alternatif
akim (AA) giice doniistiirmektir. DA gii¢ kaynaklarmdan biri
olan fotovoltaik (PV) panellerinden {iretilen enerjinin
sebekeye baglanmasi ancak inverterler kullanilarak
gerceklesebilir. Inverterler, farkli kaynak yapilarna bagh
olarak akim, gerilim ve empedans kaynakli olmak {izere
cesitli topolojilere sahiptir [1]. PV sistemlerinde en yaygin
olarak tercih edilen inverter topolojisi gerilim kaynakli
inverterlerdir  [2], [3]. Geleneksel yapilarda, PV
sistemlerinden maksimum gii¢ c¢ekilebilmesi (Maximum
Power Point Tracker - MPPT) veya diizensiz giris geriliminin
regiile edilmesi i¢in giris kaynag1 ve inverter yapist arasina
DA-DA doniistiiriicii veya dondstiiriiciiler yerlestirilmelidir
[4]. Bu durumda DA gerilimden AA gerilim elde edilmesi
icin inverter dahil en az iki doniistiiriici kullanilmasi
gereckmektedir.

Empedans Kaynakli Inverter (Impedance Source Inverter -
ZSI) ise kullanilan iki doniistiiriiciiniin  birlestirilerek
kayiplarin ve sistemin maliyetinin azaltilabildigi alternatif bir
yontemdir. ZSI, tek bir inverter kullanarak girig gerilimini
yikseltme ve AA formuna doniistirme islemini
gerceklestirir, boylece ayr1 bir DA-DA doniistiiriiciiye ihtiyag
duyulmaz [5]-[7]. Basit yapisi, diisiik maliyetli olmasi ve
daha az sistem karmasikligi gibi Ozellikleri sayesinde
ZSI'lerin, Gii¢ Faktorii Diizeltme (Power Factor Correction -
PFC) ve PV uygulamalarinda kullanimi1 yayginlagmaktadir.
ZST’lerde anahtarlama stratejisi girig gerilimini yiikseltme ve
regiile etme islemini tek donistiiriicii yapisiyla yapabilmesine
olanak  saglamaktadir  [8]-[14]. Ancak, kullanilan
anahtarlama  stratejileri  ekstra  kayiplara  neden
olabilmektedir.

ZSI'lerin toplam kayip analizi yapildiginda, yariiletken
kayiplarinin diger kayiplara kiyasla daha biiyiik oldugu
goriilmektedir [15]. Bu nedenle, yapilan c¢aligmalar
yariiletken kayiplarini azaltmak {izerine yogunlasmaktadir.
Yeni nesil ve yiliksek performansli yariletkenlerin
kullanimiyla anahtarlama kayiplar1 azaltilabilmektedir [16]—
[18]. Ancak, bu teknolojilerin endiistriyel kullanim alani
sinirlt olup, ekonomik agidan karli degillerdir. Bunun yaninda
geleneksel  yariiletkenler  kullanilarak ~ modiilasyon
tekniklerinde yapilan iyilestirmelerle de anahtarlama
kayiplar1 azaltilabilmistir [19]-[26]. Ozellikle ii¢ fazl
sistemlere 6zel modiilasyon yontemleri ve algoritmalarmimn
uygulanmasiyla  anahtarlama  kayiplarinin = azaldig
gozlemlenmistir [19]-[22].  Benzer sekilde, tek fazli
sistemlerde, tastyict temelli siniizoidal darbe genislik
modiilasyon (Sinusoidal Pulse Width Modulation - SPWM)
stratejilerinin uygulanmasiyla anahtarlama kaybi azaltilmis
ve sistem verimi iyilestirilmigtir [23]-[25].

ZSl'lerde  tastyict  temelli anahtarlama  yonteminde,
yariiletken kaybmin toplam kayba orani, 3kHz ve 8kHz
anahtarlama frekanslarinda sirasiyla %48,5 ve %85 olarak
gozlemlenmistir [15]. Yariletken kayiplari, yariiletken
anahtarin agilip kapanmasi olusan gegis kayiplari ve iletim
durumunda olusan kayiplar olarak degerlendirildiginde, gegis
kaybmm toplam yariiletken kaybma orant %90 olarak

hesaplanmistir [27]. Gegis kayiplari, toplam anahtarlama
sayisina bagli olarak 6nemli 6l¢tide artmaktadir [15].

Geleneksel tek fazli gerilim kaynakli inverter yapilarinda,
inverterde kullanilan dort yariiletkenin sadece ikisinin yiiksek
frekansta anahtarlama yapilmasi, inverterin daha verimli hale
gelmesini saglamaktadir [28]. Bir bagka ¢alismada da yiiksek
ve diigiik frekansta anahtarlama (High and Low Frequency
Switching - HLFS) SPWM topolojisi olarak adlandirilan iki
frekansli inverter yapisi, geleneksel ZSI kontrol yontemine
uyarlanmig ve toplam anahtarlama sayis1 %50 oraninda
azaltilmistir [25].

Bu calismada, diger yontemlerden farkli olarak, geleneksel
ZSI kontrol yonteminde kullanilan tasiyici dalga yapisiin
gelistirilmesiyle Shoot-Through (ST) ve SPWM anahtarlama
gorevleri biitiinlestirilerek yeni bir HLFS yontemi
gelistirilmistir. Bu sayede inverterdeki anahtarlama sayisi
onemli Ol¢lide azaltilarak yariiletken kaynakli kayiplarin da
azaltilmasi hedeflenmistir. Calismada, ZSI ile ayni
anahtarlama yapilartyla kontrol edilebilen yari-empedans
kaynakli inverter (Quasi Impedance Source Inverter - Q-ZSI)
devre yapisi tercih edilmistir [6].

Yari-Empedans Kaynakh inverterlerin
Calisma Prensipleri

Geleneksel inverter uygulamalarinda, giris geriliminin ¢ikis
gerilimine oranla daha yiiksek seviyede olmasi gerekir.
Diisiik bir giris gerilimi durumunda veya PV sistemlerde
MPPT yapilmas1 gerekti§inde, sistem maliyeti ve
karmagikligmm1  artiran  bir  DA-DA  doniistiiriici
gerekmektedir. Bunun yerine, ZSI ve Q-ZSI topolojilerin
sahip oldugu empedans yapisiyla birlikte, ¢ikis gerilimi tek
asamada artirabilmektedir. Bu empedans yapisi, iki bobin, iki
kondansator ve bir diyottan olugur. Sekil 1.a ve Sekil 1.b’de
sirastyla ZSI ve Q-ZSI topolojileri ve empedans yapist
gosterilmektedir [29], [30].

Sekil 1. a) Empedans kaynakli inverter (ZSI). b) Yari-
Empedans kaynakli inverter (Q-ZSI).

ZSI ve Q-ZSI, giris ve ¢ikis formiillerine gore esdegerdir.
Ancak Q-ZSI topolojisi, kondansatér boyutunu azaltma ve
giris bobininden siirekli akim g¢ekebilme gibi avantajlara
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sahiptir. Q-ZSI, giines panelleri ve yakit hiicreleri gibi
kaynaklardan siirekli olarak akim ¢ekebilme 6zelligi
sayesinde bu kaynak omriinii azaltmadan kullanmay1 saglar.
ZSI ailesi DA bara gerilimini (Vpy) artirmak igin belirli bir
calisma oraninda (Duty Ratio -D) Shoot-Through (ST)
durumuna girmelidir. ST durumu, ayn1 anda bir veya iki
koprii bacaginin kisa devre olmast durumuna verilen isimdir
ve III. boliimde daha detayli olarak agiklanacaktir (Sekil 2)
[29].

Vo2 ic2

—l -

L Vdiode C2 L, i

T =
+VL1 - iy tv, — +
N +
-V, Ver =€ GD
mn — IPN

_ . VPN
% el

Sekil 2. ST durumu

Giris ve ¢ikis gerilimleri arasindaki iliski, ¢aligma oranina
bagli olarak temel ifadesi denklem 8 deki gibidir [29]. Bir
anahtarlama periyodu (T) sirasinda, ST durumunun araligi T,
ve ST olmayan durumun aralig1 T; olarak kabul edilmigtir. ST
olmayan T; swrasinda devre yapasindaki bobin ve
kondansatorler iizerindeki gerilimler Denklem 1 ve 2’de
verilmistir. ST durumu TO sirasinda devre yapasimdaki bobin
ve kondansatorler iizerindeki gerilimler Denklem 3 ve 4’te
verilmigtir.

v = Vin = Ver v = Ve (1)

Vpy = Vo1 = V12 = Ver + Ve, Vgiode = 0 (2)

v = Vez + Vi, vz = Ver (3)

vpy =0, Vaioge = ~(Ve1 + Vi) (4)

Kararli durumda, bir anahtarlama periyodu boyunca

indiiktorlerin ortalama gerilimi sifirdir. Denklem 1, 2, 3, 4'in
birlestirilmesiyle Denklem 5 ve 6 elde edilir.

_ ToWVez + Vin) + Ty (Vin — Ver) _

= 0 (5)

Vi =711

_ To(Ve1) + T1(=V¢2)
Vi =7, = T =0

(6)
To/T yerine D ve T;/T yerine (1-D) yazildiginda,
kapasitorler izerindeki gerilim degerleri elde edilir (Denklem
7).

1-D D
Ver =757 VinVez =757 Vin

7
1-2D 1-2D 7

1

Ven =Ve1 +Ve2 = 1-2D

T, — T, Vin = Vin = BVin (8)
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Inverter giris Vj, ile DC bara gerilimi Vpy arasindaki iliski
Denklem 8’deki gibi ifade edilmistir. ikisi arasindaki oran
yiikseltme faktorii (Boost - B) olarak adlandirilir. Bu deger
ST’nin anahtarlama periyodu igerisindeki ¢aligma orani (D)
ve modiilasyon indeksine (M) baglidir (Denklem 9). ST
durumuna izin verilen maksimum siire 1-M kadar olabilir.
Buna bagli olarak D degeri, 1-M e esit veya daha kiigiik
degerler alabilir (Denklem 10).

Vpn 1
B_vm_1—20 ©)
D<1-M (10)

Yari-Empedans Kaynakh Inverterler I¢cin
Anahtarlama Kontrol Stratejileri ve Kayiplar

Tim gelencksel PWM anahtarlama metotlar1 Q-ZSI’lerin
kontrolii i¢in ST ¢alisma oranina uygun uyarlanarak
kullanilabilir. Q-ZSI kontroliinde ti¢ farkli anahtarlama
durumu bulunmaktadir. Bunlar aktif durum, ST olmayan
(Non-Shoot-Through - NST) sifir durumu ve ST sifir
durumudur. Aktif durum ve NST sifir durumu geleneksel VSI
ile aynmi seklide kontrol edilir. ST durumu, en az bir koprii
bacaginin kisa devre olmasi durumunda olusur. Sekil 3°te
dort yart iletken S1, S2, S3 ve S4 olarak tanimlanmis olup,
bunlarin agik ve kapali durumlari basitge gosterilmistir.

S1

S2

ST

54

T
T

Sekil 3. ST durumu anahtarlamasi

Q-ZSI devrelerinin ¢alismasinda ST durumunu dogru bir
sekilde yonetmek oldukc¢a 6nemlidir. Dogru yontemlerle Q-
ZSI devresi, verimli bir sekilde calistirilabilir ve istenilen
cikis gerilimi ve akimimi saglayabilir. En c¢ok kullanilan
tastyici temelli kontrol yontemi basit arttirma kontroliidiir.

Basit Artirma Kontrolii

Basit artirma darbe genislik modiilasyonu (Simple Boost
Pulse Width Modulation - SBPWM) yontemi ST durumunu
yonetmek i¢in kullanilan geleneksel tasiyici temelli kontrol
stratejilerinden biridir. SBPWM’de, geleneksel tek kutuplu
(Unipolar) tasiyict temelli karsilagtirma yapist kullanilir.
Ancak SBPWM, ST durumlarmin anahtarlanmasi i¢in Sekil
4 te gosterildigi gibi fazladan pozitif/negatif ST referans
cizgileri eklenmelidir. Bu referans ¢izgileri, denklem 10°daki
istenen gerilimi saglayacak sekilde +(1-D) olarak belirlenir.
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Sekil 4. SBPWM yapisinda pozitif ve negatif ST referans
cizgileri

SBPWM yonteminin anahtarlama semasi Tablo 1’ deki
gibidir.

Tablo 1. SBPWM yontemi anahtarlama semasi.

Yan Anahtarlama Kosulu
Iletken
S1 Vsing > Vrr)I(ST Ref (P) < Vrg;)
S2 Vsine < Vrri
S3 —Vsine > Vrri
S4 (“Vane <VrrDUCST Ref(N) > Vg )

Sekil 4 ve Tablo 1°deki anahtarlama sartlariin saglanmasi
durumunda, ST referans ¢izgilerinin anahtarlama yapisina
etkisi Sekil 5°da detayli olarak gosterilmektedir.

Sekil 5. SBPWM detayl gosterimi

SBPWM de ST yapabilmek i¢in biitiin anahtarlar ayn1 anda
kisa devre yapilabilmektedir. Bunun sonucunda anahtarlama
sayisinda ve toplam anahtarlama kaybinda artis meydana
gelmektedir. Anahtarlama sayisint diigiirmek i¢in ST’nin
sadece inverterin bir bacaginda gergeklesmesi yeterlidir. Bu
durumda yar1 iletkenlerin toplam anahtarlama sayisi
Denklem 11 verilmistir. (Sekil 5). Anahtarlama kayiplarini
minimize etmek, sistem verimliligini artirmak i¢in 6nemlidir.

574

FkW' FkW

.4 =6.

Anahtarlama Sayist = =

(11)

Fund F Fund

Anahtarlama kayiplari, giic elektronigi uygulamalarinda
kullanilan yariiletken anahtarlar tizerindeki frekans ve gerilim
degisimleri nedeniyle meydana gelen kayiplardir. Sekil 6'de,
basit bir anahtarlama akim-gerilim grafigi ve bu grafikle
iliskili olarak olusan anahtarlama kayiplar1 gosterilmistir.

-+ VOLTAJ- -

L
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Sekil 6. Mosfet anahtarlama kayiplari

Sekil 6 goriildiigii gibi anahtarlama kayiplar1 kapali durum
(OFF) kayiplari, iletim kayiplar1 ve gecis kayiplar olarak ti¢
farkli durumda meydana gelir. Yariiletkenlerin kapali
durumundaki yiiksek direng degerleri sayesinde “Kapali
durum kayiplar1” sifir olarak kabul edilir. Tletim kayiplari,
yari iletken cihazlarin devamli iletimde durmasi nedeniyle
ortaya cikan kayiplardir. Ayni sartlarda ¢alisan inverterler
i¢in, anahtarlama ydntemi veya frekansindan bagimsiz olarak
iletim kayiplar teorik olarak aynidir [21]. Gegis kayiplari ise
yariiletken anahtarlarin agma kapama yaparken gegis
esnasinda kisa siireli olarak olusan ve yiiksek giic
harcamasma neden olan kayiplardir. Yariletken gegis
kaybinin toplam yariiletken kaybina etkisi digerlerine kiyasla
cok yiiksektir [27].

Gegis kaybi, yariiletken anahtarlarin yiiksek frekansl
anahtarlamalart sonucu olusur. Gegis kaybinin tam
hesaplanmasi p(t) = v(t)*i(t) formiilii ile miimkiin olsa da ve
v(t), i(t) fonksiyonlar1 ve toplam kayip; besleme gerilimi,
anahtarlama frekansi, anahtarlama hizi, yar iletken
malzemenin tipi, gii¢ degeri gibi ¢ok sayida faktdre baglidir.

SBC yonteminin ZSI’lerdeki kullaniminda yariiletkenlerin
geleneksel anahtarlama esnasinda gergeklesen gegis kaybi,
anahtardan gecen akim ve anahtar iizerindeki gerilimine
baglidir. Bu kayip ortalama Py, olarak tanimlanmigtir. ST
durumunda gergeklesen gecis kaybi, kisa devre akimina
baghdir ve Py, olarak ifade edilir. Anahtarlama frekansi
Fsy, temel frekans ise Frypq olarak tanimlandiginda bir tam
periyodda gergeklesen toplam gegis kayiplart Denklem 12 ve
13°teki gibi ifade edilir.

Fsw

P tTerad TOTAL 4. Frund * P tTerad (12)
F N4

PfTST;rOTAL =2. Frund Ptrsr (13)

Toplam kayip denklem 12 ve 13 toplanmasiyla denklem
14’teki gibi ifade edilebilir.
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FSW FSW
=4 Py, 2P

. 14
F Fund Fund ( )

P trroraL
Tek fazli geleneksel inverterlerdeki dort yariiletken toplam
gecis kayiplari denklem 12°deki gibi hesap edilir. Buna ek
olarak Sekil 5’da goriildigii gibi ZSI anahtarlama
kontroliinde kullanilan SBPWM yoénteminde, sadece iki
yartiletken ST durumunda ¢alismaktadir. Bu durumda olusan
toplam gecis kayiplar1 Denklem 13°te ifade edildigi gibidir.
SBPWM yontemi ile kontrol edilen bir ZSI’nin toplam gecis
kaybini1 Denklem 14 kullanilarak hesaplandiginda, geleneksel
inverterlere gore daha fazla oldugu goriilmektedir.

Yiiksek ve Diisiik Frekansta Anahtarlama Kontrolii

HLFS, toplam anahtarlama sayismi azaltmaya ydnelik
kullanilan anahtarlama kontrol ydntemlerinden biridir.
Yalnizca bir ¢ift yariiletken anahtarlama frekansinda
calisirken diger cift ise modiile edilmis siniisiin frekansinda
calisir. Bu yontemde yariiletkenlerin anahtarlama kosullari
Tablo 2 verildigi gibidir, bu durumda olusan anahtarlama
sinyalleri Sekil 8’de gosterilmistir.

Tablo 2. HLFS Unipolar PWM ydntemi anahtarlama kosullar1

Yan Anahtarlama Kosulu
Iletken
S1 Vsine > Vrri
S2 Vsine < Vrri
S3 Vsine <0
S4 Vsing >0

UL T T
UL LT
P R | I

J i |

Sekil 7. HLFS unipolar PWM

HLSF yontemini ZSI’lere uyarlanmasi, pozitif/negatif ST
referans c¢izgilerinin Sekil 9’daki gibi eklenmesi ile
saglanabilmektedir. Boylelikle ST durumu invertere
uygulanmis olur. Bu yoOntemdeki ise yariletkenlerin
anahtarlama kosullar1 Tablo 3’teki gibidir.
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Tablo 3. HLFS yontemi ve ST durumu anahtarlama kosullari

Yar Anahtarlama Kosulu

Iletken
S1 Vsing > Ver)II(ST Ref (P) < Vrgy)
S2 Vsing < Vrr)II(ST Ref (N) > Vrg,)
S3 Vsine <0
S4 Vsing >0

HII_LIIJIJH?IIIL.II..:||_.||||7UH||||||]S|1 LUULLLHE L
1 T

Sekil 8. HLFS yontemi ST durumunun eklenmesi

Sekil 8’daki anahtarlama yapisi Sekil 9°da zaman araligi
daraltilarak ST durumlarinin  yerlesimi
gosterilmisgtir.

daha detayl

E EnE e e B

Sekil 9. HLFS ST durumu detay
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HLSF yonteminde gegis kayiplar yiik ve ST durumuna baglh
olarak asagidaki gibi hesaplanabilir.

Fsw
P trerad TOTAL 2. F P tTtrad (15)
Fund
o 1 Fow Fsw
Pirgr rora, = (kI adet).z. Froma P, = Fruma Pirg, (16)

Dort yariiletken i¢in de toplam gecis kaybi denklem 15 ve 16
toplanmasiyla Denklem 17 edilebilir. HLFS yontemine ST
durumunun eklenmesi ile SBPWM yontemine gore gecis
kayiplarinin yar1 yartya azalmaktadir [25].

FSW P
trst
FFund

F&W
: Ptrtrad +

=2.
FFund

(17)

P trroraL

Onerilen Anahtarlama Yontemi

Bu caligmada, anahtarlama sayisinin geleneksel yonteme
gore azaltilmasi amaci ile geleneksel anahtarlamaya iki yeni
ozellik eklenmigtir. Bunlardan ilki Bolim 3’te de anlatilan
HLSF yontemi olup, anahtarlama sayismin yartya diismesi
saglanmistir (Denklem 7).

Ikinci ozellik ise geleneksel yontemdeki anahtarlama
diizenine ek olarak uyarlanmis ST referans cizgilerinin
kullanilmasidir. Mevcut tasiyici sinyaline paralel, M’ye bagh
ve D kadar otelenmis ikici bir tastyici sinyali ekleyerek ST
durum kontrolii saglanmistir (Sekil 10).

D

Sekil 10. Onerilen Yéntem

Boylelikle yariiletkenlerin  durumu  degistirilmeden ST
durumu olusturulmustur. Bu durum Sekil 12°de iki yari
iletkende yavas anahtarlama diger ikisinde ise sadece hizli
anahtarlama yapildig1 ve ST durumu i¢in art1 bir anahtarlama
yapilmadig1 agikga goriilmektedir.
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S1

Sekil 11. Onerilen yéntem ST durumu

Yari iletkenler tizerindeki kayiplara bagli 1stnmay1 esit olarak
yayabilmek i¢cin her temel frekansta, hizli ve yavas
anahtarlarin  yer degistirilmistir (Sekil 12). Boylelikle
onerilen yontem ile ST durum, anahtarmn aktif durumunda
gerceklesmekte ve 1sinin esit dagilimi saglanmaktadir.

s1 1 Vsin<Vtri |Vsine>Vtri-D 0

s2 0 Vsin>Vtri+D| Vsin<Vtri 1

s3|  Vsin<Vtri 1 0 Vsin>Vtri+D
s4| Vsin>Vtri-D 0 1 Vsin<Vtri

Sekil 12. Onerilen yéntemin zamana bagh anahtarlama
kosullar1

Onerdigimiz anahtarlama kontrol yontemi tastyici temelli ve
basit yapilidir. Onerilen yontem ile SBPWM’e kiyasla iicte
iki daha az anahtarlama yapilmakta olup anahtarlama
esnasinda olusacak kayiplar biiytik 6lciide azalmaktadir.

P trerad TOTAL 0 (18)
F N4
PfTST;rOTAL =2. Frund Ptrsr (19)
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Anahtarlama esnasinda meydana gelen toplam gegcis kaybi
Denklem 18 ve 19 toplanmasiyla elde edilebilir. Bu yontemde
yariiletkenler sadece ST durumunda agilip kapandigi icin
gecis kayiplarmi etkileyen akim ST akimidir. Bdylelikle
toplam gegis kayb1 Denklem 20’deki gibi hesap edilir.

FSW

PfTTOTAL =2 Ptrsr (20)

.FFund
Simiilasyon ve Sonuglari

Onerilen anahtarlama kontrol y&ntemini SBPWM ile
kiyaslamak i¢in PLECS programinda benzetim g¢alismalari
yapilmistir. Tasarlanan devrenin parametreleri Tablo 4’te
verilmigtir.

Tablo 4. Simulasyon parametreleri

Parametreler Degerler
Girig Gerilimi Vp¢ 60V
Temel frekans Frypng 50Hz
Anahtarlama frekansi Fgy, 10kHz
Maksimum gorev orani D 0.4
Modiilasyon indeksi M 1-D
Mosfet iletim direnci Rpg oy 0.55Q
Bobinler L1, L, 10mH
Kapasitorler Cy , C 470uF
Yiik direnci Ryyg 560 Q

1-D

SBC1200

VC1,VC2,I1L1

i
PIN,POUT
L1 2
aaag®
5

[GB=S

TeonstG

Heat Sink
Sekil 13. PLECS devre modeli

Simiilasyonda SBPWM ydntemi ile 6nerilen kontrol yontemi
ayni devreye uygulanmustir. Iki yontemin karsilagtiriimasi
icin sabit yiik direnci iizerinde sadece D degistirilerek verim
analizi ve gecis kaybi hesabi yapilmigtir. Denklem 10’da
belirtilen kosulu saglamak icin M degeri her D degeri i¢in 1-
D’ye sabitlenmistir. Bobin ve kapasitér degerleri
hesaplanirken mevcut ¢aligmalardan yararlanilmistir [30].

Toplam anahtarlama sayist ve gegis kaybi ele alindiginda
Bolim 3 ve Bolim 4’teki esitliklerle uyumlu oldugu
goriilmektedir.

SBPWM yonteminde S1 ve S2 anahtarlarinin bulundugu
koldaki kayiplar1 gosteren sonuglar diger kol i¢inde gegerli
olacaktir. S1 anahtari iizerinde meydana gelen gegis kayiplari
Sekil 14°te detayl olarak gosterilmistir. Sekilde gorildiigii
gibi S1 anahtar iki farkli Ipg akimi ile her bir anahtarlama
periyodunda iki defa agilip kapanmaktadir. ¢ akimlarindan
ilki ¢ikisa dogru akarken ikincisi ST kisa devre akimi olarak
akmaktadir.
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S1

1.0 :
0.0 : :
S2
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0.5
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Sekil 14. SBPWM yonteminde S1 mosfeti iizerindeki gecis
kaybi

S2 anahtar1 tizerinde meydana gelen gecis kayiplart Sekil
15°da detayli gosterilmigtir. Burada da S2 anahtari her bir
anahtarlama periyodunda bir defa kapanip agilmaktadir. /g
akimi ¢ikisa dogru akmaktadir.

S1

1.0 ‘

0.5_—| ”

0.0 :
52

1.0 | ] : | : T

0.5
0.0+

VDS
400 :

200
0_.

1DS

0.6

0.4
o2 | Il
0.0 |

200

PS2

AL/

.‘ 5 43840 43845 4.3850 4.3855 4.3860 =

100+

Sekil 15. SBPWM yonteminde S2 mosfeti tizerindeki gecis
kayb1

Sekil 14 ve Sekil 15’dan yola ¢ikarak diger anahtarlar i¢in de
degerlendirme yapildiginda, simiilasyonda ortaya ¢ikan
toplam gecis kaybi denklem 14 ile uyumlu oldugu
goriilmektedir.
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Anahtarlama hizlar1 yoniinden degerlendirildiginde ise S1 ve
S2’nin diisiik hizda S3 ve S4’iin yiiksek hizda anahtarlandig:
Sekil 16 ve Sekil 17°de gosterilmistir.

s3
1.0 :
0.0 4 , B4 ! L
s4
1.0
0.0 -
400 AL
200 | - : :
[IE— S S L
- IDS d
0.5+
0.0
i PS3
0 | L L
T
2 TI85_ 2.5390 25395  2.5400 el

ith
Sekil 16. Onerilen yéntem S3 mosfeti {izerindeki gecis
kayiplari
S3
1.0
0.0- i - -
sS4
1.0
0.0 - B -
4007 L
200 I_ I—
0=
i DS
. S—l ﬂx t‘x lH
0.0 L
PS4
200 |
0

2.6540 2.6545

Sekil 17. Onerilen yontem S4 mosfeti {izerindeki gecis
kayiplari

Sekil 16 ve Sekil 17°de  S3 ve S4 anahtarlariin ikisinde de
Ips akiminm sadece ST den kaynaklanan kisa devre akimi
oldugu goriilmektedir. Bu esnada S1 ve S2 anahtarlar1 diisiik
frekansta anahtarlandigindan, olusan toplam gegis kaybi
Denklem 20’yi saglamaktadir.

ST galigmada, yalnizca gérev orani D degerinin degistirilmesi
ile oOnerilen kontrol ydntemin SBPWM yontemine goére
sistemin daha verimli ¢aligmasini saglamistir. Her iki kontrol
yontemi sonucu elde edilen sistem verim grafigi gorev
oranina bagl olarak Sekil 18’da gosterilmektedir.

99.5 A

99.0 1

98.5

98.0

n Verim

97.5 4

97.0

9657 — Bnerilen Yontem

9604 SBPWM Yontemi

T T
0.05 0.10 0.15

Gorev Orani (D)
Sekil 18. Simiilasyon ciktilarina gore toplam verim analizi

Onerilen yontemin toplam gegis kaybmmin SBPWM
yontemden daha az oldugu Sekil 19°de gosterilmektedir.

—— Onerilen Yontem
—— SBPWM Yontemi

1.24
1.0 4
0.8 1

0.6 1

Gegis Kaybi (W)

0.4 1

0.21

0.0 A

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Gorev Orani (D)

Sekil 19. Simiilasyon ¢iktilarina gore toplam gecis kaybi
Sekil 20°de gosterilen Toplam Harmonik Bozulma (THB)
degerleri ile de 6nerilen yontemin ¢ikis sinyalinde SBPWM
yontemine gore bir bozulma olmadig1 dl¢iilmiistiir.

—— Onerilen Yantem

—— SBPWM Yontemi
1.0 q

0.9 4

0.8 1

Toplam Harmonik Bozulma

0.6

0.5 1

0.00 0.05 0.10 0.15 020 0.25 0.30 0.35 0.40

Gorev Qrani (D)

Sekil 20 Simiilasyon ¢iktilarina gére THB degerleri
578
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Sonuclar ve Tartisma

Tablo 4’te ozellikleri verilen devrede bir temel periyodda
(20ms) SBPWM yontemi ile 1200 adet anahtarlama
yapilmaktadir. Ayni siirede SBPWM yerine onerilen yontem
kullamldiginda toplam anahtarlama sayis1 400°diir. Onerilen
yontemde anahtarlama gecis kayiplart yalnizca D’ye bagh
olarak degismekte olup SBPWM yontemine gore % 15.61 ile
%40.34 arasinda daha az dlgiilmiistiir. Toplam anahtarlama
sayist SBPWM yontemine gore % 66 oraninda azaltilmis ve
¢ikis gerilimindeki harmoniklerin frekanslart degismekle
birlikte THB degerinde degisme olmamistir.

Sonug olarak anahtarlama sayis1 ve buna bagli olarak gecis
kayiplart 6nemli oranda azaltilmistir. Onerilen kontrol
yontemi ile simiilasyon sonuglarma gdre toplam sistem
verimi ortalama % 0.5 artmistir.

Etik kurul onay ve ¢cikar ¢atismasi beyam

Hazirlanan makalede etik kurul izni alinmasina gerek yoktur.
Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
catismast bulunmamaktadir.
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E-learning has experienced a surge in popularity, particularly during and after the COVID-19 pandemic.
Online learning has proven to be a vital tool for students and educators to continue academic activities
while adhering to social distancing guidelines and during the times of natural disasters that disrupt the
conventional learning environments. It also offers accessibility to disabled students and those facing
challenges to reach to the traditional learning. But due to increased demand, it is crucial to optimize cost
of transmission while minimizing bandwidth usage while maintaining high-quality video transmission.
To optimize cost and reduce network load, it is essential to minimize bandwidth usage while maintaining
high-quality video. In response to this need, we present a novel dataset consisting of four e-learning
scenarios. We encoded this dataset using various resolutions, bit rates, and encoder presets, and

evaluated it in terms of encoding time, and quality using full-reference objective quality metrics such as
MSE, PSNR, and SSIM. After experimenting with more than 1400 videos and configurations of

Doi: 10.24012/dumf. 1335369

encoders and codecs, we found out that it is possible to transmit videos in exceptional quality at bit rates
as low as 5 Mbps for e-learning scenarios. We also present detailed results about correlation between

file size, quality and encoding time to make optimizations for specific bandwidth, target quality or

* Corresponding author encoding speed.

Introduction

According to CISCO Visual Networking Index, video
streaming accounts for 82% of the global internet traffic.
For 2022, it is predicted to be between 80% and 90%,
surpassing the expectations of previous years [1]. Live
streaming, on the other hand, accounts for 17% of internet
traffic. During the COVID-19 pandemic, there was an
unprecedented surge in the popularity of online lessons,
virtual meetings, and e-learning platforms. As a result, an
ever-increasing abundance of course materials are now
accessible on the internet, supplementing the pre-existing
digital resources.

The efficient transmission of multiple videos over the same
network connection and cost of server and datacenter
equipment necessitates a proficient utilization of network
bandwidth at the source. Meanwhile, users on the receiving
end may contend with restricted network connections,
characterized by both limited latency and bandwidth,
making effective video compression paramount. To cater to
these requirements, various video encoding and
compression  standards  have  been  developed,
accommodating both lossy and lossless compression
options. However, for end users, lossy compression is

typically employed, as video files compressed with lossless
methods often entail massive file sizes.

One consequence of employing lossy compression is the
potential presence of distortions in the video output. In the
context of e-learning videos, it becomes imperative to strike
a careful balance in the choice of the compression rate. This
is crucial because certain minute details, such as individual
letters and intricate figures, might hold vital importance.
Consider, for instance, the readability of programming code
in a tutorial — a facet that must not be compromised. Unlike
typical movies, our dataset primarily comprises relatively
static subjects, minimizing complex scenarios that might
pose challenges for video encoders. For instance, we
encounter few instances of rapidly changing scenes, camera
shake effects, explosive particles, or film grain effects,
which are often difficult to compress optimally.

In light of these considerations, it is evident that the
optimization of video compression techniques plays a
pivotal role in ensuring the seamless delivery of educational
content in the realm of e-learning. By fine-tuning the
compression parameters to strike an ideal balance between
file size and visual fidelity, educators, content creators, e-
learning platforms and network operators can guarantee an
enhanced learning experience for their audiences.
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In recent years, various codecs have been developed, such
as VP9 [2][3], AV1, VVC [4], ELF-VC [5], and LC-EVC
[6]. Though some of them provide more compression in
exchange for processing power, hardware encoder/decoder
support needs to be considered when the aim is to reach as
many users as possible. Therefore, we used H.264 [7] and
H.265 [8] codecs in this paper.

H.264 was presented by the ITU-T Video Coding Experts
Group (VCEG) and the ISO/IEC JTC1 Moving Picture
Experts Group (MPEG) in 2003 and is widely used as the
default video encoding standard on many platforms.
Although there has been a shift towards alternative
applications in recent years due to the increase in video
resolutions and bit rates with bandwidth, it has not yet lost
its popularity. However, some limitations imposed at the
time of the standard's release prevent certain features from
being added, hence the need for new methods.

H.265, similarly introduced by VCEG and MPEG in 2013,
offers significant improvements over H.264 and presents
various mechanisms and improvements to achieve the same
quality at higher resolutions with smaller file sizes. Ohm
and colleagues, in their study, found that H.265 can reduce
the bit rate by 50% compared to H.264. Recently, many
hardware manufacturers have also provided hardware-level
encoding support for H.265 [9].

Previous studies have compared and measured the
effectiveness of lossy coding methods from different
perspectives.

Guo et al. compared movies and series on streaming service
platforms using the H.264, H.265, and VP9 encoding
methods and found that H.265 yielded better results than
VPI[10]. They also observed that the difference between
encoding methods decreased with an increasing resolution.

Barman and Martini [11] compared H.264, H.265, and VP9
encoding methods on selected gaming videos on the Twitch
platform and argued that H.264 was much faster and more
efficient in terms of bit rate than VP9. They also stated that
the VP9 encoding method gave different results depending
on the content.

Cali and Ozbek encoded specific images at fixed and
variable bit rates and evaluated performance during
transmission using Dynamic Adaptive Streaming over
HTTP (DASH) [12].

Kilig and colleagues compared the compression rate,
quality, and encoding time of new-generation video
encoding methods for sports, news, and animation videos
and obtained quality loss using VMAF, PSNR, and SSIM
[13]. The study found that the AV1 and VP9 approaches
produced much better results than H.264 but particularly
highlighted that the AV1 encoding method had a very high
hardware requirement.

Nguyen and his colleagues compared the VVenC, x265,
and AV1 encoding methods on videos containing street and
road images and analyzed the results regarding PSNR,
XPSNR, MS-SSIM, and encoding times [14].

In prior research, studies predominantly focused on
encoding scenarios involving movies, series, and game
streams, where foreground objects were the primary subject
of interest. There are some metrics specific to the type of
content [15][16]. However, a significant gap exists in the
literature concerning the comparison of results for images
containing text-weighted windows. To address this
limitation, our study sought to experiment on a specific
dataset that emphasizes different aspects compared to
previous investigations.

In contrast to other studies, we specifically examined the
impact of video compression on text elements as distinct
from its effects on objects and scenes. Interestingly,
blurring certain portions within objects did not significantly
hinder the discernibility of those objects. However, when it
came to text, any form of blurring noticeably affected the
readability and legibility of the textual content.

In this study, we created a set of four e-learning scenarios
that are exactly 30 seconds long. We subsequently encoded
them using both the H.264 and H.265 codecs with various
configurations. Through these encoding tests, we measured
the resulting file sizes, quantified the quality ratios in terms
of Mean Squared Error (MSE), Peak Signal-to-Noise Ratio
(PSNR), and Structural Similarity Index (SSIM) [17], and
calculated the encoding times. These essential data points
enabled us to identify the most suitable encoding method to
employ under specific bandwidth constraints.

By conducting this comprehensive investigation, we aim to
fill the gap in knowledge regarding the optimal video
compression techniques for e-learning scenarios,
particularly when text plays a crucial role in the conveying
information.

Material and Method

For the study, we created a novel dataset consisting of four
videos each representing a different scenario. For all videos,
we captured lossless screen capture and webcam input.
Every video is precisely 30 seconds long with a resolution
of 1920x1080 pixels at 30 frames per second. The dataset is
available on request.

For every scenario, webcam input was positioned at the
bottom right corner of the screen capture for the inclusion
of a speaking presenter. This configuration is set up to
simulate a real-time or recorded online class experience,
enhancing the relevance of the dataset.
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Figure 1. Frame samples: Article (a) Coding (b) Ul (c) and Presentation (d) scenario

Four scenarios that are inspected in this study are explained
in Table 1.

Table 1. Explanation of the videos in the dataset.

Scenario Description
The lecturer presents a course
Presentation presentation. Content is

generally static.
The lecturer talks about
configuring a program on its
user interface.

User Interface

The lecturer presents a PDF
article. The article was
scrolled and zoomed in during
the video. Therefore, this is
the most complex scenario.

Article Review

The lecturer writes a Java class

Coding on an IDE.

Sample frames from each video scenario in Table 1 are
given in Figure 1. As seen in Figure 1, each scenario
contains different types and amounts of text. We also
downsampled the lossless 1920x1080 pixel resolution
videos from each scenario to 1280x720 pixels, using
bicubic interpolation to see the effects of reduction in
resolution.

While some video streaming services may offer 4K
resolution option, it is pertinent to note that 4K streaming is
limited to specific devices and demands high bandwidth
requirements. As a result, for the purpose of this study, we
have deliberately excluded resolutions exceeding
1920x1080 pixels. H.264 and H.265 are selected due to
their high compatibility and large number of supported
hardware decoders.

In order to account for diverse network technologies and
their associated bandwidth limitations, we considered a
range of bit rates for our experiments. These bit rates were
specifically chosen to span from UMTS/R99, which
provides a maximum bandwidth of 384 kbps, to broadband
connections offering up to 20 Mbps. This approach enables
us to assess the performance of the chosen video codecs
across various network conditions, ensuring that our
conclusions remain applicable to real-world scenarios with
varying network capacities.

Table 2 highlights the various configuration options
explored in our study, encompassing all the cases used in
our experiments.

Table 2. All configuration options in the study.

Configuration Type Possibilities Tested

Article Review, Coding,

Scenarios .
Presentation, User Interface

H.264 (AVC), H.265

Codecs (HEVC)

Resolutions 1280x720, 1920x1080 pixels

veryslow, slower, slow,
medium, fast, faster,
veryfast, superfast, ultrafast

Presets

300 kbps, 500 kbps,
700 kbps,
1 Mbps, 2 Mbps, SMbps,
7 Mbps, 10 Mbps, 15 Mbps,
20 Mbps

Bit rates
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We encoded all videos with different scenarios for each
codec and resolution using nine different presets and ten
different bit rates. As a result, we created 1440 different
output video samples and calculated objective metrics for
each video output.

The presets for x264 and x265 are named as ultrafast,
superfast, veryfast, faster, fast, medium, slow, slower and
veryslow. In video encoding, the encoder takes numerous
different parameters. Modifying these parameters can affect
the encoding and decoding speed, the quality of the encoded
video, and the output video size. Each given preset modifies
these specific parameters for the encoding method. These
parameters mostly involve additional operations during the
encoding process to enhance the quality at similar file size.
However, in return, they increase the processing
complexity, leading to lower encoding and decoding
speeds.

For example, bframes flag in encoding method determines
the number of B frames in encoding process. In video
encoding process, there are three types of frames named I,
P and B frames and B frames are encoded bidirectionally
using frames in both directions. These are the frames with
the highest processing complexity to decode. Increasing
the number of B frames will increase the compression ratio
as well as the processing complexity.

As moving from the medium preset to the veryslow preset,
quality is increased with the increasing number of
operations on frames, using estimation algorithms etc., but
each additional operation has a negative effect on the
encoding time.

All conversions are made using x264 AVC encoder version
0.164.3095baee400 and x265 HEVC encoder version
3.4+31-6722fcelf

MSE, PSNR, and SSIM are used for quality measurement.
MSE is a metric for calculating error (noise/degradation) by
comparing images pixel by pixel. Formula for MSE is given
in equation 1.

1 o
MSE =— "I G)) - 9D @
i=0 j=0

where f'is the original image matrix, g is matrix of the image
to be compared, m is the number of rows of pixels, and i is
the row index. Similarly, n is the number of columns of
pixels and j is the index of that column. MSE values close
to 0 is better.

PSNR (Peak Signal-to-Noise Ratio) is logarithmic scale of
noise in a signal, and widely used in images. If there is no
signal, thus two images identical PSNR value is infinite.
When the noise increases, PSNR decreases.

R2

R is the maximum fluctuation in the input image data type.
For example, if an image has an 8-bit unsigned integer data
type, R is 255.

As stated by Kufa and Kratochvil, the PSNR value is
expected to increase in parallel to quality [18].

SSIM is a metric to compare similarity between two images
where i, [y, Ox,0y, and oy are the local means, standard
deviations, and cross-covariance for images X, y.

(Z,ui,uj + 61)(26ij + 62)
(W +u? + c (07 + 0 + ;)

SSIM(,j) = 3)

If SSIM value is 1, images perfectly match each other. For
quality assessment, we calculated average MSE, PSNR and
SSIM values of frames using a function given below:

" f 0 di) + £ulo di) + £ (00 di)
. 3 @

Qf (Or d) =

The parameters and the descriptions of the equation are
given in Table 3.

Table 3. Parameters of metric calculation.

Parameter | Explanation

Q Average representation of the metric
for encoded video

0 Original video
Compressed/degraded video

fy Metric function for Y channel (MSE,
PSNR or SSIM)

fu Metric function for U channel (MSE,
PSNR or SSIM)

fy Metric function for V channel (MSE,
PSNR or SSIM)

n Number of frames in a video (900 for
our dataset)

k k™ frame of the video

Experimental Results and Discussion

The video encoding process, especially when performed on
software-based solutions, is known to be highly CPU
intensive. Consequently, employing unnecessarily slow
encoder configurations can lead to a significant waste of
time and energy, especially if the resulting video quality
does not show substantial improvement. To determine the
optimal encoding preset for e-learning purposes, we
embarked on an extensive encoding process on our dataset,
generating a total of 1440 output videos.
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Given that the internet might be shared among multiple
users in the e-learning environment, the receivers'
(students’) internet connection speed could be limited, or
lecturers’ upload speed might be even slower. Therefore,
we conducted encoding tests with a range of bit rates. These
bit rates started from 300 kbps and reached up to 20 Mbps.
This approach allows us to explore the performance of the
codecs under various network conditions and bandwidth
limitations.

To execute these encoding tests, we utilized a test machine
featuring a water-cooled AMD Ryzen 5 5600 processor,
which has six cores and twelve threads. This CPU has base
clock speed of 3.5 GHz and boost clock speed up to 4.4
GHz. The processor was installed on a B450 chipset
motherboard, and the test system was equipped with 32 GBs
of 3600 MHz DDR4 RAM. To ensure the accuracy and
reliability of the results, we ensured the system operated
over the base clock speeds and was not thermally throttled
during the tests.

Detailed experimental results are given in the subsections
below.
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Encoding Speed vs. Presets

In our test process we utilized the x264 and x265 encoders.
Both encoders provide flexibility of selecting different
presets, giving us the opportunity to tweak the balance
between encoding speed and compression efficiency. The
default preset for both encoders is medium. However, when
faster presets are chosen, certain parameters are adjusted to
sacrifice video quality in favor of increased encoding
performance. Conversely, selecting slower presets prompts
the codec to employ additional operations, thus using more
processing power and time, but in exchange enhancing the
video quality.

For AVC (H.264) encoding using x264, we observed that
the medium, fast, and faster presets demonstrated similar
encoding times. However, the slow preset had a minimum
encoding time that is nearly identical to the average time of
the medium preset. But the encoding time gap widened
when comparing the slow, slower and veryslow presets.
Additionally, we noticed considerable variation in encoding
times within the same preset, especially while using the
slow, slower and veryslow presets, depending on the
specific scenario and bit rate.
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Figure 2. H.264 (AVC) encoding using x264, average encoding time range for each scenario (A=Article, C=Coding,
P=Presentation, U= User Interface) and preset, all bit rates combined. The red dots represent average points.
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P=Presentation, U= User Interface) and preset, all bit rates combined. Red dots represent the average point.

In contrast to H.264 encoding using x264, when we applied Table 4. Correlation between preset and encoding time.
H.265 encoding using x265, we observed a more

pronounced difference in encoding times between the Codec | Preset Ayg. Code | Preset Ayg.
slower and slow presets. The slower preset exhibited |/ ReS- Time | ¢/ Time
encoding times that are between 4-5 times slower than the (s) Res. (s)
slow preset in most encoding scenarios, and the slow preset ultrafast | 1.41 ultrafast 4.40
generally doubled the encoding time required by the superfast | 1.89 superfast 5.03
mediu.m preset. These substantial dlffgrences 1nd1c‘ate that o veryfast | 2.22 . veryfast 6.76
selecting presets §lower thgn the m?dlbfm preset r.mght. not S fastor 3.05 S [Faster 6.77
be the most optimal choice considering encoding time, S S
especially if the medium preset can deliver the expected " fast 3.36 - fast 7.97
video quality for the given scenario. Additionally, we found 3 medium | 3.74 8 medium 10.78
that encoding videos with a resolution of 1280x720 pixels T slow 5.33 T | slow 22.25
took less time than encoding videos at 1920x1080 pixel slower 8.29 slower 110.90
resolution. veryslow | 12.72 veryslow | 160.73
Table 4 presents the correlation between preset and ultrafast | 0.78 ultrafast 2.17
encoding time, with the time values representing the superfast | 0.99 superfast 2.74
averages across all scenarios and bit rates. veryfast | 1.12 veryfast 437
From the results, it is evident that the article scenario took § faster 1.49 § faster 4.37
the longest time to encode, which was expected due to the ‘; fast 1.65 : fast 5.18
Iélotlon c?usgli byd§crolhng a'ndt zokortrklllnghn;t thtet'wde:). g medium | 1.91 g medium 6.45
onversely, the coding scenario took the shortest time to s s
encode. Figure 2 (for H.264) and Figure 3 (for H.265) slow 2.86 slow 13.45
further illustrate the encoding time ranges for each scenario slower 4.13 slower 72.77
and preset. veryslow | 6.54 veryslow | 106.84
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Regarding H.264 encoding, we observed that e-learning
videos can be encoded in real-time on every preset using a
modern CPU. For example, in the default medium preset,
with the exception of two cases, every video could be
encoded six times faster than its original length for every bit
rate. However, for our test configuration with H.265,
reaching real-time encoding on slower and veryslow presets
proved to be unattainable.
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Encoding Speed vs. Bit rate

When analyzing each scenario individually, the
experimental results indicated that increasing the bit rate

generally led to an increase in encoding time. However, it
is important to note that the complexity of the video content
directly influenced the encoding time.
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Figure 4 and Figure 5 provide a detailed representation of = H.265 codec, while performing efficiently at lower bit rates,
the encoding time results for different bit rates across started to experience a slowdown in encoding time after
various scenarios. reaching the 5 Mbps mark. This suggests that beyond this
threshold, the H.265 codec struggled to maintain real-time

As observed in the figures, the H.264 codec consistently encoding capabilities

achieved real-time encoding results for all bit rate
configurations on a modern computer and using a modern

encoder.
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Encoding Time of AVC vs. HEVC

The experimental results unequivocally demonstrate that in
nearly all cases, the encoding time required for HEVC
(H.265) is significantly longer when compared to AVC
(H.264). Based on our empirical data, it can be deducted
that encoding videos using HEVC is at least 1.89 times
slower than AVC, on average showing a difference of 5.78
times.

Particularly, in high bit rate scenarios and when utilizing
slower encoding presets, the encoding time disparity
between HEVC and AVC becomes more pronounced, up
until HEVC being 21.82 times slower than AVC.

These findings demonstrate the importance of encoding
times while selecting a codec, particularly in cases where
hardware-based encoders are not usable.

Quality Comparison

In our effort to assess the quality of the encoded video
outputs, we conducted a frame-by-frame comparison
between each output and its corresponding original lossless
source video. To ensure consistency and to evaluate Full
HD display viewing, the 1280x720 resolution output videos
were upscaled back to the original 1920x1080 pixel
resolution using bicubic interpolation. It is important to note
that due to the initial resolution decrease in the 1280x720
pixel resolution outputs, a maximum SSIM score of 0.983

is achieved within all outputs in that resolution. This
outcome is anticipated, as some data loss occurs during the
downscaling process.

For both H.264 and H.265 codecs, all configurations with
bit rates greater than 2 Mbps achieved an SSIM greater than
0.99, indicating high visual fidelity and quality. While
certain configurations of slower presets in H.264 and H.265
attained an SSIM value above 0.99, it is essential to
acknowledge that this level of quality is not consistently
achievable across all configurations.

In Figure 8, we present the calculated average SSIM values
for each bit rate on the veryfast preset. Notably, among the
HEVC (H.265) 1920x1080 pixel resolution video outputs,
we obtained an average SSIM score of 1, which can be
considered nearly lossless, for bit rates as low as 700 kbps
for the coding scenario and 5 Mbps for the article scenario.
These results demonstrate the impressive compression
capabilities of the HEVC codec at relatively lower bit rates.

In Figures 6 and 7, we depict the calculated average quality
metrics (PSNR and MSE) for the article scenario across
different bit rates and presets (veryfast, medium, and
slower). The left axis in the graphs represents PSNR and
MSE values, while the right axis corresponds to the SSIM
metric.
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Conclusion

It is evident that in e-learning, videos primarily consist of
text-based content, such as presentations and PDFs.
Therefore, it is crucial to ensure that the encoding used
during transmission over the network maintains a certain
level of quality and readability for the text. Existing
encoding methods are predominantly evaluated on datasets
containing videos with mainly moving objects, and the
evaluation of quality results is based on these datasets.
However, in text-heavy videos, the blurring effect becomes
more critical as it can significantly impact text legibility.

Based on the results obtained in the study, except for slower
and veryslow preset configurations, both H.264 and H.265
codecs are capable of real-time encoding. H.264 shows real-
time results across all the configurations, while H.265 starts
to lose its real-time capability after reaching a 5 Mbps bit
rate.

For both codecs, the study found that video quality after 2
Mbps is well-maintained without compromising text
readability. Although the slower or veryslow codec
configurations might offer better quality results than other
presets, in some cases, it could be more practical to increase
the bit rate instead of selecting these slower presets, as
doing so would preserve the chance of real-time encoding.

The results of the study demonstrate that HEVC (H.265)
generally outperforms AVC (H.264) in terms of average
SSIM score. However, it is important to consider decoder
availability and hardware decoding support. While HEVC
offers higher compression efficiency and better quality, it
comes with the trade-off of considerably slower encoding
times, which might be a concern for real-time applications.

Even on AVC, it is noteworthy that selecting presets faster
than medium with a bit rate between 2 Mbps and 5 Mbps
can effectively transfer videos with sufficient quality for e-
learning purposes. Moreover, an average bandwidth of 5
Mbps is adequate to transmit all videos at 1920x1080 pixel
resolution, achieving SSIM scores near 1 and enabling near-
real-time encoding on modern CPUs using x264.

The experiments conducted in this study have provided
valuable insights into the impact of bit rate and preset
selection on the output quality and processing time of video
encoding. The findings hold significant implications for
researchers and media producers, offering valuable
guidance to improve their video encoding workflows since
there is limited research on video quality assessment for e-
learning.

In future studies, there are plans to develop a method for
selecting the appropriate bit rate and encoding method
dynamically based on the available bandwidth in real-time.
This would involve examining the data obtained during
transmission to ensure efficient utilization of available
network resources while maintaining optimal video quality
and readability for e-learning videos.
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Cloud computing provides powerful, highly scalable, flexible resources for real world applications. It also
reduces the cost and operation expenses. Workflow scheduling is important for getting higher
performance, reducing cost and using resources more efficiently in cloud computing. Workflow
scheduling in cloud systems assigns tasks to resources available in the system and aims to utilize cloud
resources by decreasing makespan of the workflow. In this study, an evolutionary algorithm is proposed
to solve workflow scheduling problem. The main objective of this work is to minimize the makespan of
the schedule. To achieve this goal, problem specific crossover operator and mutation operators are
proposed in the evolutionary algorithm. The crossover operator will combine the problem-specific
information stored in both parents to create a new individual. The mutation operators will explore neighbor
solutions using some intelligent search mechanisms. This unique design of the operators increases the
diversity of the search space and the quality of the solutions. As a result, the workflow schedules obtained
from the evolutionary algorithm decreases the makespan of the workflow in the cloud system. The
performance of the proposed study is measured using well-known scientific workflows and is compared
with the algorithms from the literature. The proposed study outperforms all related algorithms in 67% of
the test cases and obtains the same results in the remaining test cases.
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Introduction

Cloud computing aims to provide computing resources to
real world applications dynamically. The performance of
cloud services is mostly dependent on the scheduling of
tasks to the available computing resources in the cloud. If
the scheduling is not properly done, then the computing
resources in the system may be underutilized or
overutilized. Improper scheduling may result as an increase
in the execution time of the tasks, waste of system
resources and increase in cost for usage of resources [1].
Since there are limited number of resources in the cloud
and the total number of requests for using these resources
are increasing day by day, efficient scheduling of tasks in
cloud computing is very crucial.

Scheduling problem is known to be NP-complete [2], so
meta-heuristic algorithms are proposed to find optimal or
sub-optimal solutions. There are many meta-heuristic
algorithms that successfully provide schedules [3] but they
are not specifically designed for cloud systems [4]. Min-
Min [5], Max-Min [5], First Come First Serve (FCFS) [6],
Heterogenous Earliest Finish Time (HEFT) [7], Minimum
Completion Time (MCT) [8] are heuristic algorithms that
are very widely used in cloud computing studies. Min-Min
algorithm mainly focuses on the task that can be executed

in the minimum completion time, whereas in Max-Min the
task with the longest execution time is first selected and
assigned to the VM that will execute the task fastest. FCFS
assigns the tasks to VMs according to their arrival time.
HEFT is a list-based scheduling algorithm which includes
a task priority list. Each task has an estimated completion
time and decisions about scheduling are made according to
this value. MCT uses expected minimum execution time of
tasks. There are also algorithms that consider multi-
objectives such as makespan and cost using task
duplication [9], genetic algorithm [10], evolutionary
algorithm [11] and neural network based dynamic
workflow scheduling [12].

The main motivation behind this study is to design an
evolutionary algorithm considering the properties of cloud
systems. Cloud systems offer multiple computing
resources to the users so in our algorithm the individuals
are designed as a two-dimensional array. The first
dimension refers to computing resources and the second
dimension holds the tasks assigned to these computing
resources. The crossover operator is designed to carry the
information included in the parents to the offspring. 3
different mutation operators and a hybrid mutation
operator using these 3 different mutation operators in a
probabilistic manner, are proposed in this study. The
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mutation operators are designed to explore neighbor
solutions using some intelligent search mechanisms. Since
the main performance issue of cloud computing is the total
execution time of the workload, our main objective is to
decrease makespan of the workflow. The performance of
the proposed algorithm is promising and can be extended
to support other QoS (Quality of Service) requirements
such as makespan, cost, reliability using multi-objectives.

The rest of the paper is organized as follows. In the next
section, workflows and their representation are explained,
and then the details of the proposed algorithm is given. In
Section 3, the simulation environment used for workflows
in cloud and scientific workflows used in the experiments
are provided. Then the performance of the algorithm is
given with a comparison of well-known scheduling
algorithms. Finally the conclusions and future directions for
the proposed study are provided.

Material and Method

Workflow Representation

Workflow is representing the input tasks and their
dependencies using a Directed Acyclic Graph (DAG).
DAG is denoted by W = {V, E} where V is the set of
vertices, and E is the set of edges between these vertices.

Tasks are denoted as vertices V={1,..,t,} where fy to ¢,
represent n tasks in the workflow. Data dependency
between these tasks are denoted as edges between related
vertices in the graph as E={t— ;| #; t; € V} denoting that
there is a data dependency from ¢ to #. The size of data that
needs to be transferred in between two tasks may vary,
therefore weights are added to the edges to denote the
transfer amount. An example workflow with 8 tasks is
shown in Figure 1. The dependencies between the tasks are
represented with the edges having different weight values.
In this example, the highest amount of data transfer is
between ts and t7.

For a task #; € T, P(t;) denotes the set of precursors of ¢,
S(t;) denotes the set of successors of #. If a task does not
have any successors, it is an exit task. There can be more
than one exit task. All exit tasks can be routed to one exit
task which is denoted as z.. Finishing time of the task # €
T, can be denoted as F7(?;) and starting time of the task ¢
€ T, can be denoted as S7(t;). Makespan of a workflow is
calculated as follows:

Makespan(W) = FT(te) (1

Evolutionary Algorithm

Evolutionary algorithm is a metaheuristic method that is
commonly used in optimization problems. Since
evolutionary algorithms are inspired by biological
evolution, they use some mechanisms like reproduction,
mutation, recombination, and selection. Population of the
algorithm includes candidate solutions to the optimization
problem, where each solution is represented as individuals
in the population. Individual representation may change

depending on the problem considered. Fitness function
determines the quality of a solution. An Evolutionary
Algorithm generally has the following steps: initialization,
selection, crossover, mutation and termination.

Initial population is created in the initialization step. Some
individuals in the initial population can be created using a
heuristic approach to speed up the optimization process and
others are created randomly to generate diversity. Once the
initial population is created, the fitness of each individual
is calculated. Both crossover and mutation operations are
applied to the individuals of the population and new
individuals which are referred as offsprings, are created. If
the offspring has a better fitness value, then it will be
replaced with its parents. This process is repeated until the
termination criteria is met.

Figure 1. An example workflow represented as a DAG

Proposed Algorithm

The proposed algorithm takes the workflow as a DAG and
number of resources available in the cloud referred as
Virtual Machines (VMs) as an input. It also takes some
algorithm specific inputs such as the generation size,
population size and mutation rate. The details of our
proposed algorithm are given in the following subsections.

Individual representation and initial population
generation

Individual S is represented as a two-dimensional array.
S/i] includes an array list of tasks that are assigned to VM;
and S/i/[j] denotes the ID of the task that is assigned to
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VM;. The order of the tasks assigned to a VM does not
represent in which order they will be executed.

VM T T3 Ts I
VM, T3
VAL, Ty T T5

Figure 2. An example individual representation

An example individual representation is given in Figure 2.
Individual S ={{1,3,6,7 }, {2}, {0,4,5 }} includes 3
task sets, so all tasks are assigned to 3 different VMs. The
first set {1, 3, 6, 7} shows that ¢, 3, ts and ¢; are assigned
to VM,. The second set {2} contains a single task #> which
is assigned to VM. Finally, the last set denotes that #), ¢,
and ¢5 will be executed in VM.

Initial population is generated randomly. Each individual
in the population contains the assignment of tasks to VMs.
While creating an individual, all tasks from # to ¢, are
selected and assigned to a random VM. The makespan of
the solution represented by each individual is calculated
and assigned as the fitness value of that individual.

Algorithm 1: Crossover Operation

Input: Two individuals in the population as parents
(parent,, parent,),
Output: An offspring

1  Find the mean value of sizes of the task sets in
the chromosomes sizenean

2 Set the crossover point as floor(sizemean/2)

3 Generate empty chromosomes offspring; and
offspringz

4 Copy the first floor (sizemesn/2) elements in the
task sets from parent; to offspring;

5 Copy all the elements those are not included
in offspring; from parent; to offspring;

6  Copy the first floor (sizemear/2) elements in the
task sets from parent; to offspring.

7  Copy all the elements those are not included
in offspring, from parent; to offspring,

8 Randomly choose one of the offsprings and
return it

Crossover operator

Crossover operator is performed on two individuals
selected from the population referred as parent; and
parent;, and at the end of the crossover one offspring is
generated as shown in Algorithm 1. Tournament selection

is used while selecting the parents. In tournament selection,
3 individuals from the population are selected randomly
and the individual with the best fitness value is assigned as
parent;. The same procedure is applied for selecting
parent;.

While generating the offspring, some part of the solution is
taken from parent; and the other part is taken from parent,,
so a crossover point should be found. In this work, one
point crossover is used. Each parent’s task set sizes for
each VMs are calculated. Half of the mean value of the task
set sizes determines the crossover point.

The first offspring’s task set elements come from the first
parent until the crossover point is reached. The remaining
part of the offspring’s task set elements come from the
second parent. The second parents task sets are checked
from beginning to the end to determine whether they
already exist in the offspring or not. If they are not
available in the offspring, then they will be added to the
task sets.

For the second offspring, the same operations will be
performed by switching the order of the parents. Two
offsprings are created and one of them is selected randomly
and mutation is applied to this offspring.

To clarify the execution of the crossover operation, an
illustrative example is provided in Figure 3. The size of the
task sets for parent; is 4, 2 and 3. The size of task sets for
parent;is4,4 and 1. The mean value of all the task set sizes
is 3. Half of this value, which is 1, selected as the crossover
point. All the elements before the crossover point are
copied from parent; to offspring; and parent; to offspring:.
The remaining part is added from the other parent if it is
not already included in the solution.

Parent; Offspring:
VMy Iy y¥) I3 Ts VMo | To I Ts
VM, T T VM, | T: Tz T Ts Ts
VM, I Ts Ts VM, | Ty
—
Parent> Offspring>
VM T T T T VM | T T3 Ts
VM, i T TIs TIs VM; T Ty
VM | Ty VM: | Ty Ty Ts Ts

Figure 3. Crossover applied to parents to generate
offsprings.

Mutation

Mutation is applied to the offspring generated at the end of
the crossover operator. In this study, three different
mutation techniques are proposed.

The first mutation operator is named as Random Swap
Mutation Operator (RSM). This operator randomly selects
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two tasks from different VMs and swaps these tasks. As an
example, Task 6 from VM, and Task 4 from VM, are
selected randomly and are swapped in the offspring. In the
final solution represented by the offspring, Task 6 is
executed on VM, and Task 4 is executed on VM) as shown
in Figure 4.

VM I I I Iz VM | T I; Iy Ir
VM; | T - | VM| I
VM Ty Ty Ts VM Ty Ts Ts

Figure 4. Random swap mutation operator

The second mutation operator is named as Random Move
Mutation Operator (RMM). This mutation operator
randomly selects a VM and a position, removes the task in
that position from the VM. It then assigns this task to a new
VM where its new position is randomly set.

The final mutation operator is named as Intelligent Move
Mutation Operator (IMM). This operator again selects a
task randomly and removes it from the VM it is assigned
to. It then searches for the successors and predecessors of
the task. The removed task is placed to a VM right after its
predecessor or right before its successor to minimize
communication overhead.

Fitness calculation and population update

Since the objective of this study is to decrease the
makespan of the workflow, the fitness value is equal to the
makespan of the solution present in the individuals. The
individual with the smallest fitness value is reported as the
best solution once the algorithm is completed.

For population update, elitism is used. Best individual in the
population is added to the next generation. Crossover and
mutation operations are performed to add new individuals
to the population. All the new individuals are kept
separately from the current population. Current population
is replaced by the new population after all the new
population members are generated.

Workflow simulator and scientific workflows

WorkflowSim [13] is a well-known framework for
simulating workflows in the cloud environment. It is
implemented using Java programming language. We used
WorkflowSim as our workflow simulator in the
experiments.

CyberShake, Montage, Epigenomics are realistic scientific
workflows that are used to test the performance of our
algorithm. These workflows are generated by Pegasus
Workflow Generator [14]. The structure of these
workflows is given in Figure 5. The CyberShake workflow
is used to characterize earthquake hazards. The
Epigenomics workflow is used to automate various

operations in genome sequence processing. The Montage
application stitches together multiple input images to
create custom mosaics of the sky.

o6 600
L4 d

LEXTTY L)

CyberShake Montage Epigenomics

Figure 5. The structure of scientific workflows [15]

Results

The proposed evolutionary algorithm has some parameters
which are population size, generation size and mutation
rate. The first set of experiments show the performance of
the algorithm for varying population size, the number of
offsprings generated and the mutation operators. The
proposed algorithm updates the whole population in each
iteration; therefore, it generates new offsprings where the
number of offsprings are equal to the population size in
each iteration. The performance of the algorithm for
varying population size with respect to number of
offsprings generated is shown in Figure 6, Figure 7 and
Figure 8. In each test, the population size varies between
25,50, 100 and the experiments are performed on Montage
scientific workflow for 25, 50 and 100 tasks. These tests
are also performed on CyberShake and Epigenomics
scientific workflows, and the results show similar trends.

Montage 25
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Figure 6. The effect of population size on the performance
of the algorithm for Montage Scientific Workload with 25
tasks.

The fitness value of the initial population is higher when
the population size is set to 25 for 25 tasks, and 25 and 50
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for 50 and 100 tasks as compared to a population size of
100. This shows that as the number of individuals in the
population increases, the chance to obtain better solutions
also increases, which in turn leads to smaller fitness values.
But as the algorithm continues to iterate, the fitness values
of the population tend to decrease and finally reach near
equal values. The time it takes to reach these results varies
depending on the number of tasks considered. Therefore,
the population size of the algorithm is set to 50 and the
generation size of the algorithm is set to 2000 for smaller
workflows which has 25 to 60 tasks and 5000 for larger
workflows which has 100 tasks.

Montage 50
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Figure 7. The effect of population size on the performance
of the algorithm for Montage Scientific Workload with 50
tasks.
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Figure 8. The effect of population size on the performance
of the algorithm for Montage Scientific Workload with 100
tasks.

Next the performance of our algorithm is explored for
different mutation strategies. Mutation rate is chosen as
0.2, 0.5 and 0.8. Depending on the previous studies from
the literature, the number of VMs is selected as 20. The
algorithm is executed for 10 runs and the best, average
fitness values with their standard deviation are reported for
different mutation operators with varying mutation rates.

The performance of the algorithm is first evaluated using 3
different mutation strategies. Once the performance of
these mutation operators is evaluated, it is observed that

depending on the structure of the workflow, different
mutation operators can perform better in different cases, so
hybrid mutation operators are added to the algorithm.
Hybrid mutation operator chooses one of the mutation
strategies depending on a given probability. Hybrid
Mutation Operator 1 (HM1) uses Random Swap Mutation
(RSM), Random Move Mutation (RMM) and Intelligent
Move Mutation (IMM) with a probability of 35%, 35% and
30%, respectively. Whereas the probabilities of RSM,
RMM and IMM are set to 45%, 45% and 10%, respectively
for Hybrid Mutation Operator 2 (HM2).

The performance of these mutation strategies for different
mutation rates using Montage scientific workflow are
shown in Table 1. When the number of tasks considered is
25, all operators show the same performance and obtain the
same results in all runs, and the standard deviation is 0. As
the number of tasks are increased to 50, all operators except
IMM show similar performance in most of the runs and
standard deviation is low. When 100 tasks are used in the
experiments, the RMM and HM2 operators show the best
performance, whereas the performance of IMM is the worst.
When the performance of RMM and HM2 operators on
varying mutation rates is explored, they give the best
average results when the mutation rate is chosen as 0.5. The
performance of CyberShake scientific workflow has similar
trend as can be seen from Table 2. Finally, the performance
of the algorithm using Epigenomics scientific workflow is
given in Table 3. All operators except IMM obtain the best
results for 24, 48 and 100 tasks. When the average values
are compared, RMM and HM2 operators with mutation
rates 0.5 and 0.8 obtain the best results in all runs, therefore
their standard deviation is 0.

From all these tests reported in Table 1, Table 2 and Table
3, we can conclude the following for mutation operators:

e IMM gives the worst result in all of the cases.

e Hybrid mutation strategies give the best result in
most of the cases due to the reason that they use
multiple strategies so that they explore the neighbor
solutions.

e  HM2 with mutation rate 0.5 gives the best result in
most of the test cases.

Table 4 shows the performance of the algorithm for 3
different scenarios. “EA-WM?” denotes the performance of
the algorithm when only crossover is applied to the parents.
EA-HM2 denotes the performance of the algorithm when
HM2 with mutation rate 0.5 is used, whereas EA-Best
shows the best result obtained from 5 different mutation
operators with 3 different mutation rates. As can be seen
from the table, selecting HM2 with a mutation rate of 0.5
gives the best result in 66% of the test cases, and gives good
results in the remaining test cases. So instead of executing
the algorithm 15 times for each mutation operator —
mutation rate couple, HM2 with mutation rate 0.5 can be
selected as the mutation operator in the proposed study.
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Table 1. Performance of different mutation strategies using Montage Workflow

# of Tasks
Mutation
25 50 100

Type Probability Best Average ES)S/ Best Average [S): Best Average [S):
0.2 46.77 46.77 0.00 66.20 66.22 0.03 101.67 101.74 0.10
RSM 0.5 46.77 46.77 0.00 66.20 66.21 0.01 101.66 101.69 0.02
0.8 46.77 46.77 0.00 66.20 66.23 0.03 101.68 101.74 0.04
0.2 46.77 46.77 0.00 66.20 66.25 0.05 101.91 102.00 0.10
RMM 0.5 46.77 46.77 0.00 66.20 66.23 0.02 101.86 101.90 0.03
0.8 46.77 46.77 0.00 66.20 66.22 0.02 101.91 102.00 0.05
0.2 46.77 46.77 0.00 66.38 66.51 0.06 106.05 112.48 2.39
IMM 0.5 46.77 46.77 0.00 66.33 66.47 0.08 102.42 108.72 5.31
0.8 46.77 46.77 0.00 66.37 66.45 0.05 102.32 106.59 5.36
0.2 46.77 46.77 0.00 66.20 66.24 0.04 101.68 101.78 0.19
HM1 0.5 46.77 46.77 0.00 66.20 66.21 0.01 101.68 101.75 0.08
0.8 46.77 46.77 0.00 66.20 66.21 0.02 101.73 101.80 0.06
0.2 46.77 46.77 0.00 66.20 66.23 0.03 101.67 101.80 0.22
HM2 0.5 46.77 46.77 0.00 66.20 66.21 0.02 101.67 101.69 0.02
0.8 46.77 46.77 0.00 66.20 66.23 0.02 101.68 101.80 0.10

Table 2. Performance of different mutation strategies using CyberShake Workflow
# of Tasks
Mutation
30 50 100

Type Probability Best Average Std. Dev. Best Average Std. Dev. Best Average Std. Dev.

0.2 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.99 0.15

RSM 0.5 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.80 0.25

0.8 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.66 0.20

0.2 262.20 262.32 0.26 283.25 283.25 0.00 303.56 306.26 2.71

RMM 0.5 262.20 262.20 0.00 283.25 283.25 0.00 303.56 304.33 1.19

0.8 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.85 0.24

0.2 262.20 262.32 0.26 283.25 283.56 0.27 327.06 340.75 8.34

IMM 0.5 262.20 262.26 0.20 283.25 283.62 0.25 311.32 328.22 13.64

0.8 262.20 262.26 0.20 283.25 283.41 0.25 308.57 314.54 3.67

0.2 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.75 0.24

HM1 0.5 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.75 0.24

0.8 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.75 0.24

0.2 262.20 262.20 0.00 283.25 283.31 0.16 303.56 303.80 0.25

HM2 0.5 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.85 0.24

0.8 262.20 262.20 0.00 283.25 283.25 0.00 303.56 303.61 0.15
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Table 3. Performance of different mutation strategies using Epigenomics Workflow

# of Tasks
Mutation
24 48 100
Type Probability Best Average Std. Dev. Best Average Std. Dev. Best Average Std. Dev.
0.2 5584.32 5584.33 0.01 7731.38 7731.41 0.02 32821.92 33038.76 322.91
RSM 0.5 5584.31 5584.33 0.01 7731.37 7731.38 0.02 32821.92 32821.92 0.00
0.8 5584.31 5584.33 0.01 7731.37 7731.37 0.00 32821.92 32821.92 0.00
0.2 5584.29 5584.29 0.00 7731.38 7731.38 0.00 32821.92 33223.44 250.52
RMM 0.5 5584.29 5584.29 0.01 7731.37 7731.38 0.00 32821.92 33168.75 332.75
0.8 5584.29 5584.29 0.00 7731.37 7731.38 0.01 32821.92 32923.61 101.99
0.2 5584.29 5584.37 0.05 7731.40 7778.41 148.47 41117.57 44919.36 2113.30
IMM 0.5 5584.29 5584.34 0.05 7731.38 7731.45 0.07 41328.05 43611.06 1943.12
0.8 5584.29 5584.35 0.04 7731.40 7731.45 0.05 43161.06 44015.77 783.13
0.2 5584.29 5584.29 0.00 7731.37 7731.38 0.01 32821.92 32822.15 0.48
HM1 0.5 5584.29 5584.29 0.01 7731.37 7731.37 0.00 32821.92 32876.18 123.06
0.8 5584.29 5584.29 0.00 7731.37 7731.38 0.01 32821.92 32822.03 0.35
0.2 5584.29 5584.29 0.00 7731.37 7731.38 0.00 32821.92 32885.28 200.35
HM2 0.5 5584.29 5584.29 0.00 7731.37 7731.37 0.00 32821.92 32821.92 0.00
0.8 5584.29 5584.29 0.00 7731.37 7731.38 0.00 32821.92 32821.92 0.00

Table 4. Performance comparison of the algorithm with/without mutation

Workflow # of Tasks EA - WM EA - HM2 EA - Best
30 262.199 262.199 262.199
CyberShake 50 283.254 283.254 283.254
100 341.137 303.562 303.562
24 5584.420 5584.287 5584.287
Epigenomics 48 7731.619 7731.374 7731.374
100 42887.049 32821.916 32821.915
25 46.789 46.765 46.765
Montage 50 66.743 66.196 66.196
100 113.412 101.666 101.658
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Table 5. Performance comparison of the proposed algorithm with algorithms from the literature

# of Data Aware Round
Workflow Tasks HEFT Scheduling FCES Max-Min MCT Min-Min Robin EA-HM2
30 262.199 262.822 | 262.822 | 262.199 | 262.822 | 262.822 | 262.822 || 262.199
CyberShake 50 283.254 283.771 283.771 283.254 || 283.771 | 283.771 283.771 283.254
100 603.669 323438 | 323438 | 304.275 | 323.438 326.14 | 323.438 || 303.562
24 5584.289 5584.37 || 5584.374 || 5584.289 || 5584.374 | 5584.374 | 5584.374 | 5584.287
Epigenomics 48 7731.41 7731.477 | 7731.459 || 7731.459 || 7731.459 || 7731.449 || 7731.459 | 7731.374
100 32824.09 34963.04 || 34963.04 | 36947.03 | 34963.04 | 43018.52 | 40010.52 | 32821.97
25 46.765 46.773 46.773 46.765 46.773 46.773 46.773 46.765
Montage 50 66.338 66.398 66.398 66.314 66.398 66.404 66.398 66.196
100 102.296 102.146 102.252 102.052 102.252 102.274 102.156 101.666
Table 6. Comparison of the proposed algorithm with algorithms from the literature using t-test
Data Aware Round
Workflow # of Tasks || HEFT Scheduling || FCFS MAX-MIN || MCT MIN-MIN Robin
30 1] 1.82E-233 || 1.8E-233 1] 1.8E-233 || 1.82E-233 || 1.82E-233
CyberShake 50 1| 2.68E-229 || 2.7E-229 1| 27E-229 | 2.68E-229 || 2.68E-229
100 9.191E-55 || 1.943E-33 || 1.94E-33 || 2.829E-05 || 1.94E-33 1.9E-34 || 1.943E-33
24 4.404E-08 | 1.232E-37 || 1.23E-37 || 4.404E-08 || 1.23E-37 || 1.232E-37 || 1.232E-37
Epigenomics 48 2.24E-181 || 1.98E-191 || 6.3E-190 || 6.27E-190 || 6.3E-190 || 5.96E-189 || 6.27E-190
100 1.316E-49 || 1.73E-103 || 1.7E-103 1.3E-108 || 1.7E-103 | 1.09E-115 5.9E-113
25 1| 5.75E-213 | 5.8E-213 1| 5.8E-213 | 5.75E-213 || 5.75E-213
Montage 50 4.121E-16 || 5.353E-19 | 5.35E-19 | 1.391E-14 || 5.35E-19 || 3.092E-19 | 5.353E-19
100 1.577E-24 || 2.704E-22 | 6.17E-24 || 1.761E-20 | 6.17E-24 || 3.079E-24 | 1.826E-22

Finally the performance of the proposed study is compared
with the algorithms from the literature as given in Table 5.
The proposed algorithm outperforms the other algorithms
in 6 of the 9 test cases, and gives the same performance in
the remaining test cases. Our algorithm is especially better
than the other algorithms when the number of tasks in the
cloud computing system increases.

The statistical analysis of the performance comparison of
the algorithms using t-test is shown in Table 6. In all
scientific workloads when number of tasks reach 100, the
proposed algorithm significantly outperforms all related
studies.

Discussion

In this study 3 different mutation operators RSM, RMM
and IMM are proposed. Since IMM uses the information of
the predecessor and successor of the task that is moved
from one VM to the other, it is assumed that it would be

intelligent, would decrease the computation time and
would perform the best among all the mutation strategies,
but the experimental results showed the opposite where
IMM gave the worst performance. These results denote
that random movements instead of intelligent strategies
perform better. When performance of the mutation
operators that include randomness are explored, in some
test cases RMM outperformed RSM, whereas in others it is
the opposite. So, hybrid mutation strategies are proposed
which show the best performance.

The proposed algorithm is compared with related studies
from the literature and when the task size increases in the
workflow, it is observed that the performance improvement
of the proposed algorithm increases. Since in cloud
computing systems, large number of tasks are considered,
the proposed algorithm can provide a better solution. One
disadvantage of our proposed study is its execution time. It
runs much slower as compared to the studies used for
performance comparison.
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Conclusion

In this study, an evolutionary algorithm for workflow
scheduling in cloud computing systems is proposed. The
properties of the cloud resources and workflows are used
to design the individual representation, crossover operator
and mutation techniques. The main power of our algorithm
comes from the selection of individual representation with
problem specific information, the crossover operator that
explores the search space successfully and mutation
techniques that explores the neighbor solutions. The
experimental study shows that the proposed algorithm
outperforms related studies from literature and can provide
better solutions for cloud computing.

The objective of the proposed study is to decrease the
makespan of the workflow, as a future work the proposed
algorithm can be extended to work with multiple objectives.
The VMs considered in our study are homogenous, the
computing power of the VMs can be heterogenous. Since in
the individual representation, unique sets are defined for
each VM, heterogeneity can easily be added to the
algorithm. Finally, the proposed mutation operators and
hybrid strategies can be used by other scheduling
algorithms to increase their performance.

Ethics committee approval and conflict of
interest statement

There is no need to obtain permission from the ethics
committee for the article prepared.

There is no conflict of interest with any person / institution
in the article prepared.

Authors’ Contributions

-Study conception and design: Mehmet Kaya and Betiil
Boz

-Analysis and interpretation of data: Mehmet Kaya
-Drafting of manuscript: Mehmet Kaya and Betiil Boz

-Critical revision: Betiil Boz

References

[1] E. H. Houssein, A. G. Gad, Y. M. Wazery, and P. N.
Suganthan, “Task Scheduling in Cloud Computing based
on Meta-heuristics: Review, Taxonomy, Open Challenges,
and Future Trends”, Swarm and Evolutionary
Computation, 2021, 62.

[2] M. R. Garey and D. S. Johnson, “A guide to the theory
of np-completeness”, Computers and intractability, 1979,
pp. 641-650.

[3] R. Zarrouk, I. E. Bennour, and A. Jemai, “A two-level
particle swarm optimization algorithm for the flexible job
shop scheduling problem”, Swarm Intelligence, 2019, pp.
1-24.

[4] N. Sadashiv, and S. D. Kumar, “Cluster, grid and cloud
computing: A detailed comparison”, 2011 6th
International Conference on Computer Science &
Education (ICCSE), 2011, pp. 477-482.

[5] S. H. H Madni, Latiff, M. S. A. Abdullahi, M.,
Abdulhamid, and M. Usman, “Performance comparison of
heuristic algorithms for task scheduling in iaas cloud
computing environment”, PLoS ONE, 2017, 12: 5.

[6] A. Brandwajn, and T. Begin, “First-come-first-served
queues with multiple servers and customer classes”,
Performance Evaluation, 2019; 130, pp. 51-63.

[7] H. Topcuoglu, S. Hariri, and M. Wu, “Performance-
effective and low-complexity task scheduling for
heterogeneous computing”, IEEE transactions on parallel
and distributed systems, 2002, 13(3), pp. 260-274.

[8]B. Li, L. Niu, X. Huang, H. Wu, and Y. Pei, “Minimum
completion time offloading algorithm for mobile edge
computing”, IEEE 4th International Conference on
Computer and Communications (ICCC), 1IEEE, 2018, pp.
1929-1933.

[9]F. Yao, C. Pu, and Z. Zhang, “Task Duplication-Based
Scheduling Algorithm for Budget-Constrained Workflows
in Cloud Computing”, IEEE Access, 2021, 9, pp. 37262-
37272.

[10] H. Aziza and S. Krichen, “A hybrid genetic algorithm
for scientific workflow scheduling in cloud environment”,
Neural Computing & Applications, 2020, 32(18).

[11] M. Zhang, H. Li, L. Liu and R. Buyya, “An adaptive
multi-objective evolutionary algorithm for constrained
workflow scheduling in Clouds”, Distributed and Parallel
Databases, 2018, 36(2), pp. 339-368.

[12] G. Ismayilov and H. Topcuoglu, “Neural network
based multi-objective evolutionary algorithm for dynamic
workflow scheduling in cloud computing”, Future
Generation computer systems, 2020, 102, pp. 307-322.

[13] W. Chen and E. Deelman, “WorkflowSim: A toolkit
for simulating scientific workflows in distributed
environments”, 2012 IEEE 8th International Conference
on E-Science, Chicago, IL, USA, pp. 1-8. doi:
10.1109/eScience.2012.6404430.

[14] E. Deelman, K. Vahi, G. Juve, M. Rynge, S.
Callaghan, P. J. Maechling, R. Mayani, W. Chen, R.
Ferreira da Silva, M. Livny, and K. Wenger, “Pegasus, a
workflow management system for science automation”,
Future Generation Computer Systems, 2015, 46, pp. 17-35.

[15] S. Bharathi, A. Chervenak, E. Deelman, G. Mehta, M.
-H. Su and K. Vahi, "Characterization of scientific
workflows", 2008 Third Workshop on Workflows in
Support of Large-Scale Science, Austin, TX, USA, 2008,
pp. 1-10, doi: 10.1109/WORKS.2008.4723958.

601



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 603-610

Dicle University
Journal of Engineering

https://dergipark.org.tr/tr/pub/dumf
duje.dicle.edu.tr

Research Article

From Pixels to Paragraphs: Exploring Enhanced Image-to-Text Generation using

Inception v3 and Attention Mechanisms

Zeynep KARACA”, Bihter DAS?

! Firat University, Technology Faculty, Software Engineering Department, krczeynepl996@outlook.com, Orcid No: 0000-0002-7751-8567
2 Firat University, Technology Faculty, Software Engineering Department, bihterdas@firat.edu.tr, Orcid No 0000-0002-2498-3297

ARTICLE INFO ABSTRACT

Article history:

Received 10 August 2023

Received in revised form 4
November 2023

Accepted 11 November 2023
Available online 31 December 2023

Keywords:

Processing visual data and converting it into text plays a crucial role in fields like information retrieval
and data analysis in the digital world. At this juncture, the "image-to-text" transformation, which bridges
the gap between visual and textual data, has garnered significant interest from researchers and industry
experts. This article presents a study on generating text from images. The study aims to measure the
contribution of adding an attention mechanism to the encoder-decoder-based Inception v3 deep learning
architecture for image-to-text generation. In the model, the Inception v3 model is trained on the Flickr8k

dataset to extract image features. The encoder-decoder structure with an attention mechanism is employed

Inception v3 Model, Attention
Mechanisms, Textual Content
Extraction, Image-to-Text
Generation

perceive objects in images.

Doi: 10.24012/dumf. 1340656

* Corresponding author

for next-word prediction, and the model is trained on the train images of the Flickr8k dataset for
performance evaluation. Experimental results demonstrate the model's satisfactory ability to accurately

Introduction

In today's digital age, the efforts towards converting visual
content into text have continued to be a critical step for
various applications such as data analysis, content indexing,
search engines, and many more. This transformation allows
visual data to become more accessible and meaningful by
adopting a textual format [1]. At this juncture, deep learning
techniques have played a pivotal role in the conversion of
visual data into textual descriptions. Deep learning, a subset
of artificial intelligence, revolves around neural networks
and utilizes vast amounts of data to automatically extract
intricate features [2]. These techniques have significantly
enhanced the performance of the process of transforming
images into text. The integration of deep learning into the
image-to-text conversion process has resulted in substantial
performance improvements. Particularly, encoder-decoder
architectures combine convolutional neural networks
(CNNs) to extract visual features and recurrent neural
networks (RNNs) to translate these features into textual
descriptions. This fusion enables the effective capture of
essential features and patterns within images, ultimately
leading to the generation of textual explanations that are
natural and coherent. Moreover, the use of techniques such
as attention mechanisms contributes to further refining

image-to-text conversion [3]. Attention mechanisms
emphasize specific visual features during text generation,
leading to more meaningful and contextually rich
descriptions. By enhancing image-to-text transformation
performance, attention mechanisms contribute to achieving
consistent and high-quality outcomes. Supported by deep
learning techniques, the conversion of visual data to textual
descriptions stands as a pivotal step, facilitating the
generation of more meaningful, consistent, and natural
texts. Through these approaches, a broader spectrum of
applications that utilize visual data in text format can be
realized [4].

The rest of the paper has been organized as follows: In the
2nd section, related studies from the literature are presented.
The 3rd section details the dataset specific to the proposed
model, the InceptionV3 method, and the Attention
Mechanism. In the 4th section, Experimental Results and
Discussion are provided. Finally, the last section contains
the Conclusion of the study.

Literature Review

In the literature, various studies have been conducted on
generating text from images, most of which have utilized
machine learning and deep learning techniques.
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Kanimozhiselvi et al. utilized three CNN architectures,
namely Inception-V3, ResNet50, and Xception models, for
feature extraction, and employed LSTM for caption
generation. They used the Flickr 8k dataset and achieved
the highest accuracy with the Xception architecture,
obtaining a 75% accuracy after training Xception + LSTM
for 50 epochs [5]. Bai et al. employed a CNN-based
generation model using Conditional Generative Adversarial
Networks (CGAN) to create image captions. They used
Multi-modal Graph Convolutional Networks (MGCN) to
establish visual relationships between objects. Their
experiments on the MSCOCO 2014 dataset showed
improved performance compared to state-of-the-art
methods [6]. Agrawal et al. proposed a model based on
encoder and attention-based decoder. They used a pre-
trained Convolutional Neural Network (CNN) as the
encoder and introduced an attention mechanism to generate
captions that best match the image. They employed the
Inception v3 architecture and Recurrent Neural Networks
(RNN) to extract image features and create captions. The
model incorporated the Bahdanau Attention Mechanism
and performed better compared to traditional methods [7].
Kilickaya et al. addressed the problem using the Im2Text
method focusing on meta-class features. They used the
Pascal Sentences dataset consisting of 1000 images, each
associated with 5 different captions created by 5
individuals, totaling 5000 captions. Their approach yielded
a Bleul score of 0.0067 [8]. Lu et al. aimed to generate
captions for fine art images by developing a virtual-real
semantic alignment training process. They used the MS
COCO and ArtCap datasets during model training. Their
model achieved a Bleul performance of 0.508, a Meteor
performance of 0.1317 [9]. Yang et al. focused on
generating human-centric captions to determine human
behaviors. They introduced the Human-Centric Caption
Model (HCCM) relying on detailed feature extraction and
interaction. They proposed a three-branch hierarchical
caption model, creating a dataset called Human-Centric
COCO (HC COCO). While showing improvements over
existing methods, their approach fell short in generating
detailed captions [10]. Li et al. proposed a semantic
matching method combining semantic similarities to learn
hidden correlations between images and captions. They
used local semantic similarity measurement mechanisms
based on the comparison of semantic units. The model
achieved high-performance results on the MSCOCO

dataset, with Bleul at 81.2, Bleu4 at 39.0, Rouge 1 at 58.9,
and CIDEr-D at 128.5 [11]. Jaknamon et al. presented a
Transformer-based approach named ThaiTC for image
captioning. They used image transformer and text
transformer instead of traditional CNN and RNN for
encoding and decoding, respectively. Their experiments
showed varying performances on different datasets [12].
Krisna et al. aimed to generate effective and accurate
captions for rainy-noisy images. They developed an end-to-
end architecture using GAN-based methods. They
incorporated a conditional GAN architecture for handling
distorted images, an Inception v3 encoder, and a Bahdanau
Attention mechanism-based GRU decoder. Their model
performed well in generating captions [13]. Shambharkar et
al. proposed a beam-search based CNN+RNN architecture
which generates multiple captions for an image and selects
the best caption among these based on similarity with
reference captions. The RSCID dataset was utilized, and
their approach outperformed the non-beam-searched
encoder-decoder architecture [14]. Feng et al. proposed a
model that integrates caption and gaze tracking by learning
the relationship between captions and eye-tracking patterns.
The dataset contained 400 training images, 200 validation
images, and 400 test images. The model showed a
Recall@5 performance of 0.0048 [15]. Cai et al. presented
a multimodal fashion image captioning model, achieving a
performance of Bleul at 46.5, Meteor at 22.3, and Rouge at
38.6 [16]. Ye et al. proposed a joint training two-stage
(JTTS) method for remote sensing image captions. They
used RSICD, UCM-captions, and Sydney-captions
datasets, achieving high-performance results [17]. Wang et
al. introduced a caption transformer (CapFormer)
architecture for remote sensing image captions. Their model
achieved performance improvements, with Bleul at 66.12
and Rouge 1at49.78 [18]. Malhotra et al. proposed a model
using ResNet50 for image encoding and RNN and LSTM
for sentence generation, achieving F1 Score 77.8, Meteor
27.6, and accuracy 70 [19]. Yang et al. proposed the
Context-Sensitive Transformer Network (CSTNet) method,
achieving improved performance compared to SOTA, with
Bleul at 81.1, Meteor at 29.4, and Rouge at 59.0 [20]. Wang
et al. suggested a parallel fusion RNN+LSTM architecture
that enhances efficiency and achieves better results than the
dominant approach. Their model obtained Bleul at 66.7 and
Meteor at 16.53 after training [21]. Table 1 shows a
comparison of the studies.

Table 1. The comparison of literature reviews

Author Method Dataset Bleu-1 Bleu-4 Meteor Rouge-L Cider

Kiligkaya et Im2Text Pascal 0.0067

al.[8] Sentences

Luetal.[9] Semantic MSCOCO 0.508 0.1317
Alignment method ArtCap

Lietal. [11] Semantic MSCOCO 81.2 39.0 58.9 128.5
Matching

Shambharkar et Beam-Search RSCID

al. [14] CNN+RNN

604



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 603-610

Caietal. [16] Multimodal FACAD 46.5 22.3 38.6
fashion
Yeetal. [17] ITTS UCM- 0.8696 0.8364
Captions 4 g492 0.7660
(S:ydn.ey' 0.7893 0.6823
aptions
RSICD
Wang et al. CapFormer RSICD+ 66.12 48.78
[18] GoogleEarth
Yang et al. [20] CSTNet MSCOCO 81.1 29.4 59.0
Wang et al. RNN+LSTM Flikr8k + 66.7 16.53
[21] Neural
Talk1
The proposed  InceptionV3 Flickr8k 52.77 48.39 64.17 89.90
within the dataset provide descriptions of objects and events
present in the images. Each image is associated with five
Material and Methods captions. The inclusion of multiple captions for a single

In this study, a deep learning architecture for automatic
image caption generation is presented by incorporating an
attention mechanism. In our application, the Inception v3
deep learning architecture with an encoder-decoder
architecture is utilized. The Inception v3 architecture serves
as the encoder, with a CNN-based encoder and an LSTM-
based decoder. To enhance the meaningfulness and detail
of generated captions, an attention mechanism is integrated
into the Inception v3 model. Through the CNN-based
encoder, a thought vector is obtained, extracting image
features. The generated image features and image details
are then fed into the LSTM decoder. The LSTM decoder
produces captions in natural language. The added attention
mechanism in the model oversees the input sequence during
each step of the decoding process, focusing on selected
portions of the input sequence at specific steps. This
mechanism contributes to creating captions that better
describe the image. The Inception v3+Attention
Mechanism model is trained using the Flickr8k dataset. The
proposed architecture is illustrated in Figure 1.

=7

i
&
Bgoagsge

g
g

CNN LSTM
Figure 1. Architecture of the proposed system
Dataset

In this study, the Flickr8k dataset was utilized. The Flickr8k
dataset comprises multiple captions for each image. The
dataset contains a total of 8091 images. The textual files

image aids in generalizing the model and facilitating more
accurate caption generation [24]. Figure 2 showcases some
images from the Flickr8k dataset, while Figure 3 displays
an image along with its corresponding caption from the
Flickr8k dataset.

Alittle girl covered in paint sits in front of a painted rainbow with her hands in a bowl
Alittle girl is sitting in front of a large painted rainbow
A small girl in the grass plays with fingerpaints in front of a white canvas with a rainbow on it .

There is a girl with pigtails sitting in front of a rainbow painting .

Young girl with pigtails painting outside in the grass .

Figure 3. An example for image-to-text from the Flickr8k

Convolutional Neural Network

Convolutional Neural Networks (CNNs) are a class of deep
learning architectures that have been successfully employed
in various fields such as image recognition, image
localization, speech recognition, language translation, and
image Classification [22]. The CNN architecture is
commonly utilized in the domain of image processing,
where it takes an image as input and transforms it into a
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matrix format for recognition and processing by computers.
The CNN method consists of different layers that extract
and classify features from diverse aspects of images.

Starting with the input image, it undergoes Convolutional
Layer, Pooling Layer, and Fully Connected Layer
operations, ultimately being prepared as input for the deep
learning model. The Convolutional Layer is the first layer
that processes the image in CNN architectures. It employs
a filter smaller than the image's dimensions to extract
features. The model updates filter values iteratively to
enhance the extraction of image features. The Pooling
Layer focuses on discarding irrelevant features and
concentrating on more important ones. Two common
techniques used in CNN architectures are Average Pooling
and Max Pooling. The filter employed in the convolutional
layer is also used in the pooling layer, depending on the
chosen pooling method [22]. For max pooling, the
maximum value in the filter region is selected, while for
average pooling, the average of the values in the filter
region is taken. After passing through the convolutional and
pooling layers, the image is transformed into a matrix and
then further into a vector through the Fully Connected
Layer. The input image that traverses through these layers
becomes ready for training with neural networks [23].
Figure 4 shows the used CNN architecture.

outuT

FullyConnected Layer

Fully Connected Layer

Convoltonal Layer + Canvoltonal Layer + ‘Gonveatena Layer +
Max Pooling Max ooling Mat Booling

Convoiutonsl Layer +
Max Pooling
INPUT LaYER

Figure 4. The CNN architecture

Inception V3 Model

The Inception V3 deep learning architecture, developed by
Google, is a multi-level feature extraction image
recognition model. The Inception V3 deep learning
architecture employs Convolutional Neural Networks
(CNNs) and Long Short-Term Memory (LSTM) units. The
Inception V3 model with a CNN-based architecture has
been trained on over a million images from the ImageNet
dataset [24]. It is referred to as Inception v3 due to the
existence of different versions of this architecture. The key
difference from previous architectures lies in the addition of
convolutional layers, batch normalization, and fully
connected layers [25]. It achieves a lower error rate
compared to previous versions and similar models.

The Inception v3 deep learning architecture extracts useful
features from input images in the training part of the dataset
and utilizes these features more effectively [26]. Unlike
Inception vl and Inception v2, Inception v3 has more
layers, consisting of 42 layers. Despite its 42-layer depth, it
offers better accuracy and lower computational costs
compared to the previous version. Despite having 42 layers,
it is 2.5 times more efficient than GoogleNet and more
efficient than AlexNet [27]. The Inception v3 architecture
is an image recognition model that achieves more than
78.1% accuracy on the ImageNet dataset [28]. The
Inception v3 model comprises 21 million parameters. The

input images for the Inception v3 model are in the shape of
299 x 299 x 3 (RGB). The layer structure of the model is
illustrated in Figure 5.

Layer tional Layer tional Layer
PatchSze=3x3 | —» | PatchSze=3x3 Patch Size =3x 3
Input Size = 299X 299 x 3 Input Size = 149 x 149 32 Input Size = 147 x 147 x 32

Pooling Layer
Patch Size =33
Input Size = 147 x 147 x 64

Layer

- o
Pafch Size =3x3
Input Size =73 x 73 x 64

Model 1
3 x Inception «—
Input Size =35 x 35 x 288

|

Model 2 Model 3
5x Inception — 2 xInception —
Input Size = 17 x 17 x 768 Input Size =8 x 8 x 1280

Layer
Pafch Size =3x3 «—
Input Size =71x71x 80

Layer
Pach Size=3x3 -
Input Size = 35 x 35 x 192

Pooling Layer Linear Softmax
Palch Size =8x 8 i Logits i Classifier
Input Size =8 x 8 x 2048 Input Size = 1x 1x 2048 Input Size = 1x 1x 1000

Figure 5. The used Inception V3 architecture
Long-Short Term Memory

LSTM was designed to overcome the short-term memory
issues of RNNs by providing better memory storage. Due
to its ability to capture long-term dependencies and preserve
sequences, LSTM has become the most widely used RNN
architecture [29]. LSTM finds applications in various fields
such as language modeling, text generation, image
processing, handwriting recognition, music processing, and
text translation. It has the capability to retain information
over long periods [30]. LSTM utilizes a cell state and
various gates. The cell state is a pathway that carries
information and enables predictions, often referred to as the
memory of the network. The decision about what
information to carry along the cell state is made by gates.
These gates determine whether certain pieces of
information are necessary or not. Figure 6 shows the LSTM
structure.
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Figure 6. The LSTM structure

Attention Mechanism

The attention mechanism aims to create more focused
captions that encompass the highlights of an image [7].
Visual attention is a mechanism that filters out irrelevant
information from complex visual scenes. When generating
a caption, the model ensures that it pays more attention to
relevant areas in the image [28].
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In sequence-to-sequence models, the entire input is
compressed into a fixed-length vector through the encoder
to be fed into the decoder. The intuition behind the
Attention Mechanism is that rather than compressing the
input, it might be better for the decoder to look back at the
input sequence at each step. The decoder can take the
context vector, which is a weighted sum of representations
of the input data at each step, as input. Intuitively, the
weights determine how much focus each step's content
should place on the input token, and these weights can be
differentiated to learn the attention mechanism alongside
other neural network parameters. Models that incorporate
attention mechanisms demonstrate better performance
compared to the original sequence-to-sequence
architectures [28].

Encoder-decoder

The input image is introduced to the system using the
Inception V3 model. The input image is sent to the CNN
(Convolutional Neural Network) part of the Inception V3
model. The features of the image are extracted by the
encoder. CNN processes the images and generates an image
feature map. The attention mechanism takes these extracted
feature maps along with the hidden state. A weight is
assigned to each pixel of the image. These weights are then
combined with the input words at each time step. Once
combined, they are sent to the LSTM (Long Short-Term
Memory) network. The decoder takes the features extracted
by CNN as input and generates captions using LSTM. The
image features, which are a fixed-length vector, feed into
the decoder as input along with the token indicating the
beginning of the sequence, <start>. To produce the output
word of the decoder, at each time step, it takes the previous
time step's hidden state and the predicted word. This process
is repeated for all words until the sequence end token,
<end>, is generated.

The decoder incorporates an attention mechanism to
generate the created captions in a more detailed and
accurate manner. Thanks to the attention mechanism, the
captions are produced in a more focused manner. The
attention mechanism focuses on the region of the image and
the previously generated words to create captions.

Experimental Results

Various automatic evaluation criteria are used to assess the
success of text generation in the literature. Popular metrics
for evaluating image-to-text generation include BLEU,
ROUGE, METEOR, and CIDer. These metrics produce
values between 0-1 or 0-100. Lower values indicate that the
generated captions poorly describe the image, while higher
values suggest that the captions effectively describe the
image and are as good as human translations.

e Bi-Lingual Evaluation Understudy (BLEU):
Compares machine-generated translation to human-
generated translation regardless of word order.
Calculates by comparing word matches and dividing
candidate words by reference words. Ranges from 0
to 1, with higher values indicating better alignment.

e  Recall-Oriented Understudy for Gisting Evaluating
(ROUGE): An N-gram based metric comparing N-

grams between machine and reference translations.
ROUGE metrics provide scores between 0 and 1.
Higher scores near 1 suggest strong matching
between generated and reference captions.

e ROUGE L: It measures longest matching sequence
of words.

e ROUGE N: It measures unigram, bigram, trigram
and higher order n-gram overlap.

e  Metric for Evaluation of Translation with Explicit
Ordering (METEOR): METEOR adjusts precision
and recalls calculations.

Table 2 shows the performance results of the proposed
system using Inception V3 and the Attention mechanism.

Table 2. The performance results.

Metrics Results
BLEU-1 52,77
BLEU-2 50,63
BLEU-3 49,76
BLEU-4 48,39
METEOR 64,17
ROUGE L 89,90
ROUGE N 81,88

According to Table 1, it is seen that the text similarity and
n-gram text similarity using the longest common
subsequences are high. Figure 7 shows the results of the real
captions and prediction captions.
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Real Caption: a family of nine people including four
children pose in front of a brick fireplace with a white
mantle

Prediction Caption: family of nine people including
four children pose in front of a brick fireplace with a
white mantle and christmas tree behind

Real Caption: a person rides a moped while women sit
on a bench surrounded by pigeons

Prediction Caption: man riding a moped while women
sit on a bench surrounded by pigeons on a bench
surrounded

Real Caption: a boy in a blue and white shirt is pointing
up and a second boy in a white shirt his eyes

Prediction Caption: boy in a white and white shirt is
pointing up and a second boy in red and white shirt is
pointing up and a second boy in

Real Caption: the young basketball player moves into
the front court

Prediction Caption: young girl in a green shirt playing
basketball on a court with a saccer

Real Caption: a brown dog swimming in the water with
a tennis ball in his mouth

Prediction Caption: brown dog swimming in the water
with a yellow tennis ball in his mouth to catch

Real Caption: a young woman swings a young boy
around by the hands

Prediction Caption: young woman swings a young boy
around by the hands down the street by the hands down
the Street

Real Caption: a dark haired lady with a big smile is
wearing a bright red scarf

Prediction Caption: woman wearing a red scarf smiles
in front of a mountain background blurry

Figure 7. Results of prediction captions

According to Figure 7, it is seen that the captions produced
with the proposed system better express the real pictures
and draw attention not only to the people or colors in the
image but also to the details in the background. It is clear
that the proposed system pays better attention to the details
in the image. For example, in the image of the girl wearing
a red scarf, the real caption does not pay attention to the
details in the background, whereas the prediction made with
the proposed system states that the girl is both wearing a red
scarf and is in front of a mountain in the back, and the image
is blurry.

Conclusion

In this study, existing approaches in the literature for
obtaining image captions were reviewed, and an approach
that incorporates the attention mechanism in addition to the

Inception V3 model was proposed. In the proposed
approach, images extracted from the Flickr8k dataset were
provided as input to the model, aiming to generate a
sentence that describes the given image as the output. The
images were fed into the Inception V3 model, and a
CNN+LSTM based model with an added attention
mechanism was employed. The images were processed
through the CNN to extract image feature maps. The
attention mechanism took these features as hidden states.
The decoder then utilized the image features to generate
captions. The generated captions for each image have
accurately perceived the objects in the images, resulting in
coherent and satisfying sentences.

Results of the ROUGE L, ROUGE N, and METEOR
metrics were close to 1, indicating high performance. While
the BLEU-1, BLEU-2, BLEU-3, and BLEU-4 scores are
not very low, they appear to be relatively lower compared
to the other metrics, which could be attributed to the small
dataset used in this study. This proved to be a disadvantage
for our work. In future research, improvements in
background modeling and the utilization of larger datasets
are planned to generate more meaningful captions for
images.
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Plant diseases can lead to significant yield losses and economic damages, but these losses can be mitigated
through early disease diagnosis. In recent times, remote sensing techniques have been widely used for
early disease detection even before visible symptoms appear. This study focused on the potential of early
detection of Fusarium Root and Crown Rot in Tomato Plants, which causes substantial yield losses in
tomato plants, under controlled conditions using thermal images. In this research, thermal images were
obtained from both disease-inoculated and disease-free control plants throughout the plant growth period
under controlled conditions. These images underwent preprocessing in a computer environment, and
various feature parameters related to temperature changes in both groups (such as minimum, maximum,
standard deviation, and skewness) were extracted. These extracted features were then used as inputs for
different machine learning techniques, including K-Nearest Neighbors (KNN), Logistic Regression (LR),
and Naive Bayes (NB), to classify healthy and diseased plants. Overall, the disease-inoculated plants
exhibited higher average temperatures compared to the healthy control plants. The performance of the
compared machine learning techniques in distinguishing between healthy and diseased plants was found
to be in the order of KNN, NB, and LR, with success rates of 72%, 68%, and 60%, respectively. This study
demonstrated the potential of using combined thermal images with different machine learning techniques
for early diagnosis of Fusarium Root and Crown Rot in Tomato Plants. The results show promising
prospects for utilizing thermal imaging in the early detection of plant diseases, leading to better
management and reduction of yield losses and economic impacts.

* Corresponding author

Introduction

Plant diseases cause significant losses in the yield and
quality of cultivated crops reducing food security [1].
Globally, yield losses due to plant diseases can reach up to
20-30 percent [2],[3], depending on the type of plant and
pathogen involved. However, these losses can be mitigated
through early intervention and the use of advanced disease
detection techniques. Traditionally, diseases have been
identified using visual assessments and field surveys.
Although these methods are commonly employed, they are
expensive, time-consuming and more suitable for small-
scale areas. Early intervention in disease management can
also help reduce the inaccurate and excessive application
of pesticides, offering environmental and economic
benefits [4]. Consequently, research on this topic is of
utmost importance [4],[5].

In recent years, the combination of remote sensing
techniques and machine learning methods has become
increasingly prevalent for disease detection. Remote
sensing techniques offer several advantages, including
quicker disease diagnoses and reduced labor requirements,
particularly when dealing with large areas [1].
Spectroradiometry and satellite imagery are among the

remote sensing methods that have successfully been used
for the early detection of various plant diseases [6], [7].

Thermal imaging has emerged as a popular non-destructive
and user-friendly technique for detecting plant diseases,
applicable in both laboratory and field settings. It operates
by capturing radiance in the infrared spectrum (7-12
micrometers) and translating it into visible images,
enabling the detection and measurement of temperature
variations in objects. The application of thermal imaging
has been extensively studied in diverse fields, including
agriculture [8].

Thermal imaging technology detects temperature changes
in plants caused by disease or pest infestation, indicating
the presence of stress in the affected region [9]. These
temperature fluctuations, which can be captured effectively
using thermal imaging, are a result of internal chemical
changes in infected plants and cannot be observed using
visual imaging methods [10]. Analyzing these thermal
changes provides valuable insights for early disease
prediction and offers a promising approach for disease
management.

Various studies have reported the use of thermal imaging
technology for pre-symptomatic identification of diseases
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[11, [9], [11], [12]. In their study, Raza et al. [11]
developed a machine learning system to remotely detect
plants infected with the tomato powdery mildew fungus.
They combined thermal and visible light image data with
depth information to improve detection accuracy. The
researchers extracted a novel feature set from the image
data using local and global statistics, which proved
effective in capturing relevant information about the plants
and their infection status. By integrating these features with
depth information, they achieved a significant
improvement in accuracy. Moreover, their feature set not
only identified plants intentionally inoculated with the
fungus but also detected plants that acquired the disease
through natural transmission during the experiment.
Overall, their findings demonstrated the potential of this
combined approach for accurately detecting diseased
plants and identifying both initially infected and naturally
transmitted infections.

Tomatoes are a globally cultivated vegetable, with
production exceeding 187 million tons and covering an
area of over 5 million hectares. Tiirkiye ranks as the third-
largest tomato producer globally, with a production of
13,204,015 tons and an area of 181,879 hectares in 2020
[13]. Tomato cultivation takes place in open fields as well
as controlled environments like greenhouses. However,
tomato crops are vulnerable to root rot and soil fungal
diseases, leading to significant losses. Common fungal
pathogens affecting tomatoes include Fusarium spp.,
Rhizoctonia solani, and Sclerotium rolfsii. Among them,
Fusarium species, particularly Fusarium solani and
Fusarium oxysporum, are responsible for a substantial
proportion of plant diseases. Vascular wilt, a disease
affecting tomatoes, is caused by a pathogen that enters the
plant through roots or wounds and colonizes the vascular
tissue, resulting in wilting. Root and crown rot diseases,
characterized by wilting, yellowing, and drying of the
plant, occur during the plant's growth period in the field
[14].

Fusarium wilt can cause widespread epidemics, leading to
significant yield reductions, sometimes up to 100%.
Hyphae of the pathogens are activated by plant root
secretions, allowing them to penetrate the roots and disrupt
metabolism of the plant and sap circulation. As a result, the
plant experiences reduced photosynthetic activity, wilting,
and eventual death, impairing its ability to absorb and
transport water and nutrients.

Remote sensing techniques, including spectral methods,
have been extensively studied for the early detection of
Fusarium root and crown rot diseases in tomatoes.
However, the application of thermal imaging in the
detection of root diseases in tomatoes is relatively limited.
Specifically, in the case of tomato plants, there is a lack of
studies focusing on the use of thermal imaging for
detecting Fusarium spp. or other root diseases.

The goal of this study was to determine the effectiveness
of thermal imaging in distinguishing between diseased and
healthy tomato seedlings that were inoculated with a
specific pathogen. The study aimed to assess the potential

of thermal imaging as a method for identifying and
monitoring disease progression in tomato plants during
their development stages.

Materials and methods
Climate room trial

Tomato (Lycopersicum esculentum L.) seedlings used in
this study were grown in a climate room in the Plant Health
Laboratory of GAP Agricultural Research Institute
(GAPTAEM) at Sanliurfa province, Tiirkiye. H-2274
tomato variety sensitive to Fusarium spp. was used in this
study. All the physical conditions of the climate room such
as temperature (26°C), humidity (60%) and lighting (16
hours of light, 8 hours of darkness) were controlled at
constant level. In the pots, a 1:1 mixture of peat and perlite
was employed [15].

Tomato plants have been infected with Fusarium spp.
disease. After the Fusarium disease was inoculated at the
rate of 10* cfu/gr on tomato plants [14], the presence of the
pathogen was tried to be detected with a thermal camera.
The diseased tomato plants were screened by comparing
with the healthy plants without any treatment. In this way,
two different groups of tomato plants were obtained; these
are diseased and inoculated with F. solani and F.
oxysporum (Fusarium +), and healthy and uninoculated
with Fusarium spp. (Fusarium -). Each group consisted of
four pots and each pot was formed from 4 tomato
seedlings. From each pot five leaves were randomly
selected for thermal camera measurements.

The data used in the study are the reflection values taken
from the tomato leaves by the thermal camera. To
symbolize classes; (F) described tomato plants inoculated
with Fusarium and (H) described as healthy tomato plants
refers that the situation is present or not present.

Experimental setup and inoculation of tomato plants

The root, crown rot and wilt fungi disease isolates used in
the study were obtained from the Southeastern Anatolia
Project (GAP) tomato fields and tested for their
pathogenicity. Isolates with high levels of pathogenicity
(F. solani 70 % and F. oxysporum 80 %) were used in
testing. (Fig. 1.).

Artificial inoculation was performed by introducing fungal
agar discs (2 mm in size) into autoclaved oat culture mixed
with potato dextrose agar (PDA). The mixture was then
allowed to grow for 2-3 weeks in an incubator.
Subsequently, a 25 g/m? artificial culture of the fungal
isolates was added to 2 kg pots containing a peat and perlite
mixture in a 1:1 ratio by volume. Tomato seedlings, which
were cultivated in controlled greenhouses at GAPTAEM
Koruklu Research Station, were transplanted into the pots
when they reached the 3-4 leaf stage, which was
approximately 40—45 days after germination. Each fungus
(F. solani and F. oxysporum-FORL) and the control group
(non-inoculated plants) were subjected to separate
experiments. The experiment followed a randomized plot
design with 4 replications, and each replication contained
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3 plants. Scala values used to evaluate the disease were 0-
3, sensitive, moderate and resistant. The entire setup was
kept in the Climate Chamber of the Plant Health
Department of GAPTAEM (GAP Agricultural Research
&— | s : T -

Figure 1. In the left picture-c; Furthest right pot is Healthy
Control Plants with uninoculated F. solani (F -), the other
pots from right 2. 3. and 4. pots are Diseased Plants
inoculated with F. solani (F +). In the right picture-d; The
right tomato seedling is Diseased Plant inoculated with F.
oxysporum (F+) and the left tomato seedling is Control-F.
oxysporum (F-).

growing season. To monitor the progression of the
experiment, thermal images were taken every week for 6
weeks, starting from the date the seedlings were planted in
the pots.

Table 1. Thermal imagining sampling times and the
number of samples taken

Date Control Diseased
20.12.2019 11 Sample 12 Sample
27.12.2019 12 Sample 12 Sample
02.01.2020 12 Sample 12 Sample
09.01.2020 12 Sample 12 Sample
17.01.2020 12 Sample 12 Sample
23.01.2020 12 Sample 12 Sample

Thermal camera

The thermal camera serves as a diagnostic tool utilized
across different industries to detect and measure abnormal
temperatures or cold areas in specific regions. It comprises
lenses and sensors designed to capture the thermal energy
emitted by objects. Unlike other temperature-measuring
devices, the thermal camera does not require direct contact
with the equipment being assessed. Instead, it operates as
an imaging system that analyzes infrared energy patterns.
The camera translates this invisible infrared energy into
visual representations, displaying the general structure of
the image, along with colors and shapes corresponding to
the infrared energy distribution. As a result, the thermal
camera can identify issues that may not be visible to the
naked eye, providing valuable insights into hidden
problems and potential malfunctions [1], [16].

In this study, the TESTO 885 model thermal camera was
used. The camera has a detector size of 320*240 pixels.

Institute  Directorate) under controlled conditions,

maintaining a temperature range of 24 °C — 25 °C and a
humidity level of 60% throughout the

The thermal information obtained is enhanced using
SuperResolution technology, bringing it to a size of
640*480 pixels. The camera allows measurements with a
temperature resolution of 0.03°C. Thermal imaging is
recorded at a 30-degree angle. Additionally, the camera
captures RGB images, but the resolution and field of view
for RGB images are higher. To utilize the images taken by
the camera in the software, the camera's proprietary
software, IRSOFT, was used to open and obtain both the
thermal and RGB images on the computer (Fig.2.).

Image Fusion of Thermal and RGB Images

The thermal camera used simultaneously captures thermal
images and records RGB images. However, there are
differences in the field of view, size, and resolution
between the recorded thermal and RGB images. This
dissimilarity complicates their combined usability during
image analysis. To overcome this problem, an image
alignment or registration process, known as Image
Registration, is performed. With this process, the objects in
the two images are brought to the same position or aligned.
The image registration is carried out using a point matching
method, specifically the SIFT (Scale-Invariant Feature
Transform) algorithm. This algorithm ensures scale-
invariant feature transformation, enabling the matching of
features between the thermal and RGB images. After the
thermal and RGB images are successfully aligned, the
resulting image is cropped to match the size of the thermal
image.
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Figure 2. Thermal imagining

Plant Regions Segmentation and Obtaining Thermal
Image Data of Plant Regions

Flow Diagram given in Fig.3 shows the steps in early
distinguishing of root rot disease in tomatoes.

In thermal images, all temperature information in a specific
area is obtained on a pixel-by-pixel basis. Therefore,
processing the entire thermal image can lead to erroneous
results. To address this, the plant region is detected based
on RGB images, and other areas are cleared from
consideration. This process involves color-based
segmentation, where the RGB image is transformed into
the HSI (Hue-Saturation Intensity) color space using the
expressions given in Equations given below. The resulting
Hue data contains color information. For plant region
detection, the Hue value within the range of 45 to 75 is
selected. This range is used to identify green and related
tones typically associated with plants. Using this color
data, plant regions are separated from the rest of the image.
The identified plant regions are then matched with the
aligned thermal image. This process ensures that only the
plant regions are obtained in the thermal image. It's
important to note that the appearance of these regions may
vary based on factors such as the leaf surface of the
captured plant and the distance of imaging. These
differences need to be considered while analyzing the
thermal image of the plant regions.

READ IMAGE FILES

GET THERMAL IMAGE

GET RGB IMAGE

l

THERMAL AND RGB IMAGE
REGISTRATION

l

CONVERT RGB IMAGE
RGB TO HSI

l

CONVERT RGB IMAGE
RGB TO HSI

l

SEGMENT PLANT AREA FROM
HUE INFORMATION

l

GET PLANT AREA THERMAL
INFORMATION AND CALCULATE
STATISTICS

l

TRAIN MACHINE LEARNING
MODELS AND TEST

Figure 3. Flow Diagram demonstrating methodologies in
early distinguishing of root rot disease in tomatoes

Initially, it is needed to begin the process of converting the
RGB color space image to the HSI space by normalizing
the RGB values (Equations 1 -3);

R __ 6, B 1
"TR+6+B 9 R+6+B" " "R+G+B

0.5.[(r=b)+(r-b)]
(r-g)%+(r-b)(g—b)

h = cos-1 {[ - /2} he[0,x] forb<g  (2)

0.5.[(r-g)+(r-b)]
[(r—-9)2+(r-b)(g-b)] />

h=2n—cos‘1{
b>g

}he[o,zn] for (3)

s=1-3. Min (r,g,b) s€[0,1]

i=(R+G+B)/(3+255) i €[0,1]

the h, s, and i values within the ranges [0, 360], [0, 100],
and [0, 255], respectively, are calculated using the formulas:
H =hx180/%, S = sx100, and I = ix255.

Extracting Features from The Thermal Data of The
ROI (Region of Interest)

The thermal data of the identified plant regions serves as
input data for the classification process. Statistical features
are computed from the thermal image, including pixel
count, maximum, minimum, mean, standard deviation,
kurtosis, skewness, and moment values. By doing so, 8
feature attributes (Number of pixel, Min, Max, Mean,
Standart deviation, Skewness, Kurtois, Moment) are
obtained from the thermal image.

In our dataset, there are a total of 143 samples. 75% of
these samples (108 samples) are used for training, while
the remaining 25% (35 samples) are used for testing. The
machine learning algorithms (Naive Bayes, Logistic
Regression, and KNN) are trained using the 108 training
samples, and then testing is performed on the 35 test
samples. The obtained features are used to predict diseases
using the mentioned algorithms.

The K-Nearest Neighbors (K-NN) algorithm looks at the k
closest neighbors to determine the class or value of a data
point. These neighbors are determined using a specific
similarity metric. The parameter k represents the number
of selected neighbors. In classification problems, the
majority class of the neighbors is used for prediction, while
in regression problems, the average value of the k nearest
neighbors is used as the predicted value. K-NN is a simple
algorithm that does not build a model during training, but
its computational cost may increase with large datasets or
a high number of features. Logistic regression is a
statistical model used for classification problems. By
learning the weights of independent variables in a dataset,
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it predicts the probability of a data point belonging to a
specific class. It employs a sigmoid function to constrain
these probabilities to the [0, 1] range. Usually, probabilities
above a specified threshold are assigned to one class, and
those below it are assigned to another. Its simplicity, speed,
and interpretability make it a preferred choice, especially
for binary classification problems. Naive Bayes is a
machine learning algorithm based on Bayes' Theorem and
is particularly employed in applications like text
classification. Essentially, it operates by assuming
independence between features, which is often referred to
as the "naive" assumption. During the training phase,
probabilities for each class are determined, and during the
testing phase, the probability of belonging to a specific
class is calculated using Bayes' Theorem. The class with
the highest probability is then selected as the prediction.

Results and Discussion

The early diagnosis of plant diseases is crucial to mitigate
economic losses caused by these diseases. In this context,

remote sensing techniques have become increasingly
popular. Particularly, the use of thermal images combined
with machine learning techniques for the early diagnosis of
diseases has been found beneficial in controlled
greenhouse conditions as well as field conditions [17].

In this study, thermal images of tomato plants with root
disease inoculation and healthy tomato plants without
disease inoculation were obtained under controlled
conditions. The research aimed to explore the potential of
using thermal images for early diagnosis of the disease. By
comparing thermal images between the diseased and
healthy plants, the study investigated the possibility of
utilizing thermal imaging as a tool for early detection of the
disease. Additionally, three different machine learning
classification techniques were compared in this study for
the classification of healthy and diseased plants based on
thermal images.

Thermal images were obtained to compare temperature
changes between healthy and pathogen-inoculated diseased
plants. Thermal images were captured for both healthy and
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Table 2. The features extracted from thermal images of some plant samples.

m > « A ) n %)
=z | 5| % |&] ¢ | €419 &
2| 2| 2| & || & z | 3|23 &
©n n N % = ©
1 18,50 | 20,90 | 20591,00 | 0,44 | 68295,00 | -21943,00 | -0,19 | 1 0 | HEALTHY
8 120,90 | 21,90 | 21603,00 | 0,21 | 24835,00 | -11559,00 | -0,01 | 2 2 | DISEASED
11 | 21,00 | 21,90 | 21632,00 | 0,19 | 24828,00 | -11559,00 | -0,01 | 2 0 | HEALTHY
18 | 23,10 | 24,50 | 24084,00 | 0,29 | 24835,00 | -11559,00 | -0,03 | 3 2 | DISEASED
29 | 22,10 | 23,70 | 23224,00 | 0,33 | 24835,00 | -11559,00 | -0,04 | 5 1 | DISEASED
39 | 23,60 | 24,70 | 24373,00 | 0,23 | 24835,00 | -11559,00 | -0,01 | 6 1 | DISEASED

diseased plants, and their temperature variations were
compared. The table 2 presents some selected plants'
statistical results regarding temperature changes. It can be
observed that, generally, the average temperature values of
diseased plants are higher compared to healthy plants.

Diseased plants may have higher temperatures when
observed through thermal imagery due to several reasons
that includes increased metabolic activity or inflammation
response. Diseased plants often experience stress, which
can lead to an increase in metabolic activity. The pathogen
enters the plant through stomata, leading to alterations in
the metabolic processes of plant tissues. This includes
changes in respiration, photosynthesis, and transpiration
within the plant. This heightened metabolic rate can
generate more heat, causing the plant to have a higher
temperature when compared to healthy plants [18]. Plants
can activate defense mechanisms when they are under
attack by pests or pathogens. These responses may include
the release of signaling molecules or chemicals that can
induce local inflammation-like reactions. These responses
might elevate the temperature in the affected areas.

At a height of 50 cm from the canopy, using thermal
images obtained from a thermal camera, researchers
observed a decrease in leaf surface temperatures in
diseased plants compared to healthy ones. However, in this
study, there was an increase in temperature. The decrease
in leaf surface temperature in diseased plants was attributed
to the masking effect caused by fungal disease, which
covers the leaf surface with spores [1]. Similarly, Awad et
al. [19] found that in wheat plants artificially inoculated
with pathogens under greenhouse conditions, there was a
temperature decrease shortly after (around one hour later)
the disease transmission. They attributed this temperature
decrease to a similar cause. The high density of spores had
a masking effect on the leaf surface, leading to a reduction
in leaf surface temperatures in infected plants. On the other
hand, researchers studying downy mildew in grapevines
under field conditions observed an increase in leaf
temperatures long before visible symptoms became
apparent, using thermal images obtained with an infrared
camera [18].

Table 3. The Accuracy assessment of distinguishing healthy and unhealthy plants based on thermal images using different

machine learning techniques.

ACTUAL/ |HEALTHY/| HEALTHY/ | UNHEALTHY | UNHEALTHY/
CLASSIFIED | HEALTHY | UNHEALTHY | /HEALTHY | UNHEALTHY | Accuracy | ERROR
TP FP FN TN RATE
KNN 14 4 6 11 0,72 0,28
Naive Bayes 10 3 14 0,68 0,32
Logistic 11 7 7 10 0,6 0.4
Regression

To evaluate the dependability of the classification
approach, the accuracy of the classified images can be
gauged using an overall accuracy metric. To calculate the
overall accuracy, it involves dividing the number of
correctly classified plants by the total number of plants [1].

Table 3 presents the error matrix for the classification
outcomes using three different methods; KNN, Naive
Bayes and Logistic regression. Among the four distinct
classification methods, the KNN (k-Nearest Neighbors)
technique yielded the highest classification accuracy,
reaching 72%.

617



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 611-619

The Table 3 shows that disease detection can be achieved
with 72% accuracy. Moreover, similar results were
obtained with other methods.

Omran [1] achieved an overall success rate of 72 % in early
distinguishing peanut leaf disease with varying degrees of
disease using thermal imagery. The temperature difference
observed between healthy and infected plants allowed the
researchers to effectively differentiate between the two
groups. The wvariations in leaf surface temperatures
provided a clear distinction, enabling them to identify and
discriminate healthy plants from those infected with the
disease.

Synthetic data was generated using the SMOTE method. In
this way the amount of data is doubled. The same results
were obtained by applying statistical methods and machine
learning methods. Since the results obtained were not
different from the previous ones, it was seen that no
advantage was gained by increasing the data.

In the study conducted by Singh et al. [17], they modeled
the severity of wilting in chickpeas using RGB and thermal
images, comparing different machine learning techniques.
The researchers divided the dataset into two groups: the
training set and the test set. The Cubist model
outperformed other common machine learning models
such as MARS, PLS, SVM and RF producing more
successful results in comparison (with R2 value higher than
0.8).

Conclusion

The results obtained from this study demonstrated the
potential of using thermal images and machine learning
techniques to diagnose Fusarium root and crown rot
disecase in tomatoes at an early stage under controlled
conditions. Overall, the ability to distinguish between
healthy and diseased plants at an early stage was found to
be 72%. Among the compared classification techniques,
the most successful one was K-Nearest Neighbors (KNN).
However, the validity of the method needs to be tested by
applying the results under field conditions. Additionally,
further investigations are required to examine the
applicability of integrating thermal cameras into unmanned
aerial vehicles (drones) and testing the method on different
plant species in various field conditions. Early diagnosis of
plant diseases in this manner can prevent further spread of
diseases, leading to reduced economic losses and a
decrease in the use of chemicals, thereby contributing to
environmental pollution reduction. In conclusion, the
combination of thermal imaging and machine learning
techniques holds promise for the early diagnosis of
Fusarium root and crown rot disease in tomatoes. The
potential implementation of this approach in real-world
field conditions and on other plant types warrants further
exploration for effective disease management and
sustainable agriculture practices.
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MAKALE BILGILERI 0z

Makale Geemisi: Giinlimiizde twitter ve benzeri hizmetler birgok kullanici tarafindan kullanilmaktadir. Gergek zamanl
olarak her yerde ve onemli hale gelmistir. Kullanicilar bu hizmetleri kullanarak igerik mesajlarini

Gelis 13 Agustos 2023 yayabilmektedirler; mevcut durumlarini paylasabilmektedirler. Anlik mesajlar birgok kisiyle bilgi ve

Revizyon 17 Ekim 2023 goriis paylasimmda 6nemli bir rol oynamaktadir. Bu etkilesim, film ve {iriin incelemeleri, haberler,

Kabul 21 Ekim 2023 etkinlikler vb. hemen hemen her seyi icermektedir. Elektronik bilgi paylasimindan 6nce bir {iriini satin

Online 31 Aralik 2023 almak i¢in fikir sahibi olmanin kaynagi, kisinin sosyal ¢evresi olarak tanimlanmaktaydi ancak Twitter'in
yayginlagmasiyla birlikte bu durum oldukga degisti. Tim is akislarin1 ve pazarlama tekliflerini 6nemli

Anahtar Kelimeler- Olciide yeniden sekillendirmistir. Markalar hakkinda goriiglerin paylasilmasi, kuruluslarin da giivenir
olmayan bazi kullanicilarin géz ardi edilmesinden sonra, kullanicilarin mesajlarini analiz edip toplayarak

Twitter, Duygu Analizi, Uriin duygularinin toplanmasina da yol agt1.

Yorumu

Tweet mesajlar1 piyasalardaki diisiinceyi hayata gegirmek i¢in oldukca verimlidir, ancak mesajlar kisa,
yapilandirilmamus ve dilbilgisi agisindan hatali olabilir. Bu ¢aligmada kisa bir siireligine yaymnlanan bir
mobil isletim sistemi siiriimii ile ilgili mesajlar duygu analizi i¢in incelenmistir. Kullanim yorumlarini
ogrenmek icin tweet mesajlar lizerine ¢alisilmustir.
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Giris

Twitter, giiniimiizde en popiiler ¢evrim i¢i hizmetlerden
biridir ve kullanicilarin tweet adi verilen durum
mesajlarini olusturabildigi giinden giine artan fazla sayida
kullanict grubuna sahiptir. Kullanicilar bu  tweet
gonderilerini yalnizca diinyadaki herhangi bir sey
hakkinda ne diisiindiiklerini giincellemek i¢in degil, aym
zamanda ilgilendikleri iriinlere, hizmetlere, etkinliklere
ve diger Twitter kullanicilarina yonelik goriislerini ifade
etmek i¢in de kullanirlar. Yazarlar bu konuda [1] birgok
durumu 6zetlemektedir. Twitter kullanicilari tarafindan
ifade edilen goriisler, restoranlar, elektronik {iriinler,
oteller vb. hakkinda iiriin/hizmet incelemeleri gibi gercek
diinya durumlarinda yararhidir. Pazarlamacilar, bu tiir
tweet gonderileri iizerinde bir duyarlilik analizi yaparak,
irin  ve  hizmetlerine iliskin  halkin  algisini
belirleyebilmelidir; tiiketiciler, diger kullanicilarin
ilgilendikleri iriin/hizmet hakkinda ne disiindiiklerini
onceden Dbilebilir. Twitter, kullanicilar arasinda
yonlendirilmis baglantilar saglar ve genis bir kullanici ve
konu yelpazesinde duygu agisindan zengin bilgiler
barindirir. Bu nedenle, Twitter'dan kullanici goriis ve
duygularinin ¢ikarilmasinin birgok uygulama igin ¢ok
faydali olacagi agiktir. Bu arastirmanin temel amaci,
Twitter'da belirli bir iiriin/hizmet hakkinda yorum yapan
gercek kisilerin  duygu/degerlendirmelerini belirleme
stirecini kolaylastirabilecek bir {irlin veya hizmetle ilgili
tweet mesajlarini analiz etmektir.

Bir duygu, bir kiginin olumlu veya olumsuz duygusu

olarak tamimlanabilir. GoOriis madenciligi, ¢esitli
iceriklerde  ifade  edilen  goriisleri  ayiklamak,
siniflandirmak, anlamak ve degerlendirmek igin

hesaplama teknigidir [2]. Duygu siniflandirmasi alaninda,
¢ogu baslangicta film incelemelerini [3] ve blog
gonderilerini [4] smiflandirmaya odaklanan ve film
incelemelerini  siniflandirmak  ve  performanslarim
kargilagtirmak i¢in farkli smiflandiricilar kullanan 6nemli
miktarda arastirma yapilmastir.

Bu makalede ifade edilen duyguya dayali olarak tweet
gonderileri nétr/kutupsal olarak ve ardindan kutupsal
olarak pozitif veya negatif olarak siniflandirmaya
odaklanilmistir, ayrica -1 ile +1 arasinda degisen
kutupsallik i¢in deger atanir; burada -1, giiclii olumsuz
duyguyu, +1 ise giiclii olumlu duygu ve tarafsiz bir
inceleme/genel bilgi/yardim istemek icin 0. -0,9 ila +0,9
arasindaki kutuplar, duygular ifade etmek i¢in kullanilan
kelime ve ifadelerin yogunluguna gore atanir. Bu
arastrmada, 10S7'min insanlar tarafindan yapilan
incelemelerinde  tartigilan  6nemli  kavramlari da
belirlenmistir. Caligmada, tweet mesajlarindan iiriin
giincelleme, pil, uygulama, bilgi, yardim olmak tizere bes
onemli kavram belirlenmistir. Insanlar yeni isletim
sistemi i0S7 hakkinda begenseler de begenmeseler de
genel olarak yorum yaptiklarinda giincelleme atanir.
Kisiler iPhone'larint i0S7'ye giincelledikten sonra pil
omrii hakkinda yorum yaptiysa pil atanir. Uygulama
konsepti, insanlar iOS7'nin yeni dzellikleri/uygulamalar1
hakkinda iyi ya da koti tartisiyorsa atanir. Bilgi ve
Yardim, i0S7 kullanicilarinin biraz yardim istedigi veya
diger kullanicilarin sorularmi yanitladig1/iOS7 hakkinda
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bazi genel bilgiler sagladig: iki tarafsiz kavramdir. Tweet
mesajlarmi gesitli yonlerden kaynaklanan duygulara gore
smiflandirmaya calisan ¢ok sayida aragtirma yapilmustir.
Bu calismada da aymi yaklagim izlenerek insan faktorii
ortadan kaldirilarak islem yapilmaktadir. Duygu analizi
caligmasmin tek bir iiriine/hizmete 6zgli olmamasina
ragmen makalede yalnizca i0S7 iiriinii {izerinde
calistlmistir. Izlenilen yol aymi olmasina ragmen farkli
irlinler i¢in Tweet gonderisinde duygular1 kullanilan
kelimelerin yogunluguna gore egitim sonunda 6zellesmis
sonuglar elde edilebilir. Benzerligine gore, diger
iirtinler/hizmetler igin de aym veriler kullanilabilir; onlar
hakkinda yorum yapmak ayni olabilir.

Twitter'daki duygu analizi, makine 6grenimi yoluyla
duygu analizi yapmaya caligan diger arastirmalardan
farkl1 bir paradigmadir [6]. Bu, tweet iceriklerinde ifade
edilen duygular1 belirlemede mevcut olan kisitlamalardan
kaynaklanmaktadir. 140 karakterlik smirlama nedeniyle,
insanlar siklikla farkli baglamlarda farkli yorumlara yol
agabilecek kisaltilmig formlar ve kisaltmalar kullanirlar.
Ayrica argo kullanimi ve gramer yapisi tartismaya acik
olan climleler 6n isleme gereksinimini katlanarak artirir.
Dogal dil islemedeki bu tiir sinirlamalar nedeniyle, bu
sorun sonuglarin dogrulugunu artirmada bir darbogaza
doniigmektedir. Belirsizlik, dogrulugu azaltan baska bir
faktordiir. Ornegin, insanlar "Nike" kelimesini hem
popiiler giyim ve aksesuar markasina hem de Yunan
tanrigasina atifta  bulunmak igin kullanirlar, ancak
baglama bagli olarak hangi Nike'tan sz ettikleri hemen
belli olmayabilir. Bu nedenle, bazi durumlarda iki terimin
net bir sekilde ayirt edilememesi hatali sonuglara yol
agmaktadir. Ek olarak, ifadelerin ruh halini ifade etmek
icin kullanilmasi, duygularin duygusal semboller
kullanilarak analiz edilmesine yonelik bir dizi aragtirmayi
da tetiklemistir.

Twitter goriiglerinin analizi, ¢cok ¢esitli gercek diinya
uygulamalari i¢in faydali olacaktir; trendlere gore reklam
yerlestirilmesinden, belirli bir konuya yonelik duygu
toplayan uygulamalara kadar. Kullanicilar, satin alma
kararlarini bilingli olarak vermek i¢in belirli bir iiriin veya
hizmet i¢in geri bildirim tiiriinii belirleyebilir. Twitter'da
ifade edilen goriisler, cogunlugu BT okuryazar1 olan gok
genis Dbir kitlenin algilari1  yansittigindan, anket
uygulamalar1 ve kuruluslar bu arastirmadan ozellikle
yararlanacaktir. Ek olarak, tweet mesajlar1 bir iilke gibi
belirli bir cografi bdlge icin toplandiginda, bu yaklagim
yerel bolgelere uyacak sekilde yapilabilir.

Bildirinin geri kalan1 su sekilde diizenlenmistir:
Bolim II'de, bu alanda daha oOnce yapilmis ilgili
caligmalar tartisilmaktadir. Boliim III, wverilerin 6n
islenmesinde dikkate alman teknikleri 6zetlemektedir;
Bolim IV, smiflandirma ig¢in kullanilan yaklagimlari
tartisir ve Boliim V, bu arastirma siiresince elde edilen
sonuglar1 dzetler. Son olarak, boliim VI, bu ¢alisma igin
sonug ve sinirlamalari belirtir.

Tlgili Cahsma

Mikroblog, internette hizla bilyiliyen yeni bir trend.
Geleneksel olarak bloglar, yazmasi birka¢ dakika siiren
uzun yazilardir. Mikroblog, kullanicilarin birkag dakika
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i¢inde kisa diisiinceler veya bilgiler yayinlamasima olanak
tanir. Bu nedenle, Twitter gibi mikroblog platformlari,
insanlarin ne yaptigini ve iletisim kurdugunu kesfetmenin
harika bir yoludur [5]. Boylece Twitter trendlerini ve
gorislerini kesfetmek, aragtirma i¢in oldukga popiiler bir
alan haline geldi. Bu alanda diinyanin her yerindeki
arastirmacilar ve akademisyenler tarafindan birgok
arasgtirma yapilmistir. Duygu analizi giiniimiizde ¢ok
popiiler bir arastirma konusu haline gelmektedir.

Tweetlerdeki duygu analizleri tipik olarak iki asamada
yapilir: (a) duygu ifadelerinin belirlenmesi ve (b) tweet
gonderilerinde ifade edilen duygunun kutupsalligmin
belirlenmesi [7]. Arastrmacilar tarafindan tweet
gonderilerini siniflandirmak ve Twitter'daki duygulari ve
egilimleri analiz etmek i¢in kullanilan farkli yaklagimlar
olmustur. Cogu arastirmaci sozliiksel kaynaklar: kullanir
ve Tweetlerin duygusalligina sdzciiksel 6gelerin varligina
gore karar verir [7][8]. Diger bazi arastirmacilar, daha iyi
dogrulukla daha fazla sonu¢ elde etmek i¢in baglag
kurallart gibi ek o6zellikleri sdzciiksel analizle birlestirir

[9].

Bu alandaki ilk arastirmalardan biri, yazarlarin
tweet'lerdeki duygular1 otomatik olarak siniflandirmak
icin yeni bir yaklasim uyguladiklar1 ¢alismalaridir[10].
Uzaktan 6grenme metotlariyla tweet gonderisi igerisinde
eklenen simgelerle, 6rnegin © ile biten me mesajlar
olumlu olarak degerlendirmislerdir. Ayni sekilde ® ile
biten igerikleri de olumsuz olarak degerlendirmislerdir.
Oznitelik uzayinda tek kelimelik veya ardigik iki
kelimelik &bekleri dikkate almiglardir. Bu galigmada elde
edilen sonuglara gore, tek kelimelik dbegin iki kelimelik
Obekten daha iyi sonuglar verdigi gosterilmistir. Bu
yaklagimin bir dezavantaji, bu test igin toplanan verilerin
kelime bazli arama sorgulartyla elde edilmesidir.
Arastirmada ayrica POS Tagger(sozciik tiirii etiketleyici)
ozelliklerinin kullanimmi da denenmistir; sonuglarinin
tweet mesajlarinin siniflandirilmasinda yararli olmadigi
gosterilmistir. Fransizca dilinde yapilan bir ¢alismada da
duygusal metinlerden olusan bir sozliik olusturularak
video oyunu yorumlarinda polarite smniflandirmasi ile
kelimelerin ~ duygusal normlar1 tespit edilmeye
calistlmigtir[13]. Twitter mesajlart igin otomatik bir
duygu siniflandirict Brezilya'daki bir TV sovu i¢in atilan
tweet mesajlarmm duygu analizinde kullanilmistir[14].
Tweet mesajlar1  yalnizca bir duyarhilik puaniyla
karakterize edilmemelidir, bunun yerine gonderideki her
bir farkli kavram i¢in bir duyarlilik notu verilmelidir. Bu,
genel olarak, belirli bir konuyla ilgili génderi goriislerinin
daha ayrnintili bir analiziyle sonuclanmasma sebep
olacaktir[16]. Popiiler olaylarin tipik olarak duyarlilik
giiciindeki  artiglarla  iliskili  olup  olmadigim
degerlendiren, bir aylik Ingilizce Twitter gonderileri
iizerine bir ¢aligmada da terim kullanimindaki goreli
artisin bir Ol¢iisiiyle belirlenen ilk 30 olayr kullanan
sonuglara gore, popiiler olaylarm normalde olumsuz
duygu giiciindeki artislarla iligkili olduguna dair gii¢lii
kanitlar sunmaktadir. Olaylara ilginin zirveye ulagsmasinin
zirveye ulagsmadan onceki durumuna gore daha giiclii
olumlu duygulara sahip olmasini tetikledigine dair baz1
kanitlar sunmaktadir[17]. Akan twitter mesajlarinda
dengesiz smif etiketleriyle basa ¢ikarak siniflandirma

623

yapabilmek igin kayan pencereli bir Kappa istatistigi
onerilmistir[18]. Baska bir ¢alismada, giincel bir konu
olan COVID-19 iicerine duygu analizi
gergeklestirilmistir[20].  Twitter duygu analizi igin
kavram tabanli ve birlestirici hiyerarsik kiimeleme
iizerine insa edilmis denetimsiz bir topluluk/isbirligi
cergeveli farkli 6grenme yontemleri Onerilmistir[21].
Dillerin duygu analizine etkisini arastirmak i¢in 68 adet
makale toplanmis ve farkli dillerde yapilan duygu
analizindeki farkliliklar incelenmistir[22].
Arastirmacilarin  duygu analizine iligkin caligmalart
gbzden gegirebilmesi igin duygu analizine iliskin literatiir
incelemeleri de mevcuttur[19].

Yapilan ¢alismalardan birinde, {i¢ farkli kaynaktan
toplanan 1000 adet twitter verisinin kutupsalliginin
etiketlenmesi ve etiketlenen verinin kullanilarak geri
kalan 1000  tweet verisinin kutup  tahmini
gerceklestirilmistir. Ayrica, yazilan kutup tahminlerinin
tetkikiyle tweet mesajlarinin karakteristik o6zellikleri

incelenmistir. Tweetlerin nasil yazildig1 gibi bazi
ozelliklerini ve onlar1 olugturmak i¢in kullanilan
kelimelerin  meta  bilgileri iizerine caligilmistir.
Kelimelerin  polaritesine ve kelimelerin tiirlerinin

etiketine ek olarak, tweet mesajinin baska biri tarafindan
tekrar gonderilme durumu, noktalama isaretleri, sosyal
media etiketlerine sahip olmasi ve iinlem isaretleri gibi
sO0zdizimi ozellikleri kullanilmigtir. Elde edilen test
sonuglarinin dogrulugu, (a) bu mesajlarin ham kelime
temsili kullanmak yerine daha soyut bir temsil kullanarak
olusturulmasi; ve (b) birlestirilen veri kaynaklari
tarafindan saglanan makul kalitede etiketlere baglidir[11].

Farkl1 bir ¢alismada, Google Nexus, Armani, Android
vb. popiiler firiinlerin hakkindaki duygularinin tespit
edilmesidir. Bu, s6z konusu sirketler icin iiriinlerinin
sakincalarint tespit edebilmeleri nedeniyle ticari bir
degere sahiptir. Hali hazirda, firmalarin rekabet
edebilmesi i¢in {iriinlerde yasanan olumsuzluklar, duygu
analizi takip edilerek gerektiginde iyilestirmeler
yapilabilir[12]. Yapilan ¢aligmada, 6nde gelen markalar
hakkindaki ifadeler iizerinde duygu analizi yapilarak
ticari duygu analizini gerceklestiren ticari bir iriin
tanitilmaktadir. Bagka bir ¢alismada da anahtar
kelimelerin fikir belirtmek igin kullaniminda gerekli
eslestirmelerin yapilmas1 gergeklestirilmistir. Sosyal
medya etiketlerinin de ifadelerin kinaye amaci tastyip
tasimadiginin tespiti ve dikkate alinmasinda karar verme
iizerine yaklagimlar {izerine ¢ahsilmstir [5]. Ornegin
#sarcasm hashtag'i, bir marka veya etkinlik hakkinda
alayci tweet mesajlar1 tanimlamak icin kullanilabilir.

Veri Seti

Onerilen yaklasimda, Twitter'dan iOS7 igin tweet'
mesajlarm1  toplamak igin Twitter Arama API'sini
kullanilmistir.  Twitter'dan  veri  toplama  islemi,
beklenenden daha fazla ¢aba gerektirmesine ragmen
tamamlandiktan sonra igerik bilgileri elle etiketlenerek
egitim verisi olusturulmustur. Veri seti, 2013-2104 yil
araliginda {iriiniin kisa siireli kullanimi sonrasi revizyonla
yenilenmesi nedeniyle secilmistir.  Toplanan verilerin
tarihi Ekim 2013'ten Aralik 2013'e siireyi iceren ti¢ aylik
bir stireyi kapsamaktadir.. Bu arastirmada kullanilan iiriin
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olan i0S7, Eylil ay1 sonunda piyasaya siirilmiistiir.
Boylece insanlar sonraki aylarda bu konuda yorumlar
yazarak iiriin hakkindaki diisiincelerini paylasmislardir.
Segilen iiriiniinii bagka bir ilging 6zelligi de insanlarin
heniiz i10S7 ¢ikmadan tweet mesajlarim1 atmaya
baslamasidir. Ilgi o kadar fazladir ki iOS7 kullanima
sokulmadan 6nceki ve sonraki 24 saat icinde 7 milyon
civarinda tweet mesaj1 atilmugtir. Secilen {irin hakkinda
atilan tweetlerin bu 6zellikleri toplanan yorumlari ilging
bir veri kaynag haline getirmektedir. iOS7 tweet'leri i¢in
egitim seti, her tweet mesajina bir polarite degeri ve
konsep bilgisi atanarak manuel olarak hazirlanmigtir.
Egitim ve test verisi olarak ayrilan veri setinde
Olumsuz/Olumlu/Nétr tweetleri igeren 1.151 adet tweet
mesaj1 egitim amach kullanilmaktadir. 22.899 tweet test
amaglt olarak kullanilmigtir. Bunun igin
NaiveBayesMultinomialText kullanilarak Java dilinde
otomatik siniflandirict uygulamasi gelistirilmistir.

Veri Isleme

Tweet mesajlarinda kullaniciya veya duruma bagl olan
dil degiskenliginin 6ngdriilemez dogasi nedeniyle belirli
tweet igerik simgelerini standartlagtirmak i¢in 6n isleme
tekniklerinin kullanilmas1 gerekmektedir. Cogu tweet
mesajinin bir tiir gramer veya imla hatasi, kisaltma,
konusma dili ve argo kelimeler igcerme olasiligt ¢ok
yiiksektir; Paylasilan diisiincenin kisith mesaj uzunlugu
ile ifade edilmesi de durumu zorlagtirmaktadir.

On isleme siireci, ilgisiz mesajlarin veri setinin disinda
birakilarak yalnizca ilgili igerigi tweet mesajlariin dahil
edilmesiyle baslamistir. Bu yazida uygulanan teknikler,
ozellikle mikro blog duygu analizinde bilgi alma
uygulamalarinda yaygin olarak  kullanilmaktadir.
Toplanan veriler, mesaj dizilerinin &zellik vektoriine
doniistiiriilmesine yardimer olan bir dizi 6n iglem
adimindan gegirilir.

Yiiriitiilen 6n isleme adimlarindan bazilari asagida
aciklanmistir. S6z konusu 6n isleme teknigi kullanilarak
egitim veri setinden ¢ikarilan &zelliklerin/niteliklerin
kalitesi, siniflandiricilarin = performansimi  dogrudan
etkilediginden, bu, tiim siniflandirma siirecindeki en kritik
asamadir.

On islem adimlari, ifadeleri degistirme, kiigiik harfe
¢evirme, url linklerini kaldirma, kullanici adlarinin ve
sosyal medya etiketlerinin kaldirilmasi, noktalama
isaretlerinin ~ kaldirilmasi,  gereksiz ~ kelimelerin
kaldirilmasi ve fazladan uzatilan kelimelerin kaldirilmast
olarak belirlenmistir.

ifadeleri Degistirme

Bircok mikro blog gonderisinde, ifadeler, kullanicilar
tarafindan duygulari kisa ve 6z bir sekilde ifade etmenin

kolay bir yolu olarak kullanilmaktadir. Yorumlar:
paylasanlar metin igerisinde alayci bir slup
kullanabilirler. Tweet mesaj igeriklerinde gecen

kelimelerle ifade edilen duygularin tam tersi isaretler
kullanarak tam tersi anlamlara isaret edebilirler. Ornegin,
“i0S7'yi sevmiyorum. Olmamasina sevindim ®”. Bu
climle, kullanilan © ifadesiyle birlikte iriin igin
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kelimelerde ifade edilen duygunun zitt1 bir sekilde alayci
bir anlam igermektedir. Cogu arastirmaci, ifadeleri tweet
mesajinin  duygusunu tanimlamak igin giiclii ifade
sembolleri olarak kullanir, veri setinde kullanilan
kelimeler ile duygunun ayni paralellikte olmasi igin
egitim setinde iki anlamli durumlara sahip olan
mesajlardaki ifadeler kaldirilarak egitim verisine dahil
edilmistir.

Kiiciik Harfe Cevirme

Metinleri smiflandirirken biiytik/kiiciik harfe
bakilmaksizin tim belirteglerin kargilik gelen o6zellikle
eslesmesinde  tutarhilign  saglama  i¢in  kelime
eslestirmesinde bire bir ayn1 olmasi 6nemlidir. Mikro
bloglarda diizensiz biiyiik harf kullanimi (bazi kisiler
"i0S7FacINGBiGpRoBeLmS" gibi karisik harf kullanir)
konusunda kisitlayici bir durum olmamasindan dolay:
O6nem igermektedir.

URL Linklerini Kaldirma

Alan darligi ve ifade edilmek istenilen igeriklerin
kapsamli anlatilmasi gibi nedenlerle tweet mesajlart URL
linkleri de igerir. URL'deki igerik, bir kullanicinin ifade
etmeye calistigi duyguyla ilgili ek bilgi saglayabilir,
ancak igerikleri i¢in URL'leri ilaveten taranarak
iceriklerini tutmak olduk¢a masrafli bir iglemdir. Bunun
disinda, iceriklerin dinamik olmasi sebebiyle ilgili URL
linkinin pasif olmasi veya igeriginin degismis olmasi da
muhtemeldir. Modelin egitimi sirasinda 6zellik boyutunu
kiicliltmek i¢in, egitim tweet mesajlarindaki tiim URL'ler
ayn1 degere eslestirilmistir. Tiim URL linkleri <URL>
degeri ile degistirilmistir. Bu, 6zellik boyutunu 6nemli
Olciide azaltmugtir.

Kullanic1 Adlariin ve Sosyal Medya Etiketlerinin
Kaldirilmasi

Twitter'da gonderiler, bir kullanici adinin dniinde bir @
belirteci kullanilarak diger kullanicilara isaret edebilir. Ve
kullanicilar Twitter'da kategorik olarak isaretlemek igin
tweet mesajlar1 # kullanarak etiketler. Yine, 6znitelik
sayisindaki fazla sayida artigi 6nlemek ve farkli ¢ok
sayida kullanici adiyla smiflandirmada yanlis sonuglar

elde edilebileceginden dolayr kullanici  adindan
bahsedilmesi durumunda ilgili mesaj iceriginde sabit bir
<USER> sembolii ile kullanicidan bahsedilmesi

gosterilmistir. Kullanic1 adlarmin ve ayni sekilde sosyal
medya etiketlerinin bu sekilde degistirilmesi, 6zellik
boyutunu biiyiik miktarda azaltir.

Noktalama isaretlerinin Kaldirilmasi

Mikro blog alaninda, uygun dilbilgisinden uzak durmak
ve duygular1 daha kolay iletmek icin gereginden fazla
miktarda noktalama isareti kullanimi olduk¢a yaygimndir.
Cogu zaman kullanicilar  tweet mesajini, tweet'in
duygusuna herhangi bir anlam ifade etmeyen gereksiz
noktalama igaretleriyle doldururlar. Bu nedenle, bu
adimda, egitim setinde gereksiz 6zelligi 6nlemek icin
ilgisiz noktalama isaretleri kaldirilmigtir.

Gereksiz Kelimelerin Kaldirilmasi

Bilgi Erisiminde, siiflandirma islemine 6nemli bir deger
katmayan, son derece yaygin (yiiksek bir ters belge
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frekansi degerine sahip) sozciikleri kaldirmak yaygin bir
islemdir. 'a', 'an' ve 'the' gibi yaygin sozciiklere toplu
olarak gereksiz kelime ad1 verilir. Onlari siniflandirmanin
karmagikligimi azaltmak igin tweet mesajlarindan atilma
islemi gerceklestirilmistir. Keza, bu kelimeler tweet
mesajinin anlamlandirilmasina bir katk1
saglamamaktadir.

Uzatilan Kelimelerin Kisaltilmasi

Twitter kullanicilart kendi dillerinde daha ¢ok gayri resmi
bir dil kullanma egilimindedirler. Bazen kelimelerde yer
alan bazi harfleri yineleyerek duygularmi daha ¢ok
pekistirme  yoluna  gidebilmektedirler. ~ Ornegin,
"saddddddddd" terimi, sadece "iizgiin" ifadesinden daha
fazla yogunluk tasimaktadir. Egitim ve degerlendirme
sirasinda, siirekli tekrarlanan herhangi bir karakterin veya
harfin art arda iigten fazla tekrarlanmasi durumunda ilgili
kelime sadece ii¢ karakterlik bir diziye indirgenmistir.
Belirli bir kelimenin [15] diizenli kullanim1 ile vurgulu

kullanimi arasmnda  ayrim  yapilmalidir.  Ornegin,
"c0000000000000000!" kelimesi daha yaygin olan iki
karakterli "cool"a indirgenmek yerine "coool"a
¢evrilmistir.
Metodoloji

Bu bolimde, tweet gdnderilerini smiflandirmak igin
kullanilan yontem agiklanmugtir.

Deneyler

Bu calismada, Twitter'da yorum yapilan diger tim
iiriin/hizmetlerle ayn1 amaca hizmet eden etkin bir sekilde
kullanilabilecek i0S7 adl1 bir tirtinle ilgili biiyiik bir tweet
mesaj havuzu tasnif edilmeye calisilmistir. Bu siiregte
oncelikle gelen 6n islenmis veriler nétr, pozitif ve negatif
olmak fiizere ii¢ ayr kategoriye ayrilir. Daha sonra,
manuel olarak smiflandirilan veriler, smiflandiricinin
egitimi i¢in egitim verileri olarak kabul edilmistir.
Tweet'ler dizge seklinde oldugundan, tweet mesajlarini
smiflandirmak icin NaiveBayesMultinomial Text
smiflandiricist  kullanilir.  Notr  verilerin - belirlenmesi
nedeniyle, pozitif/negatif sniflandirma dogrulugunun
artt1g1 sonucu ¢ikarilabilir.

Tweet Mesajlarinin Siniflandirilmasi

Onceden islenmis tweet mesaji verilerinin duyarlihik
analizi, asagida tartisildig1 gibi siniflandirict kullanilarak
gerceklestirilir. Yeni Zelanda Waikato Universitesi
tarafindan gelistirilen ve siirdiiriilen veri madenciligi ve
makine 6grenimi aract WEKA; WEKA'nin API versiyonu
bu amagla JAVA programi igerisine gomiilii olarak
kullanilmaktadir ve tweet mesajlar1 egitim veri setine ve
kodda belirtilen siniflandirictya goére otomatik olarak
siiflandirmaktadir.

NaiveBayesMultinomialText Simiflandirici

NaiveBayesMultinomialText  siniflandiricisi,  bir
tweet'in notr, pozitif veya negatif gibi belirli bir sinifa ait
olma olasiligini hesaplayan Bayes teoremine dayanan
olasiliksal bir modeldir. Multinomial Naive Bayes, Naive
Bayes'in daha ¢ok metin belgeleri i¢in tasarlanmis 6zel bir
stiriimiidiir. Basit naif Bayes, bir belgeyi belirli
kelimelerin varlig1 ve yoklugu olarak modelleyebilirken,
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Multinomial Naive Bayes, [10]'da belirtilen sorunlarla
basa ¢ikabilmek i¢in kelime sayimlarini agik bir sekilde
modeller ve altta yatan kathi derim dagilimmi kullanir.
Siniflandiricinin basta gelen avantajlari diigiik hesaplama
maliyeti, biiyiik verilerle etkin bir sekilde ¢alisabilmesi,
gerceklestiriminin hizli ve dogru ¢aligmasi, ¢oklu siif
tahminine uygunlugu ve metin smiflandiricist olarak iyi
bir performans gostermesidir.

Bu deneyde, yukarida tartigilan smiflandirici, 22899
ornegin test veri seti icin kullanilmigtir. Egitim modeli,
onceden islenmis manuel agiklamali verilerin JAVA
programimda WEKA'ya yiiklenerek olusturulmus ve daha
sonra smiflandirici egitilmis ve sonrasinda test edilmistir.

Olumlu ve Olumsuz Mesaj

Dagilimi
Aralik
Kasim
Ekim [
0 1000 2000 3000 4000 5000

Olumlu mOlumsuz

Sekil 1. Olumlu ve Olumsuz Tweet Mesajlarinin
Dagilimi.

Sekil 1'de olumlu ve olumsuz tweet mesajlarinin aylik
olarak dagilimi verilmektedir. Burada, ii¢ aylik bir siire
boyunca tweetlerin tweet mesajlarinin siniflandirmasi
verilmistir. Bu zaman dilimindeki Twitter'da yer almis
olan 10S7 tartigmasi gozlemlenebilir. 10S7 tweet
mesajlarinin genel sonucunun olumsuz oldugu sonucuna
da varilabilir. Insanlarin genellikle olumsuz bir izlenime
sahip olduklar1 anlagilmaktadir.

Ciktilar ve Degerlendirme
Olumlu/Olumsuz Siiflandirma

Asagidaki sekilde, test verisinde elde edilen dogruluk
sonucu verilmistir(Sekil 2).

Duygularin Dagilimi

0 2000 4000 6000 8000 10000

Sekil 2. Olumlu ve Olumsuz Duygular (%63 Olumlu,
%37 Olumsuz).
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Verilerin  smiflandirmasinda  yalmizca iki  duyguya
baktigimizda pozitif/negatif siniflandirmada Multinomial
Naive Bayes smniflandiricist %89 oraninda dogruluk
gostermistir.

Sonuclar

Bu calismada, Twitter mikroblog verilerinin duygu
analizi ve gorlis siniflandirma problemi incelenmistir.
Ham twitter mesajlarinin (tweetlerin) 6n iglemesi detayli
bir sekilde gergeklestirilmistir. On isleme tabi tutulmus
tweet mesajlarimin dnemli bir adimi da mesajlarin konuyla
alakalandirilmasi ve kutupluluk/nétr olma durumlarmin
manuel olarak gézden gegirilmistir. Her bir tweet mesaji
i¢cin manuel etiketlenerek bir kutup degeri atanir; Negatif
tweetler i¢in -0,1 ile -1 arasinda degisen degerler,
tweetlerin igerdigi kelimelerin yogunluguna gore, pozitif
tweetler i¢in yine tweetlerin igerdigi kelimelerin
yogunluguna gore +0,1 ile +1 arasinda degisen degerler
atanir, Tarafsiz tweetler ise eger kullanicilar tweetlerde
genel bilgi veriyorsa veya herhangi bir konuda yardim
istiyorsa 0 atanir. Bu islem manuel olarak yapilir ve
ardindan Multinomial Naive Bayes Siiflandiricibu 1151
adet tweet verisi kullanilarak egitilir ve elde edilen model
kullanilarak 22.899 tweet mesaji otomatik olarak
smiflandirilir.

Bu calismada kullanilan siniflandirici kiigiik veri
setiyle egitime olanak saglamasi, diisik hesaplama
maliyeti, sonuglarinin dogru ve hizli elde edilmesi ve
dokiiman siniflandirmasia uygunlugu gibi gerekgelerle
secilmistir. Ileride iistte bahsedilen segme kriterlerinden
feragat etmeden farkli siniflandirma algoritmalarinin
birlikte yer alabilecegi melez bir algoritma gelistirilebilir.
Bu calismada, Oznitelik uzaymin kiicililtiilmesi de
hedeflenmistir. Bunun icin de mesajlar 6n islemden
gecirilmistir.  Ancak 6n islem asamasinda da
iyilestirmeler  yapilabilir. ~ Ornegin,  kelimelerin
esanlamlilar1, ayn1 yogunluktaki kelimelerin kutuplarim
elde etmek i¢in kullanilabilir. Tweet mesajlarindaki argo
ve yanlis yazilmis sodzclkler dikkate almmamustir.
Siniflandirmada daha iyi sonuglar elde etmek i¢in argo ve
yanlis yazimlarin diizeltilmesi ele alinabilir. Clinkd her

veri kiymetlidir. Ayrica, goriinmeyen kelimeleri
modellemek i¢in Eklemeli Yumusatma teknigi
kullanilabilir.

Alay tespiti, karsilastirma isleme, baglam degistirme vb.
gibi dogal dil iglemenin daha zor ¢alisma konularindan
bazilart da kullanilabilir. Uluslararas1 ifadelerin ve
yabanci kelimelerin siniflandirilmasit da daha ayrintili
olarak incelenebilir.
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Introduction

Distributed software development (DSD) refers to the
practice of developing software using a distributed team,
where team members are located in different geographic
locations [1]. There are several benefits to using a
distributed team for software development includes
accessing to a larger pool of talent, cost savings, improved
work-life balance. DSD allows organizations to tap into a
global pool of talent, allowing them to find the best
developers for their projects regardless of location. It also
allows for greater flexibility in scheduling and the ability to
work around the clock, as teams in different time zones can
take over development tasks [2].

One of the important processes of DSD is software
versioning. Software versioning is the process of assigning
unique version numbers to unique states of computer
software [3]. These version numbers are used to identify
and track changes to the software as it is developed and
released. Versioning helps teams to coordinate the
development and release of software, and it helps users to
understand the state and evolution of the software [4].

There are many different conventions and strategies for
versioning software, and the specific approach used can
vary depending on the needs of the software and the

development team. In general, most of projects used
semantic versioning [5]. In this approach, software
versioning involves a combination of a major version
number, a minor version number, and a patch number, with
each number representing a different level of change to the
software. Major releases are typically more significant and
may include significant new features or major changes to
the software. Minor releases, on the other hand, are
typically smaller and may include bug fixes, security
updates, and small new features or improvements. The
frequency of minor releases is often higher than the
frequency of major releases. The frequency of software
releases can vary greatly depending on the software and the
development team behind it. Some software is released on
a very frequent basis, with new versions or updates being
released every few weeks or even every few days. Other
software may only be released once or twice a year, or even
less frequently.

Each new version of software has release notes which
explain the development of related release. Release notes
are documents that provide information about the features,
bug fixes, and other changes included in a new software
release. They are typically written by the development team
and are intended to help users understand what has changed
in the latest version of the software [6]. Release notes may
include a list of new features, a summary of bug fixes and
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performance improvements, and any known issues or
limitations. They may also provide guidance on how to
upgrade to the new release, as well as information about
compatibility with other software or systems. Release notes
are an important resource for users, as they help them stay
informed about the latest updates and ensure that they are
using the most current version of the software. In the
context of distributed software development, software
release notes are particularly important for several reasons
[7]. They help ensure that all team members and
stakeholders are aware of the changes that have been made
to the software. This is especially important in a distributed
environment, where team members may be working in
different locations and time zones. They can serve as a
reference point for future development, allowing team
members to easily look back and understand the reasoning
behind certain decisions that were made. Moreover, they
can also be used to help track the progress of the
development project and identify any potential issues or
delays. Overall, software release notes play a vital role in
the successful development and distribution of software,
helping to ensure that all team members are informed and
aligned on the direction of the project. There are several
types of developments that may be included in software
release notes, such as new features, improvements, bug
fixes, security updates, performance improvements and
deprecations, etc.

The cost of generating release notes will depend on a
number of factors, including the complexity of the software
being released, the size of the team working on the project,
and the tools and processes being used [8]. Development
teams may feel that the process of generating release notes
is an extra time burden [9]. Nevertheless, it requires them to
document the changes that have been made to the software.
However, release notes serve an important purpose in
communicating the changes that have been made to
stakeholders, such as customers, users, and other team
members. Without clear and concise release notes, it can be
difficult for these stakeholders to understand the impact of
the changes and how they should be using the updated
software. There are a number of ways that teams can make
the process of generating release notes more efficient, such
as using automated tools to generate draft release notes,
establishing clear guidelines and templates for writing
release notes, and involving the appropriate team members
in the process.

In our empirical study, we firstly analyzed the release notes
of a popular open source project and predicting the
development types of release notes in order to automatically
generate them in the next studies. To conduct this study, we
collected some release notes from four open-source project.
After that, we use the transformers that is the one of popular
deep learning models to predict the development types. By
predicting the development types of release notes, we may
be able to automate the process of generating release notes
for future releases. Thanks to automate this process,
development team may be able to save time, resources and
improve the efficiency.

Other parts of the study are organized as follows. In the
second section, the data set used are explained in detail. In
the third section, the literature that guided the study was

examined. The research methodology is presented and the
findings are given in detail in the next sections. In the last
section, the results of the study are presented and future
studies are expressed.

Related Works

Classifying and labeling issues in software projects is a
significant challenge. While developers may occasionally
label issues, the practice is not widely used [10]. Different
methods are being explored to address this challenge. In one
study, the authors examined the cost of inaccurately
labeling issues [11]. In another study, a naive bayes method
was used to classify and analyze 4000 issues extracted from
JIRA [12].

Despite some studies on issue labeling and classification,
there is limited research in the literature on classifying
developments within release notes. The one of the studies
about this problem, the authors used classic machine
learning techniques. The most successful model is based on
SVM with the %77 accuracy rate [13].

Some other studies focus on generating release notes. In a
study, the authors develop a framework named as ARENA,
for automatically generating release notes [9]. Another
study found that release notes generated using this method
were more accurate than those created manually [14].

Text classification serves as a foundational domain within
the realm of natural language processing, garnering
significant attention from researchers and practitioners alike
[15]. In recent years, deep learning models have emerged as
powerful tools for tackling this challenge, with transformers
gaining widespread prominence [16]. Notably, Soyalp et al.
introduced an expanded transformer model designed
specifically for text classification tasks, achieving superior
performance when compared to earlier state-of-the-art
models like LSTM and CNN [17]. In another study, a
BERT-based CNN model was leveraged to classify Chinese
news articles, exhibiting exceptional accuracy [18]. These
studies underscore the transformative impact of deep
learning and transformer-based approaches in advancing
text classification techniques.

Materials and Methods

The diagram below illustrates the flowchart utilised in this
study (Figure 1).

SELECT 4 OPEN
SOURCE PROJECT

OBTAIN RELEASE
NOTES

DETERMINE TYPE
OF DEVELOPMENT

ANALYZE MODELS
WITH ELIS

CREATE
PREDICTION
MODELS
FIND THE
ACCURACY OF
MODELS

Figure 1. The flowchart of the study.
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Collecting Data with Labels

We selected four popular open-source projects in different
domain to conduct our study. As we review projects, we
determined according to their release consistency schedule
and the presence of comprehensive release notes. Thus, we
create a dataset from the release notes of Mozilla Firefox
[19], Thunderbird [20], Slack [21], and OBSProject [22]. In
our dataset, we collected 333 release notes published after
each version's migration (Table 1).

To crawl this data, we used selenium framework. Our
dataset is shared on a GitHub repository. With this
framework, we navigate the web pages of each release.
Thereby we use the unique features (id, class, type) of web
components, we reach the context of release notes
developments. Then, we record them with labels into an
excel file. In the release notes, developments and changing
labeled such as new, fixed, changed, unresolved, developer,
enterprise, web platform, improvements, addition, etc.

The labels introduce the development types of release note
explanations in related release. Some of them are given
below.

- New: It typically refers to the introduction of new
features or functionality that has been added to the
software or system being released.

Changed: It typically refers to modifications or updates
that have been made to existing features or
functionality of the software or system being released.
It could also refer to changes in the behavior of the
software or system. These changes could be bug fixes,
performance improvements, or changes in the user
interface or user experience.

- Fixed: It typically refers to a correction of a problem or
error that existed in a previous version of the software
or system. This could include resolving issues such as
bugs, glitches, or crashes that have been reported by
users or identified by the development team. These
fixes are done to improve the stability, performance
and correct the problem that was previously identified
in the software.

Unresolved: It typically refers to issues, bugs or
problems that have been reported but have not yet been
fixed or addressed in the current release. These are
known issues that developers are aware of and are
working to resolve in future releases. The unresolved
issues may also be reported in the bug tracking system.
This information is usually provided in the release
notes to inform the users of the current state of the
software and to set expectations for the known issues
that are yet to be fixed.

As observed, the definitions of labels are often similar to
one another, which makes the classification of them a
challenging task.

As seen Figure 1, each release note consists of some
development types of titles (new, fixed, development, etc.)
and explanations about changing part of the application.
While we were creating the dataset, we record each part of
notes as an individual development.

80.0

Firefox Release Version 80.0, first offered to Release channel users on August 25,
August 25, 2020 2020

‘d ke to extend a special thank you to all of the new Mozillians who contributed to this release of Firefox.

% New

v Fixed

Figure 2. An example of a release notes of The Mozilla
Firefox Project.

For example, in Figure 2, there are two changes that are
titled with “New”. In this way, in our dataset there are
800 total rows with labels (Table 1).

Table 1. The dataset information.

Release Count Total Changes
Chrome 74 212
Slack 134 74
ThunderBird 67 196
OBSProject 58 318

In our dataset, some of the labels (classes) are used rarely.
Because of that we bring together some labels into “other”
label. In Table 2, it is given that the number of labels in our
dataset.

Table 2. The label counts of changes in our dataset.

Initial Status Status After Merge
labels count labels count
new 115 new 115
fixed 295 fixed 295
changed 226 changed 226
unresolved 63 unresolved 63
developer 30
enterprise 32
.Web platform 2 other 101
improvements 34
changed 2
addition 1

Pre-processing

Pre-processing is an important step in natural language
processing (NLP). It involves preparing the raw text data
for further processing and analysis. The specific steps in the
preprocessing stage can vary depending on the task and the
specific needs of the project, but common steps include;

- Tokenization: This involves splitting the text into
individual words or smaller pieces called tokens.

- Lowercasing/uppercasing: This involves converting all
text to either lowercase or uppercase.
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- Removing punctuation: This involves removing any
punctuation marks from the text.

- Removing numbers: This involves removing any
numerical values from the text.

- Removing stop words: This involves removing common
words that do not add significant meaning to the text,
such as "the" "and" and "but".

- Stemming: This involves reducing words to their base
form to reduce the dimensionality of the data. For
" on:

example, "jumping" "jumps" and "jumped" would all
be reduced to the base form "jump".

We applied pre-processing steps to our dataset, except for
stemming. We attempted to use four different stemmer
libraries/framework such as TextHero, Lancaster, Porter
and Snowball. As seen in Table 3, we found that TextHero
library has the most accurate and fastest stemming process
among four, and noticed that it did not change the words too
much. As a result, there was no significant impact on the
prediction model, so we did not apply stemming to dataset.

Creating Classification Model with Transformers

Transformers are a type of neural network architecture that
was introduced in the paper of Vaswani et al [23]. Since
then, they have become one of the most popular and
effective models in natural language processing (NLP)
tasks, such as machine translation and language modeling.

One of the key innovations of the Transformer architecture
is the use of self-attention mechanisms. In a traditional

neural network, the input is processed sequentially through
a series of layers, with each layer using the output of the
previous layer as input. In contrast, the Transformer uses
self-attention mechanisms, which allow the model to
consider the entire input sequence simultaneously when
processing a particular element in the sequence [23].

BERT (Bidirectional Encoder Representations from
Transformers) is a state-of-the-art language processing
model developed by Google [24]. It is trained with
approximately 4 million words extracted from Wikipedia
and BooksCorpus to understand the context of a word based
on the words that come before and after it—a technique
called contextual modeling. BERT is designed to
preprocess text data for natural language processing tasks
such as question answering, classification, and language
translation, by encoding the context of words in a sentence.
DistilBERT, on the other hand, is a smaller and faster
version of BERT. It is a distilled version of BERT, which
means that it has been trained to have a smaller architecture
while still maintaining a similar performance to BERT.
DistilBERT can be fine-tuned for the same NLP tasks as
BERT but with less computational resources.

To predict the development types of release notes changes,
we used two different BERT models, “DistilBERT-base-
uncased” and “BERT-base-uncased”.

We divided the dataset into 80% for training and 20% for
testing. Before training, we shuffled data with the Pandas
library. In one of the iterations, the distribution of labels in
the training and testing datasets is shown in Table 4.

Table 3. The comparison of the stemming libraries.

WORD TextHero Lancaster Porter Snowball
information information inform inform inform
%) developer developer develop develop develop
@ various various vary variou various
2 fixed fix fix fix fix
[ images images im imag imag
o capturing capture capt captur captur
% activities activities act activ activ
2 stories stories story stori stori
automatic automatic autom automat automat
Running Time 75ms 576ms 856ms 702ms

Table 4. The distribution of the test-train dataset parts.

Label Label num Type Record

train 180

changed 4 test 45
train 232

fixed 0 test 58
new ’ train 90
test 23

train 78

other 1 test 20
train 51

unresolved 3 test B
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We develop our models in the Google Colaboratory
platform with NVIDIA-SMI GPU. We trained our models
with ktrain library which is a lightweight wrapper library

for TensorFlow Keras. The hyper parameters of our models
are given Table 5.

Table 5. The hyper parameters of our models.

Bert DistilBert
model name | BERT base uncased DistilBERT base uncased
epoch size 5 5
learning rate Se-5 5e-5
batch size 6 6
maxlen 500 500

Results
Model Results

Our model provides class-specific scores and overall
evaluation metrics. Classification problems are commonly

Binary Classification

Negatives

evaluated using accuracy, precision, recall, and F1 score
metrics. In a multi-class problem, the calculation of these
metrics is specific to each class [25]. The terms of metrics
(True Positives, True Negatives, False Positives, False
Negatives) are different to binary classification. In figure 3,
it is seen that the difference between them.

True

False Positives

False Negatives

TN .
0 1 é

Multi Classification

Figure 3. The comparison of between binary-class and multi-class classification.

Precision is referred to the proportion of correct predictions
among all predictions for a particular class. Recall is
referred to the proportion of examples of a specific class
that have been predicted by the model as belonging to that
class. F1 Score is the harmonic mean of precision and recall.

TP class;

precision .45, = (1)
! TPclassi + FPclassi
recall = TPetass, (2)
class; —
! TPclassi + FNclassi
_ precision ciqass; * recalll class;
flscore class; — (3)

X —
precision ciqss; + recalll class;

These metrics should be used with caution as it can be
misleading, especially when the class distribution is
imbalanced. Because of that we also give macro and
averaged metrics. The macro approach calculates the
average measure for each class without considering class

size. In contrast, the weighted method takes into account the
number of samples per class and calculates a weighted
average measure. For example, weighted and macro
precisions are calculated with Equation 4 and Equation 5.

Y(precision class; * number of sample ciass; 4
Y.(number of sample class;) ( )

precisionyeigne=

precision _ Y(precision classi)
MATO " number of classes

%)

133

In these equations above, “i
(%) is over all classes.

is the class index and the sum

In addition to these evaluation metrics, the confusion
matrices of the models is also provided. The results of above
metrics and confusion matrices for both models are
presented below.

Table 6 and 7 present the precision, recall, and f1-scores for
each class of the dataset. The last column shows the number
of samples associated with each label. Additionally, the
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overall macro and weighted metrics of the models can be
found at the bottom of the table (italic). Lastly, the last row
of the table shows the overall accuracy score of the model.
In the tables, the top two scores in each column are
displayed in bold font.

Table 6. The evaluation metrics of the “DistilBERT”

model.
precision recall fl-score support
changed 0.73 0.73 0.73 45
fixed 0.83 0.85 0.84 59
new 0.67 0.70 0.68 23
other 0.90 0.95 0.93 20
unresolved 1.00 0.77 0.87 13
macro avg 0.83 0.80 0.81 160
weighted avg 0.80 0.80 0.80 160
accuracy | 0.80 160

The results of the first model “DistilBERT” are given Table
6. According to results, the model is given overall 0.80
accuracy. The confusion matrix of DistilBERT model is
given Figure 4.

50
changed new other unresolved
© BEE 5 0 0
40
_ changed new other unresolved
- 8 1
30
_ changed fixed new other unresclved
o 4 1 16 2 0
- 20
_changed fixed new other unresolved
” 0 0 1 19 0
-10
_ changed fixed new other unresolved
M 0 2 1 0 10
i ' ] | 1 -0
0 1 2 3 4

Figure 4. The confusion matrix of “DistiBERT” model.

The model confused between “changed” and “fixed” label.
Indeed, these two classes are very similar in definition and
content.

Table 1. The evaluation metrics of the “BERT” model.

precision recall fl-score support
changed 0.79 0.84 0.82 45
fixed 0.88 0.85 0.86 59
new 0.90 0.83 0.86 23
other 1.00 1.00 1.00 20
unresolved 0.79 0.85 0.81 13
macro avg 0.87 0.87 0.87 160
weighted avg 0.87 0.86 0.86 160
accuracy | 0.86 160

Table 7 presents the BERT model’s results. The BERT
model has higher scores because it contains more
comprehensive data than the DistilBERT model. In our
dataset, we combined rare labels under the "other" category.

Because of the model has labeled all data it could not decide
on as "other.", the highest scores are seen in the "other"
label. The overall accuracy of this model is 0.86.

the html date picker for date and datetime inputs can
now . with a keyboard alone improving its
accessibility for screen reader users users with
mobility can also use common keyboard - to
navigate the calendar grid and month
selection spinners.

50
changed new other unresolved
© 38 2
40
_ changed new other unresolved
- 7 0 2
30
changed fixed new other unresolved
i 2 2 19 0 0
-20
_ changed fixed new other unresolved
" 0 0 0 20 0
-10
_changed  fixed new other unresolved
M 1 1 0 0 11
] ] ] | l -0
0 1 2 3 4

Figure 5. The confusion matrix of “BERT” model.
When looking at each class individually (Figure 5).

v' The “changed” class is most often confused with
the “fixed” class.

v" The “fixed” class is most often confused with the
“changed” class.

v" The “new” class is most often confused with the
“fixed” and “changed” classes.

v" The “unresolved” class is most often confused
with the “fixed” and “changed classes.

This situation also shows that the "changed" and “fixed”
classes are the most difficult to distinguish.

After seeing these results, we wanted to perform another
analysis to understand how the model makes decisions
based on the classes.

The explanation of AI

We analyze the BERT model's explainable Al aspect in
order to gain insight into the model's decision-making
process. With this purpose, we use ELI5 (explain like I'm
five) that is a Python library that provides an easy-to-use
interface for interpreting the predictions of machine
learning models [26]. It allows users to inspect the features
of a model that are most important for making a prediction
and to understand the reasoning behind a model's
predictions. Additionally, it has some visualization tools
which can be used to understand the predictions. It helps
non-technical people or people who are not experts in
machine learning to understand how a model works and
why it makes certain predictions.
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We gathered release notes from recent versions of
Mozilla Firefox and observed which words in the release
notes are prominent to classifying process. Besides, after
removing these words from the sentence, we also
investigate whether the decision of the model changes or
not when we ask for a prediction again.

Our model correctly predicted the label for the first
below sample, which was labeled as “new”.

SAMPLE 1: “the html date picker for date and datetime
inputs can now be with a keyboard alone improving its
accessibility for screen reader users with mobility can also
use common keyboard shortcuts to navigate the calendar
grid and month selection spinners”

ELIS5 is a library that helps to explain the predictions made
by the model. It produces a colorful output that shows which
parts of the input were most important in the model's
decision-making process. This can clarify how a model is
making its predictions and identifying any potential issues
or biases in the model's decision-making. In our sample the
output of ELIS explain() methods is given below.

In addition to the explanations, ELI5 also provides a table
that shows the weights of the words in the input text during
the decision-making process. The table can be used to
identify any patterns or relationships in the input text that
the model is using to make its predictions. In Table 8, it is
seen that the words have negative impact on decision such
as “improving, common, shortcuts and use”.

Table 2. The weights of words used by ELIS5 to decision-making process in the Sample-1.

y=changed top features | y=fixed top features y=new top features y=other top features | y=unresolved top features
Weight” Feature Weight’ Feature Weight? Feature Weight? Feature Weight? Feature
+0.664  improving +1.226 shortcuts +0.419  mobility can | +0.471  mobility can ... 35 more positive ...
+0.550 now be +0.650 akeyboard | +0.310 now +0.451  month .. 24 more negative ...
+0.492 be ... 29 more positive ... +0.294 navigate +0.413  shortcuts to -0.369 keyboard
+0.410 now ... 23 more negative ... +0.270 can ... 34 more positive ... -0.371 datetime
... 26 more posilive ... -0.440 also ... 38 more positive ... | ... 22 more negative ... -0.392 improving
... 34 more negative ... -0.484 for ... 17 more negative ... -0.375 be -0.399 spinners
-0.461  month -0.488 the -0.344  mobility -0.400 with -0.406 the
-0.482  accessibility -0.566 datetime -0.416 common -0.425 calendar -0.408 can
-0.539  mobility can -0.588 reader -0.507 be -0.480 picker -0.451  shortcuts
-0.590 navigate -0.746 1o -0.507 <BIAS> -0.520 shortcuts -0.460 for
-0.679 <BIAS> -0.790  keyboard -0.642  shortcuts -0.542  keyboard -0.511 <BIAS>
-0.705 users -1.187 now -0.711  improving -1.023 now -0.568 now

Then, we chose a description that our model is unable to
predict correctly. Although, the correct label is “fixed”, the
model predicted as “new”.

SAMPLE 2: “when using a screen reader on windows
pressing enter to activate an element no longer fails or
clicks the wrong element and or another application
window for those blind or with very limited vision this
technology reads out loud what is on the screen and users
can adapt them to their needs now on our platform without

2

errors.

when using a screen reader on windows pressing
enter to activate an element no longer fails or clicks
the wrong element and or another application
window for those blind or with very limited vision this
technology reads out loud what is on the screen and
users adapt them to their needs now on our
platform without errors

Table 3. The weights of words used by ELIS to decision-making process in the Sample-2.

y=changed top features y=fixed top features

y=new top features

y=other top features y=unresolved top features

Welghf’ Feature Welght7 Feature Welght7 Feature wg|gm? Feature Welght? Feature
+1.241  without errors +2.690 errors +1.495  this technology +1.196  this technology +0.362 reads out
+0.842 this technology | +0.935 fails +1.452  without errors +0.961  vision this +0.351 enterto
+0.534 longer +0.835 when +0.960 vision this +0.863  without errors +0.339 fails or
+0.474  for those +0.669  wrong +0.744  technology reads | +0.673 technology reads .. 38 more positive ...

... 34 more positive ... +0.540  using ... 37 mare positive ... +0.624  activate an .. 42 more negative ...

... 41 more negative ... ... 39 more positive ... ... 36 more negative ... ... 41 more positive ... -0.323  what
-0.500 users ... 40 more negative ... -0.493  without ... 41 more negative ... -0.328 clicks
-0.538 our -0.670  vision this -0.567 using -0.469  platform -0.370  using
-0.545 those -0.683 for those -0.580 <BIAS> -0.477  limited -0.405 pressing
-0.567 when -0.692 technology reads -0.648 fails -0.564  activate -0.447 a
-0.622 fails -1.686 this technology -0.668 no longer -0.655  without -0.515 <BIAS>
-1.728  errors -2.010  without errors -1.782  errors -0.944  errors -0.636 errors

As seen from Table 9, the phrase that cause the model to
make mistakes can be given as " vision this technology
reads ".

The last selected sample is one that our model was unable
to predict correctly. The real label is “changed”, the model
predicted as “new”.
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SAMPLE 3: “firefox has a new focus indicator for links
which replaces the old dotted outline with a solid blue
outline this change unifies the focus indicators across form
fields and links which makes it easier to identify the focused
link especially for users with low vision.”

firefox has a new focus indicator for links which
replaces the old dotted outline with a solid blue
outline this change unifies the focus indicators across
form fields and links which makes it easier to identify
the focused link especially for users with low vision

Table 4. The weights of words used by ELIS5 to decision-making process in the Sample-3.

y=changed top features y=fixed top features y=new top features y=other top features y=unresolved top features
Weight’ Feature Weight? Feature | weight’ Feature wg|gm" Feature Welght? Feature

+1.385 replaces ... 16 more positive ... +1.291  firefox has +0.927 new +0.441  links which
+1.130 has .. 19 more negative ... | +0.732 which replaces | +0.700 which replaces ... 38 more positive ...
+0.589  low -0.399 low +0.722  new +0.674 firefox has ... 28 more negative ...
+0.540 hasa -0.429  blue +0.662 firefox ... 35 more positive ... -0.369 low
+0.480 Dblue -0.473  indicator +0.259  users with ... 25 more negalive ... -0.375 new

... 22 more posilive ... -0.478 replaces +0.258 old dotted -0.504 low -0.381 the

... 39 mare negative ... -0.484 easier ... 32 more positive ... -0.514 <BIAS> -0.403  which
-0.463 indicator -0.492  wision ... 24 more negative ... -0.615 old -0.406 focus
-0.781 firefox -0.509 outline -0.284 change -0.639 hasa -0.421 a

-1.087  which replaces -0.525 focus -0.605 has -0.679 blue -0.463 links
-1.185 new 0.777 new -0.890 replaces -0.701  replaces -0.484 outline
-1.779 _ firefox has -0.838 firefox -0.950 <BIAS> -1.121  has -0.492 <BIAS>

The words “replace” and “new” have negative impact to the
decision of the model.

As can be seen from the examples, an Al model considers
some words more when deciding for text classification.
Particularly effective words here are "replace, fix, new, this,
etc".

Evaluating Model with Unseen Data

Lastly, we used data not seen by the model to evaluate our
best model. The results for the 10 enhancements taken from
the version notes of the new versions that are not in the
dataset are given below (Table 5). In this context, it is also
seen that the dataset is %84 successful.

Conclusion

In this paper, we analyzed the release notes of four open-
source projects. In these release notes, we aimed to predict
the development types such as new, fixed or changed.
Contrast to previous papers, we used for classification
BERT that is one of the popular transformer models. We
developed models with two different pre-trained models of
BERT.

In the text classification model development process, there's
a pre-processing step applied to text data. However, after
trying 4 different stemming libraries, we found that
stemming did not have a significant impact on the model.
Because of that, we apply other process except stemming.

As results of models are given that some common metrics
such as accuracy, recall, precision, and fl-score. We
presented the scores per class and the average scores
calculated using various methods while presenting results.
We achieved better results compared to a study using
traditional machine learning methods.

Besides, according to our conclusions from the confusion
matrices, the model experiences the most confusion in the
"changed" and "fixed" classes. It is also estimated that these
two classes are similar to each other when considering the
developments made in version transitions.

Lastly, we investigated how the model made its
classification decision using explainable Al concept and
presented the prominent parameters (words) in this context.

In this research paper, we employ text classification
techniques, a fundamental aspect of Natural Language
Processing (NLP), to address a pertinent challenge within
the realm of software engineering. Our objective is to
extend our investigations in future work by analyzing
commit notes within open-source projects. Specifically, we
aim to ascertain the nature of the development being
undertaken within these projects. Furthermore, we intend to
provide recommendations for version transitions and their
corresponding significance levels based on the degree of
change identified in these commit notes. This research
bridges the gap between NLP and software engineering,
offering valuable insights into the management and
evolution of open-source software projects.
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Table 5. Unseen data scores of the best model

Text Actual Predicted
Class Class

1 You’ll encounter less website breakage in Private Browsing and Strict Enhanced new new
Tracking Protection with SmartBlock, which provides stand-in scripts so tha...
Now, you can set a default app to open a file type. Choose the application you want

2 . . : . fixed new
to use to open files of a specific type in your Firefox settings
The native HTML date picker for date and datetime inputs can now be used with a

3 . S o new changed
keyboard alone, improving its accessibility for screen reader users. Users ...

4 Firefox builds in the Spanish from Spain (es-ES) and Spanish from Argentina (es- new new
AR) locales now come with a built-in dictionary for the Firefox spellchecker
Fixes the default search engine being reset on upgrade for profiles which were

5 . . . . fixed fixed
previously copied from a different location.

6 You can now pin private windows to your Windows taskbar on Window 10 and new new
Windows 11 for simpler access. Also, private windows have been redesigned...
Removed a configuration option to allow SHA-1 signatures in certificates: SHA-1

71" . . . . changed changed
signatures in certificates—long since determined to no longerbe secure ...

3 Power profiling — visualizing performance data recorded from web browsers — is new new
now also supported on Linux and Mac with Intel CPUs, ...
When using a screen reader on Windows, pressing enter to activate an element no

9 . . e . fixed fixed
longer fails or clicks the wrong element and/or another application window.

10 Removed subject common name fallback support from certificate validation. This chaneed chaneed
fallback mode was previously enabled only for manually & g
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MAKALE BILGILERI Oz

Zamanin ve teknolojinin gereksinimleri ile “Web” anlamsal ve akilli teknolojilerle doniigiime ugramis ve

Makale Gegmisi:
anate egmist kullanicilarin aktif olarak igerik yaratabildigi, herhangi bir konuda goriislerini ifade edebildigi ¢ok yonlii

Gelis 11 Eyliil 2023 sanal interaktif bir platform haline gelmistir. Bu platformlardan biri olan sosyal medya sayesinde bilgi ve
Revizyon 3 Aralik 2023 fikirlerin yayilmasi kolaylagmistir. Giiniimiizde sosyal medya platformlarinda iretilen veriler metin
Kabul 7 Aralik 2023 madenciligi yontemleri sayesinde basit, hizli ve etkili bir sekilde analiz edilebilmektedir. Analiz sonuglari
Online 31 Aralik 2023 satis tahminleri, pazarlama, ¢evre, saglik, toplumun duygu ve diisiincelerini saptama gibi birgok alanda

kullanilmaktadir. Bu noktadan hareketle, bu ¢alismada COVID-19 global hastaligi igin gelistirilen Sinovac
Anahtar Kelimeler: ve Biontech agilart i¢in Twitter kullanicilarinin paylastiklart tweetler iizerine zamansal duygu analizi

yapilmis ve sonuglar karsilastirilmistir. Boylece asilarin insanlar iizerindeki olumlu ya da olumsuz etkileri
Metin madenciligi, Tweet analizi, ortaya ¢ikarilmistir. Sonugta as1 olan ya da olmayan insanlarin asilara kars1 duygulart 6l¢iilmiis, asilarin
Duygu analizi, COVID-19 asilari, olumlu ya da olumsuz etkilerinin degerlendirilmesi amaglanmistir. Analiz sonuglarina gore, insanlarin
Pandemi cogunlukla asilardan memnun oldugu goriilmektedir. Ancak niifusun bir kismmmn endise ve korku

duymasi, agilarm insanlar tizerindeki etkisinin olumsuz taraflarini da yansitmaktadir. Bu ¢aligma farkli ag1
veya medikal tedavi tiirleri i¢in de uyarlanip insanlar i¢in yol gosterici olabilir.
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Giris

Glintimiizde internetteki sayisiz gelismeler sayesinde veri
artik bir¢ok farkli kaynaktan farkli bigimlerde tiremekte
ve giin gectikge devasa bir sekilde artmaktadir. Bir¢ok
kurumsal ve ©Ozel uygulamalar sanal platformlara
tasindikca insanlar tasinabilir bilgisayarlar, akilli
telefonlar ya da benzeri aygitlarla zaman ve konum
kisitlamasi olmadan birbiri ile iletisim kurabilmekte ve
ihtiyag duydugu uygulamalar1 kullanabilmektedir. Son
yillarda sosyal medyanin toplumumuzda roliiniin artmast
bilgi ve gorislerin  yayilmasmi  kolaylastirmigtir.
Instagram [1], Facebook [2] ve Twitter [3] sosyal
medyada 6nde gelen {ig bilyiik platformdur. Facebook ve
Instagram daha c¢ok gorsel agirlikliyken, Twitter metin
agirhiklhidir.  Twitter, insanlarmm  herhangi bir konu
hakkinda  “tweet” olarak adlandirilan  mesajlar
paylasabilecegi ve duygularini yaymlayabilecegi bir
mikroblog sitesidir. Bu sayede Twitter, duygu yogunluklu
bir veri kiimesi olarak diisiiniilebilir. Tipik bir tweet,
hashtag'ler (etiket), referanslar (@) da dahil olmak iizere
“0 — 280” karakter arasinda metinden olusur. Tweetlerle
duygu analizi son yillarin popiiler konular1 arasindadir.
Sirketler kullanicilarin nabzini attiklar1 tweetler araciligt
ile Olcebilmekte ve markalarinin genel duyarliligin
izleyebilmektedir. Tiiketiciler de {rlin tercihlerini
yaparken duygu analizinden faydalanmaktadir.

Duygu analizi metin madenciliginin bir tiiriidiir. Metin
madenciligi, belgelerdeki yapilandirilmamis metinsel
verilerden ilging Oriintiiler ve faydali bilgiler ¢ikarir [4].
Duygu analizi metinsel verilerde ortiilii (gizli) olan toplu
goriisii ortaya ¢ikarmaktadir. Popiiler uygulamalar1 belirli
bir iiriin, hizmet veya siyasi olaylar hakkinda sosyal
medyadan  duygularin  otomatik  olarak  ortaya
cikarilmasidir. Duygu analizi, belirli bir metindeki anlami1
veya duyguyu dogru bir sekilde anlamak i¢in ortak duygu
bilgisi gerektirir. Bunun igin genellikle SentiTurkNet [5],
SentiWordNet [6], SenticNet [7], NRC Emotion Lexicon
[8], HisNet [9], SentiDraw [10] ve SentiFars [11] gibi
duygu smiflandirmasina ait kutuplu kavramlar1 iceren
sozlikkler, duygu kavramlarin1 ve iliskilerini igeren
Emotion Ontology [12], OntoSenticNet [13] gibi
ontolojiler ya da istatistiksel ve Ogrenmeye dayali
yontemler [14]-[19] kullanilir.

Literatiirde tweetler iizerine metin madenciligi ve
duygu analizi konusunda c¢esitli ¢aligmalar [20]-[40]
mevcuttur. Saran vd. (2019), 23 Agustos—8 Eyliil 2019
tarihleri arasindaki “Amazon yangmi” ile ilgili Twitter
gonderilerine duygu analizi uygulayarak Amazon
ormanindaki yangmn olaylar1 i¢in halkin ruh hali
modellerini degerlendirmislerdir. Tweetleri ve yorumlari
analiz etmek, metni tanimlamak ve siniflandirmak i¢in
sozlik ve  makine  Ogrenimi  algoritmalarini
kullanmiglardir. Analiz edilen ingilizce tweetlerin
sonuglarina gore 739 nétr, 503 olumlu, 258 olumsuz tweet
belirlenmistir [20]. Albayrak vd. (2017), insanlarin
bedelli askerlik konusundaki diisiincelerini analiz etmek
icin konu ile ilgili belirli tarihlerde atilan Tiirkge tweetler
iizerinden SentiTurkNet sozliiginii kullanarak duygu
analizi gerceklestirmislerdir. Sonuglara gore tweetlerin
%16 oraninda pozitif, %5 oraninda negatif ve %79
oraninda ise notr oldugu goriilmektedir [21]. Almatar vd.
(2020), Kuveyt’te insanlarn ne zaman hangi konular
hakkinda diistindiiklerini, diislindiikleri hakkinda nerede
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tweet attiklarini analiz etmiglerdir. Calisma, insanlarin ilgi
ve diisiincelerinin bir hafta boyunca nasil degistiginin
izlenmesine katkida bulunmustur. Ornegin, insanlar hafta
i¢ci mi yoksa hafta sonlart mi belirli bir konuyla daha ¢ok
ilgileniyorlardi veya bu ilgi diizeylerini etkileyen hafta ici
bir olay m1 vard1? Caligmada ilgi alanlarimi kesfetmek icin
Twitter-LDA  (Latent Dirichlet Allocation) modeli
kullanilmistir. Calisma sonucunda Arapga tweetler analiz
edilmis ve Kuveyt'te din, duygu, egitim ve kamu
politikasinin en popiiler ilgi alanlar1 oldugu belirlenmistir.
Insanlarin din ile ilgili tweetleri gogunlukla Cuma giinii,
politika ve egitim hakkindaki tweetleri hafta ici ve
duygusal ifadeler hakkindaki tweetleri ¢ogunlukla hafta
sonlar1 atti1 gorilmiistiir [22]. Song ve Xia (2016),
Avustralya'daki Curtin Universitesi, Bentley kampiisiinde
cografi referansli Twitter duygu polaritesinin konumsal
ve zamansal dagilimmni aragtirmislardir. Caligmada
Twitter duygularmin farkli bolgeler ve zaman dilimleri
arasinda nasil degistiginin arastirilmasi amactyla kampiis,
fen ve miihendislik binalari, sosyal bilimler binalari,
kiitiphane, amfi, yurt, eglence ve park alanlar1 olmak
iizere alt1 bolgeye ve yariyil basi, yariyil ortasi, yartyil
sonu ve smav sonrasi incelemeler igin dort zaman
dilimine ayrilmistir. Calismada Ingilizce tweetler analiz
edilmis ve analiz sonucunda olumlu tweetlerin en yiiksek
ylizdesinin ~ sosyal  bilimler alaninda, olumsuz
paylasimlarin en yiiksek ylizdesinin fen bilimleri ve
mithendislik ile yurt alanlarinda  gercgeklestigi
goriilmiistiir. Olumsuz tweetlerin sayisinin kiitiiphane ve
fen-miihendislik alanlarinda dénem sonuna dogru artarak
smav doneminde zirveye ulasirken, donem sonunda
eglence, spor ve yurt alanlarinda diistigi goriilmiistiir
[23]. Héberle vd. (2019), Los Angeles’ta cografi etiketli
Ingilizce Twitter metin mesajlarma konumsal analiz
uygulayarak binalarin tiirlerini ticari ve konut olarak
smiflandirmislardir. Kentsel yapi tiirlerini siniflandirmak
icin metin Ozelliklerini uzaktan algilama goriintiileri ile
birlestirmiglerdir. Caligmada yapilan smiflandirmada
makine Ogrenme yontemlerinden Destek Vektor
makineleri, Naive Bayes ve Evrisimli Sinir Aglari
kullanilmistir. Siniflandirma sonuglari, saf sosyal medya
metninden bina smiflandirma isleminin oldukg¢a zor
oldugunu gostermistir [24]. Alowaidi vd. (2017), egitimli
makine 6grenme yontemlerine (Naive Bayes ve Destek
Vektdr makineleri) dayanan Arapga semantik Twitter
duygu analizi modeli gelistirmislerdir. Tweetleri Arapca
WordNet igerigindeki kavramlarla zenginlestirerek
semantik analiz yapmislardir. Deneysel sonuglar, kavram
ozelliklerinin kullanilmasmin, temel BoW (Bag Of
Words) gosteriminden daha iyi performans verdigini
gdstermistir [25]. Resch vd. (2018), Ingilizce tweetleri
analiz ederek Napa’da 2014 yilinda meydana gelen
depremin sebep oldugu izleri ve hasarlar1 semantik
makine o6grenme teknikleri ile birlikte konumsal ve
zamansal analiz yaparak ortaya ¢ikarmislardir. Sonuglar
deprem ayak izlerinin giivenilir ve dogru bir sekilde
tanimlanabilecegini ve ilgili semantik konularin 6nceden
bilgi gerektirmeden otomatik olarak tanimlanabilecegini
gostermistir. Calismada ayrica 6nemli kayiplarin nerede
olustugunu gosteren bir hasar haritast olusturulmustur.
Analiz sonuglari, Federal Acil Durum Yonetim Ajansi
(FEMA) tarafindan saglanan teknik kilavuz izlenerek
resmi deprem ve hasar haritalariyla karsilastirilarak
dogrulanmistir  [26]. Tavoschi vd. (2020), Twitter
kullanarak bir as1 ile ilgili Eyliil 2016 ve Agustos 2017
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tarihleri arasinda Italya'da meydana gelen 6nemli olaylar
hakkinda kamuoyunun goris kutuplulugunu egitimli
makine Ogrenme teknikleri kullanarak izlemislerdir.
Calismada Italyanca tweetler kullanilmustir. Yapilan
analiz sonuglarina gore tweetlerin ylizde 601 tarafsiz,
ylizde 23" as1 karsiti, ylizde 17'si ise as1 lehinde olarak
siiflandirilmistir [27]. Nemes ve Kiss (2021), Twitter
kullanicilarinin  covid/coronavirus konusunda attiklart
tweetleri olusturan kelimeler arasindaki iligkileri baz
alarak  duygularmi  tahmin  eden  bir  model
gelistirmiglerdir.  Dogal dil isleme ve duygu
siiflandirmasi i¢in Tekrarlayan Sinir Agi (Recurrent
Neural Network) teknigi kullanmiglardir. Caligmada 24-
25 Nisan 2020 ve 13-14 Mayis 2020 tarihlerindeki
Ingilizce tweetler kullanilnustir. Calisma sonucunda
sosyal medyada asilarla ilgili duygularin ¢ogunlukla
olumlu oldugu ancak zamanla olumlu duygularda artig
olurken olumsuz duygularin da arttigr gézlemlenmistir
[28]. Beskirli vd. (2021), Covid-19 as1 duyurusundan
onceki ve sonraki zaman diliminde Twitter’da as1 ile ilgili
atilan toplam 10000 adet Ingilizce tweet iizerinde duygu
analizi gergeklestirmiglerdir. Calismada kullanilan ilk veri
seti COVID-19 asisinin 3. faz denemeleri esnasinda elde
edilen twitter verilerinden olusmaktadir. Tkinci veri seti
COVID-19 asismnin 3. faz denemeleri esnasinda seri
duyurusu yapildiktan sonra elde edilen Twitter
verilerinden  olugsmaktadir.  Asinmn  seri  {iretim
duyurusundan dnce atilan tweetlerin duygusal igerigi %31
olumlu, %29 olumsuz iken %41 nétr olarak belirlenmistir.
Ancak as1 calismalarinin seri tiretim duyurusu yapildiktan
sonra olumlu disiinceler %53’e yiikselirken, olumsuz
diisiinceler %14’e ve notr diisiinceler %33’e gerilemigtir
[29]. Cakmak ve Oguzlar (2022), Ekim—Aralik 2020
tarihleri arasindaki “5G” ve ‘“vaccination (asilama)”
etiketlerini birlikte kullanarak Twitter’dan elde edilen
Ingilizce tweetlerle COVID-19 agilari igin duygu analizi
gergeklestirmiglerdir. Calismada tweetlere Siiflandirma
ve Regresyon Agaclari (CART), Naive Bayes (NB), K-En
Yakin Komsu (KNN) ve Rastgele Orman (RF)
algoritmalar1 uygulanmistir. Analiz sonuglarina gore
diinya genelinde Twitter iizerinden fikrini beyan eden
kisilerin %36,4’liniin 5G ile COVID-19 asist hakkinda
pozitif algiya sahip oldugu, %35,6’sinin pozitif ya da
negatif goriise sahip olmadigi ve %28’inin de negatif
goriis bildirdigi gorilmistir [30]. Aygin vd. (2021),
COVID-19 agilar1 hakkinda Twitter kullanicilarinin
yaklasimini 6lgmek ig¢in Tirkiye ve bazi iilkeler igin
duygu analizi gergeklestirmislerdir. Tweetler politika,
saglik, medya ve diger olmak {izere dort farkli smnifa
ayrilarak derin 6grenme yontemleri ile analiz edilmistir.
Calismada 15 Kasim-15 Mart 2020 araligindaki Tiirkge
ve Ingilizce tweetler kullanilmistir. Analiz sonuglarina
gore tweetlerde agilar hakkinda %48,5 olumlu, %3 1,7 n6tr
ve %19,8 olumsuz goriis hakimdir [31]. Nemes ve Kiss
(2021), Beskirli vd. (2021), Cakmak ve Oguzlar (2022),
Aygiin vd. (2021), bu c¢alisma ile benzer caligmalar
yapmiglardir. Ancak COVID-19 agilar1 iilkemizde
uygulanmaya baslamadan 6nceki tarihlere ait Ingilizce
tweetleri kullanmalari, duygu siniflandirmasi igin makine
o0grenme veya derin 6grenme yontemlerini kullanmalari
ile bu caligmadan farklidirlar. Bu ¢alismada asilar
iilkemizde uygulanmaya basladig: tarihten itibaren atilan
Tiirkge tweetler kullanilarak sozlikk tabanli bir duygu
analizi gergeklestirilmistir. Lyu vd. (2021), pandemi
baslangicindan itibaren ilk 10 ay igerisinde kamuoyunun
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COVID-19 asilarina yonelik tutumlarii  ve asiy1
kabullenmelerini veya tereddiitlerini 6grenmek igin
tweetleri kullanarak konu modelleme ve duygu analizi
gergeklestirmiglerdir. Calismada 11 Mart 2020-31 Ocak
2021  tarihleri  araligindaki  Ingilizce  tweetler
kullanilmistir. Kanada Ulusal Arastirma Konseyi Duygu
Sozligi kullanilarak duygu analizi yapilmis ve konu
modelleme i¢in gizli Dirichlet tahsisi kullanilmistir. Konu
modelleme sonucunda 16 konu belirlenmistir. Asilamayla
ilgili goriisler en ¢cok tweet atilan ve en ¢ok tartisilan konu
olarak belirlenmistir. Rusya'nin diinyanin ilk COVID-19
asisini  onayladigt 11 Agustos 2020 tarihinde as1
konusundaki ilerlemeler diinya ¢apinda en ¢ok tartigilan
konu haline gelmistir. As1 yaptirma talimati konusu Ocak
2021'in ilk haftasindan sonra en ¢ok tartisilan konu haline
gelmistir. Haftalik ortalama duygu puanlari, duygularin
olumlu yonde arttigin1 gdstermistir. Duygu analizi sonucu
giivenin en baskin duygu oldugunu, ardindan beklenti,
korku, tzlinti vb. duygularin geldigini gostermistir.
Giiven duygusunun, Pfizer'in asismmn %90 etkili
oldugunu agikladigi 9 Kasim 2020'de zirveye ulastigi
goriilmiistiir [32]. Liu ve Liu (2021), Pfizer'in ilk COVID-
19 asisin1 duyurusunun ardindan kamuoyu duyarliligim
Olemek ve konuma gore duyarliligm degisimini tespit
etmek i¢in duygu analizi gergeklestirmislerdir. Caligmada
1 Kasim 2020-31 Ocak 2021 tarihleri arasindaki COVID-
19 asilartyla ilgili Ingilizce tweetler kullamlmustir.
Tweetlerde gecen duygunun gercek olup olmadigimi
belirlemek amaciyla Valence Aware sozliigi ve duygu
¢ikarimcist  kullamilmigtir. Tweetlerde gecen baglica

konulari  ¢ikarmak igin gizli  Dirichlet tahsisi
kullanilmistir. Hem zamansal hem de konumsal analiz
gerceklestirerek farkl konumlarda gonderilen

tweetlerdeki duygu farkliliklar1 belirlenmistir. Sonugta
analiz edilen tweetlerin yiizde 42,8 olumlu, ylizde 26,9
ndtr ve yizde 30,3 olumsuz duygular igerdigi
belirlenmistir. Olumlu duygu iceren tweetler i¢in deneme
sonuglari, yonetim, yasam, bilgi, etkililik ve olumsuz
duygu igeren tweetler i¢in deneme sonuglari, komplo,
giiven, etkililik ve yonetim olmak iizere 5’er konu
belirlenmistir [33]. Lyu vd. (2021), Liu ve Liu (2021),
Ingilizce tweetleri kullanmalar1 ve 31 Ocak 2021’den
sonraki tweetleri analize dahil etmemeleri nedeniyle bu
calismadan farklilik gostermektedirler. Marcec ve Likic
(2022), Twitter’da COVID-19 agilart ile ilgili atilan
Ingilizce tweetlere duygu analizi uygulamslardir. 1
Aralik 2020-31 Mart 2021 tarihi araligindaki 4 aylk
doneme ait tweetleri kullanmiglardir. Calisma sonuclar
Pfizer ve Moderna asilarina iliskin duygularmm 4 ay
boyunca olumlu ve istikrarli gériindiigiinii buna karsilik,
AstraZeneca/Oxford asismna iliskin olumlu duygularin
Aralik ay1 ile Mart ay1 karsilastirildiginda 6nemli bir
diisiis gostererek zamanla azaldigini gostermistir [34].
Ilgili calisma duygu simiflandirmasinda AFINN [35]
sozliigiinii kullanmasi, Ingilizce tweetler kullanmasi ve 31
Mart 2021 tarihinden sonraki tweetleri analiz etmemesi
yonleriyle bu caligmadan farklidir. Villavicencio vd.
(2021), Filipinler'de COVID-19 agilarina yonelik
duygular iizerine olumlu, olumsuz ve tarafsiz olmak iizere
analiz yapmuslardir. Naive Bayes smiflandirma modelini
kullanmiglardir. Caligmada 1-31 Mart 2021 tarihlerindeki
Ingilizce ve Filipince tweetler analiz edilmistir. Analiz
sonuglarina gore tweetlerin %83,38’°1 olumlu, %8,26’s1
olumsuz, %8,36’s1 notr duygu icermektedir [36]. Ansari
ve Khan (2021), COVID-19 agilar1 ile ilgili kamuoyu
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tepkisini 6lgmek icin diinya capinda atilan Ingilizce
tweetleri kullanarak duygu analizi gerceklestirmislerdir.
Caligmada 15 Mayis-25 Haziran 2021 tarihleri arasindaki
tweetler kullanmilmigtir. Naive Bayes smiflandiricisi
kullanilarak duygu analizi gerceklestirilmistir. Sonugta
Tiirkiye i¢in atilan tweetler olumsuz duygu agirlikh
olarak bulunmustur [37]. Villavicencio vd. (2021), Ansari
ve Khan (2021), Ingilizce ya da Filipince tweetler
kullanmalari, makine 6grenme yontemlerini kullanmalari
ve 2021 yilinin sadece belli aylarindaki tweetleri analiz
etmeleri sebebiyle bu calismadan farklidirlar. Cilgin vd.
(2022), Tirkiye’de COVID-19 asilarina iligkin kamu
duyarliligmi asiyla ilgili tweetlere makine Ogrenmesi
algoritmalarini uygulayarak analiz etmiglerdir. Caligmada
1 Nisan-31Agustos 2021 tarihleri arasinda toplam
412.588 adet Tiirkge tweet kullanilmistir. Sonugta
incelenen tim tweetlerin  %17,70’inin  pozitif,
%41,97’sinin  notr ve %40,34’tiniin negatif duygu
polaritesinde oldugu tespit edilmistir [38]. Aslan (2022),
derin &grenme tabanli dogal dil isleme tekniklerini
kullanarak Tiirk halkinin agilama siireciyle ilgili
duygularin1 ve tepkilerini arastirmak i¢in duygu analizi
gerceklestirmisdir. Calismada, Twitter’da 16 Haziran-18
Eyliil 2021 tarihleri arasinda paylasilan Tiirkce tweetler
kullanilmistir. Analiz sonucunda tweetlerin %34,9’unun
olumlu, %49,6’simnm noétr, %15,5’inin olumsuz duygu
dagilimma sahip oldugu gorilmiistir [39]. Cilgin vd.
(2022), Aslan (2022), Tiirkce tweetlerle bu caligmaya
benzer duygu analizi gerceklestirmislerdir. Ilgili
calismalar 2021 yilmm belirli aylarindaki tweetleri
kullanmislardir. Ancak bu ¢aligmada 2021 yilinin tamami
da analize dahil edilmistir. Mermer ve Ozsezer (2023),
COVID-19 as1 tartigmalarini analiz etmek igin Twitter
verisine duygu analizi uygulamiglardir. Caligmada 10
Mart 2020- 18 Nisan 2022 araligindaki 10.308 adet
Tiirkge tweet kullanilmistir. Caligma sonucunda COVID-
19 agilart ile ilgili tweet kullanicilarinin %7,5 ’inin olumlu,
%0,59’unun olumsuz, %91,91’inin ndtr duyguda oldugu
belirlenmistir. Calismada duygu analizi hem so6zliik
tabanli hem de makine 6grenme yontemleri kullanilarak
gerceklestirilmistir [40]. lgili ¢alisma bu ¢alismaya
benzer bir ¢alismadir. Ancak Nisan 2022’den sonraki
tweetlerin  de analize dahil edilmesi ve duygu
smiflandirmasinda SentiTurknet sozliigliniin
kullanilmasiyla bu ¢alisma ilgili ¢alismadan farklidir.

Resmi olarak Mart 2020°de iilkemize giren Covid-19
sebebiyle Mart 2023 itibariyle tilkemizde toplam 102.174
[41] vefat sayisma ulasilmistir. Giiniimiizde viriisiin
etkinligi azalmig olsa da heniiz tim diinyada tamamen
bitmemistir. 31 Temmuz — 27 Agustos 2023 tarihleri
arasinda diinya ¢apinda yaklagik 1,4 milyon yeni vaka ve
yaklasik 1800 yeni 6liim vakasi rapor edilmistir [42].
Viriis ile miicadelede gelistirilen agilar etkili ¢dzim
olarak goriilmektedir. Ulkemizde ve tiim diinyada
uygulanan agilarin olumlu ve olumsuz etkileri {izerine
insanlarin  goriislerini alabilmek i¢in sosyal medya
platformlar1 tercih edilmektedir. Bu amagla ¢ogunlukla
Twitter’da paylasilan tweetler kullanilmaktadir. Bu
calismada, yurt i¢inde insanlarin COVID-19 agilart ile
ilgili duygularint 6lgmek icin bir veri madenciligi
uygulamast olan metin madenciligi gerceklestirilmistir.
Bu amagla Sinovac ve Biontech asilar ile ilgili atilan
Tiirkce tweetler lizerine duygu analizi ger¢eklestirilmistir.
Boylece insanlarin asilara karsi duygulari dlgiilmils ve
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asilarin insanlar tizerindeki olumlu ya da olumsuz etkileri
incelenmistir.

Veri Madenciligi

Veri Madenciligi, her cesit veriden ortiilii ve anlamli
bilgilerin elde edilmesi islemidir [43]. Elde edilen bilgiler
kamu ve 6zel sektor ile her gesit 6zel topluluk tarafindan
onemli kararlarin alinmasinda hatta devlet yonetiminin
izleyecegi politikalarin belirlenmesinde kullanilir.

Literatiirde iliskisel, Web ve biiyiilk veri madenciligi
olmak {izere ii¢ ¢esit veri madenciligi tanimlanmigtir.
iliskisel veri madenciligi iliskisel verilerden bilgi
¢ikarimini, Web madenciligi web dokiimanlari ve erigim
kayitlarindan bilgi ¢ikarimini, biiyiik veri madenciligi ise
biiyiik veriden bilgi ¢ikarimini ifade eder [43]. Biiyiik
veri; bilyllk hacmi, cesitliligi, hizi, degiskenligi ve
dogrulugu ile ayirt edilir [44]. Tiim diinyada saglik, sosyal
bilimler, mithendislik, egitim alanlarinda ve sosyal medya
platformlarinda hizla genislemektedir.

Metin Madenciligi

Metin madenciligi metinsel veriden oOrtiik ve anlaml
bilgilerin ¢ikarilmas:t iglemidir. Veri madenciligi,
verilerin ~ Onceden  yapilandirilmis  bir  bigimde
depolandigim1 varsaydigindan 6n isleme asamasinda
veriler temizlenerek, normallestirilir ve birgok veri tabani
tablosu birlestirilir. Buna karsilik, metin madenciliginde
on isleme operasyonlari, dogal dil belgeleri igin temsili
ozelliklerin tanimlanmasi ve ¢ikarilmasi islemlerinden
olusur [4]. Veri madenciligi biiylik 6l¢iide sayisal verilere
bagliyken, metin madenciligi metinlerin sozciiksel ve
sozdizimsel yapisina baglidir.

Bir metin madenciligi uygulamas: olan Duygu Analizi
icin sirastyla metin 6n isleme, iligkilendirme ve
kategorilendirme adimlar1 gerceklestirilir.

Metin én igleme

Metin 6n isleme asamasi indeksleme ve kodlama
islemlerinden olusur. Metin indeksleme, ciimlelerden
olusan bir metni icerdigi kelimelere ayirma islemidir. Bu
islem sirastyla ‘Tokenization’, ‘Stemming’, ‘stop-words’
kaldirma ve terim agirliklandirma asamalarindan olugur.
‘Tokenization’, bir metin O6begini bosluk, noktalama
isaretleri veya oOzel isaretlere gore kelimelere ayirma
iglemidir. ‘Stemming’, ‘tokenization’ isleminden iiretilen
her bir kelimeyi kok haline doniistiirme siirecidir. ‘Stop-
words’ kaldirma baglaglar, edatlar gibi dilbilgisi icin
gerekli ancak anlamsiz sozciiklerin  kaldirilmasidir.
Agirliklandirma, her kelimeye Onem derecesine gore
agirlik hesaplama islemidir. Terim frekanst ve TF-IDF
agirhigl, sozciklerin agirliklandirilmasinda  kullanilan
popiiler semalardir. Terim frekansi metin iginde her
kelimenin gecis sikligini ifade eder. TF-IDF semasi ile
hesaplanan kelime agirliklari, verilen metinde kelimelerin
bulunmast ile dogru orantili, diger metinlerde sdz konusu
kelimelerin bulunmasi ile ters orantilidir. “d;” dokiimant
iginde bir “t” kelimesinin TF-IDF agirhigi  “wy” [45]
esitligi ile hesaplanir. “N” toplam sozciik sayisini, DF; “t;”
kelimesini igeren metin sayisini, Tf; “t;” kelimesinin metin
icindeki ge¢is sayisini ifade eder.
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w;; = log (1+ logTF)

DF; [45]
Metin kodlama isleminde, indekslemeden ¢ikarilan
kelimelerden bazilar1 wrapper, temel bilesenler analizi,
bagimsiz bilesen analizi, tekil deger ayrisimi gibi belirli
yontemler kullanilarak secilir ve her bir metnin
kodlanmasinda bunlara sayisal degerler atanir. Bu
degerler kelimelerin metin icindeki 6nem derecelerini
belirtir. On isleme sonucunda kelimeleri temsilen say1sal
bir vektor olusturulur.

Metin iliskilendirme

Metin iligkilendirme, kelime kiimelerinden kelimelerin
iliskilendirme kurallarinin {iretilmesi islemidir. Kelime
iligkilendirme, kelimeler arasindaki nedensel iligkilerin
(Eger-sonra kurallart) ¢ikarilmas islemidir. indeksleme
islemiyle icerdigi kelimelerle iligkilendirilen her metin
icin kelime-dokiiman matrisi olusturulur. Matriste her
satir bir metne, her siitun bir kelimeye ve matrisi temsil
eden her veri ilgili metinde o kelimenin agirligina karsilik
gelir. Kelime kiimeleri, matristen ¢ikarilir. Kelimelerin
iliskilendirme kurallar1 Apriori algoritmasi tarafindan
iretilir. Algoritma igin kelime kiimeleri, matriste
agirliklar1 sifir olmayan kelimeler alinarak satir satir
olusturulur. Algoritmaya girdi olarak matristeki siitunlara
karsilik gelen kelime listesi ve kiimeleri verilir, ¢ikti
olarak iliskilendirme kurallar1 olusturulur.

Metin kategorilendirme

Metin kategorilendirme, her metne dnceden tanimlanmis
kategorilerden birinin veya birkacinin atanmasi siireci
olarak tanimlanir. Bunun i¢in makine Ggrenme
algoritmalar1 kullanilir. Veri 6gelerini siniflandirma
modeli olarak bir liste veya bir kategori agacinin énceden
tanimlanmasi gerekir. Metinler her kategoriye ornek
olarak ayrilir. Tiim 6rnek metinler, bir kelime listesine
endekslenir ve bunlardan bazilar1 segilir. Kategorilere
ayrilan 6rnek metinler sayisal vektdrlere kodlanir. Ornek
metinlerden kodlanmis egitim ornekleri kullanilarak,
smiflandirma algoritmasina bagli olarak denklemler,
sembolik kurallar veya optimize edilmis parametreler
olusturulur; buna Ogrenme siireci denir. Ogrenme
stirecinden sonra, 6rnek metinlerden ayrilmig metinler
smiflandirilir. Spam e-posta filtreleme, duygu analizi,
bilgi filtreleme ve konu yo6nlendirme metin
smiflandirmasimin tiirleri arasindadir.

Duygu analizi, metin siniflandirmasmin  6zel  bir
ornegidir. Bir goriisii “pozitif”’, “nétr” veya “negatif”
olarak siniflandirma siirecidir. Bu siirecte bir goriise
metinsel bir girdi verisi verilir ve ¢ikt1 olarak bu ii¢
tutumdan biri olusturulur. Ug kategoriden biriyle
etiketlenen metinler toplanir ve sayisal vektorler halinde
kodlanir. Makine 6grenimi algoritmasi, 6rnek etiketli
metinlerden kodlanan sayisal vektorleri 6grenir. Test i¢in
verilen bir metin sayisal bir vektore kodlanir ve {i¢
kategoriden birine siniflandirilir.

Duygu analizinde diger bir yontem duygu siniflandirmasi
iceren polarite  sozliiklerinin  kullanilmasidir.  Bu

643

calismada sozlikk tabanli duygu analizi yapilmig ve bu
amagla SentiTurkNet kullanilmistir. SentiTurkNet, duygu
smiflandirmas1 ve fikir madenciligi uygulamalari igin
tasarlanmigs Tiirkce icin olusturulmus bir polarite
sozliigiidiir. WordNet'in [46] tim es anlamli siniflarinin
“olumluluk”, “olumsuzluk” ve “tarafsizlik” kavramlarina
gore otomatik olarak agiklanmasi ile olusturulmustur.
Ingilizce WordNet ve SentiWordNet ile eslestirilmistir.
Tirkce WordNet'teki tiim es anlamli siniflara (synset)
polarite sinifindan (pozitif, objektif/notr veya negatif) bir

kavramin  atanmasi ile olusturulmustur. Dilden
bagimsizdir ve farkli dillerde de uygulanabilir.

Orange

Orange [47], Slovenya’da Ljubljana Universitesi

tarafindan gelistirilen, Python dilinde yazilmis, acik
kaynak kodlu bir makine 6grenimi, veri madenciligi ve
veri gorsellestirme yazilimidir. Akademik ¢aligmalarda,
endiistri alaninda ve egitim-6gretim’de kullanilmaktadir.
En 6nemli endiistriyel ortak, Orange'1 ilag gelistirmede
kullanan ve ilgili ¢esitli boliimlerinin gelistirilmesine
sponsorluk yapan bir ila¢ devi olan Astra-Zeneca'dir [48].
Orange, igerdigi Twitter araci ile Twitter API’sine erigim
saglayarak tweet analizine olanak saglamaktadir. Ancak
Orange ile en son iki hafta i¢inde atilmis tweetler
¢ekilebilmektedir. Daha eski tarihlere ait tweetler
¢ekilememektedir. API planlart 30 Mart 2023'te
degistirildikten sonra Twitter artik {icretsiz erisim ve
iicretsiz Tweet alimmi desteklememektedir. Bu ¢aligmada
tweetler Python kodu kullanilarak snscrape ile Twitter
Api’sinden Twitter veri erisim ve {iicret politikasi
degismeden oOnce c¢ekilmistir. Elde edilen tweetlerle
gerceklestirilen duygu analizi uygulamasinda Orange
Metin Madenciligi eklentisi kullanilmigtir.

Duygu analizi gerceklestirimi

Sosyal medya kullanimindaki biiyiime oraniyla birlikte,
kullanicilar tarafindan iiretilen veri miktarinin artmasi
insanlarin giincel her konu hakkinda goriislerini ifade
edebildigi Twitter’1, duygu analizi ve fikir madenciligini
saglayan bir ara¢ haline getirmistir. Bu degisim, 6nemli
konularda kitlelerin nabzini kolayca dlgmek ve onemli
kararlar alabilmek i¢in kurum, kurulus ve kisileri sosyal
medya kullanimina yoneltmistir. Bu noktadan hareketle,
bu calismada COVID-19 i¢in gelistirilen Sinovac ve
Biontech agilar1 igin Twitter kullanicilarinin paylastiklari
tweetler iizerine duygu analizi yapilmig ve sonuglar
karsilastirilmistir. Sonugta insanlarin asilar hakkindaki
duygularint 6grenmek ve asilarin insanlar tizerindeki
etkilerini ortaya ¢ikarmak amag¢lanmustir.

Caligmada gergeklestirilen duygu analizi is akisi Sekil
1’de gosterilmektedir. Ilk olarak Twitter’dan Sinovac ve
Biontech ile ilgili tweetler elde edilmistir. Tweetlere 6n
islemler (Preprocess Text) uygulandiktan sonra konu
modellemesi (Topic Modelling) yapilmistir. Konu
modelleme ile tweetlerde gecen konular ve konularda
gegen popiiler anahtar kelimeler incelenmistir. Ardindan
WordCloud (Kelime Bulutu) araci ile tweetlerde en sik
gegen kelimeler agirliklariyla bulunmustur. Son agamada
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Sekil 1. Twitter duygu analizi i akis1.

tweetler lizerine duygu analizi (Sentiment Analysis)
uygulanmigtir. Duygu analizi sonuglari Orange Tweet
Profiler ile hesaplanarak Box Plot’da gorsellestirilmistir.
Sonug olarak yaklagik iki yilda COVID-19 asilar
hakkinda atilan tweetlerin sahiplerinin as1 hakkindaki
duygu profilleri belirlenmistir.

Materyal ve yontem

Calismada kullanilan tweetler Python kodu kullanilarak
snscrape ile Twitter Api’sinden g¢ekilmistir. flk olarak
“Sinovac* anahtar kelimesini iceren tweetler asmin
ilkemizde uygulanmaya basladig1 tarihten itibaren 13
Ocak 2021-16 Subat 2023 zaman araliginda elde
edilmistir. Daha sonra “Biontech” anahtar kelimesini
igeren tweetler Biontech asisinin iilkemizde uygulanmaya
basladig1 tarihten itibaren 28 Temmuz 2021-23 Subat
2023 zaman araliginda elde edilmistir. Elde edilen
tweetlerden  retweetler ve  yinelenen tweetler
ayiklandiktan sonra Sinovac i¢in toplam 326085 tweet ve
Biontech i¢in toplam 213474 tweet analiz edilmistir.
Ikinci asamada Tweetlere metin 6n isleme analizi
uygulanmustir. On islemler, kelimelerdeki harfleri kiigiik
harfe doniistiirme, aksanlar1 ortadan kaldirma, HTML ve
URL etiketlerini kaldirma, hashtag’lerin (#) kaldirilmasi,
metni kelimelere ayirma (Tokenization) ve filtreleme
islemlerini igerir. Filtreleme islemleri noktalama
isaretlerinin, tekrar eden kelimelerin (‘ve’, ‘veya’, iginde)
ve baglaglarin kaldirilmasi agamalarint igerir. Bu amagcla
Apache Lucene Tiirkge “Stop Words” (Durak Kelimeleri)
listesi genisletilerek kullamlmistir. On islemlerden sonra
metin igerigindeki asi ile ilgili olmayan kelimeler, site
linkleri, yanlis yazilmis kelime ekleri temizlenmistir.
Ucgiincii asamada 6n islemlerden gecmis olan tweetler
Word Cloud araci ile analiz edilmis ve tweetlerde en ¢ok
kullanilan kelimeler belirlenmistir (Sekil 2-9). Word
Cloud, tweetlerde gegen tiim kelimeleri, kelimelerin
boyutlarmi, soézciliklerin agirhigint (sikligimi) gosterir.
Sozciikler, agirliklarma gore listelendigi igin hangi
kelimelerin kag kez kullanildig1 ve kelimelerin popiilerlik
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durumu gériiliir. Ornegin, Sekil 2°de Sinovac ile ilgili
tweetlerde en ¢ok kullanilan ii¢ kelime sirastyla Sinovac
(64033), ol (39860) ve ast (23878)’dir. Sekil 6°da
Biontech ile ilgili tweetlerde en ¢ok kullanilan {i¢ kelime
ise swrastyla Biontech (16967), ol (12914) ve doz
(8798)’dur. Tweetlerde bulunma sikliklarina gore
gorsellestirilen kelimeler arastirtlan konularin igerikleri
hakkinda kullaniciya bilgi verir. Dordiincii islem
adimmda Konu Modelleme ile her metindeki kelime
kiimelerine ve sikliklarina gére konular bulunmustur. Bir
tweet farkli oranlarda birden ¢ok konu igerebildigi icin
aynt zamanda belge basma konu agirhgt da
hesaplanmistir. Bu amagla ‘Latent Dirichlect Allocation’
(LDA) teknigi kullanilmistir. Bu teknik ile bir konuda
ilgili olan veya olmayan sozciikler ve ayni anda olumlu
veya olumsuz olabilen konu agirliklar1 hesaplanir. Bu
sekilde tweetlerde gegen 10 konu ve bu konularda gegen
popiiler anahtar kelimeler belirlenmistir. Siradaki adimda
Duygu Analizi gergeklestirilerek metinlerdeki duygular
tahmin edilmistir. Orange Duygu Analizi aract “Liu &
Hu” [49] ve Vader [50] duygu modiillerini ve tekniklerini
kullanir. “Liu & Hu” teknigi sozliik tabanli ¢aligir ve nihai
puan hesaplanirken pozitif kelimelerin toplami ile negatif
kelimelerin toplami arasindaki fark alinarak belgenin
uzunluguna goére normallestirilip 100 ile ¢arpilir. Sonug
nihai puan, belgedeki duygu farkinin yiizdesini yansitir.
Vader teknigi ise; sozlilk ve kural tabanli duygu analizini
destekler. iki teknik arasindaki fark; Vader tekniginin
sadece Ingilizce metinlerin iizerinde calismasidir.
Caligmada Tiirk¢e duygu siniflarinin olusturulmasi igin
Orange’a SentiTurknet sozliigii 6zel sozliik olarak import
edilerek kullanilmistir. Duygu analizi sonucunda pozitif
ve negatif olmak tizere iki adet &znitelik hesaplanmustir.
Elde edilen sonuglar -1’e ne kadar yakin ise duygu o kadar
olumsuz, +1’¢ ne kadar yakin ise duygu o kadar
olumludur. Bu sekilde tweetler, bir sorgu terimiyle ilgili
olarak olumlu veya olumsuz sekilde siniflandirilmaktadir.
Smiflandirma sonucunda oranlama yapilarak hangi
duygunun yiiksek oldugu belirlenmektedir.
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Sekil 2. Sinovac ile ilgili tweetlerin kelime bulutu ve frekanslari (13.01.2021- 30.06.2021).
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Sekil 3. Sinovac ile ilgili tweetlerin kelime bulutu ve frekanslari (01.07.2021-31.12.2021).
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Sekil 4. Sinovac ile ilgili tweetlerin kelime bulutu ve frekanslari (01.01.2022- 31.12.2022).
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Sekil 5. Sinovac ile ilgili tweetlerin kelime bulutu ve frekanslari (01.01.2023-16.02.2023).
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Sekil 6. Biontech ile ilgili tweetlerin kelime bulutu ve frekanslari (28.07.2021-12.08.2021).
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Sekil 7. Biontech ile ilgili tweetlerin kelime bulutu ve frekanslar (13.08.2021-31.12.2021).
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Sekil 8. Biontech ile ilgili tweetlerin kelime bulutu ve frekanslari (1.1.2022-31.12.2022).
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Sekil 9. Biontech ile ilgili tweetlerin kelime bulutu ve frekanslari (1.1.2023-23.02.2023).

Is akisinin son asamasinda Tweet Profiler ile duygu
analizi sonuglar1 gorsellestirilmistir. Tweet Profiler
“Ekman’s”, “Plutchik’s” ve “Mood States Profili”
(POMS) olmak iizere ii¢ tiir duygu smiflandirmasmi
destekler.

Bulgular

Caligmada COVID-19 agilari ile ilgili zamana bagli duygu
degisimini 6lgmek igin zamansal duygu analizi
gerceklestirilmistir. Duygu analizi sonuglari
incelendiginde, Sekil 10’da goriildiigii lizere 2021 yilmin
ilk yarisinda Sinovac i¢in arastirilan 67289 tweet analizi
sonucunda tweetlerden 33805’inin seving, 26509 unun
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saskinlik, 4590’ min korku, 294’iniin nefret, 1993’{iniin
lizlintii, 98’inin kizginlik icerdigi goriilmiistiir. Sekil 11°e
bakildiginda 2021 yilinin ikinci yarisinda Sinovac asist
icin ele alinan 96869 tweet analizi sonuglarina gore
tweetlerin  54339’unun seving, 33512’sinin saskinlik,
5960’min korku, 347’sinin nefret, 92’sinin kizginlik ve
2619’unun iiziintl icerdigi tespit edilmistir. Sekil 12°de
goriildiigii tizere 2022 yilinda Sinovac asisi i¢in ele alinan
16157 tweet analizi sonuglarina gore tweetlerin 9118’inin
seving, 5542’sinin saskinlik, 461’inin {iziintii, 967 sinin
korku, 58’inin nefret, 11’inin kizgmmlik igerdigi
goriilmiistiir. Sekil 13 incelendiginde 2023 yilinin ilk iki
ayinda Sinovac asist i¢in ele alinan 770 tweet analizi
sonuglarina gore tweetlerin 360’ min seving, 326’smin
saskimlik, 27’sinin tiziintii, 50’sinin korku, 5’inin nefret ve
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2’sinin  kizgmlik igerdigi gorilmiistiir. 2021 yilinda
Sinovac i¢in atilan tweetlerin duygu analizi sonuglari
incelendiginde en yiiksek duygunun %53,69 ile seving
oldugu goriilmiistiir. Tkinci sirada %36,56 ile saskinlik
duygusu, ii¢lincii sirada ise %6,43 ile korku duygusu yer
almaktadir. 2022 yilinda Sinovac i¢in atillan tweetlerin
analiz sonuglar1 incelendiginde %56,43 seving, %34,3
saskinlik, %5,98 korku icerdigi goriilmektedir. 2022
yilinda as1 hakkimdaki seving duygusunun o6nceki yila
gore arttigl goriilmektedir. Ancak sagkinlik ve korku
duygusunun 2021 yilma gore azaldigi goriilmektedir.
Sekil 14’te goriildiigi lizere Biontech agisi iilkemizde
uygulanmaya baglandigi tarihten itibaren 2021 yilinda ilk
iki ay (Temmuz-Agustos) i¢in atilan 18172 tweet analiz
edildiginde 9559’unun seving, 6991’inin saskinlik,
485’inin {iziintli, 1019’unun korku, 71’inin nefret,
47°sinin  kizginlik igerdigi gorilmistir. Sekil 15°e
bakildiginda Biontech asist i¢in 2021 yilinin son dort
ayinda atilan 138556 tweet incelendiginde 52522’sinin
seving, 38834’lniin saskinlik, 40354’{niin iiziinti,
6299’unun korku, 377’sinin nefret, 170’inin kizgmlik
icerdigi gorilmistir. 2021 yilmin son dort aymda
Biontech agisiyla ilgili “iiziintii” ifadesinin 6nceki iki aya
kiyasla ¢ok yiiksek ¢ikmasinin sebebi as1 olma oranlarmin
artmasi, zaman ilerledik¢e asilarin yan etkilerinin ortaya
¢ikma ihtimalleri ve bu donemde diger donemlere kiyasla
¢ok fazla tweet atilmasi oldugu diisiiniilmektedir. Sekil
16’da goriildiigii iizere Biontech asis1 igin 2022 yilinda
atilan toplam 52362 tweet analiz edildiginde 26550’sinin
seving, 20450’sinin  saskinlik, 1657’sinin {izlinti,
3414’tniin korku, 188’inin nefret, 102’sinin kizgmlik
icerdigi gorilmistir. Sekil 17°de goriildigi iizere
Biontech asis1 i¢in 2023 yilmm ilk ayinda atilan 4384
tweet analiz edildiginde 2035’inin seving, 1812’sinin
saskinlik, 140’mnm tziinti, 350’sinin korku, 30’unun
nefret, 17’sinin kizginlik igerdigi goriilmustiir.

2021 yilinda Biontech hakkinda atilan tweetlerin duygu
analizi sonuglar1 incelendiginde en yiiksek duygunun
%39,61 ile seving oldugu goriilmiistiir. Ikinci sirada
%29,24 ile saskinlik duygusu, ii¢iincii sirada ise %4,67 ile
korku duygusu yer almaktadir. 2022 yilinda Biontech
hakkinda atilan tweetlerin duygu analizi sonuglari
incelendiginde en yiiksek duygunun %50,70 ile seving
oldugu gériilmektedir. Tkinci sirada %39,05 ile saskinlik,
tiglincii swrada ise %6,52 ile korku duygusu yer
almaktadir. 2022 yilinda Biontech asis1 hakkindaki
seving, saskinlik ve korku duygularinin 6nceki yila
kiyasla arttig1 goriilmektedir. Sekil 18, 19 ve 20’de
Sinovac ve Biontech agilarinin 2021-2022 yillarindaki
duygu degisiminin karsilastirilmasi gosterilmektedir.

Genel olarak her iki as1 hakkinda atilan tweetlerin analizi
sonucunda COVID-19 asilarinin insanlar {izerinde olumlu
etkisi oldugu, asilardan memnun kalindig1 goriilmektedir.
Sinovac ve Biontech asilar1 karsilastirildiginda Sinovac
asisindan daha ¢ok memnun kalindigir goriilmektedir.
Ancak analiz sonuglarinin bir kismi COVID-19 asilariin
insanlar {izerinde olumsuz etkilerinin de oldugunu
gostermektedir.

648

Caligmada elde edilen tweetlerin biiylik bir kismimin
konum bilgilerinin eksik oldugu goriilmistiir. Bu sebeple
konuma gore duygu analizi gergeklestirilememistir.

Bu calisma ile benzer duygu analizi yapan Cilgin vd.
(2022) ve Aslan (2022) analiz sonuglarinda bu ¢alismadan
farkli olarak agilar hakkinda nétr duygunun daha yiiksek
oldugunu belirlemislerdir. Bu farkin sebebi olarak ilgili
caligmalarin 2021 y1ilinin sadece belli aylarina ait tweetleri
degerlendirmeleri ve bu ¢alismadan farkli olarak makine
0grenme yontemlerini kullanmalar1 oldugu
disiiniilmektedir. Mermer ve Ozsezer (2023) de bu
calismaya benzer duygu analizi yapmis olmalarina
ragmen asilar hakkinda ndtr duygunun daha yliksek
oldugunu belirlemislerdir. Bunun sebebinin ilgili
¢aligmanin Nisan 2022’den sonraki tweetleri analize dahil
etmemesi, makine 6grenme yontemlerini kullanmasi ve
bu caligmadakinden farkli bir duygu sozIligi
kullanmasindan kaynakli olabilecegi diigiiniilmektedir.
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Sekil 20. Asilar hakkinda yillara gére duygu degisimi
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Sonuclar ve gelecek calisma

Yaklagik iki yil {ilkemizde ve tiim diinyada etkili olan
COVID-19 pandemisi tim insanligin sagligini tehdit
etmig Onemli sayida can kayiplarina sebep olmustur.
Insanlar iizerinde olumsuz izler birakan COVID-19
viriistine  karst  gelistirilen asilar hastalig1  hafif
atlatabilmek icin koruyucu ¢6ziim olarak goriilmektedir.
Ancak as1 karsit1 tutumlar ve ag1 uygulamalarindan sonra
gelisen sorunlar ve yan etkiler insanlart tedirgin
etmektedir. Bu noktadan hareketle, bu ¢alismada COVID-
19 asilarindan Sinovac ve Biontech 06zelinde, metin
madenciligi teknikleri ile duygu analizi
gerceklestirilmistir. Bu amacla as1 hakkindaki olumlu ya
da olumsuz tecriibelerini ve diisiincelerini Twitter
iizerinden paylagan insanlarin tweetleri elde edilerek
duygu analizi gergeklestirilmistir. Analiz sonuglari
incelendiginde ~ COVID-19  agilarmin  toplumda
¢ogunlukla olumlu yonde etki yaptig1 goriilmiistiir.

Ote yandan, analiz sonuglarma gore a1 ile ilgili olumlu
duygular fazla olsa da, niifusun bir kisminin endise ve
korku duymasi, asilarin insanlar iizerindeki etkisinin
olumsuz taraflarini da yansitmistir. Bu galigmanin farkl
ast tirleri ya da medikal tedavi yontemleri igin de
uyarlanabilecegi ve bu sayede insanlar igin yol gdsterici
olabilecegi diisiiniilmektedir. Gelecek ¢alismada, makine
Oogrenmesi algoritmalari ile duygu siniflandirmasi
yapilarak tweetler iizerine duygu analizi gergeklestirilip
sonuglari bu ¢aligma ile karsilastirilacaktir.
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kismin, yapisal kismin sekil degistirmesinden az etkilendigi bir problem sayisal olarak
incelenmistir. Tek yonli ve ¢ift yonli AYE analizler sonucunda maksimum hava hizlar
arasinda %0.09 fark oldugu tespit edilmistir. Jet motorlarinda veya farkli mithendislik
alanlarinda AYE analizlerini kullanacak bilimsel ¢aligmalara yonelik hangi yontemlerin daha
avantajli oldugu hakkinda bilgi verilmistir. Sonug olarak, yiiksek maliyetli deneysel ¢aligmalar
ve testlerden Once; zaman, is gilicli ve ekonomik tasarruf saglayan AYE analizlerinin
kullaniminin 6nemi vurgulanmistir.
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Although problems involving Fluid Structure Interaction (FSI) are encountered in many
engineering fields, studies in this field do not have a long history and are limited. FSI analysis
also effectively provide advantages for jet engine parts where pressure and temperature,
mechanical and thermal loads are high. In this study, the FSI studies in the literature are
included and information about the FSI analysis methodology that can be applied during the
design of today's jet engine parts is given. The basic equations used in FSI studies are
explained; one-way, two-way, strongly and loosely coupled FSI analysis structures, usage
areas and algorithms are explained in detail. A problem in which the fluid part is less affected
by the deformation of the structural part has been numerically investigated. As a result of one-
way and two-way AYE analysis, it was determined that there was a 0.09% difference between
maximum air speeds. Information is given about which methods are more advantageous for
scientific studies that will use FSI analyzes in jet engines or in different engineering fields. As
a result, before expensive experimental studies and tests; the importance of using FSI analysis,
which provides time, labor and economic savings, has been emphasized.
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1. Giris

Bir¢ok alanda miihendislere tasarimlar konusunda yardimci
olan Hesaplamali Akiskanlar Dinamigi (HAD) ve Sonlu
Elemanlar Metodu (SEM) gibi ¢6ziim yontemleri haricinde
giiniimiizde bu iki disiplinin beraber uygulanmasi ile ortaya
¢ikan Akiskan Yapi Etkilesimi (AYE) analizleri de yaygin bir
sekilde kullanilmaya baglanmustir.

AYE problemlerinde, bir veya daha fazla kat1 yapisal bolge,
ic veya kendisini ¢evreleyen akiskan akisi ile etkilesime
girmektedir. Bu nedenle AYE problemleri bircok bilim ve
miihendislik alaninda 6nemli roller oynamaktadir. Ancak bu
tiir problemlerin kapsamlt bir sekilde incelenmesi, dogrusal
olmamalar1 ve multidisipliner yapilari nedeniyle ¢dziimleri
olduk¢a zordur [1]-[3]. Cogu AYE problemi i¢in analitik
¢ozlimler elde etmek imkansiz olup, deneysel ¢alismalarin da
kapsami smirlidir. Bu nedenle kati ve sivi arasindaki
karmagik etkilesimde yer alan temel fizigi anlamak ve
aragtirmak, yeni tasarimlarin yapilabilmesi ve mevcut
tasarimlarin gelistirilmesi acisindan 6nem arz etmektedir.
Ayrica kati ve sivi arasindaki etkilesim, sayisal simiilasyonlar
kullanilarak hizli bir sekilde degerlendirilebilmektedir [4].

AYE analizleri, riizgér tiirbin kanat¢iklarmin incelenmesinde
sik¢a kullanilan analizlerdir. Dogan [5], ¢aligmasinda riizgér
tirbini kanatlari i¢in 2-D ve 3-D analizler yapmustir.
Calismada farkli hiicum agilarina sahip NACAO0012 kanat
profili kullanilmis ve hesaplamali akigkanlar dinamigi (HAD)
ve AYE analizleri gergeklestirilmistir. Analizlerde akiskan
kism1 igin ANSYS CFX ve yapisal kisim icinse ANSYS
Mechanical yazilimlar1 kullanilmigtir. HAD analizleri, 2-D
ve sikigtirilamaz akis kabuliiyle yapilmistir. Sikistirilamaz
akis kabulii nedeniyle artan hiicum agisina bagli olarak Mach
sayisinda da artislar gozlemlenmis, ancak belirli bir hiicum
acist degerinden sonra analiz sonuglar ile test sonuglart
arasinda farkliliklar goriilmistiir.

MacPhee ve Beyene [6], riizgar tiirbin kanadi i¢in deneysel
ve sayisal calismalar yapmuslardir. Caligmalarinda, kanat
iizerine gelen riizgar yiikii nedeniyle kanat hiicum acilarinin
degisimini ve bu degisimin tiirbin performansina etkisini
incelemigleridir. Tek yonli ve ¢ift yonlii AYE analizleri
yapan MacPhee ve Beyene [6], riizgar etkisi altinda tiirbin
kanatlarinin  sekil degistirmesinin hesaba katildig1 ve
katilmadig1 durumlar i¢in analizler yapmislar, ayrica elde
ettikleri analiz sonuglarint deneysel sonuglarla karsilastirarak
sonuglarin uyumlulugunu kiyaslamislardir.

Literatiirde rilizgar tiirbinlerinin performansina yonelik
yapilan ¢alismalar disinda riizgar tiitbhin  gdvdelerinin
dayanimini hesaplamak ve tasarimlart iyilestirmek icin de
AYE analizleri kullanilmigtir.

Jo ve ark. [7], riizgar tiirbini lizerine gelen riizgar yiikiinii tek
yonli AYE analiz yontemi kullanarak hesaplamislardir.
Tiirbiilansh akis analizleri i¢in Kayma Gerilmesi Tagimnimi
(Shear Stress Transport) modelini kullanarak basing yiiklerini
hesaplayan yazarlar elde ettikleri bu degerleri yapisal modele
aktararak tagiyici kulede meydana gelen sekil degisimini elde
etmislerdir.
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Farkli bir disiplinde yapilan bir diger calisma ise insan
viicudunda kalbin gorevini yapabilecek 6zelliklere sahip bir
pompanin  AYE analizleridir [8]. Yazarlar, akiskan
analizlerini OpenFOAM yazilimiyla yaparken, kendilerinin
olusturduklar1 yazilim ile yapisal analizler ile akigkan-yap1
analizleri arasindaki baglantiy1 gergeklestirmislerdir.

Literatiirde deneysel verilerin bulundugu AGARD 445.6
roket kanadi igin de siirekli rejim AYE analizleri
gergeklestirilmistir [9]. Yazar ¢aligmasinda akigkan analizleri
icin CFX v.13, yapisal analizler icin ANSYS Mechanical’1
kullanmistir. Akgiil [9] caligmasinda, roket kanadi igin ¢ift
yonli AYE analizleri yapmis, elde ettigi sonuglart ise
literatiirde yer alan deneysel sonuglar ile karsilasgtirmistir.
Daha sonra dogruladigt yontemi kullanarak farkli bir roket
geometrisi iizerinde analizler yapmistir. Yazar, AYE analiz
sonuglarin1  karsilastirdiginda, yapisal modelde sekil
degisiminin  dikkate alinmasinin yapilan analizlerin
dogrulugunu 6nemli 6l¢iide etkiledigini tespit etmigtir.

Kamakoti ve Shyy [10], ise yine AGARD 445.6 kanadint
kullanarak kanatlardaki titresim ve titresime bagli olarak
kanatlarda meydana gelen kirilma konusunu incelemisler ve
aeroelastik analizler yapmislardir. Calismada, farkli baglanti
tiirlerinin birbirlerine gore avantaj ve dezavantajlarmi ele
almiglardir. Yapinin dogal frekanslarmi ¢ift yonli AYE
analizleri kullanarak hesaplayip, kanadin etrafindan gecen
akigkan nedeniyle olusan titresim frekansiyla kanadin dogal
frekansini karsilastirmiglardir.

Havacilik sektoriinde ugus emniyetine uygun iiretim yapma
zorunlulugu, kullanilan  malzemelerin  ve  {iretim
yontemlerinin  pahali olmasi, siki toleranslar, iretilen
tirtinlerin yiiksek kalitede olma gerekliligi, uzun ve zahmetli
tasarim siireglerinin nedenleri olarak gosterilebilir. Ugus
emniyetinin son derece 6nemli olmasi, iiretim yontemleri ve
malzemelerinin oldukg¢a pahali olmasi nedeniyle bu sektorde
calisan miihendislerin tasarim esnasinda en ufak ayrintilara
dikkat etmesi, bakim ve iretim yontemleri, kullanilacak
malzemeler gibi kritik konular detayli bir sekilde ele almalar1
gerekmektedir. Bu nedenle, havacilik sektdriinde gaz tiirbin
bilesenleri i¢in hem yapisal hem de akis analizlerini igeren
AYE analizleri dnem kazanmaktadir.

Gagz tiirbinlerine yonelik AYE analizlerini kullanarak ¢aligma
yapan Dhopade ve ark. [11], tlirbinlerinin hava girisinde
bulunan fanin diisiik ve yiiksek c¢evrimlerinde, fan
kanatlarinda meydana gelebilecek yorulma olasiligi ve 6miir
hesab1 iizerine c¢alismiglardir. Hesaplamalarda ¢ift yonli
AYE analiz yontemini kullanmiglardir. Mekhonoshina ve
ark. [12], zamana bagl ¢ift yonli AYE analizlerini
kompresor kanatciklarina uygulayarak, degisen gerilmeleri
aragtirmiglardir. Modeli basitlestirmek igin 12 sabit ve 12
donen kanatgiktan olusan modelin on ikide birlik kismint
analizlerinde kullanmiglardir. Sabit kanat¢igin hava akist
sirasinda  sekil degistirmedigi kabulii ile akiskan yap1
etkilesim bolgesi olarak, donen kanat¢igi se¢mislerdir.
Ubulom [13] calismasinda yiiksek basing tiirbin kanadinin
yorulma miktarin1 tahmin etmek icin AYE baglantt
yontemlerinin etkisini aragtirmigtir. Analizler sonucunda
birlestirilmis ¢ozlimlerin  tlirbin  kanatlarinin  yorulma
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Ozelliklerinde ve ©Omiir degerlerinde farkli sonuglar
verebilecegi gorilmistiir.

Bu ¢aligmada, ayni anda hem yap1 hem de akis analizlerine
sahip AYE problemleri i¢in sayisal yontemlerin gozden
gecirilmesi ve bu alanda yapilan ¢aligmalarda disiplinler arasi
is birliginin 6nemine deginmek amaglanmistir. Bu kapsamda,
giiniimiizde kullanilan gaz tiirbinli motorlarda yer alabilecek
bir gii¢ tiirbini kanat¢iginin ilk tasarim asamasi ile ilgili
yapilabilecek AYE analizlerinde karsilasilan zorluklarini
giderilmesi i¢in verimli ve dogru bir metodoloji ve algoritma
olusturmak, kullanilan yontemlerin temel &zelliklerini
belirlemek hedeflenmis ve bu ¢aligmanin hem gaz tiirbinleri
hem de farkli disiplinlerde AYE analizi yapacak
aragtirmacilara yol gosterecegi diisiiniilmektedir.

Calismada AYE problem formiilasyonu ele alinmis, ¢6ziim
yontemleri tanitilmig, daha sonra sistemleri baglama ve
yonetici denklemler konularina deginilmistir. Bir gii¢ tiirbini
doner kanat¢i8 igin tek yonlil ve c¢ift yonlii AYE analizleri
sonucunda elde edilen maksimum hava hizlar
karsilastirilmagtir.

2. Akiskan Yapi Etkilesimi (AYE)

AYE, yapisal mekanigi ve akigkanlar dinamigini tanimlayan
kanunlar arasindaki baglantiyr saglamaktadir. Bu olgu,
akigkanla etkilesim halinde olan yapilarin  sekil
degisimlerinin ve hareketlerinin incelenmesinde 6nemli yer
tutmaktadir.

Bir yapi etrafindaki akis, ¢evreledigi yapi lizerinde gerilme ve
gerilimlere sebep olur. Olusan bu gerilimler ve gerilmeler
akisin ve yapinin karakteristigine gore hesaba katilacak kadar
¢ok biiyiik veya goz ardi edilebilecek derecede ¢ok kiigiik
olabilmektedir.

Hesaba katilacak kadar biiyiik gerilme ve gerilimlerin sz
konusu oldugu gaz tirbinli motorlardaki gii¢ tiirbini
kanatciklari, riizgar tiirbin kanatciklart ve ugak kanatlar1 gibi
pek ¢ok mihendislik sistemlerinde, akigkan yap1
etkilesimleri, tasarim asamasinda dikkate alinmasi gereken
oldukg¢a 6nemli bir olgudur.

2.1 Akiskan Yapi Etkilesim Problem Formiilasyonu

Bu ¢aligmada gaz tiirbininde yer alan 1 adet doner ve 1 adet
sabit kanatcik ele almmustir (Sekil 1). Tiirbin kanatgiklari i¢in
Giriste sabit toplam basing (Pi, = 259657 Pa), giris yiizeyi
boyunca ise 827 + 927 °C arasinda degismekte olan sicaklik
dagilimi sinir sartt kullanilmistir. Cikis sinir sart1 olarak mm =
0.059280 kg/s kiitlesel debi degeri uygulanilmistir.
Hesaplama alan1 dis sinir1 I' olan Y ile gdsterilmektedir. Bu
¢cozlim bolgesi Ys yapisal bolge ve Yr akiskan bolgeyi
icermektedir. Akiskan-yapi ara yizi ise I ile
tanimlanmaktadir.

Akigkan ve yapi i¢in hareket denklemleri, D'Alembert
ilkesinin bir sonucu olarak [14]:

pvi—oyi+fi=0 Q)
seklinde ifade edilir. Burada f; yer ¢ekimi ivmesi gibi govde
kuvvetidir.

Yapisal bolge (Ys) i¢in denklemler [14];

PV —o i+ f7 =0 2)

Burada s iist indisi yap1 ile iligkili miktar1 belirtmektedir.
Ayrica v{ malzemenin hizidir ve yer degistirme alaninin
zaman gore tirevidir (v; = ).

Denklem (2)’ de yer alan ilk iki terim atalet ve i¢ gerilimlerle
iliskilidir. Hooke yasasindan, dogrusal elastik malzemeler
i¢in yapisal gerilim Denklem (3) ile ifade edilir [14].

O'{j- = Atgi]'gll + 208,:]' (3)

“_“i““l‘--

Sabit Kanatcik
Sekil 1. Bir gaz tiirbini i¢in AYE probleminde akiskan ve

yapi bolgelerinin gdsterimi [14]

Yapisal gerilme tensorii o7, sekil degistirme hizi tensorii
(&ij), Lame sabitleri A ve G’nin fonksiyonudur.

1
ey =5 (i + ) (4a)
P L 4b
T (A+9)(-29) (4b)
o E
T2+ 9) (40)

Denklem (4b) ve (4c)’de E, Young modulii ve ¥ Poisson
oranidir.

Akigkan bolgesi (Yr) icin denklemler [14];
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Pff’if _Uil;,j +fif =0

®)

Denklem (5) genellikle Euler tanimiyla ifade edilir. Boylece
eylemsizlik teriminden,

(6)

Denklem (6) elde edilir. Sikistirilamaz Newton tipi akigskan
icin, akiskan gerilme tensorii [14];

O'il; = —p6” + Tl']' (7)
Denklem (7)’den elde edilebilir. Bu denklemde viskoz

gerilme tensorti;

5ij€kk
8
3 ) (8a)

Ty = 2u(e; —

e =Wl +v]) (8b)

Denklem (7)’de p sikistirilamazlik kosulunu uygulamak icin
gerekli kuvvet olarak goriilebilen statik basingtir ve

v{i = 0’dur.

Akigkan-yapi ara yiizii I's ele alinirsa, I's boyunca kaymama
durumunu korumak i¢in, Dirichlet ve Neumann kosullart
uygulanabilir [14];

©

S
o;in;

=almn; (10)
Denklem (10) hem akigskan hem de yap1 ortak ara yiiziiniin
yer degistirme kosulunun bir diger ifadesidir,

s _ S
i =X

(1D
Bazi FSI yontemlerinde diizgiin bir ara yiiz profili igin,
Denklem (9) yerine Dirichlet kisitlamasi olarak Denklem (11)
dikkate almmaktadir.

2.2 Akiskan Yapi Etkilesim Co6ziim Yontemleri

AYE problemlerinin ¢dziimiinde iki temel yodntem soz
konusudur. Sekil 2°de gosterildigi gibi AYE analizleri
birlestirilmis ve pargali ¢éziimler olarak siniflandirilmaktadir.
Bu ¢alismanin kapsamini da olusturan pargali ¢6ziim yontemi
tek yonlii ve ¢ift yonlii olmak iizere ikiye ayrilmaktadir. Cift
yonlii AYE analizleri ise gevsek bagl ve giiclii bagli ¢oziim
yontemlerini icermektedir.
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Bu yontemlerden ilki birlestirilmis ¢6ziim yodntemidir.
Birlestirilmis yontemde yapisal ¢dziiciiniin  kullandig1
denklem ve matrisler ile akigskan ¢oziiclinin kullandigt
denklemler ve matrisler birlestirilerek tek bir matris
olusturulur. Bu tek bir matrisin ¢dziilmesiyle hem akigkan
hem de yapisal ¢oziim sonuglari elde edilir. Birlestirilmis
¢6ziim sonucunda fiziksel olarak gercege en yakin sonuglara
ulagilmaktadir. Ancak birlestirilmis ¢dziim yonteminde
sonu¢larin elde edilmesi uzun zaman almaktadir.

Birlestirilmis ¢dziim yonteminin zahmetli ve uzun zaman
almasi nedeniyle, par¢ali AYE analiz yontemi daha fazla
tercih edilen bir yontem haline gelmistir. Parcali AYE
¢Oziimiinde, akigkan ve yapi ¢Oziiciileri ayr1 ayri ¢6ziim
yaparak belirlenen zaman adimlarinda problemi g¢ozerler.
Co6ziim sonucunda elde edilen, problemin ¢éziimiinde gerekli
olan sonuglar akigkan ¢oziiciiden yapisal ¢oziiciiye ve yapisal
¢oziiciiden akiskan ¢oziiciiye aktarilir,

Pargali ¢6ziim yonteminin altinda yer alan tek yonlii AYE
analizinde, sadece akiskan ¢oziiciisiinde elde edilen basing
degerleri yapisal ¢oziicliye aktarilmaktadir. Tek yonli
analizlerde akisin etkisi altinda kalan yapisal kismin sekil
degisimi ihmal edilmektedir. Tek yonlii AYE analizlerinde
akis geometrisinin degismedigi kabulii yapilmaktadir ve bu
¢Oziim yontemi yapisal kisimda onemli sekil degisimlerinin
olmadig1 durumlarda kullanilmalidir.

Akiskan Yapt
Etkilesimi

Birlestirilmis Pargali
Coziim Goziim
Tek Yonli AYE Cift Yonli AYE
Analizleri Analizleri
Gevsek Bagh Giiglii Bagh
(Loosely Coupled) (Strongly Coupled)

Sekil 2. AYE analizlerinin siniflandirilmasi [15].

Sekil 3’te tek yonlii AYE analizleri i¢in olusturulan blok
diyagrami verilmistir. Tek yonlii AYE analizlerinde, her bir
analiz zaman adimi i¢in akiskan ve yapisal ¢oziiciiler sadece
bir defa ¢oziim yapilmakta, HAD ¢6ziimiinde elde edilen
basing degerleri yapisal ¢oziicliye aktarilmakta ve yapisal
¢Oziim sonucunda yeni bir analiz adim1 baglamaktadir.

Yeni Zaman Adim

HAD Co6ziimii

Yapisal Coziim
] i
I

W

Basmem Yapisal
Modele Aktarim

T
Sekil 3. Tek Yonli AYE Analiz Semasi [16].
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Cift yonlii AYE analizlerinde ise tek yonli AYE
analizlerinden farkli olarak, yapisal kismim sekil degisimi
ihmal edilemeyecek kadar bilyiiktiir. Analiz sirasinda, yapisal
kismin geometrisinde meydana gelen degisim nedeniyle akis
geometrisi de degismektedir. Bu nedenle ¢ift yonlii AYE
analizlerinde her bir analiz adim1 sonrasinda, HAD analizleri
sonucu elde edilen basinglar yapisal ¢oziicliye aktarilirken,
yapisal ¢oziim sonrasi elde edilen, modelde meydana gelen
sekil degisimleri de HAD analizine aktarilir. Akis
geometrisindeki giincellemeleri analizlere aktarmak i¢in, her
yeni ¢6ziim adiminda akigkan modeldeki ag yapisi, yapisal
modeldeki sekil degisimlerine bagli kalinarak giincellenir.
Cift yonlii AYE analizlerinde her analiz zaman adimi i¢in
akigkan ve yapisal ¢oziiciilerin iteratif olarak calismasi, ag
yapilariin giincellenmesi ¢6ziimlere ulagmak igin uzun
zaman harcanmasina neden olmaktadir.

Cift yonlii analizlerde ¢dzlim, baslangi¢ sinir sartlarinda akis
analizleriyle baslar. Akis analizinden elde edilen basing
degerleri yapisal modele aktarilir. Yapisal ¢oziicil, akis
analizinden elde edilen basing verilerini sinir gartt olarak
kullanir ve yapisal kisimda olusan sekil degisimini hesaplar.
Hesaplanan sekil degisimi, akiskan ¢6ziiciideki ag yapisina

aktarilarak ag yapisi giincellenir. Boylece ikinci adimdan
itibaren yapisal modeldeki sekil degisimine uygun akiskan
analizleri yapilir.

Bu ¢6ziim yonteminde akigkan ve yapisal ¢oziiciiler arasinda
siirekli bilgi aktarim1 s6z konusu oldugundan her adimda bu
bilgi aktarimi kontrol edilmelidir. Ayrica yapisal ¢oziiciide ve
akiskan ¢oziiciide kullanilan ag yapilari birbirlerinden farkli
olmasi sebebiyle bilgi aktarimi kontroliiniin yapilmasi ¢6zim
dogrulugu acisindan 6nem arz etmektedir.

Her adimda ¢dziiciiler arasinda veri aktarimi ve yakinsamanin
kontrol edildigi analize giiclii bagli ¢ift yonli AYE analizleri
ad1 verilir. Gliglii bagh c¢ift yonli AYE analizlerinin blok
diyagrami Sekil 4’te gosterilmistir.

Gevsek baglh cift yonlii AYE analizlerinde, giiclii bagh ¢ift
yonlii AYE analizlerinin aksine veri aktarimi kontrolii ve
yakmsama 6nemsenmez. Eger akiskan ve yap1 kisimlarinda
birbirleriyle uyumlu ag yapilar1 kullaniliyorsa gevsek bagh
¢ift yonlii AYE analizleri kullanilabilir. Aksi takdirde akiskan
ve yapisal ¢oOziici arasindaki bilgi aktarimi sirasinda
farkliliklar ve hatalar kaginilmaz olur.

Akiskan ve Yapisal
Alanlar Tanimlanir

i i
H 1
: L ¥ !
' HAD Céziimi Basing Bilgisinin i
‘ (-oztmi Aktarilan Yiiklerin Yapisal Modele !
E I Yakinsama Kontroli Aktarilmasi '
' j (Yakinsama yoksa I :
! HAD Ag Yapisinin coziim devam eder. ) - | Cont |
! Giincellenmesi apisal Cozim !
1 1
| T T i

Yiik Aktarmm

I Yakinsadiysa

Yeni Zaman Adimm

Sekil 4. Giiglii Bagh Cift Yonlii AYE Analizi [16].

Gevsek bagh cift yonlii AYE analizlerinin ¢alisma semast
Sekil 5°te gosterilmistir.

657



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Sayfa 653-660

Akiskan ve Yapisal
Alanlar Tanimlamr

HAD Ag Yapisinin
Giincellenmesi

HAD Coéztmii

ﬂ Yiik Aktarim i

Yeni Zaman Adimu

Yapisal Coziim

Sekil Degisimi :J

Aktarmm

Sekil 5. Gevsek Bagh Cift Yonlii AYE Analizi [15].

2.3 Sistemleri Baglama

AYE analizleri hangi birlestirme yontemi segilirse segilsin
farkli fiziksel alanlar i¢in ayri ¢oziimlerin olusturuldugu
boliimlii bir ¢6ziim yontemidir. Akiskan kisminda akigkanlar
dinamigi, kati kisimda ise yap1 dinamigi ¢o6ziimleri
yapilmaktadir. Coziimlerde akigkan ve kati arasindaki sinirda
akiskan-yapi ara yiizii tanimlanir ve bu ara yiizde akigkan ve
yapt ¢oziicliler arasinda bilgi paylasimi yapilir. Bu bilgi
paylasimi birlestirme yontemine gore degismektedir. Tek
yonlii baglamada yaprya etki eden akiskan basinci yapisal
coziicliye aktarilirken ¢ift yonlii analizlerde yapinin basincin
etkisiyle yer degistirmesi de akiskan  ¢oziiciiye
aktarilmaktadir [16].

Sistemleri baglama, AYE analizleri gibi farkli disiplinlerin
kullanildig1 analizlerde kolaylik saglayan bir yazilimdir ve
Anysys Workbench paket yaziliminda yer almaktadir.
Akigkan kismi i¢in HAD ve yapisal kisim i¢in SEM analiz
modellemeleri tamamlandiktan sonra, sistemleri baglama
kullanilarak, analiz adim zamanlari, analiz siireleri, bilgi
aktarimiin yapilacagi bolgeler ve bu yazilimlar arasinda
hangi verilerin paylasilacagi belirlenebilir.

Sistemleri baglama yazilimi1 i¢inden gerekli diizenlemeler ve
ayarlamalar sonrasi, ¢6ziim siireci baglar ve sonuglar takip
edilebilir. Sistemleri baglama kullanilarak yapilmis bir AYE
analizinin ¢ozimii sirasinda olusan grafik Sekil 6°da
verilmistir. HAD analizi sonucunda olusan basing
dagiliminin yapisal tarafa aktarimindaki yakinsama degerleri
yesil ¢izgiler ile gosterilmektedir. Kirmizi ¢izgiler ise yapisal
analiz sonucunda hesaplanan sekil degistirme degerlerinin
HAD analizine aktirildigi siradaki yakimsama durumunu
gostermektedir. Yatay eksende ise iterasyon sayisi yer
almaktadir.
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1 2 3 4 5 6 7 g 9 10 11 12 13

Sekil 6. Sistemleri Baglama Ekranindaki Yakinsama Gorseli
[15].

2.4 Sistemleri Baglama Yonetici Denklemleri

Cift yonlii ve giliglii baglh AYE analizlerinde akiskan ve
yapisal modeller arasinda her analiz adiminda veri aktarimi
olmaktadir. Fakat her iki modelde kullanilan ag yapilari farkli
oldugundan aktarilan verilerin ne kadarmin dogru oldugu
kontrol edilmelidir.

Bu nedenle sistemleri baglama yazilimi ¢ift yonlii ve giiclii
bagli AYE analizleri swrasinda veri aktarimindaki
degisiklikleri kontrol eder. Eger wveri aktarimimdaki
degisiklikler belirlenen degerlerin altina inmezse analiz
durdurulur. Yazilim yakinsama kontroliinii Denklem (12),
(13) ve (14) numaral formiiller ile yapar [17].

1 . .
4, = Z(q)ll - ') (12)

Denklem (12)’de, w rahatlatma parametresidir. Denklemde
yer alan ¢ veri aktarimi yapilan degiskenin degerini, / alt
indisi veri aktariminin yapilacagi konumu, i st indisi ise
¢oziiciiler arasinda veri aktariminin yapildigi iterasyon
numarasini temsil etmektedir. 4; ise iki iterasyon arasinda
aktarilan verinin degisimini gdstermektedir.

A = =
Y7 ((maxlpl — minlgl) + |@]) * 0.5

(13)

Burada, A, , Denklem (12)’de hesaplanan 4; degerinin
normalize edilmis halidir. Normalize edilmis degisim degeri,
Denklem (12)’de bulunan iterasyonlar arast degisim
degerinin, aktarimi yapilan verilerin maksimum ve
minimum mutlak degerlerin arasindaki fark ile aktarilan
verilerin ortalamasinin toplanip yarrya boliinmesi sonucu
elde edilen degere oranlanmasi ile bulunur.

RMS = [(4,)" (14)

Yakinsama kontrolii Denklem (13)’te verilen ifade ile
yapilir.

2.5 Agdan bagimsizlik ve analiz sonuglari

Bu calismada TurboGrid yazilimi kullanilarak olusturulan ag
yapist i¢in, ag yapisinin etkisi incelenmistir. Ayrica ag
yapisinda bulunan hiicre ve diigim noktasi sayisi ile elde
edilen sonuclar karsilagtirilarak, en dogru sonucun elde
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edilebilecegi en az sayida hiicre igeren model arastirilmistir.
Sekil 7°de olusturulan farkli ag yapilarinin diigim noktasi
sayilar1 ve sekil degistirme sonuglar karsilagtirmali olarak
verilmistir.

3.48E-04

~ 3.47E-04 - x X
g
& 34604 |
‘= ¢ 1. Model
5 3.45E-04 -
50 M 2. Model
S 3.44E-04
A 3. Model
T 3.43E-04
'%o X 4. Model
%8 | |
g 342804 4 X 5. Model
-iz 3.41E-04 - 6. Model
3
S 3.40E-04 4 PS
>~
> 3.39E-04 T .

0 500000 1000000 1500000

Digiim Noktas Sayisi

Sekil 7. Agdan Bagimsizlik Calismas1 Sonuglari.

Sekil 7°de gosterilen grafik farkli ag yapisindaki modellerin
sonuclarmi gostermektedir. Modellerdeki diigiim noktasi
sayis1 arttikca, y yoniindeki sekil degisimi degerinin de
arttig1 gozlemlenmistir. Ozellikle ilk ii¢ model igin sonuglar
olduk¢a farkli ¢ikmaktadir. Ancak 4, 5 ve 6. Modellerin
sonuglart birbirine olduk¢a yakindir. Bu sebeple, bu ii¢
modelden en az hiicre ve diigiim noktasina sahip olan model
4 uygun ag yapist olarak secilmistir. Model 4’te yaklasik
880000 diigiim noktasi ve 830000 hiicre vardir. Sabit
kanatcik akis hacmine de model 4’te kullanilan ag yapist
ozellikleri ile sayisal ag olusturulmus ve takip eden analizler
bu ag yapist kullanilarak gerceklestirilmistir. HAD
analizlerinde tiirbiillans modeli olarak ‘Shear Stress
Transport (SST)’” modeli kullanilmistir.

Sekil 1’de verilen doner ve sabit kanatgik yapisi igin tek
yonlii ve giiglii bagh ¢ift yonlii AYE analizlerinde havanin
akis hacminde ulasabilecegi maksimum hizlar incelenmis
olup, elde edilen hiz degerleri Sekil 8’de verilmistir.

Cift Yonlu AYE ‘
Tek Yonlu AYE ‘
573,6 573,8 574 574,2 574,4

Maksimum Hava Hizi (m/s)

Sekil 8. Tek Yonli ve Giigli Bagh Cift Yonli AYE
Analizlerinde Maksimum Hava Hiz Degerleri

Her iki ¢oziimden elde edilen sonuglar kiyaslandiginda
% 0.09 oraninda fark oldugu tespit edilmistir. Elde edilen bu
sonucun 1s1ginda, yapisal bir degisimin incelenmeyecegi
analizlerde tek yonlii AYE sonuglarmin da hata oranmin
diisiik oldugu gézlemlenmistir.
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5. SONUC

CFD yazilimlar kullanilarak gerceklestirilen analizlerde tam
yakmsama elde edilmesi, ¢dziimlerin dogrulugu agisindan
biiyilk 6neme sahiptir. Bu nedenle, yapilan analizlerde ag
bagimmsizligi gibi duyarlilik analizi yapilmasi gerekir.
Sistemlerin birlestirilmesinde yontemlerin dogru bir sekilde
kavranmasi, dogru ¢oziimlerin elde edilmesine yardimct
olabilir.

Bu calismada AYE analizlerinde kullanilan farkli yaklagimlar
ele alinmis ve hangi yaklasimimn hangi tiir ihtiyaglara cevap
verebilecegi degerlendirilmigtir. Ele alinan her bir yontemde
de hesaplama siireglerinde bazi temel farkliliklar vardir ve bu
nedenle sayisal ¢oziimler de farklilik gosterir.

Tek yonlii AYE analizlerinde akisin, yapisal kismin sekil
degisiminden etkilenmedigi kabulii yapilmaktadir. Bu
yontemde akigkan ve yapisal ¢oziiciiler ayr1 ayri ¢oziim
yaparlar. ilk olarak HAD analizi ¢6ziim sonuglari elde edilir.
HAD analizinden elde edilen basing dagilimi yapisal ¢oziicii
SEM’e aktarilir. Akisin olusturdugu etki SEM’de bir sinir
sarti olarak isleme alinarak tek yonli AYE analizi
gerceklestirilebilir.

Yapisal kismin sekil degisiminden akigkan kismmnin az
etkilendigi durumlarda kullanilan tek yonli AYE analizleri,
¢ift yonlii analizlerle karsilagtirildiginda oldukga hizli sonug
vermektedir. Ancak unutulmamalidir ki, yapisal kisimda
meydana gelen degisikliklerin akis hacmine etkisinin ihmal
edilmemesi gereken durumlarda, ¢ift yonlii AYE analizleri
uzun zaman gerektirmesine ragmen tercih edilmelidir.

Cift yonlii yaklagimda, sekil degistiren yapisal kismin
akiskan bolgesine etkisi ihmal edilmez. Iteratif ¢oziimler
uygulanarak, yapisal kisimda meydana gelen sekil degisimi
akiskan hacminin geometrisine uygulanarak HAD analizi
tekrarlanir. HAD ve SEM coziiciileri sirayla ¢ozlime dahil
olurlar ve sekil degisimini, basing degerlerini ve ag yapilarini
birbirlerine aktarirlar.

Tek yonlii ve ¢ift yonlii analiz sonuglarinda maksimum hava
hiz1 sirastyla 573.9 m/s ve 574.4 m/s’dir. Ortaya konulan
probleme gore yapisal degisimin Onemli olmadigi
durumlarda tek yonlii AYE sonuglar ile ¢ift yonli AYE
analiz sonuglarinin ¢ok yakim oldugu yapilan analizle de
dogrulanmistir. Bu nedenle sekil degisim degeri ¢ok yiiksek
olmayan yapilarda ve akiskan hacminin yapisal sekil
degisiminden ¢ok etkilenmedigi durumlarda tek yonlii AYE
analizlerini tercih etmek daha mantiklidir. Cift yonli
analizlerde karsilagilan uzun zaman gereksinimi ve
yakisama zorlugu gibi etkenler tek yonlii analizleri daha 6ne
¢ikarmaktadir.

Gaz tiirbinli motorlarda, tiirbin kanat¢iklarinin yorulma ve
omiir davraniglarini incelemek gerekirse basing ve sekil
degisim degerlerine bagli olarak kanatgiklar {izerinde olusan
gerilmelerin degisimleri incelenmelidir. Analizi yapilacak
probleme uygun yontemin se¢imi uygun dogrulukta ve diisiik
maliyetli bir analiz elde edilmesine yardimei olabilir.

AYE analizleri kullanilarak, jet motor parcalarinin
tasarimimda, yiiksek maliyetli deneysel ¢alismalar ve
testlerden Once; zaman, is giicli ve ekonomik tasarruf i¢in
tasarimlarin  milkemmele ulagsmasinda bu analizlerin
kullanilmasi biiyiik kolayliklar saglayacaktir.
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Etik kurul onay1 ve ¢cikar ¢atismasi beyani
Hazirlanan makalede etik kurul izni alinmasina gerek yoktur.

Hazirlanan makalede herhangi bir kisi/kurum ile c¢ikar
catismasi1 bulunmamaktadir.
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Bu ¢aligmada bilgisayar ortaminda akustik fantom olusturulmus ve fantom iizerinde iki farkli sicaklik
dagilimi icin akustik simiilasyon gergeklestirilmistir. Iki farkli sicaklik dagilim igin elde edilen doniis
sinyallerine ¢apraz korelasyon uygulanarak yerel noktalardaki zaman kaymalar1 hesaplanmistir. Zaman
kaymasi vektoriiniin eksenel egimlerinin doku sabiti ile garpilmastyla her noktadaki sicaklik degisimi
hesaplanmustir. Sicaklik tahmininde, analiz sonucunda bulunan zaman kaymalarinin yatay eksene gore
egimlerinin bulunmasi i¢in geri fark yontemi ve dogru uydurma yontemi kullanilmis ve sonuglar
karsilastirtlmustir. Sicaklik dagilimi ilk durumda doku 37°C’de tiniform sicaklikta ve ikinci durumda doku
merkezi 45°C ve etrafinda ¢an egrisi yaparak azalan sekilde tanimlanmustir. Sicaklik 6lgiimiindeki
maksimum sapmalarin, geri fark yonteminde 1,99°C, dogru uydurma yonteminde 0,75°C oldugu ve
kullanilan modelin tek boyutlu uygulamada yeterli oldugu goriilmiistiir. Bu ¢alisma ile birlikte ileride
yapilacak iki boyutlu simiilasyon ve deneysel ¢aligmalar igin taban olusturulmustur.
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signals obtained from simulation results. The temperature distribution was estimated by multiplying the
axial slopes of the time shift vector by the tissue constant. In the temperature estimation, the back
difference method and the linear fitting were used to find the slopes of the time shifts, and the results of
two methods were compared. In study, the first temperature distribution, defines the tissue is uniform at
37°C, and in the second temperature distribution, the temperature is reaching 45°C in the center of tissue
in the shape of Gaussian curve. The maximum deviation in the temperature estimation were found 1.99°C
in the back difference method and 0.75°C in the linear fitting method. Study shows that, time-shift based
temperature estimation is successful in on one-dimensional application. Thus, basis for future
multidimensional simulation and experimental studies has been established.
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Giris

Hipertermi ve 1sil ablasyon uygulamalari ile timor
dokulart kiiciiltiilebilmekte veya yok edilebilmektedir.
Sicaklik artis1 sonucunda tiimor dokusunda bulunan
hiicrelerin enzim faaliyetleri yavaslamakta ve planli hiicre
Olimleri gerceklesmektedir. Bir diger mekanizmada
yiikksek sicaklik uygulamasi sonucunda proteinler
dogrudan denaturasyona ugramakta, doku hizlica su
kaybetmekte ve komiirlesme ger¢eklesmektedir, [1]. Bu
tedavilerin bagarili olmasi i¢in dokuya belirli bir 1s1l
dozun uygulanmasi gerekmektedir. Hipertermi tedavisi
icin dokunun belirli bir sicaklikta (40-45 °C) belirli bir
stire (>30 dakika) tutulmasi1 gerekmektedir. Komiirlesme
icin gerekli sicaklik degeri yiikselmekle birlikte (>60 °C),
islem daha kisa siirede (30 s’ye kadar) gerceklesmektedir,
[2].

Doku ig¢i 1s1l goriintiilemenin 6énemi burada belirgin hale
gelmektedir. Tedavi esnasinda dokunun maruz kaldig
sicaklik  dagilimmin tedavi siiresince izlenmesi ile
birlikte, timorlii doku ve gevre saglikli dokularin aldig:
1s1l doz belirlenebilir. Boylelikle hem timoriin hem de
saglikli ¢evre dokularm aldig1 zarar nicel olarak tespit
edilebilir ve tedavinin basarisinda Olgiit olarak
kullanilabilir.

Ultrasonik goriintlileme, bir 1s1l ablasyon sirasinda
tedavinin izlenmesi ve basar1 tespiti i¢in klinikte
kullanilan bir tekniktir. Ablasyon siirecinde, yakilan doku
bolgesinden gaz c¢ikist gozlemlenmekte ve tedavi
yorumlanmaktadir, [3]. Isil goriintiileme tekniklerinin
geleneksel ablasyon tedavi izlemelerinin yaninda
yardimci bir 6lgiit olacagi ongoriilmektedir. Ablasyon
gorlintiilemenin  yam1  sira  sicaklik  kontrolli ilag
salmimlarinda sicaklik tahmini kullanilmaktadir, [4].

Dokularda 1s1l goriintilleme girisimsel olarak doku
icerisine daldirilan silgiftler ile gergeklestirilebilir. Ancak
girisimsel  Ol¢lim, komplikasyon yaratma riskini
icerdiginden ve farkli bolgelerde Olglim igin ayr
wsilgiftlerin doku igerisine yerlestirilmesi gerektiginden
dolay1 dezavantajlidir. Girisimsel olmayan bir teknik
olarak manyetik rezonans tabanli 1s1l goriintiileme
teknikleri uygulamalarda yer almaktadir, [5],[6]. Ancak
manyetik rezonans cihazlar1 klinik uygulamalar icin
maliyeti yiiksek bir goriintiileme teknigidir. Ultrason
tabanli 1s1] gorlintiileme tasinabilir, disiik maliyetli ve
dokuya zarar vermeyen yonleri ile dikkat cekmektedir,
[7]. Ticari ultrasonik goriintiileme cihazlarindan elde
edilen sinyaller iizerinde analiz gergeklestirilerek sicaklik
goriintilleme  gerceklestirilebilir. ~ Ultrasonik  1s1l
gorintiilemede mutlak sicaklik yerine dokuda meydana
gelen sicaklik artiglart hesaplanmaktadir. Baglangic
sicaklik degerinin doku merkez sicakligi (37°C) olarak
varsayillmasi ile mutlak sicaklik yaklagik olarak tahmin
edilebilir. Ancak, sicaklik degisiminin ultrasonik
yontemle hesaplanmasi, sinyallerin {ist iiste binmesi ve
giiriiltii nedeni ile ayrintili bir analiz gerektirmektedir.

Doku sicakligmin degisimi ile birlikte dokunun termo-
akustik ozellikleri ve buna bagli olarak ses hizi
degismekte, ayrica 1s1l genlesme etkisinden Otiird ilgili
bolgenin gergek derinliginde kaymalar olusmaktadir.
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Bunun bir sonucu olarak, geri doniis sinyalinin ugus
stiresindeki degisiminin degerlendirilmesi ile sicaklik
degisimi hesaplanabilmektedir [8],[9]. Literatiirde doku
fantomu [9]-[12] ve hayvan deneyleri [12]-[14] ile
yapilan deneysel caligmalarda doku ig¢i sicaklik artist
gergeklestirilmis  ve  ticari  ultrasonik  sistemler
kullanilarak sicaklik 6l¢iimii zaman kaymasi yontemi ile
elde edilmistir. Varghese vd. [13] ve Anand vd. [10]
caligmalarinda zaman kaymalar1 degerlerini RF sinyali
iizerinde ¢apraz korealasyon islemi uygulanmasiyla elde
etmislerdir. Simon vd. [9], Liu ve Ebbini [12] RF sinyalini
analitik sinyale c¢evirmis ve analitik sinyaldeki faz
kaymalarindan hareketle zaman kaymalarmi tespit
etmislerdir. Sakakibara vd. [11] ¢alismasinda 2B goriintii
iizerindeki piksellerin kaymalarini tespit etmis ve bu
kaymalardan yerel yer degistirmelerini tespit ederek
sicaklik tahmini yapmuslardir.

Liuve Ebbini [12] 1°C ve alt1 sapmalar ile ger¢cek zamanl
olarak sicaklik 6l¢iimii yapilabildigini bildirmis, Anand
ve ark. [10] fantom calismasinda 1sil ¢ift Slclimiiyle
arasindaki maksimum farki 0,24°C olarak tespit
etmislerdir. Ultrasonik sicaklik sirasinda dokularin maruz
kaldig1 hareketlerin etkisini ve 6l¢limde bu etkinin telafisi
lizerine ¢alismalar bulunmaktadir [15]-[17]. Isil gerinim
goriintiileme, zaman kaymasi temelli Ol¢iim ile ayni
temele sahip bir goriintiileme modalitesidir. Yontemde
kontrollii bir sicaklik artist sonucunda doku i¢i zaman
kaymalar1  hesaplanmakta ve gerinim  Dbilgisine
doniistirilmektedir. Yag ve su gibi dokular zit 1sil
gerinim  profiline sahiptirler. Bu dokularin 1s1l
gerinimlerinin ters igaretli olmasi 6n bilgisi ile dokuya
kontrolli bir sicaklik artist uygulanmast ve 1sil
gerinimlerinin 6l¢iilmesi sonucunda, doku igerisindeki
bolgelerin su veya yag bazli olduklari tespit edilmektedir
[18]-[20].

Kullanilabilecek diger bir yontemde, doku empedansimin
degisimi sonucunda doéniis sinyalinin genliginde olusan
degisimlerin  degerlendirilmesiyle sicaklik tahmini
yapilabilmektedir. Geri doniis enerjisindeki degisim [21]—
[23] ve fotoakustik 6l¢iim teknigi [24] sinyal genligindeki
degisimleri degerlendiren tekniklerdir.

Literatiirde farkli sartlarda gergeklestirilen deneysel
Olciimlere iligkin g¢aligmalar olmakla birlikte, sicaklik
6l¢tim kriterlerinin sistematik degerlendirilmesine iligkin
calisma goriilmemistir. Bu ¢aligmada sanal ortamda
simiilasyon c¢aligmas1 yapilarak sicaklik dagiliminin
hesaplanmast ve Ol¢lim yoOnteminin degerlendirme
kriterlerinin incelenmesi amaclanmistir. Calisma iki
kisimdan olusmaktadir. Ilk kisimda MATLAB [25]
iizerinde yansitict Ozellikleri igeren sanal bir doku
fantomu olusturulmus ve k-Wave paket programi ile
dokuda iki farkli sicaklik dagilimi igin akustik simiilasyon
gerceklestirilmistir. Ikinci kisimda, doniis sinyalleri
iizerinde ugus zamani degisimine dayali sicaklik
tahminlemesi yontemi kullanilarak sicaklik dagilimi
hesaplanmis ve tanimlanmis sicaklik profilinden olan
sapmalar belirlenmistir.
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Tek Boyutlu Doku Fantomu I¢indeki
Akustik Sinyallerin Modellenmesi

Doku Fantomunun Olusturulmasi ve Sicakhik dagihm

Caligmada MATLAB iizerinde yansitici parcaciklar
iceren tek boyutlu sanal bir karaciger doku fantomu
tanimlanmistir. Hesaplama alan1 tek boyutlu olup,
derinligi kullanilan ¢aligma frekansinda (f = 8,5 MHz)
300 dalga boyuna () karsilik gelecek sekilde 54,353 mm
secilmistir. Homojen olmayan bir ortam olusturabilmek

icin doku igerisine akustik yansitict pargaciklar
tanimlanmigtir. Her bir pargacigm derinligi 0,15 dur.
Parcaciklar, aralarindaki ortalama uzaklik 11A ve

aralarmdaki uzakligin standart sapmasi 2,2A olmak iizere
Gaussian profilde yerlestirilmiglerdir. Pargaciklarin
akustik empedanslarmin doku empedansindan hafifge
farkli  oldugu varsayilmustir. Iginde parcaciklarin
bulundugu tek boyutlu doku ortami Sekil 1°de sematik
olarak gosterilmistir ve fantom doku ve igerisindeki
yansitict pargaciklarin termo-akustik 6zellikleri Tablo
1’de verilmistir.

Doku ortami ve pargacik dagilimi
T T

* Yansicl
—Doku

L 1 1
150 200 250
Derinlik (Dalga Boyu)

100

Sekil 1. Tek boyutlu doku ortami ve yansitict pargacik
dagilimi

Karacigerin 37°C’de ses hizi Tablo 1°de 1578 m/s olarak
verilmistir. Empedans farklilig1 yaratmak igin yansitict
ses hizlar1 1530 m/s olarak tanimlanmis ve yansiticilarin
yogunlugu doku ile esit kabul edilmistir. Doku igindeki
ortalama ses hiz1 Denklem 1’in kullanilmasi ile 1577,38
m/s olarak hesaplanmigtir. Burada r, doku igerisinde
bulunan yansiticilarin toplam kalinligmin tiim hesaplama
alan1 kalinligina oranidir.

1 _(1—r)+ r

Cdoku

Cortalama Cy(lnSlflCl

Akustik simiilasyon ¢aligmasinda doku igerisindeki her
bir noktaya, referans sicakliktaki (37°C) yogunluk ve ses
hizi degerlerinin ve ses hizinin sicaklikla degisim
katsayisinin tanimlanmasi gerekmektedir. Bu caligmada
yogunlugun sicaklikla degisimi ihmal edilmistir.

Doku ve parcacik empedans degerleri
Akustik empedans

Z =p-c (2)

olarak tanimlanmaktadir. Ses dalgasmnin farkli bir ortama
gecisi sirasindaki basing ve enerjisinin yansima oranlari
iki ortam arasindaki empedans farkina bagli olarak sirasi
ile

R - Lk 3
Basing — Zz +Zl ( a)
REne‘rji = Rlzmsmg (3b)

300

M
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bagintilar1 ile hesaplanmaktadir. Burada R, yansima
katsayisi, Z akustik empedans, p yogunluk ve c ses hizi
degerleridir. Indisler sirastyla doku (1) ve yansitict (2)
ozelliklerini tanimlamaktadir. Tablo 1’de verilen degerler
kullanilarak 37°C sicakliktaki doku-yansitict arayiizeyi
icin yansima basing orani 0,0154, doniis enerjisi orani ise
~2,385x10* olarak hesaplanmigtir. Goz Oniine alinan
doku igerisinde, pargaciktan ana dokuya geciste ve ana
dokudan parcaciga gecislerin her birinde yansimalar
olmakta, ayrica bu yansimalarin tekrar geri yansimasi ile
¢oklu yansimalar olugsmaktadir. Calismada c¢oklu
yansimalardan meydana gelecek benek giiriiltiilerinin
minimum olmasi istenmistir. Bu nedenle sagicilar arasi
uzaklik yiksek tutularak seyrek sagici  modeli
olusturulmustur. Bdylelikle bir sagici bolgeden gelen
sinyal tizerinde bulunan, ilgili sagicidan daha Onde
konumlanmis diger sacicilardan kaynakli giiriiltiiler
azaltilmistir. Benek etkileri bu caligmanin kapsamina
almmamustir.

Doku icerisindeki sicaklhik degigiminin tamimlanmasi

Olusturulan doku fantomu igerisinde iki ayr sicaklik
dagilimi tanimlanmustir. ilk durumda doku her noktada
37°C’de bulunmaktadir. Tkinci sicaklik durumunun,
dokunun merkezine uygulanan bir 1sitma sonucunda
olustugu varsayilmistir. Termal terapi uygulamalarinda
sicaklik dagilimi noktasal, ¢izgisel, alan isitmast veya
hacim 1sitmas1 olmak iizere uygulama boélgesinin sekline
gore ve cevre bolgedeki doku yapisina ve kan dolagimina
baglt olarak degismektedir. Literatiirde deneysel olarak
yapilan g¢aligmalarda termal ablasyon uygulamalarinin
benzetimi amaciyla, Slglim yapilacak doku odaginda
noktasal sicaklik artig1 uygulamasi gergeklestirilmektedir
[9-14]. Bu uygulama sonucunda 1s1 transferi fizigi ve
doku termal 6zelliklerine gore odak c¢evresinde sicaklik
dagilimi olusmaktadir. Bu c¢aligmada temel amacin
sicaklik tahminleme kriterlerini belirlemek olmasi nedeni
ile bir pik nokta etrafinda Gaussian sicaklik profili
olustugu varsayilmigtir. Buna gdre, dokunun merkezinde
45°C igin pik yapacak ve merkezden her iki ydnde
yaklagik 70 A uzaklikta, ¢an egrisinin kuyrugu 37°C’ye
ulagacaktir. 1ki ayr sicakhk dagilimi Sekil 2°de
kargilagtirmali olarak gdsterilmistir.

46 Sicakhik dagilimi

Sicaklik [*C]
- B o
28

150
Derinlik (A}

100 200 250

Sekil 2. Tlk ve ikinci durum sicaklik dagilimlar
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Akustik Simiilasyon

Akustik  benzetim modelinde, MATLAB iizerinde
kullanilan kWave [27],[28] yazilim paketi icerigindeki
genel akustik korunum denklemleri, iizerinde degisiklik
yapilmadan kullanilmustir.

Bagslangi¢ ve Stmir Sartlart

. Baglangic aninda (to = 0) dokudaki akustik
basing degeri sifirdir.
t= tO

p(x,t) =0 4

Tablo 1. Doku termofiziksel ozellikleri [26]

tanimlanan sanal transdiiser ile dokuya gonderilmistir.
Atim sinyali formu Sekil 3’te gosterilmistir.

Doku Ses Hiz1 (37°C) | dc/dt Yogunluk Akustik Sogurma, | Kaynak
(37°C) a
dB/cm
Karaciger 1578 0,8375 1050 0,3 [26]
Yansitici 1530 0,8375 1050 0,3 -
Doku (ortalama) 1577,38 0,8375 1050 0,3 -
Ultrason atim sinyali
. x=0 noktasinda St.um siiresi kadar giris sinyali [ ' ' ‘ ‘
uygulanmustir. 1000
p(0,t) = 500
{A -sin 2rft), 0<t< Stapm ®) Yz
0, t>Jtaum '3: ol
c
. Hesaplama alanmin her iki ucuna akustik n
sogurucu ortam olarak haricen PML (Perfectly Match 8 -500 |
Layer) katmani tanimlanmistir. Bu katman hesaplama
alan1  uclarindan geriye olabilecek  yansimalarn -1000 |
sontimlemektedir. . : : : :
0 02 04 06 08

Simiilasyon baslangicinda, ilk grid {izerinden atim siiresi
boyunca tanimlanmis bir basing sinyali yayimlanmakta,
sonrasinda tiim simiilasyon siiresi boyunca doniis basing
degerleri ayn1 grid elemani iizerinden dinlenmektedir.

Hesaplama parametreleri

Gridler arasi uzaklik ve zaman adimi siklig1 hesaplama
yiikiinii ve dogrulugunu etkilemektedir. Bu iki degerin
siklastirilmast sonucunda sistemin hesap yiikil artmakta,
sikliginin  azaltilmasi durumunda dalga formlarinin
olusumunda hata go6zlemlenmektedir.  Bu etkileri
gbzlemlemek i¢in baslangigta bir kare dalga atilarak geri
doniis sinyallerinin degisimi izlenmis ve hesaplama
araliklar1 hissedilir oOlglide bir dalga bozulmasinin
olmayacag: siklikta secilmistir. Buna gore grid genisligi
dalga boyunun 1/20’si ve hesaplama zaman adimi
frekansin 1/100°1 olarak alinmaistir.

Atim sinyali

1 GPa basincindaki genlik ve 8,5 MHz frekansinda
olusturulmus, 7 periyotluk siireye sahip siniizoidal
dalgaya ait vektoriin elemanlari, Gaussian dagilimin
elemanlar1 ile birebir c¢arpim yapilmigs ve ¢arpim
sonucunda elde edilen sinyal 1. siradaki grid iizerine
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Zaman (us)
Sekil 3. Giris atim sinyali

Doniis sinyallerinin degerlendirilmesi

Iki farkli sicaklik durumu igin (37°C sabit sicaklik ve
doku icinde yukarida tanimlanan sicaklik dagilimimin
olmast hali) kWave iizerinde simiilasyon ¢alistirilmis ve
geri doniis basincmin zamana bagli degisim sinyali bir
numarali grid iizerinden kaydedilmistir. Sinyal {izerinde,
ses hizinin ortalama degeri kullanilarak zaman bilgisinden
derinlik bilgisine doniigiim yapilmistir, (Denklem 6).

U Cort
2

Akustik sogurma nedeniyle geri doniis sinyallerinde
derinlik arttik¢a zayiflama meydana gelmektedir. Bu
zayiflamay telafi etmek igin zaman ekseninde derine
indikce sinyale akustik sogurma katsayis1 temel almarak
kazang¢ uygulanmistir. Simiilasyon sonucunda elde edilen
geri doniis sinyalleri Sekil 4’te gosterilmistir. Geri doniis
sinyallerinde kirmizi1 sinyal ilk sicaklik durumunu, yesil
sinyal ikinci sicaklik durumunu gostermektedir. Burada
doniis sinyallerinin sagicilarin konumuna karsilik gelen

Derinlik =

(6)
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yerlerde pik degere ulastigi, ancak yansimalar nedeniyle
sinyallerin iist {iste binmis siniizoidal dalga formlarindan
olustugu gorilmektedir. Sicaklik degisiminden dolayi
ikinci durumdaki donis sinyalinde bir farklilagsma
olusmaktadir.

Geri doniis sinyalleri

20 -T,
| o
L
g 0 | { -1 | ‘\ ‘ -
MR
] ‘
-20 .
0 50 100 150 200 250 300 350
Derinlik (A)

Sekil 4. Geri doniis sinyalleri
Sicakhik Dagiliminin Tahminlenmesi

Sicaklik degisiminin tahminlenmesinde zaman kaymasi
yontemi kullanilmistir. Dokuda sicaklik degisimi olmasi
halinde, dokunun sicakliga bagli genlesmesi ve ses hizinin
degisimine bagl olarak sinyal ugus siiresi degismektedir.

Zaman kaymasi ikinci durumda dlgiilen geri doniis siiresi
ile birinci durumda olgiilen geri doniis siiresi arasindaki
fark olup Denklem 7°de ifade edilmistir.

6t(z) = TOF,(z) — TOF,(2) @)

Burada 8t , dokunun ayni noktasindan geri donen sinyal
icin ugus siiresi degisimini gostermektedir. Ugus siiresi
degisiminden tersine islem yapilarak, Denklem 8-9°da

verilen bagntilar ile doku sicaklik  degisimi
hesaplanabilmektedir, [9].
5T(2) = C"(Z)( ! )ié‘t(z) )
2 \a(z) —B(2)/ oz
1 0c(z,T)
B(z) = NOR 9)

T=T0

Burada c¢y(z), herhangi bir z derinligindeki doku
bolgesinin baslangic durumundaki ses hizi degeri, o(z)
dogrusal 1s1l genlesme katsayisidir. Ultrasonik sinyaller
ayrik zaman ile ifade edildiginden 6tiirii bu denklemin
ayriklastirilmis hali kullanilmaktadir, (Denklem 10).

1 ) A5(i)
a@) - pGA)/ Ai
Burada denklemin doku ile ilgili 6zelligini belirleyen sol

terim, doku sabiti olan kgok’ya esitlenmistir, (Denklem
11).

AT (D) = ( (10)

kaoku = (ﬁ) (11)

Denklem 10, doku sabitinin yerine yazilmasiyla tekrar
diizenlenmis ve Denklem 12 elde edilmistir. Bu denkleme
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gore, zaman kaymalarmm zaman adimi eksenine gore
egiminin bir doku sabiti ile ¢arpilmasi ile sicaklik tahmini
gerceklestirilmektedir.

A8()

AT () = kaoku AL (12)

Simiilasyon verisi iizerinde uygulama

Bu boliimde, elde edilen simiilasyon verisi {izerinde,
ultrasonik  sicaklik  tahminlemesi adim  adim
gerceklestirilmistir. Simiilasyonda elde edilen geri doniis
sinyalleri her bir zaman adimina karsi gelen basing
degeridir. Zaman admm serisinden derinlik serisine
doniistim,  gorsellestirme ve veri sunumlarinda
gerceklestirilmektedir.  Elde edilen geri  doniis
sinyallerinde Sekil 5’te goriildiigii lizere yansiticilardan
meydana gelen doniisleri ifade eden, ana dalga formlarina
kiyasla kiiciik genlikli giiriiltiiler bulunmaktadir. Bu
giiriiltiileri elimine etmek i¢in 1 kPa altindaki degerleri
sifira esitleyen bir esikleme filtresi uygulanmustir.
Sicaklik tahmin analizleri, filtre edilmis sinyal tizerinden
ylritilmistiir.

20 a) GDS 20 b) Esiklenmis GDS
-T -1
= 10 ﬂ T 10 | ' T2
S b b
o of *ﬂj | ~vJ b o ‘\h ﬂ “h
8 ! Il
IR
R -20
170 180 190 170 180 190
Derinlik (A) Derinlik (A)

Sekil 5. Filtre dncesi ve sonrasi basing degerleri

Tahminlemenin ilk asamasinda, sicaklik dagilimimna ait
sinyaller arasindaki zaman kaymalar1 bulunacaktir. Elde
edilen sinyallerdeki 6rnek bir zaman kaymasi Sekil 6’da
gosterilmisgtir.

Zaman adimi kaymasi

20 =T
T

g 10 K 2
& 0 *\_I/\\ <
2
m-10

-20

3.46 3.47 3.48 3.49 3.5 3.51 3:62 3.53
Zaman Adimi «10%

Sekil 6. Zaman kaymasi

Caligmada zaman kaymasi algoritmasmin dogrulugunu
tespit etmek amactyla analitik yoldan karsilastirma
yaptlmigtir. Her bir grid ig¢in beklenen ugus siiresi,
onceden tanimlanmis sicaklik dagilimi ve geometriye
gore Denklem 13 ile hesaplanmstir. Ikinci ve ilk
durumdaki sicakliklara karsilik gelen ugus siireleri
arasindaki fark alinarak beklenen (olmasi gereken) zaman
kaymasi degerleri hesaplanmigtir.
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= Az
t(zT) = 2 ; o

Sicaklik degisiminin sinyal iizerinden hesaplanabilmesi
i¢in Denklem 12°de belirtildigi {izere sirasi ile a) dalga
formlarinin zaman serisi iizerinde ne kadar kaydiklarinin
tespit edilmesiyle yerel zaman adimi kaymalar1 vektorii
bulunmakta b) bu vektdriin zaman adimi eksenine gore
egimi elde edilmekte c) elde edilen bu egim doku sabiti
ile carpilarak yerel noktalardaki sicaklik tahmini
gerceklestirilmektedir.

(13)

Sinyal iizerinde zaman kaymasi bulunmasi

Caligmada seyrek yansitici modeli kullanilmasindan
otiiri, tekil yansiticilardan gelen her bir geri doniis atim1
sinyalde aywrt edilebilir olarak goziikmektedir. Bu
durumda, n. yansitict dolayisiyla olusan dalga formu,
derinlik ekseninde n. atima denk gelmektedir, (Sekil 7).
Yansiticillara ait bu bdlgeler sinyal iizerinde tespit
edilmistir ve algoritmalar sinyallerdeki bu boélgeler
lizerinde ayr1 ayri galigtirilarak zaman kaymasi vektorleri
elde edilmistir.

30 Geri doniis sinyalleri

T,
'_‘20 “ T2
2o | ] )
o4 4 4 4 3
@ v‘r‘ | I |
i i B2 G
o | .
170 180 190 200 210
Derinlik (A)

Sekil 7. Yansiticilar ve sinyal

Birinci sicaklik dagilimina ait doniis sinyali referans
durum olarak kabul edilmistir. Referans sinyali
iizerindeki yerel maksimum pikler MATLAB iizerindeki
“findpeak” komutu ile tespit edilmistir ve bu piklerin
koordinatlar1 her bir tekil yansitici ile iligkilendirilmistir,
(Sekil 8).

30 Geri doniis sinyalleri ve pikler

121‘3

20 ¥ ¥ ¥ ¥ ¥ ¥ O¥ ¥ ¥ ¥

4 567 89 10111213 141516 1718 1920212223 2425
¥y ¥ ¥

25 |+ Pik
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Sekil 8. Yansiticilar ve ait olduklari pikler

T1 ve T2 sicaklik durumuna ait sinyaller iizerinde, her bir
yansitict koordinatinin merkezinde oldugu 2 atim sinyali

stiresi genisliginde pencereler agilmistir, (Sekil 9). Agilan
pencereler iizerinde, her bir yansitici igin ayr1 ayr1 olarak
¢apraz korelasyon islemi gergeklestirilmistir.

Pencereleme

N
o

-
o

Basing [kPa]
S o

N
o

A %“

3.45 3.5

Zaman Adimi

3.55
x10*

Sekil 9. Bir pik etrafina agilan ¢apraz korelasyon penceresi

Capraz korelasyon islemi iki farkli sinyalin benzerliklerini
tespit etmekte kullanilan bir sinyal analiz yontemidir. Reel
sayilardan olusan iki sinyal i¢in; referans sinyal sabit olmak
iizere, benzerlik tespiti yapilacak ikinci sinyal -co’dan +o0’a
dogru referans sinyalin {izerinde kaydirilmaktadir. Her
kaydirma adiminda iki sinyal penceresi, nokta carpimina
sokulmakta ve sonucu “Capraz Korelasyon Katsayis1” olarak
ilgili kaydirma adimina yazilmaktadir. Her bir T kaydirma
i¢in ¢apraz korelasyon katsayis1 Denklem 14°te verilmistir,
[29].

T/2

Ra@ = [ 50,0+ e

-T/2

(14)

Burada s; ve s, capraz korelasyonun gergeklestirilecegi
sinyallerdir. -o’dan +oo’a veya kapali bir araliktaki t
degerleri ile yapilan gapraz korelasyon sonucunda Rgg
vektorii elde edilir. Bu vektdrdeki maksimum degerin T
indisi “Tygymq” 1lgili yansitict igin zaman kaymasina, (i),
esit olmaktadir. (Denklem 15).
Trayma = aArgmax Reg (15)

Tilim yansitic1 bolgeler i¢in bu ¢apraz korelasyon yontemi
uygulanmis ve i zaman kaymasi vektorii elde edilmistir.
MATLAB fiizerinde capraz korelasyon “xcorr” fonksiyonu

ile gerceklestirilmistir. Elde edilen ¢apraz korelasyon grafigi
Sekil 10°da verilmistir.

Zaman kaymasi

Beklenen
* Capraz Korelasyon

-10

-20

Zaman kaymasi [di]

20 30 40
Zaman Adimi (i, x103)

50 60

Sekil 10. Capraz korelasyon ile elde edilen zaman
kaymalar1
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Zaman kaymas grafiginin zaman eksenine gore egiminin
bulunmasi

Bu boliimde sinyal iizerinden elde edilen zaman kaymalari
vektorleri lizerinde eksenel egimler elde edilmistir. Adi/Ai
terimini elde etmek i¢in a) iki noktali geri fark semasi, b)
parcali dogru uydurma olmak iizere iki farkli yontem
kullanilmistir.

iki noktalr geri fark: Egimin iki noktali geri fark yontemi ile
hesaplanmasi1 Denklem 16°da verilmistir.
Aéi[n] oi[n] — Si[n — 1]
Ai i[n]—i[n—1]

(16)

Parcal1 dogru uydurma: Pargali dogru uydurma yonteminde,
zaman kaymasi vektorii iizerinde bir pencere acilmis ve
pencere icindeki degerler kullanilarak dogrusal bir egri
uydurulmustur. Bu dogrunun egimi Adi/Ai degeri olarak
alinmaktadir.  Calismada seyrek  yansitict  modeli
kullanildigindan 6tiirli, pargali dogru uydurmadan Once
MATLAB iizerinde “pchip” fonksiyonu ile interpolasyon
uygulanmistir. interpole edilmis zaman kaymasi vektoriinde,
sinyal {izerinde bulunan piklerin koordinat degerleri
etrafinda 7 periyot genisliginde pencere acilmistir. Bu
pencere igerisindeki zaman kaymalar1 degerleri kullanilarak
MATLAB “polyfit” komutu ile dogru uydurma
gerceklestirilmistir. Bulunan dogrunun egimi, Adi/Ai olarak
kaydedilmistir.

Sicaklik tahminlemesinin yapilmasti

Geri fark ve parcali dogru uydurma yontemleri kullanilarak
iki farkli Adi/Ai vektorii elde edilmis ve Adi/Ai degerlerinin
onciil olarak bilinen doku sabiti kg, ile ¢arpilmasi ile
sicaklik  tahmini gergeklestirilmistir. Doku sabitinin
hesaplanmasinda, dogrusal 1s1l genlesme katsayis1 O olarak
almmustir. Ses hiz1 ve ses hizinin sicakliga bagl degisiminde
dokunun ortalama degeri alinmis ve 3 terimi Denklem 9
kullanilarak asagidaki sekilde hesaplanmaistir.

il [—Sr_nK]
38 (17)

= —4 =
5,3094 x 107 []

a ve [ terimlerinin Denklem 11’de yerine konulmasiyla
Kgoku sabiti asagidaki sekilde hesaplanmustir.

) = —1883,44K

1
kdoku:
<0 - 53094 x 10-* [] (18)

Elde edilen kg, katsayisi ile zaman kaymasinin zaman
eksenine gore egimleri ¢arpilmis ve sicaklik tahminlemesi
gerceklestirilmistir, (Sekil 11).

Sicaklhik Tahmini

Geri Fark
—=Dogru Uydurma
—Gergek Dagilim

0 50

100 150

Derinlik (A)

200 250 300

Sekil 11. Sicaklik tahminlemesi

Geri fark semasi ile elde edilen sicaklik tahmini, gergek
sicaklik profilini yaklagik 5-10A kadar derinlik eksenindeki
kayma ile takip etmektedir. Parcali dogru uydurma
yonteminde bu fark daha az olmakla beraber iki yontem de
tanimlanan Gaussian profile benzer bir sicaklik degisim
profili gostermektedir. Tablo 2°de geri fark ve parcali dogru
uydurma yontemiyle yapilan sicaklik tahminleri verilmis ve
beklenen sicaklik degerleri ile karsilagtirilmistir. Geri fark

semasinda maksimum sapma 1,99°C par¢ali dogru
uydurmada maksimum sapma 0,75°C olarak tespit
edilmistir.
Tablo 2. Sicaklik tahminleri
Geri fark ile | Parcali dogru
Nokta hesaplanan uydurma ile | Tanimlanan
sicaklik, hesaplanan sicaklik, °C
°C sicaklik, °C
1 37,00 37,00 37,00
2 37,00 37,00 37,00
3 37,00 37,00 37,00
4 37,00 37,00 37,00
5 37,00 37,00 37,00
6 37,00 37,00 37,01
7 37,00 37,00 37,05
8 37,00 37,34 37,31
9 38,02 38,05 37,94
10 37,96 38,82 39,35
11 40,72 41,74 42,29
12 42,65 44,02 44,64
13 45,19 44,55 44,52
14 43,38 41,87 42,02
15 40,82 40,44 39,69
16 39,94 38,69 38,14
17 37,76 37,15 37,26
18 37,00 37,00 37,07
19 37,00 37,00 37,01
20 37,00 37,00 37,00
21 37,00 37,00 37,00
22 37,00 37,00 37,00
23 37,00 37,00 37,00
24 37,00 37,00 37,00
Degerlendirme
Caligmada literatirde mevcut olan sicaklik tahmin

algoritmast ornek bir tek boyutlu doku sanal fantomu
iizerinde adim adim uygulanmistir. Fantom modeli olarak
seyrek dagitilmis coklu sagicilar kullanilmis ve bu sagicilarin
ses hiz1 degerleri doku ses hizi degerinden hafifce diisiik

667



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Sayfa 661-669

secilmistir. MATLAB {iizerinde k-Wave paket programi ile
simillasyon gerceklestirilmis ve elde edilen sinyaller
iizerinde sicaklik tahmin algoritmasi gergeklestirilmistir.

Sicaklik tahminlemesinde kullanilan zaman kaymasinin
zaman eksenine gore egimleri geri fark ve pargali dogru
uydurma yontemleri ile elde edilmis ve bu iki yontemin
sonuglart karsilagtirilmistir. Her iki yontemle elde edilen
tahminlerin Gaussian profile uygun bir bigimde dokudaki
sicaklik artis merkezi etrafinda olustugu goriilmiistiir. Geri
fark yonteminde, sicaklik profilinin gercek profilden derinlik
ekseninde bir sapma ile gergeklestigi, parcali dogru
uydurmadaki derinlik eksenindeki sapmanin daha disiik
oldugu goriilmiistiir. Geri fark ydnteminde hesaplanan
sicaklik degerindeki maksimum sapmanin 1,99°C, dogru
uydurma yontemindeki maksimum sapmanin 0,75°C oldugu
gorillmiistiir.

Parcali dogru uydurma ile yerel bir noktadaki sicaklik
artigin1 hesaplarken daha fazla veri kullanildigindan dolay1
gercek profile yakin olmasi beklenen bir sonuctur. Interpole
edilmis zaman kaymasi vektorii lizerinde gergeklestirilecek
bir yumusatma ile Gaussian profile daha uygun yumusak bir
sicaklik dagilimi alinmast miimkiindiir ancak sicaklik artis
verilerinin ham halleri ile ilgilenildiginden bu yumusatma
uygulamasi  gergeklestirilmemistir. Doku  igerisindeki
odaklamali 1sitma uygulamalarinda, ilgilenilen bolgede ne
derece sicaklik artigmin gergeklestirildigini tespit etmek
amaglanmaktadir. Bu 6l¢iit dahilinde algoritmaya uygun bir
yumusatma filtresi eklenerek artig bolgesindeki toplam 1s1l
doz belirlenebilir.

Bu ¢aligmada ultrasonik sinyallerde goriilen giirtiltiiler sinirl
olarak simiilasyona dahil edilmistir. Akustigin dogasindan
otliri meydana gelen benek giiriilti etkisi caligmanin
kapsamina alinmamis ve var olabilecek etkilerin en aza
indirilmesi amaglanarak seyrek sagici modeli
olusturulmustur. Boylelikle bir sacicidan donen sinyalin
iizerinde olusabilecek, diger sagicilardan kaynaklanan ¢oklu
yansimalar elenmistir. ileride yapilacak 2B ¢alismalarda
daha sik bir sagic1i modeli olusturulmasi ve benek etkilerin
sicaklik Olclimiine etkisinin incelenmesi planlanmaktadir.
Bu ¢alismada temel bir akustik sanal fantomun olusturulmast
ve sicaklik tahmin modelinin bu fantom {izerinde sinanarak
temel degerlendirme kriterlerinin belirlenmesi
amaglanmigtir. Gliriiltiiniin mevcut yontemin sicaklik 6lgtim
kriterleri iizerindeki etkisi iki boyutlu sagici ortamlar
lizerinde gergeklestirilen simiilasyonlarda incelenecektir.

Caligma temel diizeyde bir boyutlu simiilasyon iizerinde
mevcut yontemin kriterlerini ve 6lgme yetkinligini tespit
etmek icin gerceklestirilmigtir. Simiilasyon yontemi geriye
doniis sinyallerini sagic1  bolgelerdeki ani empedans
degisiminden kaynaklanan bir boyutlu diizlem dalga
seklinde olusturmaktadir. Ayni sekilde dalga kaynag: da bir
boyutlu dogadan o&tiirii  diizlemsel dalga iiretmektedir.
Gergek bir dokuda hem dalga hem de geri doniis sinyalleri
kiiresel yayinim ilkelerine bagli olarak olusacaktir ve sa¢ilim
etkileri ¢ok boyutlu ortamda goriilmeye baslanacaktir. Bir
boyutlu modelde yalnizca gerisin geriye yansima etkileri
gbzlemlenmektedir. Iki ve ii¢ boyutlu simiilasyonlarda ve
deneysel sonuglarda akustigin sagilma 6zelligi benek
etkilerine yol acacak ve bu etkiler herhangi bir derinlikten
gelen sinyalin geri doniis zamanlarinda sapmaya neden

olacaktir. Bu etkiler ileriki ¢alismalarda iki boyutlu
simiilasyon ile tekrarlanacak yeni 6l¢limlerde incelenecektir.

Calismada akustik sogurma etkisi, geri doniis sinyallerini
gercek bir dokudan alinan sinyallerde oldugu gibi derinlikle
azalan bir sekilde elde etmek i¢cin modele eklenmistir. Elde
edilen sinyaller iizerinde bir kazang¢ uygulamasi yapilarak
sogurma nedeniyle gergeklesen zayiflamalarin karsilanmasi
amaclanmistir. Yontemde iki farkli sicaklik dagilimina ait
sinyallerde, bir merkez etrafinda pencere agilmis ve pencere
icindeki sinyal pargaciklar1 ¢apraz korelasyona sokularak en
yiiksek benzerligin oldugu deger tespit edilmistir. Yapilan 6n
calismalarda 7 periyotluk bir geri doniis sinyalinde sinyalin
sonu ile basi arasindaki kazang katsayist orani binde 4,4
olarak hesaplanmis ve yapilan sicaklik tahminlerinin ayni
oldugu goriilmiistiir. Akustik sogurma etkileri ve kazang
uygulamasinin ¢ok boyutlu simiilasyonlarda ve ger¢ek ortam
deneylerinde sonuca etki edebilecegi ongoriilmektedir. Bu
calismalarda akustigin sagilma dogasi ile birlikte daha uzun
mesafe kat eden dalgalar 6nemli derecede zayiflayacak ya da
tamamen sogurulacaktir. Bu etkiler ileride yapilacak ¢ok
boyutlu ¢aligmalarda incelenecektir.

Ileriki ¢alismalarda 2B modelleme yapilarak kriterlerin ¢ok
boyutlu ortamda sagilmalar olmasi durumundaki gecerliligi
arastirilacaktir. Boylelikle gercege daha yakin bir sicaklik
artis tahminlemesinin yapilmasi beklenmektedir.
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Composite driveshafts have emerged as a potent substitute for traditional driveshafts because of their
excellent strength-to-weight and stiffness-to-weight ratios. At the same time, usage of multi-walled carbon
nanotubes (MWCNTs) as a reinforcement has gained a great momentum due to their superb mechanical,
electrical, and thermal characteristics. In this work, a micromechanical model combining the rule of
mixtures and the Halpin-Tsai (H-T) model was used to calculate elastic constants of MWCNTs-added
carbon fiber reinforced epoxy resin. This micromechanical model considers the effect of agglomeration,
aspect ratio, waviness, and random orientation of MWCNTs. Elastic constants of MWCNTs/epoxy resin
calculated by using micromechanical model was compared by experimental results available in the
literature. Moreover, finite element analysis (FEA) was carried out to predict the critical torsional buckling
load of composite driveshafts for various MWCNTSs concentrations and fiber orientation angles. The FEA
results were compared with the results obtained theoretically. The results showed that Young’s modulus
of MWCNTs/epoxy resin calculated by using the micromechanical model follows the experimental
findings. When compared to pure carbon fiber-reinforced epoxy resin, Ey, E,, G5, and G,3 (elastic
constants of composite lamina) showed improvements of 0.66%, 27.80%, 49.02%, and 37.50%,
respectively, in the case of 10vol.% MWCNTSs addition. The ply orientation angle has a more dominant
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effect on T, than the MWCNTs concentration.

Introduction

Fiber-reinforced polymer (FRP) composites become more
and more popular in automotive, aerospace, military,
construction, and other industries due to their superior
specific strength and stiffness compared to many traditional
materials such as steel and aluminium [1]-[4]. Particularly
in the automotive industry, composite materials have a wide
range of applications. According to Ref. [5], by 2024, the
automotive sector is predicted to be one of the top users of
composite materials, with yearly consumption expected to
exceed $15.5 billion.

The driveshaft one of the most critical parts of an
automobile serves as the link between the engine and the
axles and is responsible for transmitting the high torques
that are applied to the wheels [6]-[10]. Conventional
driveshafts commonly made of steel have a low cost of
production and great fabricability but are massy. Since
weight has a significant impact on automobile performance,
it is practical to improve it by replacing traditional heavy
drive shafts with composite ones. Weight savings ranging
from 24% to 80% have been recorded by researchers [7],
[11]-[13] when employing FRP composite driveshafts in
place of steel driveshafts.

The design of a driveshaft is carried out based on the design
specifications such as buckling torque capability, torque
transmission capability, natural bending frequency, weight,
and speed. A composite drive shaft was designed by
Rangaswamy and Vijayarangan [14] wusing genetic
algorithms for E-glass/epoxy and HM-carbon/epoxy
composites with the goal of minimizing shaft weight while
still meeting requirements for torsional buckling strength,
torque transmission, and natural bending frequency.
Kannan et al. [6] investigated the effect of stacking
sequence and fiber orientation angles on the natural
frequency, torsional stiffness, and buckling strength of a
composite driveshaft. When compared to a typical steel
shaft, composite materials led a significant weight
reduction. The findings also showed that the torsional
characteristics of the composite shafts are significantly
influenced by the fiber orientation angle. Modelling and
analysis of composite drive shafts for several ply angles and
layer counts were performed and so the safest design
criterion was determined by Altin et al. [7]. The numerical
results showed that the 10-layer model with a winding angle
of +/- 45 degrees has the lowest cost regarding strength.
Giilsah [15] studied the torsional buckling behaviour of
thin-walled rectangular cross-sectional composite tubes.
Effects of tube length, cross section, and ply angle on the
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critical torsional buckling load were investigated. The
results revealed that critical torsional buckling load occurs
between the ply angle of 20° and 40°. Critical buckling load
increased with the decrease of tube length, but its impact is
not as great as that of ply angle and edge rate. Rastogi [16]
reported a study presenting a thorough method for
designing driveshafts using automotive applications.
Preliminary  design  tools meeting performance
requirements such as critical speed, torsional strength,
torsional buckling strength, and torsional fatigue for
composite driveshafts were developed using closed-form
analytical solutions and validated through in-depth finite
element analyses. Shokrieh et al. [17] studied the torsional
buckling behaviour of the composite driveshaft. Influences
of ply angle, stacking sequence, and boundary conditions
on the torsional buckling load were also examined. The
findings demonstrated that the torsional buckling load is
significantly influenced by fiber orientation and stacking
sequence. They also concluded that finite element
modelling enables a highly accurate prediction of the
buckling torque.

The excellent electrical, mechanical, and thermal
characteristics of carbon nanotubes (CNTs) have led to their
recent consideration as potential nanoscale additives for
polymer composites. Since CNTs have an elastic modulus
and tensile strength in the range of 50-100 GPa and 1.4 TPa,
respectively, introducing CNTs to polymers results in an
increase of mechanical properties of polymers [18].
Schadler et al. [19] reported a 20% increase in tensile
modulus and a 24% increase in compression modulus.
Allaoui et al. [20] concluded that in comparison to pure
resin matrix, the elasticity modulus and yield strength for
composites containing 1 and 4 wt% carbon nanotubes,
respectively, have increased by 2 and 4 times. Tai et al. [21]
indicated 97.0% and 49.8% improvement in tensile strength
and tensile modulus, respectively, when 3 wt% CNTs were
added into the phenolic. Jain et al. [22] investigated the
reinforcement effect of carbon fiber-epoxy(CF-EP)
composites with CNTs and indicated that the ultimate
tensile strength and interlaminar shear strength of CF-EP
are increased by 17% and 28%, respectively, by the addition
0of 0.3 wt% CNTs.

To estimate the effects of CNT incorporation on the
mechanical characteristics of the polymers, several
micromechanical models have been suggested. In order to
predict the elastic modulus of CNT-reinforced polymer
nanocomposites Hassanzadeh-Aghdam et al. [23]
constructed a micromechanical model that takes into
account a number of significant parameters, such as the
random orientation and distribution of wavy CNTs, the
directional behaviour of CNTs, and the CNT/polymer
interphase. Fisher et al. [24] created a model integrating
finite element findings and micromechanical models to
determine the effective modulus of wavy CNTs-reinforced
polymer. Anumandla and Gibson [25] proposed a
micromechanics model considering the curvature, length,
and random arrangement of nanotubes for determining the
effective elastic modulus of carbon nanotube-reinforced
composites. Thostenson and Chao [26] revised the

micromechanical model utilized for the modelling of short
fiber composites to calculate the elastic modulus of the
carbon nanotube-reinforced nanocomposite. The outcomes
demonstrated that the elastic features of nanocomposites are
significantly influenced by nanotube diameter. Seidel and
Lagoudas [27] applied the Mori-Tanaka, self-consistent,
and composite cylinders micromechanics approaches to
calculate the Poisson's ratio, shear modulus, and elasticity
modulus of aligned CNTs-reinforced nanocomposites. Pan
et al. [28] created a model by exchanging effective fibers
with wavy carbon nanotubes so as to investigate the
effective elastic modulus of CNT/polymer composites,
focusing on CNT waviness and agglomeration. The
findings revealed that CNT-reinforced composites' elastic
modulus is substantially influenced by agglomeration and
waviness.

The main objective of this study is to examine the effects of
MWCNT on the critical torsional buckling load of
composite driveshafts numerically and theoretically. In this
study, elastic constants of MWCNTs-added carbon fiber-
reinforced epoxy resin were calculated using a
micromechanical model that combines the rule of mixtures
and the Halpin-Tsai (H-T) model. The impact of MWCNT
aggregation, aspect ratio, waviness, and random orientation
is considered by this micromechanical model. Elastic
constants of MWCNTs/epoxy resin computed by using a
micromechanical model were compared with the published
experimental results. The critical torsional buckling load of
composite driveshafts is also predicted using finite element
analysis (FEA) for different MWCNT concentrations and
fiber orientation angles. The results of the FEA were
compared to those found theoretically. Additionally, a
regression equation was constructed that gives the variation
of the critical torsional buckling load of composite
driveshaft with the change of ply orientation angle and
MWCNT concentration.

Micromechanical model
Elastic constants of CNTs-reinforced polymer matrix

Understanding the mechanical behaviour of CNT-
reinforced polymer composites under torsional loads
requires knowledge of elastic constants such as elasticity
modulus, Poisson's ratio, and shear modulus. In this work,
the mechanical properties of CNTs-based polymer
composites were determined by combining the rule of
mixtures and the Halpin-Tsai (H-T) model. This combined
model considers the impacts of agglomeration, random
orientation, aspect ratio, and waviness of CNTs in the
matrix when calculating the mechanical properties of
nanocomposite [29]-[31].

The elasticity modulus of the straight-aligned CNTs
incorporated polymers (E,,_cyr) can be predicted by using
the following H-T model [29]:

EC/M = (ECNT/m - 1)VCNT D

where Ec/y and Ecyr,m can be calculated by utilizing
Equation (2) and (3).
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EC/M =S m )

3

In Equations (1), (2), and (3), E,,, Ecyr, and E,,_cnr are
Young’s modulus of polymer matrix, carbon nanotube, and
carbon nanotube incorporated polymer matrix, respectively.
Venr denotes the volume fraction of carbon nanotubes in the
polymer matrix. E¢cyr q, is the ratio of the Young's modulus
of the carbon nanotube to that of the polymer matrix. As
already mentioned, Equation (1) can only be used to
calculate straight-aligned CNTs reinforced polymers.
However, in real-world situations, agglomeration, random
orientation, and waviness of the CNTs embedded in the
matrix have a significant impact on the mechanical
properties. Besides, aspect ratio of CNTs plays an important
role in the mechanical characteristics of CNTs-reinforced
polymers. Therefore, adding random orientation factor S,
waviness factor Sy, and length efficiency factor B, to
Equation (1) enables to predict the elasticity modulus of
CNT-reinforced polymers with sufficient accuracy. As a
result, Equation (1) can be rewritten as

EC/M = (ﬁRﬁW:BLECNT/m - 1)VCNT €]
where random orientation factor S is 1/3 and 1/5 for 2-D
(in-plane) and 3-D situations, respectively. Length
efficiency factor 5, takes a value in the range of 0 and 1 and
can be determined by using Equation (5):

_ tanhAt
L=

&

in which A is the aspect ratio of CNT. A and 7 parameters
can be determined as follows:

A=—
d

> )
e ECNT/m(1 = Up)In (Venr)

©)

where d and [ are the diameter and length of the CNT,
respectively. v, states the Poisson’s ratio of the matrix.
Both CNT aspect ratio and volume fraction of CNT in the
matrix are crucial for the length efficiency factor.
Therefore, 8, approaches one for high aspect ratios and
large volume fractions. The waviness factor B, is equal to
one for the straight CNTs, but less than one for wavy CNTs.
Bw can be determined by

B =1-= ®

where w and a represent the half-wavelength and amplitude
of the curving CNT.

Even though the relationship between the E,,, _cyr and Veyr
is linear according to Equation (4), many experimental
research [32]-[36] concluded a non-linear relationship
between the E,,,_cnr and Vyr. This non-linear relationship
is due to the increasing tendency of carbon nanotubes to
agglomerate as the CNTs fraction in the matrix rises. Thus,
Equation (4) is modified by the addition of the
agglomeration factor f3,.

EC/M = (ﬁRBWﬁLECNT/m - 1)VCNTBA “)
In Equation (9), B, can be determined by
B = exp(—aVfyy) (10)

where a@ and f parameters are associated with the
agglomeration degree of CNTs in the matrix. a and f8
parameters are considered as 9 and 0.9, respectively [30].

Given that the CNTs-reinforced polymer matrix behaves in
a quasi-isotropic manner, the following equation can be
used to determine its shear modulus [4]:

Em—CNT

2Wm-ent +1) 1D

Gm—cnt =

where Poisson’s ratio of CNTs-based polymer matrix
(Um—cnt) 18 equal to Poisson’s ratio of polymer matrix

().

The equation as follows can be used to compute the density

of the CNTs-based polymer matrix:
Pm—cnt = PentVenr + PmVm (12)

where p,, and pcyr are respectively the densities of

polymer matrix and carbon nanotube. 1}, symbolizes the

volume fraction of the polymer matrix in the CNTs-added
polymer matrix.

Elastic constants of unidirectional lamina

The elasticity modulus of a wunidirectional lamina
longitudinal direction, E;, density, p., and Poisson’s ratio,
Uy, can be computed by using the mixture rule [37].

Ey = EfVr + En_entVin—cnr (13)
Pc = PrVr + Pm-cnrVim-cnr (14)
U1 = VUrVr + Up_entVm—cnt (15)

where Ef, p¢, and vy denote Young’s modulus, density, and
Poisson’s ratio of fiber, respectively. V; is fiber volume
fraction in the lamina. In the present study, Vy and Vp,_cnr
were taken to be 60% and 40%, respectively. Since using
the rule of mixture to calculate the elasticity modulus in the
transverse direction, E,, Poisson’s ratio, v;,, and shear
modulus’, G;, and G,3 don’t give sufficiently consistent
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results with experimental data, the modified H-T equation
can be utilized to compute these elastic constants [38].

P _ 1+ Eﬁ]b&
Pr_cnr 1—nV;

(16)

where P,,,_cyr is the corresponding properties of the CNTs-
based polymer matrix. P can be regarded as E, v4,, G, and
G,3. 1 is an experimental parameter and can be computed
by using the following equation.

Poecnr

n="m (17)
p—+¢
m—CNT

where Py and P,,_cyr mean corresponding properties of
fiber and CNTs-based polymer matrix. Reinforcing factor &
can be chosen as 2 for E, calculation and 1 for v,3, G,,, and
G5 calculation [37].

Critical torsional buckling load of composite driveshafts

Since composite driveshafts are designed as long, thin and
hollow structures, they are susceptible to torsional buckling
under a torsion load. Critical torsional buckling load, T,,,
for thin-walled orthotropic driveshafts can be determined
by [14]

£3/2

T, = (2mr2t)(0.272) (E.E3) (r) (18)

where E, and E,, are the elasticity modulus of composite
driveshaft in the direction of axial and hoop, respectively. t
and r state the thickness and mean radius of the composite
driveshaft. Equation (18), which is commonly used to
design driveshafts, was developed from the equation for an
isotropic cylindrical shell.

Finite element analysis

The finite element method (FEM), a numerical method, is
used to find the approximate solution of partial differential
equations. FEM can be used to solve problems in a variety
of engineering and mathematical physics fields, such as
heat transfer, mass transport, structural analysis, fluid flow,
and electromagnetic potential. FEM breaks down a
complex system into smaller pieces known as finite
elements to solve a problem. FEM generates equations for
each finite element and then merges them to get the solution
for the entire structure rather than solving the problem for
the whole structure in just one step [39].

In this study, a commercially available finite element
analysis (FEA) program, ANSYS 22 R2 was used to find
the critical torsional buckling loads of composite
driveshafts subjected to the torsion load. ANSYS
Composite PrepPost (ACP), an integrated tool in the Ansys
Workbench environment, was used to model the composite
driveshaft. ACP uses the Ansys Mechanical solvers to carry
out structural, thermal, and fluid-solid interaction

simulations. ACP enables to create laminated composites
defined layer-by-layer [40].

In this study, LY 5052 Epoxy resin, AS4 Carbon fiber, and
multi-walled carbon nanotubes (MWCNTSs) were used as
matrix material, reinforcing material, and nanofiller. Some
material properties of these components are illustrated in
Table 1.

Table 1. Mechanical properties of nanocomposite
components

LY5052 Epoxy resin AS4 Carbon fiber
[30] [41]
E,,(GPa) 3.11 Ef1(GPa) 225

MWCNTSs [30]
Ecyr(GPa) 900

Gn(GPa) 1152 Epyy(GPa) 15 Leyp(m) 2000
U 0.35 Gr1(GPa) 15 deyr(nm) 3
Pm(g/em®) 117 Grp3(GPa) 7 Penr(glem®)  2.25
Uria 0.20
Vra3 0.40

pylgfens) 179

The elastic constants of MWCNTs-reinforced LY5052
epoxy resin for the MWCNTs volume fractions of 0.0, 0.25,
0.5,1.0,1.5,2.0,3.0,4.0, 6.0, 8.0 and 10%.was determined
by Equations (1)-(11). Then, elastic constants of
MWCNTs-incorporated AS4 carbon fiber/LY5052 epoxy
resin were obtained by using Equations (13-(17). These
elastic constants were used in the FEA.

In the current work, a composite driveshaft with inner and
outer diameters of 40 and 44 mm and made of eight laminas
with a uniform thickness of 0.25 mm was modelled. The
length of the composite driveshaft is 500 mm. A schematic
view of the composite driveshaft and its dimensions are
illustrated in Fig. 1.

radial
direction

hoop
direction

Figure 1. Schematic view of composite driveshaft
(Dimensions are in mm)

A two-dimensional surface mesh with 16002 Quad4
elements and 16065 nodes was generated to carry out the
torsional buckling analysis. The resulting surface mesh is
displayed in Fig. 2.
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Figure 2. Mesh configuration

In FEA, the composite driveshaft was exposed to torsional
load of 1 Nm at one end while being fixed in all directions
at the other. Following the static analysis of the composite
driveshaft, stress results are recorded to compute the
torsional buckling load. Torsional buckling load is
calculated by multiplying static torsional load and load
multiplier.

Results and discussion

Effects of MWCNTSs inclusion on the mechanical
properties of epoxy resin

The mechanical properties of MWCNTs-reinforced epoxy
resin which were theoretically calculated for various
volume fractions are presented in Table 2. The inclusion of
MWCNTs into the epoxy resin causes a remarkable
increase in elasticity modulus, shear modulus, and density.
Approximately 17%, 52%, and 72% improvements occur in
Young’s modulus and shear modulus in the case of
1.0vol.%, 4.0vol.%, and 10.0vol.% MWCNTSs addition.
However, density increases only 0.8%, 3.2%, and 8.0%
when 1.0vol.%, 4.0vol%, and 10.0vol.% MWCNTs are
added. This means 16%, 47%, and 59% increments in
specific elastic and shear moduli for additions of 1.0vol.%,
4.0vol.%, and 10.0vol.% MWCNTs, respectively.
Increments in specific elastic and shear moduli are smaller
than the increases in elastic and shear moduli due to the non-
linear relationship between the elastic/shear modulus and
MWCNTs volume fraction, but the linear relationship
between the density and MWCNTSs volume fraction.

Table 2. Mechanical properties MWCNTs-included epoxy
resin

Venr (vol%) Em-cnr (GPa)  Gypcnr (GP2) — ppycpr(g/em’)

0.00 3.110 1.152 1.250
0.25 3.251 1.204 1.253
0.50 3.390 1.255 1.255
1.00 3.649 1.351 1.260
1.50 3.883 1.438 1.265
2.00 4.092 1.516 1.270
3.00 4.445 1.646 1.280
4.00 4.721 1.749 1.290
6.00 5.091 1.886 1.310
8.00 5.280 1.956 1.330
10.00 5.344 1.979 1.350

Fig. 3 shows how the elastic modulus of epoxy resin
reinforced with MWCNTs changes as a function of the
MWCNTs concentration. In Fig. 3, It is clear that as the
MWCNTs volume fraction increases, Young’s modulus
increases, but at a decreasing rate due to the agglomeration
of MWCNTs. Duan et. al [34] also reported a decrease in
Young’s modulus for the MWCNTSs concentration greater
than 0.6 wt%. Fig. 3 demonstrates a high degree of
consistency between the findings of the current study and

those of Omidi et al. [29]. It is obvious that adding factors
such as random orientation, waviness, length efficiency,
and agglomeration into the H-T model resulted in a good
agreement between predictions and experimental findings.

—e—Present study (Theoretical) —e—Omidi etal. [29]
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Figure 3. Variation of elasticity modulus of MWCNTs-
based epoxy resin with MWCNTs volume fraction (8, =

0.2, A= 2Elwherel = 2000nm and d = 30nm, v,, =

0.35,6, =0.5,and B4 = exp(—aVC[fVT) where @ = 9
and f = 0.9)

The effect of the MWCNT waviness on the elastic modulus
of MWCNTs-based epoxy resin as a function of MWCNTs
concentration is presented in Fig. 4. It is obvious that the
waviness of MWCNTs plays a critical role in elastic
modulus. As the waviness factor increases, which means
straighter MWCNT, Young’s modulus rises. With
increasing MWCNT concentrations, this rise becomes more
pronounced. Paunikar and Kumar [42] also reported a
considerable decrease in effective Young's modulus even
with small waviness. Additionally, predicted results
calculated for the waviness factor of 0.5 are in good
agreement with the experimental results obtained by Omidi
etal. [29].
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Figure 4. Variation of elasticity modulus of MWCNTs-
based epoxy resin with MWCNTSs volume fraction
depending on the §,, waviness factor fraction (8, = 0.2,
A= 2;lwherel = 2000m and d = 30nm, v,, = 0.35, and

Ba = exp(—aVCIfVT) where ¢ = 9 and 8 = 0.9)

Influence of the MWCNT length on Young’s modulus of
MWCNTs-reinforced epoxy resin as a function of
MWCNTs volume fraction is illustrated in Fig. 5. As it can
be seen from Fig. 5, the length of the MWCNT has a
significant impact on Young’s modulus of MWCNTs-
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reinforced epoxy resin. As the length of the MWCNT rises,
the elastic modulus of epoxy resin reinforced with
MWCNTs increases. This increase is more pronounced for
MWCNTs shorter in length. After a certain length of the
MWCNT (approximately 4 um), further increasing the
length of the MWCNT has a negligible effect on the elastic
modulus (Fig. 6). A similar trend has also been observed by
Aghadavoudi et al. [43].
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Figure 5. Variation of elasticity modulus of MWCNTs-
based epoxy resin with MWCNTSs volume fraction
depending on the aspect ratio of MWCNTs (5, = 0.2,

A =2 where d = 30nm, vy, = 0.35, f,, = 0.5, and , =
exp(—aVCfVT) where @ = 9 and § = 0.9)
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Figure 6. Variation of elasticity modulus of MWCNTs-
reinforced epoxy resin with the length of the MWCNT

Elastic constants of MWCNTs-added carbon fiber-
reinforced epoxy resin

The elastic constants of the unidirectional composite lamina
for various MWCNTSs volume fractions are presented in
Table 3. These elastic constants were used as input data for
FEA. It is obvious that while MWCNT concentration has a
negligible effect on Ej, it has a considerable impact on E,
Gy,, and G,3. Elasticity modulus in the longitudinal
direction for unidirectional laminates is dominantly
controlled by the continuous fibers rather than MWCNTs.
Therefore, the rise in E; is negligible when compared to the
increase in E,, G,,, and G,3 [44]. Compared to pure carbon
fiber-reinforced epoxy resin, there is a 0.66%, 27.80%,
49.02%, and 37.50% improvement in E;, E,, G1,, and G5
in the case of 10vol.% MWCNTs inclusion (Fig. 7).
Increase in elastic constants declines as the MWCNTs
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Table 3. Variation of elastic constants of the unidirectional composite lamina with MWCNTs concentration

Vent (vol%) 0.00 0.25 1.00 3.00 6.00 10.00
Ei1 (GPa) 136.244 136.300 136.460 136.778 137.036 137.137
E: (GPa) 7.835 8.008 8.462 9.255 9.811 10.013
G12 (GPa) 3.592 3.719 4.063 4.701 5.177 5.353
G2 (GPa) 2.893 2.976 3.197 3.592 3.875 3.978
127 0.260 0.260 0.260 0.260 0.260 0.260
Uy3 0.379 0.379 0.379 0.379 0.379 0.379

Effect of MWCNTSs inclusion on the critical torsional
buckling load of composite driveshaft

The critical torsional buckling load of the composite
driveshaft was predicted both numerically and theoretically.
Critical torsional buckling load computed by using
Equation (18) for various MWCNTSs concentrations was
compared with those from FEA. The variation of the critical
torsional buckling load of composite driveshaft with the
change of MWCNTSs volume fraction and percentage error
(%) between the FEA and theoretical results are presented
in Fig. 8. It is clear from Fig. 8 that as the MWCNTs content
increases critical torsional buckling load rises. However,
after a certain MWCNTs content (6.0vol.%), the effect of
MWCNTs on the critical torsional buckling load is
negligible. For theoretical and numerical calculations, the
10.0vol.% MWCNT addition to pure lamina results in
increases of 20.4% and 26.7%, respectively. For all
MWCNT concentrations, the critical torsional buckling
load predicted numerically is higher than those calculated
theoretically. The highest percentage error is 5.1%,
indicating that the theoretical and numerical results are in
good agreement. Therefore, the following investigations
were carried out by using FEA.
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Figure 8. Variation of critical torsional buckling load of
[0]s composite driveshaft for various MWCNTSs
concentrations

In this study, the effect of ply orientation angle on the
critical torsional buckling load was examined by using
FEA. Fig. 9 illustrates the change of critical buckling load
for various ply orientation angles. As it can be seen from
Fig. 9, the ply orientation angle has a significant influence
on the critical torsional buckling load. When compared to
0° ply orientation angle, critical torsional buckling load
reduces by 8.7% and 3.9% for 30° and 45° ply orientation

angles, respectively. However, further increasing the ply
orientation angle results in a sharp increase in critical
buckling load. Critical torsional buckling load increases by
30.9% and 201.9% for 60° and 90° ply orientation angles,
respectively, in comparison to 0° ply orientation angle.
Badie et al. [45] also reported that 90° ply orientation angle
is the best for the peak torsional buckling. The fibers aligned
in the hoop direction at this ply orientation angle result in
an increasing modulus (Ey). Since T, is directly
proportional to the cube of E, according to Equation (18),
T, increases as the ply orientation angle increases. The
highest value of the buckling torque is reached when the
fibers are orientated at 90 degrees since the expression of
buckling torque is dominantly related to the elasticity
modulus of the composite driveshaft in the hoop direction.

—e—Volume of CNT= 0.0%
—e—Volume of CNT= 6.0%
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Volume of CNT= 10.0%
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Figure 9. Variation of critical torsional buckling load of
composite driveshaft with the change of ply orientation
angle

3D surface and contour plots showing the variation of
critical torsional buckling load with MWNCTs content and
ply orientation angle are illustrated in Fig. 10. According to
Fig. 10, the ply orientation angle of continuous carbon
fibers dominates the critical torsional buckling load rather
than MWCNTs. Furthermore, it is evident that the ply
orientation angle has no bearing on the beneficial effects of
MWCNTs on T, excluding the 90° ply orientation angle.
Increases in T, are 26.7%, 30.4%, 30.7%, 27.3%, and
14.2% in the case of 10vol.% MWCNTs addition compared
to pure lamina for 0°, 30°, 45°, 60°, and 90° ply orientation
angle, respectively. At a 90° ply orientation angle, the
beneficial effect of MWCNTSs on T, decreases.
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Figure 10. a) 3D surface and b) Contour plot of critical
torsional buckling load versus MWCNTs concentration
and ply orientation angle

Table 4. Comparison of T, values obtained by FEA and
by using regression equation

G 6C) Ty NmFEA T, Nm)-RegEq o
0 0 709.87 676.73 -4.67
0 30 648.06 752.88 16.17
0 45 682.18 671.17 -1.61
0 60 929.54 849.39 -8.62
0 90 2143.90 2145.45 0.07
3 0 834.11 804.63 -3.53
3 30 776.03 876.87 12.10
3 45 817.83 804.84 -1.59
3 60 1095.40 1037.80 -5.26
3 90 2347.50 2397.97 2.15
6 0 881.96 839.95 -4.76
6 30 826.75 906.56 9.65
6 45 871.83 835.41 -4.18
6 60 1160.00 1083.89 -6.56
6 90 2421.40 2451.30 1.23
10 0 899.11 887.39 -1.30
10 30 845.11 941.27 11.38
10 45 891.41 864.99 -2.96
10 60 1183.20 1113.13 -5.92
10 90 2447.40 2470.98 0.96

In order to have a better comprehension of the relationship
between the critical torsional buckling load, fiber
orientation angle, and MWCNTs concentration, a
regression equation with the R? = 99.07 was constructed
as follows:

T.. = 743.00 + 50.20V yr — 17.760 — 3.34Vyr (19)
+ 0.3762 + 0.126V 576

where 6 denotes the ply orientation angle. Table 4 shows
the T,,- values obtained by FEA and by using Equation (19).
It is obvious that this regression equation can accurately
predict the T,,. value with an average error of 5.28%.

Fig. 11a, b, c, and d illustrate the effect of MWCNTs
volume fraction on the first mode shape of torsional
buckling whereas Fig. 11b, e, f, g, and h show the influence
of ply orientation angle on the first mode shape of torsional
buckling. As shown in Fig. 11, MWCNT concentration has
no impact on the first mode shape, but the ply orientation
angle significantly alters it. As the ply orientation angle
rises, number of circumferential waves increases.
Moreover, it is obvious that all composite driveshafts
exhibit helical buckling mod.

678



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 671-681

(b)

(d)

€]

(h)

Figure 11. First mode shape of torsional buckling for the
composite driveshaft with a) Veyr = 0.0vol. % and 6 =
30°b) Veyr = 3.0v0l. % and 8 = 30° ¢) Veyr =
6.0vol.% and 6 = 30° d) Voyr = 10.0v0l. % and 6 =
30°e) Veyr = 3.0vol.% and 6 = 0° f) Veyr = 3.0vol. %
and 6 = 45° g) Veyr = 3.0v0l. % and 6 = 60° h) Veyr =
3.0vol. % and 6 = 90°

Conclusions
The following conclusions can be made:

+« Introducing MWCNTs into the epoxy resin results in a
notable improvement in elasticity modulus, shear
modulus, and density. When 1.00%, 4.00%, and 10%
MWCNTs are included into epoxy resin, Young's
modulus and shear modulus, respectively, improve by
around 17%, 52%, and 72%.

¢ The waviness and length of the MWCNT have a great
influence on Young’s modulus of MWCNTs/epoxy
resin. Increase of both waviness factor which means
straighter MWCNT and length results in a boost of
elastic modulus.

« While MWCNTSs concentration has an insignificant
impact on the Ey, it considerably affects the E,, G;,, and
GZ 3 .

+«+ The addition of 10vol.% MWCNT to pure lamina raises
T, by 20.4% and 26.7%, respectively, according to the
theoretical and numerical calculations.

« Ciritical torsional buckling load decreases by 8.7% and
3.9% for 30° and 45° ply orientation angles,
respectively, when compared to 0° ply orientation angle.
But as the ply orientation angle is increased further, the
critical buckling load increases dramatically. For 60°
and 90° ply orientation angles, respectively, the critical
torsional buckling load rises by 30.9% and 201.9% as
compared to the 0° ply orientation angle.

« Except for the 90° ply orientation angle, the ply
orientation angle has little to no impact on the favorable
effects of MWCNTs on T,

¢ All composite driveshafts buckle in a helical mode.

Ethics committee approval and conflict of
interest statement

There is no need to obtain permission from the ethics
committee for the article prepared.

There is no conflict of interest with any person / institution
in the article prepared.

Author Contribution
Every section of the paper is prepared by Hamza TAS.
References

[1] H. Tas and L. F. Soykok, “Effects of carbon nanotube
inclusion into the carbon fiber reinforced laminated
composites on flexural stiffness: A numerical and
theoretical study,” Compos. Part B Eng., vol. 159, pp.
44-52, Feb. 2019, doi:
10.1016/j.compositesb.2018.09.055.

[2] E. M. Soliman, M. P. Sheyka, and M. R. Taha, “Low-
velocity impact of thin woven carbon fabric
composites incorporating multi-walled carbon
nanotubes,” Int. J. Impact Eng., vol. 47, pp. 39-47,
Sep. 2012, doi: 10.1016/j.ijjimpeng.2012.03.002.

679



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 671-681

[3] J. Galos, “Thin-ply composite laminates: a review,”
Compos. Struct., vol. 236, p. 111920, Mar. 2020, doi:
10.1016/j.compstruct.2020.111920.

[4] S. K. Georgantzinos, P. A. Antoniou, G. L
Giannopoulos, A. Fatsis, and S. 1. Markolefas,
“Design of Laminated Composite Plates with Carbon
Nanotube Inclusions against Buckling: Waviness and
Agglomeration Effects,” Nanomaterials, vol. 11, no.
9, Art. no. 9, Sep. 2021, doi: 10.3390/nano11092261.

[5] “Automotive Composites Market Size, Share &
Global Forecast Analysis: 2019-2024,” Stratview
Research, SRTI130, Oct. 2019. Accessed: Jul. 18,
2023. [Online]. Available:
https://www.stratviewresearch.com/58 1/automotive-
composites-market.html

[6] R. Kannan, I. D. Lawrence, G. Kaviprakash, and A.
Regan, “Design and Analysis of Composite Drive
Shaft for Automotive Application,” Int. J. Eng. Res.
Technol., vol. 3, pp. 429436, Aug. 2014.

[7] B. Altin, A. A. Bekem, and A. Unal, “Determination
of Design Criteria for Composite Drive Shaft in
Automobiles,” Politek. Derg., pp. 1-1, Dec. 2023,
doi: 10.2339/politeknik.1028437.

[8] S.K.S.Nadeem, G. Giridhara, and H. K. Rangavittal,
“A Review on the design and analysis of composite
drive shaft,” Mater. Today Proc., vol. 5, no. 1, Part 3,
pp- 2738-2741, Jan. 2018, doi:
10.1016/j.matpr.2018.01.058.

[9] A. Bolshikh, “Computational and experimental study
of the strength of a composite drive shaft,” Transp.
Probl., vol. 16, no. 1, p. 75, 2021.

[10] V. Chougule, A. Gupta, and S. Chavan, “Design and
Manufacturing of Carbon Fiber Composite Drive
Shaft as an Alternative to Conventional Steel Drive
Shaft,” Int. J. Innov. Sci. Res. Technol., vol. 3, no. 10,
pp. 674-683, 2018.

[11] A. Ravi, “Design, Comparison and Analysis of a
Composite Drive Shaft for an Automobile,” Int. Rev.
Appl. Eng. Res.,vol. 4, no. 1, pp. 21-28, 2014.

[12] V. S. Bhajantri, S. C. Bajantri, A. M. Shindolkar, and
S. S. Amarapure, “DESIGN AND ANALYSIS OF
COMPOSITE DRIVE SHAFT,” Int. J. Res. Eng.
Technol., vol. 3, no. 3, pp. 738-745, 2014.

[13] B. Gireesh, S. Shrishail B, and V. N. Satwik, “Finite
Element & Experimental Investigation of Composite
Torsion Shaft,” Int. J. Eng. Res. Appl., vol. 3, no. 2,
pp. 1510-1517, 2013.

[14] T. Rangaswamy and S. Vijayarangan, “Optimal
Sizing and Stacking Sequence of Composite Drive
Shafts,” vol. 11, Jan. 2005.

[15]G. ALAR ONER, “Torsional Buckling to Thin
Walled Composite Tubes,” Ph.D. Thesis, Atatiirk
University, 2009.

[16] N. Rastogi, “Design of Composite Driveshafts for
Automotive  Applications,” SAE International,
Warrendale, PA, SAE Technical Paper 2004-01—
0485, Mar. 2004. doi: 10.4271/2004-01-0485.

[17] M. M. Shokrieh, A. Hasani, and L. B. Lessard, “Shear
buckling of a composite drive shaft under torsion,”

Compos. Struct., vol. 64, no. 1, pp. 63—69, Apr. 2004,
doi: 10.1016/S0263-8223(03)00214-9.

[18] S. Saha and S. Bal, “Influence of nanotube content on
the mechanical and thermo-mechanical behaviour of
—COOH functionalized MWNTs/epoxy composites,”
Bull. Mater. Sci., vol. 40, no. 5, pp. 945-956, Sep.
2017, doi: 10.1007/s12034-017-1433-x.

[19] L. S. Schadler, S. C. Giannaris, and P. M. Ajayan,
“Load transfer in carbon nanotube epoxy
composites,” Appl. Phys. Lett., vol. 73, no. 26, pp.
3842-3844, Dec. 1998, doi: 10.1063/1.122911.

[20] A. Allaoui, S. Bai, H. M. Cheng, and J. B. Bai,
“Mechanical and electrical properties of a
MWNT/epoxy composite,” Compos. Sci. Technol.,
vol. 62, no. 15, pp. 1993-1998, Nov. 2002, doi:
10.1016/S0266-3538(02)00129-X.

[21]N.-H. Tai, M.-K. Yeh, and J.-H. Liu, “Enhancement
of the mechanical propertiecs of carbon
nanotube/phenolic composites using a carbon
nanotube network as the reinforcement,” Carbon, vol.
42, no. 12-13, pp. 2774-2777, 2004, doi:
10.1016/j.carbon.2004.06.002.

[22]1 V. Jain, S. Jaiswal, K. Dasgupta, and D. Lahiri,
“Influence of carbon nanotube on interfacial and
mechanical behavior of carbon fiber reinforced epoxy
laminated composites,” Polym. Compos., vol. 43, no.
9, pp. 6344-6354, 2022, doi: 10.1002/pc.26943.

[23] M. Hassanzadeh-Aghdam, R. Ansari, and A.
Darvizeh, “A new micromechanics approach for
predicting the elastic response of polymer
nanocomposites reinforced with randomly oriented
and distributed wavy carbon nanotubes,” J. Compos.
Mater., vol. 51, no. 20, pp. 2899-2912, Aug. 2017,
doi: 10.1177/0021998317712571.

[24] F. T. Fisher, R. D. Bradshaw, and L. C. Brinson,
“Fiber waviness in nanotube-reinforced polymer
composites—I: Modulus predictions using effective
nanotube properties,” Compos. Sci. Technol., vol. 63,
no. 11, pp. 1689-1703, Aug. 2003, doi:
10.1016/S0266-3538(03)00069-1.

[25] V. Anumandla and R. F. Gibson, “A comprehensive
closed form micromechanics model for estimating the
elastic modulus of nanotube-reinforced composites,”
Compos. Part Appl. Sci. Manuf., vol. 37, no. 12, pp.
2178-2185, Dec. 2006, doi:
10.1016/j.compositesa.2005.09.016.

[26] E. T. Thostenson and T.-W. Chou, “On the elastic
properties of carbon nanotube-based composites:
modelling and characterization,” J. Phys. Appl. Phys.,
vol. 36, no. 5, p. 573, Feb. 2003, doi: 10.1088/0022-
3727/36/5/323.

[27] G. D. Seidel and D. C. Lagoudas, “Micromechanical
analysis of the effective elastic properties of carbon
nanotube reinforced composites,” Mech. Mater., vol.
38, no. 8, pp. 884-907, Aug. 2006, doi:
10.1016/j.mechmat.2005.06.029.

[28]J. Pan, L. Bian, H. Zhao, and Y. Zhao, “A new
micromechanics model and effective elastic modulus
of nanotube reinforced composites,” Comput. Mater.

680



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 671-681

Sci., wvol. 113, pp. 21-26, Feb. 2016, doi:
10.1016/j.commatsci.2015.11.009.

[29]M. Omidi, H. Rokni D.T., A. S. Milani, R. J.
Seethaler, and R. Arasteh, ‘“Prediction of the
mechanical characteristics of multi-walled carbon
nanotube/epoxy composites using a new form of the
rule of mixtures,” Carbon, vol. 48, no. 11, pp. 3218-
3228, Sep. 2010, doi: 10.1016/j.carbon.2010.05.007.

[30] S. K. Georgantzinos, P. Antoniou, S. Markolefas, and
G. Giannopoulos, “Finite element predictions on
vibrations of laminated composite plates
incorporating the random orientation, agglomeration,
and waviness of carbon nanotubes,” Acta Mech., vol.
233, no. 5, pp. 2031-2059, May 2022, doi:
10.1007/s00707-022-03179-6.

[31] M. K. Hassanzadeh-Aghdam and J. Jamali, “A new
form of a Halpin—Tsai micromechanical model for
characterizing the mechanical properties of carbon
nanotube-reinforced polymer nanocomposites,” Bull.
Mater. Sci., vol. 42, no. 3, p. 117, Apr. 2019, doi:
10.1007/s12034-019-1784-6.

[32] M.-K. Yeh, T.-H. Hsieh, and N.-H. Tai, “Fabrication
and mechanical properties of multi-walled carbon
nanotubes/epoxy nanocomposites,” Mater. Sci. Eng.
A, vol. 483-484, pp. 289-292, Jun. 2008, doi:
10.1016/j.msea.2006.09.138.

[33] S. Kanagaraj, F. R. Varanda, T. V. Zhil’tsova, M. S.
A. Oliveira, and J. A. O. Simdes, “Mechanical
properties of high density polyethylene/carbon
nanotube composites,” Compos. Sci. Technol., vol.
67, no. 15, pp. 3071-3077, Dec. 2007, doi:
10.1016/j.compscitech.2007.04.024.

[34] K. Duan et al., “A critical role of CNT real volume
fraction on nanocomposite modulus,” Carbon, vol.
189,  pp. 395-403,  Apr. 2022, doi:
10.1016/j.carbon.2021.12.083.

[35]J. F. Wang, J. P. Yang, L. -h. Tam, and W. Zhang,
“Effect of CNT volume fractions on nonlinear
vibrations of PMMA/CNT composite plates: A
multiscale simulation,” Thin-Walled Struct., vol. 170,
o 108513, Jan. 2022, doi:
10.1016/j.tws.2021.108513.

[36] M. Tarfaoui, K. Lafdi, and A. El Moumen,
“Mechanical properties of carbon nanotubes based
polymer composites,” Compos. Part B Eng., vol. 103,
pp. 113-121, Oct. 2016, doi:
10.1016/j.compositesb.2016.08.016.

681

[371 A. K. Kaw, Mechanics of Composite Materials,
Second Edition. U.S.: CRC Press, 2006.

[38]J. C. H. Affd]l and J. L. Kardos, “The Halpin-Tsai
equations: A review,” Polym. Eng. Sci., vol. 16, no. 5,
pp- 344-352, 1976, doi: 10.1002/pen.760160512.

[39]1D. L. Logan, A first course in the finite element
method, Fifth Edition. USA: Cengage Learning, 2011.

[40] EnginSoft, “Ansys Composite PrepPost: A user-
friendly approach to analyze composite material
structures.” Accessed: Jul. 21, 2023. [Online].
Available:
https://www.enginsoft.com/solutions/ansys-
composite-preppost.html

[41]1P. D. Soden, M. J. Hinton, and A. S. Kaddour,
“Chapter 2.1 - Lamina properties, lay-up
configurations and loading conditions for a range of
fibre reinforced composite laminates,” in Failure
Criteria in Fibre-Reinforced-Polymer Composites, M.
J. Hinton, A. S. Kaddour, and P. D. Soden, Eds.,
Oxford:  Elsevier, 2004, pp. 30-51. doi:
10.1016/B978-008044475-8/50003-2.

[42] S. Paunikar and S. Kumar, “Effect of CNT waviness
on the effective mechanical properties of long and
short CNT reinforced composites,” Comput. Mater.
Sci., vol. 95, pp. 21-28, Dec. 2014, doi:
10.1016/j.commatsci.2014.06.034.

[43] F. Aghadavoudi, H. Golestanian, and Y. Tadi Beni,
“Investigating the effects of CNT aspect ratio and
agglomeration on elastic constants of crosslinked
polymer nanocomposite using multiscale modeling,”
Polym. Compos., vol. 39, no. 12, pp. 4513-4523,
2018, doi: 10.1002/pc.24557.

[44] M. Garg, S. Sharma, and R. Mehta, “Pristine and
amino functionalized carbon nanotubes reinforced
glass fiber epoxy composites,” Compos. Part Appl.
Sci. Manuf., vol. 76, pp. 92-101, Sep. 2015, doi:
10.1016/j.compositesa.2015.05.012.

[45] M. A. Badie, E. Mahdi, and A. M. S. Hamouda, “An
investigation into hybrid carbon/glass fiber reinforced
epoxy composite automotive drive shaft,” Mater.
Des., vol. 32, no. 3, pp. 14851500, Mar. 2011, doi:
10.1016/j.matdes.2010.08.042.



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Sayfa 683-695

Dicle University

. . https://dergipark.org.tr/tr/pub/dumf
Journal of Engineering

duje.dicle.edu.tr

Arastirma Makalesi / Research Article
Logaritmik Islem Siireleri Toplami Tabanli Ogrenme ve Is Bozulmasi Etkileri
Altinda Demontaj Hatt1 Problemi

Disassembly Line Balancing Problem Under The Effects of Sum-of-Logarithm-
Processing-Time-Based Learning and Job Deterioration

Halime Somtiirk!", Mehmet Duran Toksar

! Tokat Gaziosmanpasa Universitesi, Endiistri Mithendisligi Boliimii, halime.somturk@gop.edu.tr
ORCID: https://orcid.org/ 0000-0001-7329-495X

2 Erciyes Universitesi, Endiistri Miihendisligi Boliimii, dtoksari@erciyes.edu.tr
ORCID: https://orcid.org/ 0000-0001-9577-1956

MAKALE BILGILERI 0z

Makale Gegmisi:

Artan gevresel farkindalik, ekonomik kaygilar ve yasal kurallar sayesinde, son zamanlarda {iriin geri
kazanimi veya yeniden tiretimi yogun ilgi gérmektedir. Demontaj, dmriinii tamamlamus {iriinlerin geri
kazanimi asamasindaki en 6nemli siireglerden biridir. Bu yiizden, etkin ve dengeli kurulmus demontaj
hatlar1 6nem tasimaktadir. Bu caligmada, demontaj hatti dengeleme (DHD) problemleri, es zamanl
logaritmik islem siireleri toplami tabanli 6grenme ve is bozulmasi etkileri altinda incelenmistir. DHD
literatiiriinde, logaritmik islem siireleri toplami tabanli 6grenme ve is bozulmasi es zamanli olarak ilk kez
calisgtlmistir. Herhangi bir is, istasyondaki sirasina gore, kendisinden Onceki islerin islem siirelerinin
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tabanli 6grenme etkisi,

[5 bozulmas: etkisi,

Hibrit PSO-GA yaklasimi

logaritmik toplamindan etkilenmektedir. Is bozulmasi ise, isin isleme baslamasim geciktiren
bozulmalardir. Ogrenme islerin islem siirelerinin azaltirken, bozulma artirmaktadir. Bu ¢alismada amag
fonksiyonu, agilan istasyon sayis1 minimizasyonudur. Ogrenme ve bozulma etkisi altindaki DHD
probleminin ¢6ziimii igin hibrit (Pargacitk Siiriisii Optimizasyonu- Genetik Algoritma) PSO-GA
algoritmasi gelistirilmis. Farkli 6grenme ve bozulma oranlar i¢in sonuglar elde edilip karsilagtirmalar
yapilmistir. Ogrenme ve bozulma etkisinin, DHD problemlerinde dikkate alindiginda amag fonksiyonu
degerinde iyilesmeler goriilmiistiir.
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* Sorumlu Yazar

Product recovery or remanufacturing has recently received a lot of attention as a result of rising
environmental consciousness, economic worries, and laws and regulations. Disassembly is one of the most
important processes in the recovery phase of end-of-life products. It's crucial to develop efficient and
balanced disassembly lines. In this study, disassembly line balancing (DLB) problems are investigated
under the effects of simultaneous sum-of-logarithm-processing-time-based learning and job deterioration.
In the DLB literature, it is the first time to study simultaneous sum-of-logarithm-processing-time-based
learning and job deterioration. Any job's processing time is influenced by the logarithmic sum of the
processing times of its predecessors, in the station's order. Job deterioration delays the job start time. While
learning reduces the processing time of jobs, deterioration increases. In this study, the objective function
is the minimization of the number of opened stations. A hybrid PSO-GA algorithm has been developed to
solve the DLB problem under the effects of learning and deterioration. Results for different learning and
deterioration rates were obtained and comparisons were made. When the learning and deterioration effects
were taken into account in DLB problems, improvements were observed in the objective function value.
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Giris

Dogal kaynaklarin azalmasi, depolama maliyetlerinin
artmasi, toplumun zamanla daha bilinglenmesi ve gevre ile
ilgili yasa ve yonetmeliklerin etkisi ile tireticiler, tiiketiciden
cikan tekrar kullanilabilir olan iiriinlerin geri kazanimini
saglamaya yonelmistir [1], [2]. Son yillarda teknolojinin hizla
gelismesi ve yagsam dongiisiiniin kisalmasi ile birlikte dmriinii
tamamlamig T{riinlerin sayist artmaktadir [3], [4]. Son
kullanma tarihi gegmis veya omrii tiikkenmis bu {iriinlerin
yeniden kullanilmas1 veya yeniden iiretilmesi ekonomik
fayda saglamakta ve ayni zamanda bu {iriinlerden
kaynaklanan g¢evre kirliligini azaltmaktadir [3].

Demontaj, {iriin geri kazaniminda iiriinlerin sistematik olarak
alt bilesenlere ayrilmasini saglayan en dnemli ve zaman alic1
adimdir. Demontaj islemi genellikle is istasyonlarmdan
olusan bir hat iizerinde gerceklestirilir. Demontaj hatlari,
Omriinii tamamlamis iriinlerin geri donistiiriilmesi veya
yeniden {iretilmesi icin firsatlar sunmaktadir [5]. Kaynak
kullanimini optimize etmek igin bir demontaj hatt1 dengeli
olmalidir. Demontaj hatt1 dengeleme, verimli ve etkili tirlin
geri doniisiimii saglamanin en uygun yoludur. Demontaj hatt1
dengeleme problemleri, gorevler arasindaki Oncelik
iligkilerini saglamak, ¢evrim siiresini asmamak gibi birkag
optimizasyon kisitin1 karsilayacak sekilde belirli demontaj
gorevlerinin istasyonlara atanmasina izin verir. Bu nedenle,
verimli ve dengeli bir sekilde tasarlanmis demontaj hatti,
cevresel ve endiistriyel agidan 6neme sahiptir [6].

Demontaj islemi, {irlinden ayrilacak pargalara gore kismi
demontaj ve komple demontaj olmak iizere iki sekilde
olabilir. Kismi demontajda {iriin tamamen demonte olmaz.
Tekrar kullanilabilecek durumda olan veya ihtiya¢ duyulan
pargalar sokiiliir. Komple demontajda ise {irlinin tim
parcalart ayrilir [7]. Farkli endiistri alanlarina gore diiz,
paralel ve U seklinde demontaj hatlart bulunmaktadir [3].

DHD problemini ¢6zerken, gorevler arasmndaki oncelik
iligkileri ve c¢evrim siiresi kisitlar1 dikkate almmalidir.
Oncelik iliskileri DHD problemini daha karmasik hale getirir.
Coziilmesi ve dogrulanmasi zor olan problemler, NP zor
problem olarak tanimlanmaktadir. Dolayisiyla, DHD
problemleri, kisitlar dahilinde karmasiklagtig1 i¢in optimum
sonuca ulagilmasi zorlagmaktadir ve NP zor problemlerdir

[8].

DHD problemi ilk olarak Giingdr ve Gupta [9] tarafindan
sistematik yaklasima yonelik sezgisel bir yontem kullanilarak
calistlmistir. Giingdr ve Gupta [10], tehlikeli iriinlerin
oncelikli olarak sokiilmesine izin veren minimum istasyon
sayisini hedefleyen sezgisel bir yaklagim dnermistir.

DHD problemlerini ¢ézmek i¢in kullanilan yontemler {i¢
kategoride siniflandirilabilir. Bunlar sezgisel yontemler,
metasezgisel yontemler ve matematiksel programlama
teknikleridir. ilk  kategori sezgisel tabanli  ¢dziim
yaklagimlaridir. Giingér ve Gupta [11], farkli durumlarda
DHD problemi igin basit bir sezgisel yontem gelistirmistir.
McGovern ve Gupta [12], cok amagli DHD problemi igin bir
acg0zIli/2 optimal(2-opt) hibrit algoritma 6nermislerdir. Ren
ve ark. [13], bu yontemi agirliklara dayali c¢ok kriterli
kararlarla genigletmistir. Mete ve ark. [14], istasyon sayisint
en aza indirmek icin 151n aramay1 énermistir. ikinci kategori
metasezgisel yontemlerdir. Genetik algoritmalar[8], [15],
[16], karinca kolonisi optimizasyonu [17], [18], yapay ar1
kolonisi algoritmasi [19], [20], tabu arama algoritmasi [21],
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pargacik siirii optimizasyonu [22], [23], yercekimsel arama
algoritmasi1 [24], yapay balik siiriisii algoritmasi [25],
degisken komsuluk arama algoritmasi [24], ates bocegi
algoritmasi [26] ve ayr1 guguk kusu arama algoritmasi [3].
Ugiincii yontem olarak, DHD problemlerini optimal olarak

¢ozmek icin  matematiksel programlama teknikleri
kullanilmaktadir. Altekin ve ark. [27], kar odakli kismi DHD
problemi i¢in bir karma tamsayili programlama

formiilasyonu gelistirmistir. Altekin [28], stokastik DHD'ye
pargali dogrusal programlama uygulanmasini Onermistir.
Kaynak kisith DHD sorunu igin bir matematiksel model
sunulmustur [29]. Ilgin ve ark. [30], DHD hatt1 i¢in dogrusal
fiziksel programlama, Paksoy ve ark. [31] bulanik hedefler
kullanan karma bir model 6nermistir. Ozceylan ve Paksoy
[32], dogrusal olmayan karma tamsayili programlama modeli
kullanarak ¢ok amag¢li DHD sorununu ¢ozmiistii. DHD
problemleriyle ilgili detayli literatiir ¢alismasi Ozceylan ve
ark. [33] ve Laili ve ark. [34] tarafindan yapilmistir.

Klasik DHD problemlerinde islerin iglem siirelerinin sabit
oldugu varsayilir. Ancak gergek hayattaki uygulamalarda
isler ¢esitli etkiler altinda olabilir ve islerin iglem siireleri
degiskenlik gosterebilir. Gergek hayatta, calisanlar yaptiklar
isleri tekrarladiklar takdirde is siireclerini 6grenir ve daha
verimli calisabilirler. Isgilerin beceri ve deneyimlerinin
artmasiyla birlikte, islerin islem siireleri de giderek
azalacaktir [35]. Bu olgu literatiirde 6grenme etkisi olarak
bilinir.

Wright [36], iretim operasyonlarina dayali &grenme
kavramini diistinen ilk kisidir. Biskup [37] ve Cheng ve Wang
[38], Ogrenme etkisini ¢izelgeleme alaninda c¢alisan
onciilerdir. Biskup, pozisyona dayali bir 6grenme modeli
Onermistir ve bunu tek makineli ¢izelgeleme problemine
uygulamigtir. Logaritmik islem siireleri toplami tabanli
O0grenme etkisi ¢izelgeleme problemlerinde nadiren
kullanilmigtir [39]-[41].

Ogrenme etkisi ve is kaybi literatiirde derinlemesine
incelenmistir. Gergek hayatta, 6grenme etkisi ve is kaybi ayni
anda meydana gelir. Ornegin, iiretim ortann giderek daha
rekabetci hale geldikge, isletmeler miisterilere daha fazla iiriin
cesitliligi saglamak i¢in daha kisa {iretim siirelerine ve daha
stk {lrlin  degisikliklerine yonelmektedir. Bu tir is
ortamlarinda caliganlarin  yasadiklart  6grenmeler ve
unutmalar ¢ok énemlidir. Unutma olarak adlandirilan, diisiik
performansa neden olan {iriin ve siire¢ degisiklikleri,
calisanlari etkiler [42].

Bir is, makinede islenirken veya islenmeyi beklerken
bozulabilir. Bu nedenle, ise baslama saatine bagli olarak
bozulma etkisi altinda islem siiresi artmaktadir. Gupta [43],
bozulma etkisini ¢izelgeleme problemine ilk olarak
eklemistir. Haddehaneye girmeyi beklerken, kiilge
sicakliginin diigmesi durumunda kiilgenin tekrar 1sitilmast
gerekecektir. Yanginla miicadelede gecikme olursa yangin
sondiirmek icin gereken siire artacaktir [44], [45]. Koétiilesen
kosullar altinda diger faktorler sunlardir: Kotiilesen hava
veya artan karanlik, makineleri veya araglar1 onarmak, vb.
Tiim bu durumlarda, gecikmeler genellikle islem siirelerini
uzatir [55].

Klasik DHD problemlerinde islerin islem siireleri siireg
boyunca sabit kabul edilmektedir. Bu ¢alismada, DHD
problemlerine logaritmik iglem siireleri toplami tabanli
O0grenme etkisi ile i3 bozulmasi etkisi es zamanl
uygulanmistir ve belirli bir dongii siiresi i¢in is istasyonu
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sayilarinin en aza indirilmesi amaglanmaktadir. Ogrenme ve
bozulma etkisinin tim gorevler icin esit oldugu
varsayilmaktadir.

Bu makalenin katkisini su sekilde 6zetleyebiliriz:

*DHD problemi ilk defa, es zamanli olarak logaritmik
islem siireleri toplami tabanli 6grenme etkisi ile is bozulmasi
etkisi  disitiniilerek  ¢Ozdiiriilmiistiir.  Klasik  DHD
problemlerinde islerin islem siireleri, siire¢ boyunca sabittir.
Logaritmik iglem siireleri toplami tabanli 6grenme etkisi ile
siradaki igin iglem siiresi, kendisinden onceki siralarda yer
alan islerin islem siirelerine baglidir. Ayni istasyonda, 6nceki
siralara atanan islerin islem siirelerinin logaritmik toplaminin
bir fonksiyonu olarak hesaplanmaktadir. Ayrica, is
bozulmasi  isler normalden daha uzun siirede
tamamlanabilmektedir. Bu ¢alismada her iki etkinin de
diistiniildigi  DHD problemlerinin islem siirelerindeki
degisiklik sonucunda agilacak istasyon sayisindaki degisim
incelenmigtir.

* Logaritmik islem siireleri toplam1 tabanli 6grenme ve is
bozulmasi etkileri altinda DHD problemi i¢in matematiksel
model gelistirilmistir. Problem NP-zor yapida oldugu igin
Lingo.11 optimizasyon programi ile ¢ok kiiciik boyutlu
problem i¢in ¢oziim aranmistir. Daha biiyiik boyutlu
problemlerin ¢dztiimiinde ise hibrit PSO-GA algoritmasi
kullanilmustir. Onerilen hibrit metasezgisel yontemle optimal
sonuca veya optimal sonuca en yakin sonuca ulagmak
hedeflenmistir.

Materyal ve Yontem
Problem tanimi ve formiilasyonu

DHD problemi, talebi karsilarken demontaj hattindaki
kaynaklar1 en verimli sekilde kullanmay1 amaglar. Demonta;j
hattt  yerlesiminin iyilestirilmesi, kaynaklarm verimli
kullanilmasi, demontaj gorevlerinin Oncelik iliskileri dikkate
alinarak is istasyonlarma en uygun sekilde atanmasi ve
gerekli minimum is istasyonu sayismin bulunmasidir
(Gilingor ve Gupta, 2002). Bu ¢alismada, DHD probleminin
modellenmesinde logaritmik islem siireleri toplami tabanli
O0grenme ve i bozulmasi etkileri dikkate alinmstir.

Logaritmik islem siireleri toplami tabanli 6grenme ve is
bozulmasi etkileri modelinde, p;,, r. sirada yer alan i iginin
giincel islem siiresidir. Bu durumda;

r—1
Piry = Py (1 +Zlnp(l>> ra
=1

burada a<0 6grenme orani (Ir) ve p; i isinin gercek islem
siresidir. Ogrenme etkisi indeks degeri, 6grenme oranmin 2
tabaninda logaritmik degerine esittir. Denklem(1), logaritmik
islem siireleri toplami tabanli 6grenme etkisi altinda i isinin
islem siiresini hesaplamaktadir.

O

r-1

Pygy =p; +at, <1 + Z In P(D) “a

=1

&)

o>0, bozulma orami (dr), #>0, i gorevinin baslangic
zamanidir.

Denklem(2), r. siradaki i iginin, logaritmik islem siireleri
toplami tabanli 6grenme ve is bozulmasi etkileri altindaki
islem siiresini hesaplamaktadir. Gorevler, 6nce bozulmadan,
daha sonra dgrenmeden etkilenir. Ciinkii 6grenme etkisi isin
pozisyonu ile ilgiliyken, bozulma etkisi igin baglama zamani
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ile iliskilidir. Ogrenme, isin kendisinden dnceki islerin islem
stirelerinin logaritmik degerlerinin toplamu ile ilgilidir. Yani,
is ne kadar ileri siraya atanirsa, 6grenme etkisi o kadar fazla
olur. Bozulma ise isin baglangicinda vardir.

Glingér ve Gupta [10] tarafindan olusturulan DHD
probleminin matematiksel modeli, logaritmik islem siireleri
toplami tabanli 6grenme ve is bozulmasi etkileri altinda DHD
problemi igin gelistirilmistir. Mevcut problem 8 gorevden
olugsmaktadir. Tablo 1, gorevleri ve ilgili parametreleri
gostermektedir.

Gorevler arasindaki oncelik iliskileri Sekil 1’de goriildigi
gibidir. Sekil 1’de de goriildiigii gibi Parga-1, Parga-2, 3 ve
S5'ten 6nce demonte edilmelidir.

Tablo 1. Gorev tanimlari ve islem stireleri

Gif)ev Gorev Tanimi Islem siiresi(sn)
1 PC'nin iist kapaginin ¢ikarilmasi (TC) 14
2 Sabit siiriiciiniin ¢ikarilmasi 10
3 Arka diizlemin ¢ikarilmasi (BP) 12
4 PCI kartlarin ¢ikarilmasi (PCI) 18
5 PCI kartlarin ¢ikarilmasi (PCI) 23
6 ki RAM modiiliiniin ¢ikarilmasi (RAM) 16
7 Glig tinitesinin (PU) ¢ikarilmasi 20
8 Anakartin ¢ikarilmasi (MB) 36

Par¢a-6, Parca-2 ve 3'ten sonra demonte edilmelidir. Islerin
istasyonlara atanmasinda igler arasindaki oncelik iligkileri
onemlidir. ~ Oncelik iliskileri, ~DHD  problemini
karmagiklastirip zorlastirmaktadir.

o‘g"ﬁﬂﬁb
()

Sekil 1. 8-parcali verinin dncelik iligkileri

Model gelistirilirken dikkate alinmas1 gereken varsayimlar;
1. Her is sadece bir istasyonda sadece bir pozisyona
atanabilir.

2. Islerin istasyona atanmasinda oncelik iliskileri dikkate
almmalidir.

3. Tek tip tiriin islenir.

4. Bir demonte gorevi birden fazla is istasyonuna bdliinemez.
5. Parga ¢ikarma siireleri deterministik ve sabittir.

6. Bir istasyona atanan tiim iglerin iglem siirelerinin toplami1
¢evrim siiresini gegmemelidir.

7. Sokme gorevleri arasinda yikici islemler yoktur.

Notasyonlar:
Indeksler:

IkeN gorev kiimesi

(i,k) € SP etkilesimli gorevler kiimesi
jeM istasyon kiimesi

reN gorevin istasyondaki konumu

Parametreler:
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a: 6grenme indeksi,

o: bozulma indeksi,

M: biiytik bir say1,

ct=her istasyonun ¢evrim siiresi,

Karar degiskenleri:

yji: 1 gorevi j istasyonuna atanirsa, 1; Aksi takdirde O,
z;: j istasyonu agiksa, 1; Aksi takdirde O,

Xj+ 1 gorevi j istasyonunda r pozisyonuna atanirsa, 1; Aksi
takdirde 0,

bj j istasyonunda r. siraya atama yapildiysa, 1; Aksi takdirde
0,

t;: j istasyonundaki r. siradaki gorevin iglem siiresi,
cj- j istasyonundaki r. siradaki gorevin tamamlanma zamani,

Asagidaki gibi verilen model formiilasyonu:

n

f= Minsz 3)
j=1
Kisitlar:
n
Zyij =1 forVien “)
j=1
= &)
Zyij <z Xct forVien
j=1
n n
chrxxaerbjr—ijRXxijijRSO for{a, k} 6)
r=1 R=1
n
injrsl forvVjeM,r eN )
i=1
n
injrzyij forvjeM,ieN 8
r=1
n r—1 a
((gi +a X g1 X b]-r) X xl-]-r) X (1 + Z(ln gi X xl-]-r)> %)
i=1 =1
=ty forVjeM,reNandr # 1
n
gi X Xijr X by =t forVieN,r=1 (10)
i=1
Cir = Cjr—1) T iy forVjeM,reNandr #1 (11)
Gr X by S tjry) X bjroy XM forVjeM,reNandr#1 (12)
cjrxb_jr<cj(r—1) xb_jr—-1) x (13)
M forVjeM,reNandr # 1
Cr =ty forVjeMandr=1 a4)
n
Xijer-1) < inj, (I+i),UI=1,..N) (15)
i=1
Xijrs Vij» bjr, 2;€{0,1} (16)

Denklem (3)' te verilen ¢evrim siiresini agmayacak sekilde
acilacak istasyon sayisini en aza indirmek amaclanmaktadir.
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Kisit (4) ve (8)' de, herhangi bir gorevin yalnizca bir istasyona
atanabilmesi, bu istasyonda da yalnizca bir siraya
atanabilmesi saglanmaktadir. Kisit (5), herhangi bir istasyona
atanan iglerin islem siireleri toplammin ¢evrim siiresini
agmamasini saglamaktadir. Kisit (6), isler istasyona atanirken
oncelik iliskilerinin dikkate alinmasini saglamaktadir.
Kisit(7), bir igin herhangi bir istasyonda yalnizca bir
pozisyona atanabilmesini saglamaktadir. Kisit(9), herhangi
bir gorev ilk siradan farkli bir siraya atandiginda islem
stiresini, logaritmik islem siireleri toplami tabanl 6grenme ve
i bozulmasi etkisi altinda hesaplamaktadir. Kisit(10),
herhangi bir isin bir istasyonda ilk siraya atandiginda ki iglem
stiresini ~ hesaplamaktadir. ~ Kisit(11),herhangi  bir j
istasyonundaki is tamamlanma siiresini hesaplamaktadir.
Kisit(12), is istasyonlarinda farkli pozisyonlardaki islerin
islem siireleri arasindaki iliskiyi diizenlemektedir. Kisit
(13,14), herhangi bir istasyonda r pozisyonundaki isin islem
tamamlama siiresi ile r-/ pozisyonundaki isin islem
tamamlama siiresi arasindaki iligkiyi saglamaktadir.
Kisit(15), bir istasyonda bir isten dnce yalnizca bir tane isin
yapilabilecegini belirtir. Kisit (16) ise ikili degiskenleri
tanimlamaktadir.

Hibrit PSO-GA metasezgisel yaklasim

Logaritmik islem siireleri toplami tabanli 6grenme ve is
bozulmas: etkileri altinda DHD probleminin ¢dziimiinde
hibrit PSO-GA metasezgisel yaklasimi kullanilmistir.
Yontemin uygulanmasinda algoritmanin baslangic ¢dziimii
asamasinda PSO algoritmas1 belirli sayida iterasyon
caligtirilmistir. Daha sonra Genetik algoritmanin temel
asamalar1 olan c¢aprazlama ve mutasyon yontemleri ile
optimal ¢6ziim aranmaya devam edilmistir.

Parcaci Siiriisii Optimizasyonu (PSO)

Eberhart ve Kennedy [47], kus-balik siiriilerinin yiyecek
ararken ki hareketlerinden hatta bazen insan davranislarindan
esinlenerek, stokastik optimizasyon stratejisine dayali bir
yontem olan PSO’yu gelistirmiglerdir. PSO'nun temel amaci,
sirliyi olusturan parcaciklar arasindaki sosyal bilgi
paylasgimini iyilestirmektir. PSO, rastgele ¢6ziim adaylartyla
popiilasyon baslatma ve ardisik nesillerde kiiresel optimumu
arama agisindan GA’ya benzese de, c¢aprazlama ve
mutasyona ugramaz. PSO’nun uygulanmasi diger sezgisel
algoritmalara gore ¢ok kolaydir. PSO daha az hesaplama
gerektirir ve diizenlenmesi gereken az sayida parametresi
vardir [48].

PSO, rastgele iiretilmis baglangi¢c ¢oziimlerinden olusan bir
popiilasyonla baslar. Optimal ¢6ziim, ¢6zliim uzayinda iteratif
olarak aranir. CoOziimler, arama uzayinda hareket eden
pargaciklar olarak adlandirilmaktadir ve her bir pargacik bir
¢ozlim temsil etmektedir. Her bir ¢6ziim, pargacigin arama
uzayindaki konumunu gosterir. Ayrica, her pargacik kendi
deneyimi ve tiim popiilasyonun deneyiminden faydalanarak
stirekli giincellenen bir hizla hareket eder. Her parcacik,
bulundugu iterasyona kadar elde ettigi pbest olarak
adlandirilan en iyi sonucu ve tiim siiriiniin o ana kadar elde
ettigi gbest olarak adlandirilan en iyi sonucu hatirlar.
Dolayisiyla her bir pargacik, arama uzaymdaki konumu, x;*
ve mevcut hizi,vi*, olmak iizere iki nitelige sahiptir. x¥ve vi¥,
sirastyla i parcaciginin k. iterasyondaki konumu ve hizini
temsil etmektedir. Parcacigin (k+1). iterasyondaki konumu
ve hiz1 giincellenirken asagidaki denklemler
kullanilmaktadir.
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Xt = xf 4 vt (17)
vt = w X vF + ¢, X rand1(pbestt — x) (18)
+ ¢, X rand2(gbest* — xF)
Wimax — Wmin ) .
W = Wy — | ————————| X mevcut iterasyon
max (iterasyon sayist 4 19

Burada; randl ve rand2 , 0-1 araliginda rassal {iretilmis iki
sayidir, w atalet agirligidir. Wiin, 0.4 ile Winax, 0.9 arasinda bir
sayidir. ¢ ve ¢, ivme katsayisi sabitleridir ve ¢;=c,=2 olarak
almmustir [47], [49]. Ayrica, pbest® i pargacigmin en iyi
konumudur, gbest® k. iterasyona kadarki kiiresel en iyi
konumdur.

Genetik Algoritma (GA)

Genetik algoritma DLB problemlerinde en yaygin kullanilan
evrimsel algoritmalardan biridir [4], [8]. Evrimsel
algoritmalar, sadece rastgele ¢Oziimler bulmak igin
tasarlanmamistir. Olas1 hata ve belirsizlik orani igeren
yontemler kullanarak rastgele ¢oziimlerden ¢ok daha iyi
coztimler iretmek temel amacidir. GA’da popiilasyon,
genlerin bir araya gelmesiyle kromozomlardan olusur ve iki
ebeveyn kromozomdan yeni bireylerin liretildigi bir ¢oziim
yapisina sahiptir. Genetik algoritma, kromozomlarmn stirekli
caprazlandigl, mutasyona ugradigi ve en iyi ¢dziime ulasilana
kadar birbirleriyle rekabet ettigi bir ortam saglar [8]. GA ile
¢Ooziim asamasinda uygulanan adimlar:  baslangig
popiilasyonunu olusturma, uygunluk fonksiyonu ve se¢imi,
turnuva se¢im yontemi, ¢aprazlama ve mutasyondur.

Baslangic popiilasyonu olusturma

DHD problemini olusturan igler GA’da ki genlerdir ve islerin
siralt hali olan bir ¢6ziim aday1 ise kromozomdur. Problemi
olusturan islerin sayisi kadar biyiiklilkte bir rassal sira
olusturulur. GA baslangi¢ popiilasyonu bu rassal siralardan
olugmaktadir. Rassal siraya gore isler istasyonlara dncelik
iligkileri ve ¢evrim siiresi kisitlar1 g6z 6niinde bulundurularak
atanmaktadir.

Uygunluk fonksiyonu ve se¢imi

Bir bireyin arama uzayindaki performansinin 0lgiisii

uygunluk  fonksiyonudur.  Calismamizda  uygunluk
fonksiyonu amag¢ fonksiyonumuz olan minimum istasyon
sayisidir. Ebeveyn se¢iminde turnuva segim teknigi

kullanilmistir. Tiim aday kromozomlarin uygunluk degerleri
hesaplanmis ve ebeveyn popiilasyonu, daha iyi performans
gosteren adaylardan olusturulmustur.

Caprazlama Yontemi

Bu calismada caprazlama yontemi olarak parga yeniden
siralama yontemi [15] kullanilmustir. Sekil 2, bu ¢aprazlama
yonteminin ayrintilarini gostermektedir.

[Bas | [ ora | [[Kuyruk ]

20000000
N0 000000 K==

tekrarsiralanan
genler

00000000

Sekil 2. Pargalar1 yeniden siralama yontemi

Her ebeveyn kromozom rastgele secilen iki nokta ile 3
parcaya boliiniir. Bas ve kuyruk kisimdaki genlerin siralamasi
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ayni sekilde yavru kromozoma aktarilir, Ebeveyn-1’ de orta
parcadaki genler ise Ebeveyn-2’deki siralari dogrultusunda
yavru kromozomun orta kismina tekrar siralanarak aktarilir
(Sekil 2). Diger yavru kromozomda ise bas ve kuyruk kismi1
Ebeveyn-2 ‘den aynen aktarilirken, orta kisim igin genler
Ebeveyn-1°deki siralarina gore aktarilir.

Mutasyon Yontemi

Bu ¢aligmada mutasyon islemi olarak tek nokta sag operator
yontemi (one point right operatdor method) [15]
kullanilmigtir.  Sekil 3, bu c¢aprazlama yonteminin

ayrmtilarimi gostermektedir.

Sekil 3. Tek nokta sag operatdr yontemi

Mutasyon yonteminin uygulanacagi kromozom iizerinde
mutasyon orani dikkate alinarak bir nokta segilir. Secilen
noktanin sag tarafinda kalan genler rassal olarak tekrar
stralanir (Sekil 3).

Hibrit PSO-GA algoritmasinda problem icin baslangi¢
popiilasyonu olusturulduktan sonra ilk uygunluk fonksiyonu
degerleri elde edilir. Ardindan olusturan popiilasyon igin
PSO algoritmasinin adimlar1 belirlenen iterasyon sayist
kadar uygulanmistir. GA’nin agsamalar1 olan ¢aprazlama ve
mutasyondan once PSO ile ¢oziim adaylar iyilestirilmistir.
Daha sonra, caprazlama ve mutasyon islemleri belirlenen
caprazlama ve mutasyon oranlari dahilinde uygulanmistir ve
optimum veya optimuma yakin sonuglar biiyliik boyutlu
problemler icin de elde edilmistir. Hibrit PSO-GA
algoritmasi C# programlama dili kullanilarak yazilmistir.

Bulgular ve Tartisma

Bu boliimde literatiirde kullanilan klasik DHD problemleri
logaritmik islem siireleri toplami tabanli 6grenme ve is
bozulmasi etkileri altinda incelenmis olup ve hibrit PSO-GA
algoritmasi ile ¢oziimler bulunmustur. Problemlerin ¢6ziim
yontemlerinin uygulanmasinda Intel Core (TM) i5-5200U
CPU, 220 GHz, 8 GB RAM ozellikli bilgisayar
kullanilmigtir. Calismada, DHD problemlerinde es zamanl
logaritmik islem siireleri toplami tabanli 6grenme ve is
bozulmasi etkisini degerlendirebilmek i¢in 0.90, 0.80 ve 0.70
olmak iizere 3 farkli 6grenme orani, 0.10 ve 0.20 olmak
tizere iki farkli is bozulmasi orani kullanilmistir. Bahsedilen
iki etki altinda demontaj islemlerinin islem siirelerinin ve
ama¢ fonksiyonunun nasil etkilendigi incelenmistir.
Ogrenme etkisi oran1 0.80 iken hesaplamada kullanilan
ogrenme  etkisi  degeri  log®%=  -0,322  olarak
hesaplanmaktadir.

8 parcali veri seti igin, gérev parametreleri kullanilarak
¢evrim siiresi 40 iken istasyon sayisi 4 olarak bulunmustur
[46]. Bu ¢alismada, ayni problem i¢in Lingo.11 optimizasyon
programi kullanilarak amag¢ fonksiyonu degeri 4 olarak
bulunmustur. Goérevlerin istasyonlara atanmast su sekildedir:
Gorev-1-2-3, istasyon-1'e atanir, Gorev 5-6, istasyon 2'ye
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atanir, Gorev 7-4, istasyon-3'e atanir ve Gorev-8, sirastyla
istasyon-4'e atanir.

Bu calismada 6grenme oranmi degerleri 0.9, 0.8 ve 0.7,
bozulma oranlar1 ise 0.1 ve 0.2 kabul edilmistir. Ogrenme
orant 0.9 ve bozulma orani sirasiyla 0.1 ve 0.2 iken,
logaritmik islem siireleri toplami tabanli 6grenme ve is
bozulmasi etkileri altinda 8-pargali DHD problemi i¢in amag
fonksiyonu degerleri her iki durum i¢in de 4 bulunmustur.
Ogrenme orani 0.8 iken, bozulma orani sirasiyla 0.1 ve 0.2
iken etkiler altinda amag fonksiyonu degerleri 3 bulunmustur.
Ogrenme orani1 0.7 iken ise bozulma oran1 sirastyla 0.1 ve 0.2
oldugunda, etkiler altinda amag fonksiyonu degerleri yine 3
olarak bulunmustur.

25-parcali telefon demontaji 6rneginin logaritmik islem
siireleri toplami tabanh 6grenme ve is bozulmasi etkileri
altinda incelenmesi

DHD literatiiriinde siklikla kullanilan 25 parcadan olusan
hiicresel telefon demontaj [50] 6rnegi igin sonuglar elde
edilmistir. 25-pargali DHD 6rneginin gorev tanimlari, iglem
siireleri ve isler arasindaki oncelik iliskileri Tablo 2’de
goriilmektedir. Problem i¢in ¢evrim siiresi 18’dir.

Tablo 2. 25-parcalt DHD 6rnegi i¢in gorev tanimlari, islem
siireleri ve oncelik iliskileri

Gorev

Parga ismi Islem siiresi ~ Oncelik Iliskisi

1 Antenna 3

2 Battery 2

3 Antenna guide 3 1,2

4 Bolt(Type 1) A 10

5 Bolt(Type 1) B 10

6 Bolt(Type 2) 1 15 2

7 Bolt(Type 2) 2 15 2

8 Bolt(Type 2) 3 15 2

9 Bolt(Type 2) 4 15 3

10 Clip 2 4,5

11 Rubber seal 2 10

12 Speaker 2 11

13 White cable 2 6,7,8,9
14 Red/blue cable 2 6,7,8,9
15 Orange cable 2 6,7,8,9
16 Metal top 2 6,7,8,9
17 Front cover 2 13,14

18 Back cover 3 15

19 Curciut board 18 13,14,16,18
20 Plastic screen 5 17
21 Keyboard 1 17
22 LCD 5 21
23 Sub-keyboard 15 16,21
24 Internal IC Board 2 19,23
25 Microphone 21

Hibrit PSO-GA sezgisel yaklasimi 500 iterasyon

calistirlarak  sonuglar iiretilmistir. Ogrenme oran1 ve
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bozulma orant degerleri sifir iken, yani problemin
literatiirdeki baz hali i¢in amag fonksiyonu degeri olan agilan
istasyon sayist degeri 9 olarak bulunmustur. Tablo 3’te,
DHD literatiiriinde optimum sonug olarak belirtilen sonucun,
olugturmus oldugumuz algoritma ile de bulundugu
goriilmektedir.

Elde edilen sonuca gore, istasyondaki islerin tamamlanma
siiresi ¢evrim siiresini agmayacak ve oncelik iligkilerini
saglayacak sekilde atamalar yapilmistir. 23 ve 3 nolu isler
Istasyon-1’e, 11 ve 9 nolu isler istasyon-2’ye, 25-13-10-22-
18-16 ve 12 nolu isler istasyon-3’e, 8 nolu is Istasyon -4’e,
7 ve 14 nolu isler Istasyon-5’e, 19 nolu is Istasyon-6ya, 6 ve
24 nolu isler Istasyon-7’ye, 2-1-14 ve 4 nolu isler Istasyon-
8’e atanirken son olarakta 20-15-5 ve 21 nolu isler istasyon-
9’a atanmistir (Tablo 4).

Tablo 3. 25-parcali DHD probleminin literatiirdeki ¢alismalarda
bulunan sonuglarinin karsilastirilmasi

Makale Yaklagim Istasyon sayis1
McGovern ve Gupta (2005) H-K 10
McGovern ve Gupta (2006) ACO 9

Ding vd. (2010) MDACO 9
Kalayci vd. (2012a) SA 9
Kalayci ve Gupta (2012b) PSO 9
Kalayci vd.(2016) VNSGA 9
Duta vd.(2016) CGA 9
Edis(2021) CP 9

Li vd.(2020) BBRA 9
Bizim ¢aligmamiz Hibrit PSO-GA 9

Logaritmik islem siireleri toplami1 tabanli 6grenmenin ve is
bozulmasimin es zamanh etkisi altinda mevcut 25-pargali
DHD probleminde, 6grenme ve bozulma oranlar1 degistik¢e
amag fonksiyonu degeri de degisiklik gostermektedir (Tablo
4). Program, problem i¢in sonuglart elde ederken 500
iterasyon c¢aligtirilmistir. Tablo 4’te de gorildiigl lizere, es
zamanli 6grenme ve bozulma etkisi altinda amag fonksiyonu
degeri genellikle azalmistir. Ogrenme oran1 degeri 0.90 iken,
bozulma orani degeri 0.20 oldugunda agilan istasyon sayisi
10’a ¢ikmistir. Ogrenme oraninin 0.90 olmasi, 1 birim
zamanda yapilabilen bir isin 0.90 birim zamanda
yapilabiliyor olmasidir. Yani 6grenme orani degeri diistiikce
isin daha kisa siirede yapiliyor olmas1 demektir.

Bozulma etkisi degeri arttik¢a islerin islem siireleri artig
gostermektedir. Yani, Ogrenme ile isin islem siiresi
azalirken, bozulmanin etkisi ile islem siiresinde artig
goriilebilmektedir. Gergek hayat problemlerinde, bir is hem
o0grenmeden hem de bozulmadan es zamanl etkilendigi i¢in,
bu c¢alismada da islemlerin her iki etkiden de etkilendigi
varsayilmistir.

Logaritmik islem stireleri toplam1 tabanli 6grenme etkisi ve
is bozulmas: etkisi dikkate alinmadig1 durumda 9 istasyon
acilmasi gerekirken, 6grenme orani 0.90 ve bozulma orani
0.20 oldugunda ag1lan istasyon sayist 10 olarak bulunmustur.
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Tablo 4. 25-pargali veri seti i¢in logaritmik islem siireleri toplami tabanl 6grenme ve is bozulmast etkisi altinda gorevlerin

islem siireleri ve agilan istasyon sayilar1

Senaryo Atanan Isler islem siireleri is Tamamlama siiresi Acilan istasyon sayis1
P25 with Ir=0.00, dr=0.00, ct=18

Station 1 23-3 15-3 18

Station 2 119 2-15 17

Station 3 25-13-10-22-18-16-12 2-2-2-5-3-2-2 18

Station 4 8 15 15

Station 5 7-14 152 17 9
Station 6 19 18 18

Station 7 6-24 152 17

Station 8 2-1-14-4 2-3-2-10 17

Station 9 20-15-5-21 5-2-10-1 18

P25 with 1r=0.90, dr=0.10, ct=18

Station 1 9 15 15

Station 2 5-21-3-15 10-1,67-3,39-2,74 17,8

Station 3 19 18 18

Station 4 12-13-25-4-16 2-2,03-2,1-8,91-2,72 17,76

Station 5 17-10-23 2-2,03-13,48 17,51 9
Station 6 11-7 2-14,03 16,03

Station 7 24-8 2-14,03 16,03

Station 8 22-2-20-18-14 5-2,16-4,75-3,29-2,67 17,87

Station 9 1-6 3-13,67 16,67

P25 with Ir=0.90, dr=0.20, ct=18

Station 1 3-21-12-13 3-1,43-2,52-2,82 9,77

Station 2 17-6 2-14,21 16,21

Station 3 15-1-25-4 2-3,14-2,58-9,43 17,15

Station 4 18-23 3-13,94 16,94

Station 5 2-11-20-14-16 2-2,22-5,09-3,11-3,48 159

Station 6 19 18 18 10
Station 7 5-22 10-5,84 15,84

Station 8 8 15 15

Station 9 249 2-14,21 16,21

Station 10 10-7 2-14,21 16,21

P25 with Ir=0.8, dr=0.1, ct=18

Station 1 5-18-17-1 10-2,72-2,04-2,66 17,42

Station 2 4-15-16 10-2,04-2,05 14,09

Station 3 8-13 15-2,29 17,29

Station 4 25-3-11-23 2-2,7-1,79-10,68 17,17 g
Station 5 24-20-7 2-4,39-10,78 17,17

Station 6 14-19 2-15,36 17,36

Station 7 10-2-21-12-9 2-1,86-1,06-1,89-11 17,81

Station 8 22-6 5-11,38 16,38

P25 with Ir=0.8, dr=0.2, ct=18

Station 1 17-11-9 2-2,03-11,9 15,93

Station 2 2-10-14-23 2-10-14-23 17,37

Station 3 22-6 5-11,75 16,75

Station 4 21-8 1-15,2 16,2

Station 5 25-1-7 2-2,87-11,54 16,41 8
Station 6 12-18-5-20 2-2,87-7,93-4,55 17,35

Station 7 16-19 2-15,53 17,53

Station 8 15-24-3-13-4 2-2,03-2,87-2,27-7,41 16,58

P25 with Ir=0.7, dr=0.1, ct=18

Istasyon 1 6 15 15

Istasyon 2 22-25-12-9-10 5-1,53-1,5-8,38-1,5 17,91

Istasyon 3 20-16-19 5-1,53-10,54 17,07

Istasyon 4 24-5-4-14 2-7,78-5,57-1,47 16,82 7
istasyon 5 15-1-13-17-2-23 2-2,44-1,5-1,48-1,47-8,04 16,93

Istasyon 6 18-11-7-21 3-1,57-9,55-1,07 15,19

Istasyon 7 83 152,29 17,29

P25 with Ir=0.7, dr=0.2, ct=18

Station 1 24-22-6 2-4,12-9,05 13,75

Station 2 21-18-12-8-13 1-3,2-1,91-9,53-2,22 18

Station 3 23 15 15,45

Station 4 1-5-14-4 3-7,24-1,96-5,58 17,81 7
Station 5 16-15-10-19 2-1,83-1,8-11,08 16,03

Station 6 11-3-25-9 2-2,59-1,77-8,92 16,51

Station 7 2-17-7-20 2-1,83-10,28-3,55 17,98
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Bu durumda, is bozulmasi etkisi, 6grenme etkisine baskin
gelmigtir.  Bazi  iglerin  iglem  siirelerinde  artis
goriilmektedir.Ornegin, 5. istasyona 2. sirada atanan 11
numarali igin islem siiresi normalde 2 iken, etkiler altinda
2.22 olmustur, ayn1 sekilde ayni istasyonda 4. siraya atanan
14 numarali isin islem siiresi normalde 2 iken etkiler altinda
3.11 olmustur. Islerin islem siireleri arttigindan, ¢evrim
siiresini koruyabilmek igin istasyonlara atanan is sayilari
azalmistir ve agilan istasyon sayisinda artiy meydana
gelmistir.

Logaritmik islem siireleri toplami tabanlt 6grenme etkisi
degeri 0.7 iken, ig bozulmasi etkisi 0.1 oldugunda 7 istasyon
acilmasi gerekirken, ig bozulmasi orant 0.2 oldugunda 8
istasyon acilmasi gerekmektedir. Ogrenme orani sabit
tutuldugunda, is bozulmasi oranindaki artig ile amag
fonksiyonu degerinde de ~%14.3 artis oldugu goriilmektedir
(Tablo 4). Benzer sekilde bozulma oraninin 0.1 oldugu
durumda, logaritmik islem siireleri toplami tabanli 6grenme
oran1 0.7 iken 7 istasyon acilirken, 0.8 oldugu durumda 8
istasyon agilmasi gerekmektedir. Dolayistyla, is bozulmasi
orani sabit oldugunda 6grenme oranindaki 0.1 birimlik artig
ile ama¢ fonksiyonu degerinde ~%14.3 oraninda artis
meydana gelmistir.

Aclilan istasyon sayisi

9
10 ............ 8 7
5 I l I
0
Ir=0.90 Ir=0.80 Ir=0.70

Sekil 4. Is bozulmasi oran1 0.1 iken farkli logaritmik islem
stireleri toplami1 tabanl 6grenme etkisi degerleri ile
hesaplanan amag fonksiyonu degerleri

Agilan istasyon sayisi

15
10
10 8 7
5 I I
0
Ir=0.90 Ir=0.80 Ir=0.70

Sekil 5. Is bozulmasi orami 0.2 iken farkli logaritmik islem
stireleri toplam1 tabanli 6grenme etkisi degerleri ile
hesaplanan amag fonksiyonu degerleri
Is bozulmasi orani sirastyla, 0.1 ve 0.2 oldugunda farkli
logaritmik islem siireleri toplami tabanl d6grenme oranlari
altinda 25-parcali DHD problemi i¢in agilan istasyon sayilari
Sekil 4 ve Sekil 5°te goriilmektedir. Ogrenme orami
azaldikca, acilan istasyon sayisi degeri de azalmaktadir.
Logaritmik iglem siireleri toplam1 tabanli 6grenme oranlar1
sabit iken farkli is bozulmasi oranlar1 i¢in elde edilen
sonuclar Sekil 6’da goriilmektedir. Is bozulmasi oram
arttikca acilan istasyon sayist artmaktadir. Ciinki is
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bozulmasi iglerin iglem siireleri iizerinde artirict etkiye
sahiptir.

Acllan istasyon sayisi

15
10 910 8 8 7 7
-1 11 1’
0

Ir=0.90 Ir=0.80 Ir=0.70

mdr=0.1 mdr=0.2

Sekil 6. Ayni logaritmik islem siireleri toplami tabanli
O6grenme orani ile farkli i bozulmasi oranlart i¢in
hesaplanan amag fonksiyonu degerleri

Literatiirdeki
karsilastirilmasi

15 farkh problem icin sonuclar:

Literatiirde bulunan 15 farkli DHD problemi [54], es zamanl
logaritmik islem siireleri toplami tabanli 6grenme ve is
bozulmasi etkisi dikkate alinarak ¢6zdiirtilmiistiir. 0.9, 0.8,
0.7 olmak tizere 3 farkli 6grenme orani ve 0.1 ve 0.2 olmak
iizere 2 farkl is bozulmasi orani kullanilmistir.

Tablo 5’te belirtilen veri setleri i¢in 6grenme ve bozulma
etkileri dikkate alinmadig1 durumda bulunan istasyon sayisi
degerleri, literatiirde bulunan optimum amag¢ fonksiyonu
degerleri ile aynmidir. Yani, hibrit PSO-GA algoritmasi ile
parca sayis1 70’den kiigiik olan problemler i¢in 500 iterasyon,
70’den biiyiik problemler igin ise 1000 iterasyon g¢alistirilarak
optimum sonuglar elde edilmistir.

Tablo 6’da, optimal sonug siitununda literatiirdeki bulunan
optimal sonuglar yer alirken, lr=0-dr=0 siitununda bu
¢alismada elde edilen sonuglar yer almaktadir.

Ogrenme oran1 0.9 iken, bozulma oran1 0.2 oldugunda
¢alisilan veri setlerinin gogunlugunda herhangi bir 6grenme
veya bozulma etkisi dikkate alinmadigi durumla ayni veya
daha kot sonuglar elde edilmistir. Birkag problem i¢in daha
iyi sonug elde edilebilmistir.

Bozulma oraninin 0.2 oldugunda, 6grenme oranit 0.9 ise is
bozulmasinim artirict etkisi, logaritmik islem siireleri toplami
tabanli 6grenme etkisinden baskin gelmistir. Ornegin; 45-
pargali (Kilbrid) problemde, etkiler diisiiniilmediginde agilan
istasyon sayis1 10 iken, 6grenme orani 0.9 ve bozulma orant
0.2 oldugunda logaritmik islem siireleri toplami tabanli
o0grenme ve is bozulmasi etkileri altinda agilan istasyon sayist
11 bulunmustur.

Ogrenme orani 0.8 ve 0.7 oldugu tiim durumlarda ise amag
fonksiyonu degerinde iyilesme goriilmektedir. 89-parcali
Lutz-3 veri setinde 6grenme ve bozulma etkisi dikkate
almmadigi durumda agilan istasyon sayisi 22 bulunmustur.
Ogrenme orani 0.9 iken, bozulma oranlari sirast ile 0.1 ve 0.2
iken acilan istasyon sayilari sirasiyla 21 ve 23’tiir. Burada,
bozulma etkisi arttiginda istasyon sayisi beklenen sekilde
artis gostermistir. Ogrenme oran1 0.8 iken ve bozulma
oranlar1 sirastyla 0.1 ve 0.2 iken agilan istasyon sayilari
strastyla 15 ve 18 olarak bulunmustur. Ogrenme oranindaki
0.10 luk degisim, bozulma oranlar1 0.1 ve 0.2 iken amag
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Tablo 5. Literatiirdeki farkli demontaj problemleri i¢in logaritmik islem siireleri toplami tabanl 6grenme ve is bozulmasi
etkisi altinda elde edilen optimum sonuglar

Hibrit PSO-GA Algoritmasi ile Elde Edilen Sonuglar

Yazar Cevrirp *Qptimal 60=0 00=0.9 00=0.8 60=0.7
Stresi Sonu¢  bo=0 bo=0.1 bo=0.2 bo=0.1 bo=0.2 bo=0.1 bo=0.2

gﬁgtgaor and 8 40 4 4 4 4 3 3 3 3
Mansoor 11 48 4 4 4 4 3 3 2 2
Mitchell 21 15 8 8 8 8 7 7 5 6
Gupta et al. 25 18 9 9 9 10 8 8 7 7
Heskiaoff 28 138 8 8 7 8 5 6 3 4
Buxey 29 30 12 12 11 12 9 10 7 7
Lutz-1 32 1414 11 11 9 10 6 7 3 4
Kilbrid 45 56 10 10 10 11 7 9 5 6
Hahn 53 2806 6 6 5 6 3 4 3 4
Tonge 70 364 10 10 9 11 6 7 4 4
Wee-Mag 75 49 33 33 32 33 29 30 19 21
Arcus-1 83 7571 16 16 9 11 6 6 5 5
Lutz-3 89 79 22 22 21 23 15 18 10 11
Mukherjee 94 222 20 20 18 21 12 15 7 9
Arcus-2 111 5785 29 29 24 26 14 15 7 7

Tablo 6. Logaritmik islem siireleri toplami tabanli 6grenme ve is bozulmasi etkileri altinda amag fonksiyonundaki degisim

(%)

Ogrenme ve Bozulma Etkileri Altinda Amag Fonksiyonundaki Degisim (%)

Vagar 60=0.9 00=0.8 60=0.7
bo=0.1 bo=0.2 bo=0.1 bo=0.2 bo=0.1 bo=0.2
Glingdr and Gupta 0,00 0,00 -25,00 -25,00 -25,00 -25,00
Mansoor 0,00 0,00 -25,00 -25,00 -50,00 -50,00
Mitchell 0,00 0,00 -12,50 -12,50 -37,50 -25,00
Gupta et al. 0,00 11,11 -11,11 -11,11 -22,22 -22,22
Heskiaoff -12,50 0,00 -37,50 -25,00 -62,50 -50,00
Buxey -8,33 0,00 -25,00 -16,67 -41,67 -41,67
Lutz-1 -18,18 -9,09 -45,45 -36,36 -72,73 -63,64
Kilbrid 0,00 10,00 -30,00 -10,00 -50,00 -40,00
Hahn -16,67 0,00 -50,00 -33,33 -50,00 -33,33
Tonge -10,00 10,00 -40,00 -30,00 -60,00 -60,00
Wee-Mag -3,03 0,00 -12,12 -9,09 -42,42 -36,36
Arcus-1 -43,75 -31,25 -62,50 -62,50 -68,75 -68,75
Lutz-3 -4,55 4,55 -31,82 -18,18 -54,55 -50,00
Mukherjee -10,00 5,00 -40,00 -25,00 -65,00 -55,00
Arcus-2 -17,24 -10,34 -51,72 -48,28 -75,86 -75,86

Bu iyilesme oranlari, DHD problemlerinin 6grenme ve bozulma etkisi diigiiniilerek ¢oziilmesi gerektigini gdstermektedir.
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fonksiyonu degerinde sirasiyla ~%28.5 ve ~%21.7 azalma
saglanmistir (Tablo 6). Ayni1 problem i¢in 6grenme orani 0.7
oldugunda, bozulma oranlar1 sirastyla 0.1 ve 0.2 iken agilan
istasyon sayilar1 sirastyla 10 ve 11 olarak bulunmustur.

DHD problemlerinin ¢6ziimiinde O6grenme ve bozulma
etkileri dikkate alinmalidir. Ciinkii bu iki olgu gercek hayatta
var olan durumlardir. Yapmis olunan ¢alismada, her iki
olgunun da problemin ¢dziimiinde 6nemli etkisi oldugu
goriilmektedir. Logaritmik islem siireleri toplami tabanh
Ogrenme ve is bozulmasi etkileri altinda amag fonksiyonu
degeri iizerinde %75¢ varan iyilesme goriilebilmektedir.

Farkli DHD problemlerinde, ayni &grenme ve bozulma
etkileri ile hesaplanan amacg fonksiyonu degerlerindeki
iyilesme oranlar1 farklilik gosterebilmektedir. Ciinkii, her
DHD problemi igin istasyonlarn cevrim siiresi kisitlari
farklidir. DHD problemlerinin ¢dziimiinde, istasyonlarin
isleri tamamlama siireleri ¢evrim kisitin1 asmamalidir. Tslerin
islem siirelerinin farkli olmasi ve istasyonlara igler atanirken
oncelik iliskilerinin dikkate alinmasi gerekliliginden kaynakli
olarak, istasyonlarm is tamamlama siireleri genellikle gevrim
stiresine esit olmamaktadir. Boylece istasyonlarda arta kalan
zamanlar meydana gelebilmektedir. Ogrenme ve bozulma
etkileri altinda DHD problemlerinin islem siireleri genellikle
kisaldig1 i¢in, isler mevcut istasyonlardaki bos zamanlara
kisitlar1 saglayacak sekilde dagilir. Dolayisiyla, istasyon
sayilarinda azalma goriilebilmektedir. Istasyonlarm cevrim
siiresi arttikca, istasyona yerlesen is sayisida artmaktadir.
Logaritmik islem siireleri toplami tabanli dgrenme etkisi
altinda, isin islem siiresi kendisinden 6nceki islere baglidur.
Dolayistyla, bir istasyona ne kadar ¢ok is atanabiliyorsa,
istasyonda daha ileri siraya atanan isler 6grenmeden o kadar
fazla etkilenmektedir. Ornegin; 53 gérevden olusan DHD
problemi i¢in herhangi bir etki diisiiniilmedigi durumda 6
istasyon ag¢ilmasi uygun bulunmustur. Bu durumda istasyon
bagmna ortalama 8.8 ig diismektedir. 89 pargali DHD
probleminde ise, etkiler diisiiniilmediginde istasyon basmna
5.2 gorev diismiistiir. Ogrenme oran1 0.8 ve bozulma orani 0.1
oldugunda 53 pargali problem igin agilan istasyon sayist %50
iyilesme ile 3 bulunurken, 89 parcali problem igin %31.8
iyilesme ile 15 bulunmustur (Tablo 6).

Sonug¢

Bu g¢alismada DHD problemi, es zamanli logaritmik iglem
stireleri toplam1 tabanli 6grenme ve i bozulmasi etkileri
altinda incelenmistir. Isler tekrarlandikca dgrenilir ve daha
kisa siirede yapilir. Ogrenme etkisi de DHD problemlerinde
islerin islem siireleri {iizerinde azaltici etkiye sahiptir.
Logaritmik islem siireleri toplami tabanli 6grenme etkisinde,
bir istasyonda herhangi bir siraya atanan isin islem siiresi ayni
istasyonda kendisinden Onceki siralara atanmisg islerin iglem
stirelerinin  logaritmik toplammin {istel 6grenme etkisi
kuvvetiyle ¢arpilmasiyla hesaplanmaktadir. Is bozulmasi ise,
bir igin baglangic zamanmnin Gtelenmesine sebep olan her
tiirli bozulmadir. Is bozulmasi, isin baslama zamanim
artirdifl i¢in, isin islem siiresini de artirmig olmaktadir. DHD
problemlerinde islerin islem siirelerinin sabit olarak
alinmaktadir. Oysaki, gergcek hayatta 6grenme ve bozulma,
demontaj siirecinde olan durumlardir. Bu ¢aligmada, DHD
literatiiriinde yaygin olarak kullanilmis olan problemler
logaritmik islem siireleri toplami tabanli 6grenme ve is
bozulmasi etkileri dikkate alinarak, literatiirdeki temel amag
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fonksiyonu olan istasyon sayisi minimizasyonu iizerine
calisilmistir. Bu problem yapisinin ¢dziimii i¢in hibrit PSO-
GA algoritmasi gelistirilmistir. Kullanilan 6grenme ve
bozulma oranlar1 dogrultusunda, agilmasi gereken istasyon
sayist degerlerinde Onemli iyilesmeler kaydedilmistir.
Gelecek caligmalarda, logaritmik islem siireleri toplami
tabanlt dgrenme ve is bozulmasi etkileri altindaki DHD
problemleri i¢in kar maksimizasyonu, artan zaman (idle time)
minimizasyonu gibi farkli ama¢ fonksiyonlar1 igin
caligilabilir.

Etik kurul onay1 ve ¢ikar catismasi beyani
Hazirlanan makalede etik kurul izni alinmasina gerek yoktur.

Hazirlanan makalede herhangi bir kisi/kurum ile c¢ikar
¢atismasi bulunmamaktadir.

Yazar Katkilar
SOMTURK

Modelin olusturulmasi, C# kodunun olusturulmasi ve

yorumlanmast
Calismanin yazilmasi gorevlerini iistlenmistir.
TOKSARI

Caligma taslaginin  olugturulmast ve genel diizeninin

planlamasini yapmustir.
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Bu calismada, Giineykdy’de (Esme, Usak) yeralan Paleozoik yash granitik gnayslarda bulunan Au-
icerikli arsenopiritli kuvars damarlarinda geligen skoroditlesmenin mineralojik-petrografik 6zellikleri ile
Au-skoroditlesme iliskisi incelenmistir. Calisma alaninda, baslica en yaygin cevher minerali
arsenopirittir. Arsenopiritler kenar ve dilinimleri boyunca skorodite doniismiislerdir. Yaptirilan
jeokimyasal analizlere gore arsenopiritlerin Au igerigi 0,5 ppm ile 10 ppm araliginda degistigi
belirlenmistir. Petrografik c¢aligmalarda ise arsenopiritlerde mikroskobik olarak goriilebilir Au
olmamasina ragmen arsenopiritin alterasyon {iriinii olan skoroditte mikroskobik olarak 30-100 mp
boytunda Au taneleri oldugu belirlenmistir. Arsenopirit ve arsenopiritte yeralan Au hipojen olarak
olusurken, arsenopiritin alterasyonu siirecinde olusan skorodit ile skoroditteki Au birikmesi ise siiperjen
olusum olarak tanimlanmustir.
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In this study, the relationship between mineralogical-petrographic features and Au-scoroditization of the
arsenopyrite in the aufeous- arsenopyrite quartz veins found in the Paleozoic granitic gneisses in
Giineykdy (Esme, Usak). The most common ore mineral in the study area is arsenopyrite. Arsenopyrites
have transformed into scorodite along their margins and cleavages. According to the geochemical
analyzes, it was determined that the Au content of arsenopyrites varied between 0.5 ppm and 10 ppm.
Although in petrographic study, there is no microscopically visible Au in arsenopyrite, it has been
determined that 30-100 mp in size Au grains are microscopically in scorodite, which is the alteration
product of arsenopyrite. While the Au in arsenopyrite and arsenopyrite is formed as hypogene, the
accumulation of Au in scorodite and scorodite occured as supergene during the alteration of
arsenopyrite.



mailto:asuman27@gmail.com
mailto:oznuraslan8612@gmail.com

DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Sayfa 697-706

Giris

Au igerikli-arsenopiritli kuvars damarlari, Bati
Anadoluda, Usak ilinin 74 km giineybatisinda yer
alan Glineykoy’de bulunmaktadir. Bu Au igerikli-
arsenopiritli kuvars damarlar1 Menderes Masifi'nin
metamorfik kayaglarinda yeralmaktadir. Menderes
masifinin temel kayaci olan, Paleozoyik yash
Glineykdoy Formasyonunu olusturan gnays ve
mikagistlerde ~ bulunan  arsenopiritli ~ kuvars
damarlari, Au igerigi acisindan  Onemlidir.
Arsenopiritler kenar ve dilinimleri boyunca
skorodite donilismiislerdir. Skorodit arsenopiritin
catlak ve dilinimleri boyunca ve diger mineraller
arasinda ince damar, serit ya da cep seklinde
gozlenmektedir. Skorodit, arsenopiritin ayrigma
iriinii  olarak olusan ikincil mineraldir ve
arsenopiritin yerini almasi sonucu olusmaktadir.
Skorodit’in kimyasal formiilii FeAsO4.2H>O(scd)
dir. Yapilan petrografik incelemelerde
arsenopiritlerde mikroskobik olarak Au
bulunanmamis olmakla birlikte jeokimyasal
analizlerde ise Au igeriginin yiiksek oldugu
belirlenmistir. Yani mikroskobik ve makroskobik
olarak gorilmeyen Au (invisible Au) oldugu
belirlenmistir, buna karsilik skoroditlerde ise
mikroskobik olarak mikron boyutunda, tek taneler
ya da kiigik taneli gruplar halinde Au
gozlenmektedir. Bu bolgede yapilan o6nceki
caligmalar bolgenin mineralojisi, genel jeolojisi,
tektonigi ve cevherlesmenin kdkeni ile ilgilidir [1]-
[8]. Bu c¢alismanin amaci ise, Giineykéy Au
yaginda, arsenopirit ve skorodit Au icerigi agisindan
karsilagtirilarak, Au igerigi acisindan arsenopirit-
skorodit iligkisini belirlenecektir.

Materyal ve Metot

Laboratuvar ¢aligmalari, saha ¢alismalarina paralel
olarak yuritiilmustiir. Toplam 14 6rnek iizerinde
mineralojik ve petrografik calismalar yaptirilmigtir.
Calisgma alanindan derlenen 14 Ornegin X-Ray

difraksiyon = (XRD)  caligmalari,  o6rneklerin
mineralojik igeriklerinin belirlenmesi amaciyla
MTA X-Isinlann Laboratuvari’nda Panalytical

Expert Powder ve Bruker D8 Advance XRD
cihazlar ile gerceklestirilmistir. Kalitatif analizler
ICDD  kartlann ile karsilastirma  yapilarak
gergeklestirilmektedir. Her analiz i¢in 100 p altina
kadar ogitilmiis en az 10 gram numune
gerekmektedir ve Ogitme islemi de MTA’nin
kirma, oglitme, eleme unitesinde
gerceklestirilmistir. Ince ve parlak kesitler ise MTA
ince ve parlak kesit yapim atdlyelerinde
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yaptirtlmistir.  Bu  kesitler, mineral parajenezi,
mineral iligkileri, dokusal 6zellikler vb. 6zelliklerin
saptanmas1 amaciyla, MTA Mineraloji-Petrografi
Aragtirmalart Koordinatorliigii’'nde (Analiz
Laboratuari’nda), Leica DM 2700 P alttan ve {istten
aydinlatmali  mikroskop ile incelenmis ve
fotograflanmistir. Ayrica 4 adet cevher Orneginin
SEM+EDS analizleri MTA Mineraloji ve Petrografi
Laboratuvarinda, FEI Inspect F50 FEG-SEM cihazi
ile yaptirilmustir.

Bulgular

Bolgesel Jeoloji

Calisma alam Bati Anadolu Bélgesi’nde, Usak ili
sinirlarinda  yer almaktadir (Sekil 1). Calisma
alaninin  i¢inde bulundugu bolge, Menderes
Masifinde yer almaktadir. KD-GB uzanimh
Menderes Masifi (200 x 300 km) Bati Anadolu'nun
en biliyik kabuksal segmentlerinden birini
olusturmaktadir. Bu kristalin kompleks giineyde
Likya naplar1, kuzey ve kuzey batida ise Izmir -
Ankara Zonu ve Kikladik Kompleksin Tiirkiye'deki
uzantisi tarafindan tektonik olarak {izerlenmektedir.
Masif doguda ise Neojen yash tortul/volkanik

birimlerle  oOrtiilmektedir.  Menderes  Masifi
glinimiizde aktifligini siirdiiren D-B uzaniml
graben sistemleriyle Demirci-Gordes asmasifi

(kuzey asmasif), Odemis-Kiraz asmasifi (orta
asmasif) ve Cine asmasifi (gliney asmasif) olmak
iizere li¢ asmasife boliinmiistiir (Sekil 1). Calisma
alamm Gordes ve  Egrigbz  submasifinde
yeralmaktadir (Sekil 1) [9]. Menderes Masifi i) Pan-
Afrikan yash temel ve ii) Paleozoyik - Erken
Tersiyer yash ortii serileri olmak {iizere iki ana kaya
topluluguna ayrilmaktadir [10]. Pan-Afrikan yash
temel kayalari, ilksel c¢okelme yas1 Geg
Proterozoyik [11]olan kirintili metasedimentlerden
olusmaktadir. Ortii serileri ise kendi igerisinde
Paleozoyik ve Mesozoyik-Alt Tersiyer kayaclar
olmak {tizere iki alt gruba ayrilmaktadir. Paleozoyik
serileri  baskin  olarak  kuvarsit, fillit ve
mermerlerden olusmaktadir [12]. Mesozoyik-Alt
Tersiyer yash seriler ise alt diizeylerinde
metakonglomera arakatkili sist ile baglamakta ve bir
gecis zonuyla zimpara mercekleri igeren platform
tiri  kalm  metakarbonatlara  ge¢cmektedir.
Karbonatlar pelajik mermer tarafindan
lizerlenmekte ve istif metaolistostromla
sonlanmaktadir ~ [10],[12]. Calisma  alaninin
bulundugu, Pan Afrikan Temel kayalar yiiksek
sicaklik  graniilit-fasiyesinde =~ metamorfizmaya
maruz  kalmiglardir ~ [13],[14].  Pan-Afrikan
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metamorfizmasi, Geg Prekambriyen-Erken
Paleozoik orojenezi siirecinde kitasal kalinlasma ve
bindirmeden (overthrusting) kaynaklanmaktadir
[15],[16]. Calisilan altinli  kuvars damarlari,
Prekambriyen yaslt yesilsist fasiyesinde
metamorfizmaya ugramis granitik gnayslarda yer
almaktadir. Menderes Masifimin  Pan-Afrikan
temelinin en yagli birimlerini kismen migmatitlesme
sunan paragnays ve mika sistlerden olusan
metakirmtili seri olusturur. Geg Proterozoyik yash
bu kayalar Prekambriyen-Kambriyen'de Pan-
Afrikan orojenezi ile iligkili granulit, eklojit ve
amfibolit fasiyesi kosullarinda coklu
metamorfizmadan etkilenmiglerdir [10], [17]-[19].
Temel serileri Pan-Afrikan Orojenezi ile iligkili

yaygin  asidik/bazik  magmatikler tarafindan
kesilmektedir [13], [20]-[22]. Bu goriislerin aksine,
son yillarda 6zellikle Cine Asmasifi’nin giineyinde
yapilan tektonik ¢alismalarda, temele ait en tipik
kayalar olan ve jeokronolojik c¢aligmalarla Pan
Afrikan yagh oldugu yoniinde yaygin veriler elde
edilen asidik magmatiklerin (ortognayslar), i) Geg
Kretase [23] veya, ii) Erken Tersiyer [24] yash
sokulumlar olduklar1 yoniinde goriigler ileri
stiriilmektedir. Jeokronolojik veriler, Pan-Afrikan
ortognayslarin ilksel kayalarini olusturan ana asidik
magmatik aktivite fazinin 550 My belkide 520-570
My arasinda (Ge¢ Proterozoyik-Kambriyen)
gerceklestigini gostermektedir [20]-[22], [25]-[28].
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Sekil 1. Menderes Masif’inin basitlestirilmis bolgesel jeoloji haritas: [19].

Calisma Alaninin Jeolojisi

Usak (Esme) Giineykoyiinde yer alan ¢alisma alani,
Menderes masifinin temel kayaci olan ve granitik
gnayslardan olusan Paleozoyik yashh Giineykdyii

Formasyonu iginde yer almaktadir (Sekill). Bu
formasyon Glneykoy ¢evresinde iyi
ylizeylenmektedir; Menderes masifinin ¢ekirdek
kayacina aittir ve pembe-beyaz renkli iri taneli olup
aplit, kuvars damarlar1 ve silisce zengin anklavlar
icermektedir  [1],[29].  Arsenopiritli ~ kuvars
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damarlari, bu birimlerde yer almaktadir. Bu birim
metagranit, sist ve mermerlerden olusan Paleozoyik
yasli Esme Formasyonu tarafindan tizerlenmektedir.
Bu birimin stratigrafik olarak alt kesiminde, parajen
gnayslar granitik gnayslarin {izerinde yanal ve
diisey gecisli olarak yer almaktadir. Yukariya
dogru gnayslarin tane boyutu kiigiilerek ve ince
taneli biyotit gnayslara gecmektedir. Menderes
Masifi ortii sistleri tizerinde, mikasistler, kuvars-
muskovit sistler, granat sistler, klorit sistler, serizit
sistler gibi ince taneli sistler yer almaktadir. Ortii
sistinin tist kesimlerine dogru, ince mermer bantlari
iceren sistler bulunmaktadir [1], [29]. Bu birimlerin
iizerine Miyosen yashh Ahmetler formasyonu
gelmektedir ve asagidan  yukariya  dogru
Merdivenlikuyu, Balik¢idere ve Gedikler {iyesi
olmak  ilizere ii¢ iiyeden  olusmaktadir.
Merdivenlikuyu iiyesi, yama¢ molozlarindan
olugmaktadir. Bu iiye uyumlu olarak Balik¢idere

tyesi tarafindan oOrtiilmektedir ve akarsu ¢okel
ortamini temsil eden konglomera, kumtasi, tiifit,
kiltasi, marn ve Kkirectaslarindan olusmaktadir.
Balik¢idere tiyesi, Gedikler tiyesi tarafindan uyumlu
olarak oOrtlilir ve gol ortaminda olusmus silttasi,
kiltas1 ve tiifitlerden olugmaktadir [1],[29]. Beydag

volkanik  kayaglari,  piroklastik  kayaclardan
(riyolitik, andezitik tiifler ve aglomeralar)
olugmaktadir. Ulubey Formasyonu, Ahmetler

formasyonu iizerine uyumlu olarak gelmektedir ve
fosilli golsel kirectaglarindan olusmaktadir. Geg
Miyosen yash [30] Asartepe formasyonu calisma
alaninin giiney ve kuzeyinde yiizeylenir ve
konglomera ile kumtasindan  olugmaktadir.
Kumtaglart ile konglomeralar ardalanmali olup yer
yer ince marnli-kiregtasi seviyeleri igermektedir. Bu
birimlerin tiimii Kuvaterner yashh sedimanlar
tarafindan tizerlenmektedir [1], [29].

'
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Mineraloji Petrografi

Caligma alaninda incelenen, altinli-arsenopirit
kuvars damarlari, Menderes Masifi'nin tabaninda
yer alan Giineykdy formasyonunun sist ve
gnayslarinda yer almaktadir. Bu arsenopiritli-
kuvars damarlari, sist catlaklar1 ve sistozite diizlemi
ile uyumsuz olarak yada sistozite diizlemlerini
keserek, yar1 uyumsuz olarak yer almaktadir (Sekil
3, [8]). Bu arsenopiritli-kuvars damarlar1 15 cm
kalinligina kadar ¢ikabilmektedir ve K-B yoniinde,
40° KD egimli, 1.5-2 m uzunlugunda yiizeyde
gozlenebilmektedir. Baskin sistozite diizlemi D-B
yoniinde olup 30°S egimlidir [8]. Cevher
mikroskobisi incelemelerine gore, baslica cevher
mineralleri, yaygin olarak arsenopirit az miktarda

pirit, ilmenit, hematit, rutil, eser miktarda limonit,
kalkopirit, kovelin ve limonitten olusmaktadir.
Parlak kesit orneklerinde, yaygin olarak goézlenen
arsenopirit mineralleri, 6zsekilsiz-yar 6zsekilli, <5-
150 mikrometre arasinda tane boyunda, bazi
orneklerde 600 mikrometreden daha biiyiilk masif
agregalar halinde, cogunlukla kataklastik yapida
gozlenmektedir. Arsenopiritlerin kristal sinirlar1 ve
kiriklar1 boyunca skorodit olusumlart gézlenmistir.
Pirit, arsenopirit i¢inde inkliizyon veya arsenopiritin
kiriklarinda ve/veya arsenoprit kristalleri arasinda
bulunmaktadir, kismen veya tamamen markazite
doniigsmiistiir [8].

Sekil 3. a) Yan kayacin sistozitesine paralel kuvars damari, b) Yan kayacin sistozitesi ile yar1 uyumlu kuvars damari.

Skoroditin Mineralojik Petrografik Ozellikleri

Parlak kesit caligmalarinda, inceleme alanindaki
kuvars damarlarinda, yer yer masif, yer yer
sacimimli olarak gozlenen arsenopiritler kenar ve
dilinimleri boyunca skorodite doniismiiglerdir.
Skoroditler arsenopiritlerin ¢atlak ve dilinimleri
boyunca ince damar, serit yada cep seklinde
gozlenmektedir (Sekil 4). Skoroditler,
arsenopiritlerin ayrigma {irliniidiir ve arsenopiritlerin
yerini almasi sonucu ikincil olarak olusmaktadir, bu
nedenle skoroditlesmenin ilerlemesi arsonopiritlerin
iskeletimsi goriintii almasina neden olmaktadir ve
kalint1 arsenopiritler olusmaktadir [31]. Calisma
alaninda skoroditlesmenin ilerlemesi ile
arsenopiritlerde kalinti doku goriinimii olustugu
gozlenmigtir  (Sekil 4d). Bazi  Orneklerde
skoroditlerin mikroskobik goriiniimii, daha kristalli
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ve Ozsekillidir, ancak genel olarak kriptokristalin
gorlinlimiindedirler (Sekil 4 a,b). Alterasyonun ilk
asamalarinda arsenopiritlerin tane smirlar, kirik-
catlaklar1 boyunca skoroditlesmenin gelistigini yani
skoroditlesme baglangicta tane sinirlart boyunca
basladigi, daha sonra, tane sinirina dik uzun-ince
kapanimlar yoluyla mineralin igine yayilabildigi,
sadece  skorodit kalana kadar arsenopiriti
parcalayabildigi belirtilmistir. Daha sonra ise bazi
arsenopirit tanelerinin kenar-koselerinin bozuldugu,
mineral taneleri arasinda breslesme goriintiisii
olustugu ve son olarakta arsenopiritlerin ¢gogunlukla
skorodit tarafindan yeri alindig1 ve arsenopiritlerde
iskeletimsi, kalint1 dokunun olustugunu
belirtilmigtir [31]. Calisma alanindaki
arsenopiritlerde hem ilk asama (Sekil 4c), hemde
skoroditlesmenin ilerledigi arsenopiritlerdeki kalinti
dokularin olustugu asama gézlenmistir (Sekil 4d).
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100 pm &

Sekil 4. a, b) Arsenopiritlerin kenar ve ¢atlaklari boyunca olusan skoroditlerin mikroskobik goriintiisii a: 2. Nikol, UK-
2, b) 1. Nikol goriintiisii. ¢) Arsenopiritlerin, kataklastik goriintiisii ve kirik-gatlaklar1 boyunca olusan skoroditlesme
(parlak kesit, Uk-3), d) Skoroditlesmenin artmasi sonucu, arsonopiritlerdeki kalinti, iskeletimsi yapilar (Uk-5)

spot2

spot3

2l L.

Sekil 5. a) Skoroditdeki Au’nun parlak kesit goriintiisti, b) SEM+EDX skorodit, arsenopirit.
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Tablol. SEM/EDX ana oksit degerleri (wt%)

Ornek 1 2 3 4 5 6 7 8 9 10 11 12 13 14
No

Ana oksit

(Wt %)

(6) 38.61 | - - - - - - - - - 3738 | - - 39.06
Fe 26.92 | 34.92 | 16.53 | 35.01 | 18.91 | 17.81 | 35.39 | 4.10 | 6.18 | 35.39 | 26.39 | 1.56 | 35.34 | 26.88
As 3447 | - 16.71 | 45.62 | 18.08 | 18.53 | 44.40 | - - 4544 | 34.54 | - 45.24 | 34.06
S - 1890 | 7.28 | 19.36 | 12.08 | 7.98 | 20.21 | 1.39 | 4.66 | 19.17 | 1.69 | 2.26 | 1943 | -

Ag - - - - - - - 10.19 | 9.07 | - - 1293 | - -

As - 46.17 | - 45.62 | 18.08 | - - 384 | 535 |- - 1.52 | - -

Au - - 1.81 | - 3198 | - - 79.64 | 74.74 | - - 81.74 | - -

Bi - - 57.68 | - 18.95 | 55.68 | - 0.51 | - - - - - -

Ni - - - - - - - 0.32 | - - - - - -

Skoroditin ve arsenopiritin SEM+EDX Ozellikleri

Calisma  alaninda  arsenopiritlerin ~ petrografisi
incelendiginde mikroskobik olarak Au olmadig,
skoroditlerde ise mikroskobik olarak mikron
boyutunda (30-100 um), tek taneler halinde ve kiigiik
taneli gruplar halinde skorodit matriksinde, skorodit-
arsenopirit siirinda yani arseonopiritler ile dokanakl
Au taneleri gozlenmistir (Sekil 5 a). Au olusumu
genellikle bizmut taneleri ve c¢atlak dolgusu
seklindedir. Ornegin bazi yerlerinde Au ile Bizmut
birlikte gorliniirken, baz1 yerlerinde bizmuttan uzakta
bulunmaktadir (Sekil 5). Caligsma alaninda arenopiritli
kuvars damarlarinin jeokimyasal verilere gore Au
icerigi 0.5 ppm ile 10 ppm arasinda, Ag igerigi ise 0.1
ppm ile 20.3 ppm arasinda oldugu belirlenmistir [8].
Tablo 1’de SEM/EDX analizlerinin ana oksit
degerlerine Au degeri % 1.81 ile 81.74 araliginda; Ag
degeri ise % 9.07 ile 12.93 araliginda degismektedir.
Arsenopiritlerde mikroskobik olarak goriilebilir altin
olmamasina ragmen altin igerigi yiiksek oldugu
gorlilmektedir.

Tartisma ve Sonug¢

Skorodit arsenopiritin yiizey kosullardaki basing-
sicaklik (P-T) alterasyonu {irtintidiir  [32],[33].
Skorodite, arsenopiritin diigilk ¢oziintirliiklii ayrigsma
iriintidiir, oksitleyici ve asidik kosullarda c¢okelir
[33],[34].

FeAsS (apy)+14 Fe™ +10 H,O <14 Fe;'™+ SO4-
+FeAs04.2H,0 (scd)+16H (1)

Skorodit arsenopiritin oksidasyonu sonucu
olugmaktadir, lokal olarak diisiik Ph, yiiksek arsenat
ve Fe aktivitesi gerektirir. Skoroditlesme reaksiyonu
devam ettiginde, arsenopirit tiikendikten sonra, Fe ve
arsenat konsantrasyonu azalacaktir, bu da Ph'da bir
artisa neden olacaktir, skoroditten dogal olarak gotit
olusacagindan (reaksiyon 3), arsenatin artmasina yol
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acacaktir (reaksiyon 2). Tim bu reaksiyonlar, sistemi
daha asidik hale getirmede etkili olan hidrojenin
serbest kalmasina neden olmaktadir [31].

Fe**+H3As04+2H,0FeAsO4.2H,0 (scd)+3H (2)

FeAsO4.2H,0 (scd) «<FeOOH(geo)+H,AsO4  +H"

3)

Calisma alaninda parlak kesitlerde go6tit minerali
gbzlenmedigi i¢in reaksiyonun bu asamaya gelmedigi
belirlenmistir. Siiperjen alterasyon siirecinde, siilfiir
(kiikiirt)  oksijenin  yerini  almca  arsenopirit
molekkiilleri hidratlanir ve skorodite doniisiir, ayrica
oksijen arsenopiritin kristal kafesi iginde mikroskobik
olarak goriinmeyen altin1 (invisible gold) serbest
birakir [35],[36]. Yani siilfiirlerin deformasyona
maruz kalmasi durumunda, daha onceki siireglerle
olusmus goriinmez altiin biiylik bir kismi, siilfidin
kristal ~ kafesinden atilir  [37],[38].  Skorodit
matriksinde gOriiniir tanecikler olarak bulunan,
goriilebilir altin taneciklerini olusturmak i¢in mobilize
olan altimin siiperjen zenginlesme ile birikmis olmasi
miimkiindiir [31]. Siilfiirlerin deformasyona maruz
kalmasi durumunda, daha onceki siireglerle olusmus
goriinmez altimn  biiylik bir kismi siilfid kristal
kafesinden atilacaktir [37],[38]. Goriinmez altin,
sicaklik artis1 (heating) ve basing artis1 siireci
sirasinda  siilfitlerden atitlir  [39].[35] kimyada,
kursunun bir femiroksihidroksit ile yer degistirmesi,
skorodit gibi, eger ¢ok az miktarda klorit varsa, bu
klorit metalleri tasima islevi goriir ve hem altim
hemde giimiisii pargalayabilir ve ¢dzebilir. Skorodit
olusurken de, klor sistemde muhtemelen bol olarak
bulunmaktadir, oldukga yiiksek NaCl/H>O oranina ve
diisiik s1v1 kapanim donma sicakliklarina dayali olarak
klor sistemde muhtemelen bol olarak bulunmaktadir.
Skorodit olusum reaksiyonlari nedeniyle sistemde
Ph’diiser, ¢ilinkii AuCly yalnizca 0.8 civarinda oldukga
yliksek Eh’de ¢oziiniirdiir, altin skorodit i¢inde kii¢iik
parcaciklar olarak hizla yeniden ¢okelir, fakat AgCly
ise hala ¢ozelti halindedir ve sistemden ayrilarak,
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sistemdeki glimiisii tiiketebilir [35],[36],[40]. Altin ile
birlikte bulunan giimiis miktarindan, superjen altini
hidrotermal altindan ayirt etmek miimkiindiir. Eger,
soguyan (cooling) hidrotermal cozeltiden g¢okelirse,
altin genellikle glimiis ile birlikte bulunur [41].
Superjen alterasyona maruz kalan altin, homojen iz
element bilesimine daha yatkindir [42]. Calisma
alaninda altin iceren arsenopiritli 6rneklerde Au ile

birlikte Ag olmast hidrotermal sistemi
desteklemektedir. Skoroditin varligi, hidrotermal
stireclere maruz kalmadan daha ¢ok siiperjen

alterasyonu desteklemektedir, skorodit arsenopiritin
superjen alterasyon iiriinii olarak tanimlanmaktadir ve
ylizey P-T kosullarinda arsenik sistemin durayl
(stable) versiyonu olarak tanimlanmistir [32],[33].
Caligma alanindaki arsenopiritli kuvars damarlari,
hipojen damar olusumu ve diger ilksel olaylar
nedeniye ilksel altin1 igermektedir. Caligsma alanindaki
altin igeren arsenopiritli kuvars damarlarindaki ilksel
cevherlesmeyi  olusturan c¢ozeltiler —metamorfik
coOzeltilerden tliremistir ve cevherlesme orojenik-tip
cevherlesmedir [8]. Altimin ¢ozelti ile arsenopiritin
yapisindan ¢ikmasi ve arsenopiritin diginda tekrar
cokelmesi daha sonra gelisen, yiizey kosullardaki
basing-sicaklik  (P-T) alterasyon  sonucunda
olugmaktadir, arsenopirit skorodite doniisiir ve bu
stirecte Au skoroditte tekrar birikir [31]. Calisma
alaninda hem arsenopirit hemde arsenopiritin
alterasyon minerali skoroditte Au bulunmaktadir.
Skorodit ile arsenopirit es zamanh degillerdir.
Skorodit, arsopiritin alterasyonu ile olusmustur ve
arsenopiritin yerini almugtir. Arsenopiritte
gorlinmeyen Au vardir, skoroditte ise remobilize
mikroskobik olarak goriilebilen, biiyiik ve kiigiik

taneler  halinde Au  vardir.  Dolayisi ile
aresenopiritlerdeki Au olusumu hipojen olusum
olurken  daha sonraki alterasyon siireciyle,

skoroditlerde yeniden birikmesi superjen olusumdur.
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Bu ¢alisgmada Dimer Grup’a ait Adiyaman Emprador tasinin iiretiminde ortii tabakasinin konvansiyonel
yontem ile kazilmasi ile delme patlatma yontemi ile kazilmasi karsilastirilmistir. Konvansiyonel
yontemde Ortli tabakasinin alinmasi elmas tel ile kesim yapilmaktadir. Bu yontemde diisey ve yatay
deliklerin delinmesi, elmas tel ile kesimlerin yapilmasi, pargalarin ayrilmasi ve kirict ile boyut
kiigiiltiilme ve tagima adimlart uygulanmaktadir.

Delme patlatma yontemi ile ortii tabakasinin kazilmasinda ise deliklerin belirlenen parametrelere uygun
delinmesi, doldurulmasi ve sikilama yapilmasinin ardindan patlatma yapilmasi ve yine tagima adimlarini
takip etmektedir. Caligmada ortii tabakasinin delme ve kesme islemlerine hazir hale getirilmesi ve ortii
tabakasinin alinmasi sonrasi islemler her iki yontemde de ayn1 oldugu i¢in ¢alismaya konu edilmemistir.

Degerlendirmeler neticesinde ayni biiyiikliikteki alanin elmas kesici ile 118.68 saatte, delme patlatma
ile 35.27 saatte kazildig1 goriilmiistiir. Yine konvansiyonel ydntemin maliyeti 138.64 tI/m® iken, delme
patlatmada bu maliyet 39.97 tl/m’ olmustur. Patlayici kullamimu is igin gerekli siireyi %70 kisaltirken,
maliyeti de %72 seviyesinde azaltmstir.
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* Sorumlu Yazar

In this study, the excavation of the overburden with the conventional method and the excavation with the
drill and blast method in the production of Adiyaman Emprador stone belonging to the Dimer Group were
compared. In the conventional method, the overburden is removed and cut with diamond wire. In this
method, drilling of vertical and horizontal holes, cutting with diamond wire, separating parts, downscaling
with crusher and transporting steps are applied.

In the excavation of the overburden with the drill and blast method, drilling the holes in accordance with
the determined parameters, filling and tightening and blasting and again transporting steps are followed.
Due to applying the same methods in the processes of preparing the overburden for drilling and cutting
operations and after removing the overburden were not included in the study.

As a result of the evaluations, it was seen that the same size area was excavated in 118.68 hours with a
diamond cutter and in 35.27 hours with drilling and blasting. Correlatively, while the cost of the
conventional method was 142.59 tl/m?, this cost was 39.97 tI/m’ in drill and blast. The use of explosives
shortened the time required for work by 70%, while reducing the cost by 72%.
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Giris

Calismaya konu olan mermer ocagi (Sekil 1) Dimer Grup’a
ait olup; Adiryaman ili, Kémiir beldesi, Kaskéy mevkinde yer
almaktadir (Sekil 2). Ocakta Brown Espera ticari ad1 ile satisa
sunulan emprador liretimi yapilmaktadir (Sekil 3).

Sekil 3. Brown espera

Emprador; ticari degeri olan ve acik bejden koyu
kahverengiye degisen renkler gosteren tektonit 6zellikli bir
kayactir. Bu kayag aralarinda belli agilar bulunan yanal atimli
fay sistemleri arasinda rijit 6zellikli kiregtaslarinin belli bir
diizen iginde rotasyona ugrayarak parcalanmalari ve farkli
biiyliklikte  kirillan  pargalarin  kalsit ¢imento ile
¢imentolanmalar1 seklinde olugmaktadir [1].
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Ocaktan ¢ikarilan kayacin fiziko-mekanik 6zelliklerinin tayin
edilmesi i¢in deneyler 6zel bir laboratuvarda yapilmistir. Bu

ozellikler Tablo 1’de verilmistir.

Tablo 1. Ocaktan ¢ikarilan mermerin fiziko-mekanik ve

teknik 6zellikleri
Fiziko-Mekanik Ve Teknik Ozellikler
Plaka Verme Tyi
Kenar Kose Kesilmesi Tyi
Cila Alma Iyi
Sertlik 4 (Mohs)
Yogunluk 2.82 (g/em?)
Birim Hacim Agirhk 2.68 (g/cm?)
Atmosfer Basmcinda Su Emme 0.9 (%)
(Agirlikga)
Atmosfer Basincinda Su Emme 2.2 (%)
(Hacimce)
Kaynar Suda Su Emme (Agirlik¢a) 0.9 (%)
Kaynar Suda Su Emme (Hacimce) 2.6 (%)
Basing Direnci 835 (kgf/cm?)
Don Sonrasi Basing Direnci 1110 (kgf/cm?)
Don Kayb1 0.1 (%)
Darbe Direnci 9 (kgf.cm/cm)
Egilme Direnci 69 (kgf/cm?)
Goriiniir Porozite 2.2 (%)
Doluluk Orani 94.8 (%)
Gozeneklilik Derecesi 5.2 (%)

Ortalama Asinma Direnci

25.6 (cm*/50cm?)

Bolgesel jeoloji

Inceleme alaninda, yapisal dzellikleri ve kaya tiirii agisindan
farkli  Ozellikler gdsteren ¢ok sayida kaya birimi
ylizeylenmektedir. Sahanin giiney kisimlart Giineydogu
Anadolu Otoktonu'na ait kaya birimleri ile ortiilii iken, kuzey
kesimleri allokton kiitlelerden olusan Toros Orojenik Kusagi
ve dalma batma zonunda olusan okyanusal kabuga ait kaya
birimleri tarafindan temsil edilmektedir (Sekil 4) [1].

Adiyaman Kuzeyi Emprador Tipi Mermer Sahalan
ve Yakin Gevresinin Jeolojisi

Sekil 4. Adiyaman kuzeyi Emprador tipi mermer sahalar1 ve
yakin ¢evresinin jeolojisi [1]

Inceleme alani ve yakin yoresinde Triyas-Jura-Kretase’den
giiniimiize kadar degisik yaslar veren iki tanesi allokton on iki
tanesi otokton olan toplam on dort adet birim gozlenmektedir.
Emprador tipi mermerlerin elde edildigi birim olan Hoya
Formasyonu otokton sinifta yer almaktadir [1].
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Adiyaman yakin kuzeyinde, Tut kuzeyinde, Besni
giineybatist ve Kogali dolaylarinda genis alanlarda
ylizeylenen Hoya Formasyonun tip lokalitesi Diyarbakir ili
Ciingiis ilgesinin 2 km giineybatisindaki Hoya koyiidiir.
Kiregtasi ve yer yer de dolomitik kiregtaglarindan olusan
birim, ilk kez Peringek (1978) tarafindan adlandirilmistir [2],

[3].

Formasyon; krem, agik grimsi beyaz ve bej renkli orta, bazen
masif, yer yer ince tabakali, yamrulu goriintimlii, kahverengi
olan, alt kesimlerinde tektonit dokusu gosteren ve pargalanan
kesimleri ¢ok ince sparitik ve seyrek mikritik ¢imentolu, yer
yer bentik foraminiferli, karstik erime bosluklu, makro fosilli
kiregtaslar1, dolomitik kiregtaslari, marn, silttasi ve ¢ok kalin
tabakali yer yer tabaka gostermeyen, dik yarlar olusturan sert
koseli kirllmalt yer yer bol fosilli kiregtaslar: ile temsil
edilmektedir [1].

Karbonat platformu ortaminda ¢okelmis olan Hoya
Formasyonunun yas1 alt Eosen ve alt Oligosen olup igerisinde
fosil barindirir [4], [5].

Yas verilerine gére Hoya Formasyonu Eosen (Kiiviziyen-
Orta Liitesiyen-Erken Priyaboniyen) yasinda olup litoloji ve
fauna topluluguna gore agik selfin sig kesiminde ¢okelmistir

(1]

Hoya Formasyonu renk ve litolojisi dikkate alinarak bes alt
birimde incelenebilir. En altta agik gri renkli kil ara diizeyli
kiregtaslar1 ile hemen {izerine gelen koyu renkli fosilli ve
karstik bosluklu dolomitik kiregtasi (fosilli emprador), iiste
dogru hafif agik renkli dolomitik kiregtasi (bej dark
emprador), koyu renkli dolomitik kiregtasi (dark emprador
veya brown espera), a¢ik renkli dolomitik kiregtasi (midyum)
ve en istte de acik renkli gozenekli kiregtast (ekonomik
olmayan) diizeyleri yer almaktadir [1].

Inceleme alaninda ekonomik degeri en yiiksek olarak bilinen
kesim dolomitik kiregtasi diizeylerinden olusan koyu
kahverengi empradordur. Fosilli ve kalsit dolgulu mercekler
icerebilen bu kesim 20-30 m kalinliklar gostermektedir [1].
Sekil 5’te caligmaya konu olan mermer ocaginin da i¢inde yer
aldig1 sahanin jeolojik harita ve kesitleri verilmistir.

FoF p £ £
il g g e
S

L= R =

§:9¢

Sekil 5. Adiyaman ili Kémiir flgesi Kaskdy Beldesi mermer
sahasi jeolojik harita ve kesitleri [1]

Konvansiyonel yontem ile ortii tabakasinin

kazilmasi

Konvansiyonel yontemde ortii tabakasi elmas tel ile kesilerek
taga ulagilir. Bu islem, tiretim i¢in takip edilen adimlar ile
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neredeyse aynidir (Sekil 6). Tek fark tepelemelerin
devrildikten sonra sayalama islemi yapilmadan kirici
vasitasiyla kaya kamyonuna yiiklenebilecek boyuta
kiigiiltiilerek atik sahasina taginmasidir.

Ortii tabakasinin kaldiriimasi

Diisey ve yatay deliklerin delinmesi

Tel kesme makinasi ile ana kiitlenin
kesilmesi

Kesilen par¢anin aynilmasi

Sayalama

Stok sahasina tagima

H‘I‘I‘I ‘I‘I‘I

Sekil 6. Mermer ocag is akim semasi

Kopriilii dag kesim makinesinin ana kayay1 kesebilmesi i¢in
oncelikli olarak delici (Roc) makine ile dik yonde bir merkez
deligi delinir. Ardindan iki yonde birer yatay delik delinerek
bu ii¢ deligin birlesmesi saglanir. Deliklerin birlesmesinden
sonra elmas tel bu deliklerden gegirilerek kopriilii kesme
makinesinin kasnagt etrafindan dolastirilarak  kesime
baslanir. Yatay (alt) ve diisey (yan) kesimlerin sematik
goriiniimleri Sekil 7°de verilmistir.

Dugey delik Su Diisey kesimde ilerleme y&nii >
v

" Kesilen Diisey Kesim
"L Elmas tel alan ;
n-. KAYA " Elmas tel kesme
I ™ ., makinasi
Yatay delik  Kasnak 3z
1] . A 7
. 3 <
0 = =
Yatay Kesim : \ 7777777 =
: Si
Ray Elmas tel u
sistemi ‘
\\‘\\‘ Kesilen

< Yatay kesimde ilerleme yénl

Sekil 7. Yatay ve diisey kesimlerin sematik goriiniimleri ve
elmas telin yapisi [6], [7].

Calismaya konu olan ocakta diisey delik agis1 90° boyu 6
metredir. Yatay deliklerin uzunlugu ise sirastyla 10.8 ve 11.2
metredir.10.8 metrelik kenarda 6; 11.2 metrelik kenarda 4
adet delik delinmektedir. Belirtilen uzunluk ve adetlerde
delinen delikler, istten bakildiginda ana kayay1 esit
boyutlardaki (1.8m*2.8m*6m) dikddrtgenler prizmalarina
boliinmiis (baklava dilim) olarak kesilmelerini saglar (Sekil
8).
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Sekil 8. Kesimler sonrasi yikima hazir tepelemelerin iistten
goriiniist

Delme patlatma yontemi ile ortii tabakasmin
kazilmasi

Patlayici kullanilarak yapilan kazi, kontrollii bir bigimde ana
kaya kiitlesinin ayrilmasi amaciyla uygulanan kazi ve tiretim
yontemidir. Patlatmada temel amag¢; minimum delme,
patlatma ve yiikleme maliyeti ile giivenli bir sekilde, istenilen
malzemenin maksimum miktarda elde edilmesini saglamaktir
[8]. Elde edilecek sonug, patlatma yapilacak kayag 6zelligine,
kullanilacak patlayict madde o&zelligine ve uygulanacak
patlatma tasarimina baglidir.

Mermer ocaklarinda delme patlatma yontemi ile ortii kazisi
yapilirken en Onemli husus tasa zarar vermeden, catlak
olusumuna ya da var olan c¢atlaklarin genislemesine sebep
olmadan kontrollii delme patlatma yapilabilmesidir.

Patlatma yapilacak parselde iiretim yoniine dogru 2 metre
mesafe alinip serit ¢ekilmektedir. Patlatma delikleri ¢cap1 89
cm olan delici ile agilmaktadir.

Delikler arasi mesafe 3 metre olacak sekilde 6 metre olan
basamak yiiksekligi icin 2 metre topuk birakilarak 4 metrelik
delikler acilmaktadir. Her 1 metre icin 5 kg ANFO
kullanilmaktadir. Delikler %50 ANFO %50 sikilama
seklinde doldurulmaktadir. Patlatma paterni sesbes diizen
olarak secilmisgtir. Patlatma tasarim parametreleri Tablo 2’de
Ozetlenmistir.

Tablo 2. Atimlarda uygulanan patlatma tasarim parametreleri

Patlatma Parametreleri

Delik egimi Dik
Delik diizeni Sesbes
Basamak yiiksekligi (m) 6
Delik ¢ap1 (mm) 89
Delikler arast mesafe (m) 3
Delik boyu (m) 4
Sikilama boyu (m) 2
Delik sayisi1 (adet) 14
Bosaltilan alan (m?) 725.76

710

Yapilan ¢aligma sirasinda gozlemlenen patlatma islemi i¢in
deliklerin doldurulmasi ve sikilama islemi Sekil 9’da,
deliklerin doldurulmasi ile patlatmaya hazir alan Sekil 10°da,
sorumlu maden miihendisi gozetiminde yapilan patlatma
sonrasi basamak goriiniimii Sekil 11°de verilmistir.

=

Sekil 10. Patlatmaya hazirlanmis basamak

Sekil 11. Patlatma sonrasi olusan yigin

Zaman ve maliyet analizi

Ocakta deliklerin delinmesi i¢in yapilan hazirlik isleri, kesim
alanmin hazirlanmasi siireci ve kazilan malzemenin hafriyat
sahasma tasinmast her iki yontemde de aym sekilde
yapilmaktadir. Dolayisiyla siire ve maliyete etkileri ayni
oranda olacagindan degerlendirilmemis, caligmada sadece
uygulamadaki farkliliklara yogunlagilmistir.
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Zaman ve maliyet degerlendirmeleri 725.76 m® alan igin
yapilmistir. Her kalemin birim maliyeti hesaplanmis ve
yapilan is i¢in gerekli siirede olusturdugu maliyet elde
edilmistir.

Hesaplamalarda dolar kuru 26 lira; mazot litre fiyat: 27 lira
olarak sabitlenmigtir. Iki yontem i¢in de gdrevli miihendis
sayisi sabit oldugundan maliyet hesabina dahil edilmemistir.

Kesimler icin gerekli siire

Oncelikle 6 m uzunlugunda merkez delik ve her iki yondeki
yatay delikler sirastyla 10.80 m ve 11.20 m olacak sekilde
delinip bu 3 deligin birlestirilmesi saglanir. Ardindan
kesimlerin yapilabilmesi i¢in yatay deliklerin delinmesi
islemi yapilir. Her iki kenarda toplam 10 delik agilir. Delik
delme islemleri bittikten sonra kesim isine gegilir. Toplamda
10 kesim yapilir. Tablo 3’te yapilan delgi ve kesim islemleri
ile bunlar i¢in ihtiya¢ duyulan siireler verilmistir.

Tablo 3. Yapilan delgi ve kesim igleri

Islem Olgii Adet Binm siire  Toplam
(saat) siire (saat)

Merkez deligin =~ 6 m 1 1 1

delinmesi

1.Yatay deligin =~ 10.8 m 1 2.5 2.5

delinmesi

2.yatay deligin ~ 11.2 m 1 3 3

delinmesi

10,80 m lik 10.8 m 4 2.5 10

yiizeyde

deliklerin

delinmesi

11,20 m lik 11.2m 6 3 18

ylizeyde

deliklerin

delinmesi

Alt kesim * 112m*10.8m 1 9.30 9.30

Yan kesim 1* 11.2m* 6 m 6 5.16 30.96

Yan kesim 2* 10.8 m* 6 m 4 4.98 19.92

Tepelemelerin 1.8m*2.8m*6m 24 1 24

devrilmesi

Toplam 118.68

* Kopriilii dag kesim ile bir saatte ortalama 13 m?’lik kesim
yapilabilmektedir.

Patlatma icin gerekli siire

[lk olarak kesim isinde oldugu gibi merkez ve iki adet yatay
delik birbirleri ile birlesecek sekilde delinir, ardindan alt ve
yan kesimler yapilir. Yan kesimlerin sayisi toplamda 2
adettir. Kesimlerdeki amag serbest ylizey olusturarak tasin
patlatma sirasinda zarar gormesini Onlemektir. Kesim
islemleri sonrasi patlatma delikleri hazirlanir. 6 metrelik
basamak yiiksekligi i¢cin 2 m topuk birakilarak 4 m olacak
sekilde toplam 14 adet delik delinir. Tablo 4’te yapilan delgi
ve kesim islemleri ile bunlar icin ihtiya¢ duyulan siireler
verilmigtir.

Tablo 4. Yapilan delgi ve kesim isleri

Islem Olgii Adet Biimsire Toplam
(saat) siire (saat)

Merkez deligin 6m 1 1 1

delinmesi

1.Yatay deligin =~ 10.8 m 1 2.5 25

delinmesi
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2.yatay deligin 11.2m 1 3 3
delinmesi

Altkesim * 112m*10.8m 1 9.30 9.30
Yan kesim 1* 11.2m*6m 1 5.16 5.16
Yan kesim 2* 10.8 m* 6 m 1 4.98 4.98
Patlatma delikleri 4 m 14 0.67 9.33
Toplam 35.27

* Kopriilii dag kesim ile bir saatte ortalama 13 m?’lik kesim
yapilabilmektedir.

Tablo 3 ve Tablo 4’te goriilebilecegi gibi; elmas tel ile kesim
yapilmast isi toplamda 118.68 saat siirerken aym
biiyiikliikteki alanin patlatma yontemi ile kazilmasi 35.27
saat stirmiistiir.

Kesim maliyeti

Kesim maliyetini olugturan kalemler ve tutarlar1 Tablo 5’te
verilmistir. Kesim, delme, devirme ve kirma adimlarmin
kendi igindeki giderleri ayr1 ayr1 gosterilmistir. Burada her
kalemin birim maliyeti hesaplanmis ve belirtilen is i¢in
harcanan zaman ve birim fiyatin ¢arpilmasi ile toplam tutar
bulunmustur.

Tablo 5. Elmas tel ile kesim isi maliyeti

Islem Maliyet Tutar (tl)
l_<alemleri

Kesim (60.18 saat) Is¢ilik 8023.80
Elektrik 3514.51
Amortisman 3309.90
Bakim 2268.79
Tel 1255.54
Su 36108
Sarf 485.10

Delme (34.5 saat) Iscilik 5520
Elektrik 3022.20
Amortisman 3795
Bakim 1300.65
Sarf 35.62

Devirme+Kirma (24 saat) Mazot 16848
Iscilik 3840
Amortisman 6222
Bakim 5074.08

Toplam 100623.20

Tablo 5’ten goriilebilecegi gibi elmas telle kesim ydnteminin
birim maliyeti 138.64 tl/m>olmustur.

Patlatma maliyeti

Patlatma maliyetini olusturan kalemler ve tutarlar1 Tablo 6’da
verilmistir. Kesim ve delme adimlarmin kendi igindeki
giderleri ayr1 ayr1 gosterilmistir. Burada her kalemin birim
maliyeti hesaplanmig ve belirtilen is i¢in harcanan zaman ve
birim fiyatin c¢arpilmasi ile toplam tutar bulunmustur.
Patlatma adiminda ise 725.76 m® biiyiiklikkteki alanin
patlatilmas1  i¢in  kullanilan  malzemelerin  tutarlari
belirtilmistir.
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Tablo 6. Patlatma isi maliyeti

Islem Maliyet kalemleri Tutar
Kesim (19.44 saat) Iscilik 2591.35
Elektrik 1135.30
Amortisman 1069.20
Bakim 732.89
Tel 374.66
Su 11664
Sarf 485.10
Delme (15.83 saat) Iscilik 2532.80
Elektrik 1386.71
Amortisman 1741.30
Bakim 596.79
Sarf 35.62
Patlatma Anfo 3298.75
Kapsiil 1021.79
Dinamit 286.19
Elektrikli Kapsiil 1.572
Atesleyici 60
29014.02

Tablo 6’dan goriilebilecegi gibi patlatma yontemi ile kazinin
birim maliyeti 39.97 tl/m? olmustur.

Sonug¢

Bu calismada; ortii tabakasmin alinmasi isinin kesim ve
patlatma yontemleri ile yapilmasmin zaman ve maliyet
acisindan farklar1 degerlendirilmistir.

Yontemlerin 725.76 m? biiyiikliikteki alanin bosaltilmasi i¢in
ihtiya¢ duyduklar siireler incelenmis ve sonuglar elmas telli
kesici kullaniminda toplam siire 118.68 saat iken, patlayici
kullaniminda toplam siire 35.27 saat olmusgtur.

Bir bagka degisle ihtiya¢ duyulan birim zaman; elmas tel ile
kesimde 0.16 h/m? iken patlayici kullanimi ile yapilan kazida
0.049 h/m? olmustur.

Patlatma yonteminin kullanilmasi isin tamamlanmasi igin
gereken siireyi %70 mertebesinde kisaltmistir. Bagka bir
deyisle delme patlatma yonteminde kazi hizinin, elmas kesme
yontemine gore yaklasik %335 oraninda daha yiiksek oldugu
belirlenmistir.

Bosaltilan  725.76 m? alan igin yapilan maliyet
degerlendirmeleri sonucunda; elmas tel ile kesimin toplam
maliyetinin 100623.20 tl, birim maliyetinin ise 138.64 tl/m?
oldugu, yine patlatma ile kazmm toplam maliyetinin
29014.02 tl, birim maliyetinin ise 39.97 tl/m3 oldugu
anlagilmigtir.

Patlayici kullanimimin maliyeti %72 mertebesinde azalttigi
goriilmiistiir.
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Bu calisma ile serbest yiizey olusturduktan sonra dogru
patlatma parametreleri segilmis bir patlatma ile tasa zarar
vermeden, iiretim katina kadar ortii tabakasinin kazilmasinin
zaman ve maliyet agisindan 6nemli derecede fayda sagladig:
goriilmiistiir.

Isletmelerde {iretimin her asamasinda, is saghg ve
giivenligini tehlikeye atmamak, kaliteyi diisiirmemek ve
cevreye duyarli olmak sartiyla en uygun maliyetle ¢alisiimast
tercih edeceginden bu caligma ile elde edilen sonu¢ 6nem
tagimaktadir.
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The active and passive thrusts in cantilever retaining walls are closely related to the rotation and
displacement of the wall. Within the framework of classical soil mechanics calculations, the steady-state
values of the active and passive thrusts are used, assuming that the wall rotates and displaces sufficiently.
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Giris

Konsol istinat duvarlarin hesabinda kullanilan aktif ve
pasif itkiler birgok tasarim yonetmeliginde Coulomb,
Rankine veya logaritmik spiral teorilerine dayanmaktadir [1-
4]. Coulomb kama go¢mesi yontemini kullanarak yatay
toprak basincini hesaplamistir. Daha sonra Poncelet duvar-
zemin ve igsel zemin siirtiinmesi degerlerini de igeren aktif ve
pasif toprak itkisi ifadesini gelistirmistir [5]. Rankine ise
gerilme alani teorisini kullanarak duvar-zemin siirtlinmesini
icermeyen ifadeler elde etmistir [3]. Logaritmik spiral gogme
dairelerini kullanarak Caquot ve Kerisel ve Kerisel ve Absi
aktif ve pasif itki igin tablolar hazirlamistir [2], [6]. Ozellikle,
Avrupa’da kullanilan EN 1997-1 yonetmeliginde bu
tablolarin kullanilmasi 6nerilmektedir [7].

Yukarida sayilan yontemlerde toprak itkisi i¢sel siirtiinme
acisinin ve jeolojik gerilmenin fonksiyonudur. Jeolojik
gerilme derinlik ile yaklasik olarak dogrusal arttigindan, aktif
ve pasif toprak itki dagilimlarinin ii¢ggen seklinde oldugu
kabul edilir (Sekil 1). Padfield ve Mair tarafindan 6nerilen
dagilimlar Sekil 2a’da gosterilmektedir [8]. Buna gore aktif
taraftaki dagilim tiggen seklinde, pasif taraftaki dagilim
parabol seklindedir. Bu da uygulamada kullanilan tiggen pasif
itki dagilimmin pek de dogru bir yaklasim olmadig
konusunda diisiinceler ortaya koymaktadir.

Rijit konsol duvarlar toprak itkisi altinda Sekil 2b’de
gosterildigi gibi donerler. Duvarin sikistirdig1 toprakta pasif
itki, duvarin uzaklastigi toprakta aktif itki olusur. Olusan aktif
ve pasif itkiler duvarin déonme agis1 0 ve yatayda Stelenme
miktar1 ile orantilidir. Duvar belli bir miktar dénme ve
Otelenme yaptiktan sonra aktif ve pasif itki kararli duruma
ulagir. Aktif itki i¢in kararli durum graniiler zeminlerde
0.001H olarak verilir (H= duvar yiiksekligi, [9], [10]). 1 m
duvar i¢in 1 mm’lik deplasman, aktif itkinin kararli duruma
erismesi igin yeterlidir. Ote yandan, pasif itki i¢in durum
farklidir. Pasif itkinin kararli duruma erismesi i¢in 0.01H-
0.02H duvar hareketi gereklidir ([9], [10]). Bir baska deyisle
1 m yiiksekliginde bir duvar i¢in 1-2 cm’lik bir hareket
gereklidir. Birgok yoOnetmelikte betonarme elemanlarin
yapabilecegi sehimin/donmenin 0,0033H ile kisitlandig:
diisliniiliirse 0,01H-0,02H’lik bir harekette duvar yapisal
hasara ugrayacaktir. Ancak pasif itki i¢in kullanilan
geleneksel formiillerin iginde donme agis1 yer almadigindan,
pasif itki gilivensiz tarafta hesaplanmaktadir. Bazi
aragtirmacilar, icinde dénme agisin1 barindiran ve aktif itkiyi
hesaplayan metotlar gelistirmislerdir [11-13]. Duncan ve
Mokwa ise pasif itki ile duvar deplasmani arasindaki iligkiyi
hiperbolik model ile agiklamistir [14]. Hamderi graniiler
zeminler igin aktif ve pasif itki i¢in agisal donme agisi, zemin
modiilii, igsel slirtinme acist ve diger geleneksel
parametreleri iceren formiiller tiiretmistir [15]. Bu, ¢aligma
kapsaminda bu formiiller tanitilacak, bir 6rnege uygulanacak,
diger geleneksel formiiller ile karsilastirilacaktir. Ayrica,
daha kapsamli bir karsilagtirma igin 6rnegin sonlu elemanlar
modeli olusturulacaktir.
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— e
Konsoly, | AKktif
Istinat -
Duvan Gerilme
Dagihim
2h/3
Pasif Gerilme Dagihm
[
d/2
R b
-+ =
—_ Dénme h/3
d/2 :IEUS R Noktasi
- |.|’ -
Coulomb, Hamderi 2021, Coulomb
Hamderi, 2021 ) ’ *
amdert, Kerisel ve Kerisel ve Absi, 1990
Absi, 1990 -

Sekil 1. Aktif ve pasif toprak itkisi i¢in uygulamada
kullanilan dagilimlar

a) b)
| Akeif  Konsol
| Tarat  lstinat
| Duvar
Pasif T
Taraf |
=
1
=
I |0
L1 6=Danme Agsi

Sekil 2.a) Padfield ve Mair tarafindan 6nerilen aktif ve
pasif gerilme dagilimlari, b) Toprak itkisi altindaki konsol
duvarin dénmesi

Materyal ve Yontem
Aktif Toprak itkisi Katsayis1 Formiilii

Aktif itkinin olusmasi i¢in gerekli donme miktar1 sadece
6=0,001rad (H=1 m i¢in sadece 1 mm) oldugundan aktif
itkinin kararli durumuna konsol bir duvarda kolayca ulagilir.
Bu durum aktif itki formiiliine agisal donmeyi eklemeyi
gereksiz kilmaktadir. Hamderi graniiler zeminde aktif toprak
itki katsayisinin yatay bilesenini, i¢sel siirtlinme agisina (),
duvar-zemin siirtiinme agisina (8) ve duvar arkasindaki sevin

egimine () bagli olarak asagidaki formiil ile ifade etmistir
[15]:

(¢+zo))°1 . ((5+o.1))d1 ' ((ﬁ+1s))91

Kaxute = @ — by (
ax—ult 1 1 36 30 5

@)

Burada ai, by, ci, di ve e; formiil katsayilar1 olup degerleri
Tablo 1’de verilmektedir. Ayrica, ¢>20°, 6>15°, B<¢/2
olmalidir.
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Tablo 1. kux-wi formiiliiniin katsayilar

aj b, Cr d; €r

2,686955 2,338920 0,194972  0,041700  -0,026646

Pasif Toprak itkisi Katsayis1 Formiilii

Pasif itkinin olugmasi i¢in gerekli donme miktar1 6=0,01-
0,02rad civarinda oldugundan ve bu donme degerine konsol
bir duvarda kolayca ulasilamayacagindan, pasif itki
formiiliine agisal donmeyi eklemek gerekmektedir. Pasif
itkinin yatay bileseninin (kpx) konsol bir duvarda, dénme
seviyelerine gore degisimi Sekil 3°de verilmektedir. Buna
gore kiigiik donmelerde duvarin donmesine karsi koyan
kisim topragin ist taraflarindadir (Sekil 3,A). Daha biiyiik
donmelerde duvarin alt taraflar1 buna katilmaktadir (Sekil 3,
B, C). Verilen bu egriler Padfield ve Mair tarafindan verilen
parabol seklindeki egriye benzerlik gostermektedir.

Konsol
Duvar

kpx

A

Kiiciik Seviyede Duvar Dinmesi

Orta Seviyede
Duvar Dinmesi

Tleri Sevivede
Duvar Dénmesi

Derinlik [

Sekil 3. Konsol bir duvarda olugan pasif itki katsaymnin
yatay bileseninin duvar dénmesine gore degisimi [15]

Ote yandan bu egrilerin derinlik boyunca dagilimlarinin
formiilize edilmesi zor oldugundan Hamderi kyx degerinin 1
m’lik bir derinlik i¢in agirlikli ortalamasint  (Kpx-avg)
hesaplayan bir formiil tiiretmistir. Graniiler zeminde pasif
toprak itkisi katsayisinin ortalama degerinin yatay bilesenini,
%1 uzamadaki zemin modiiliine (£;¢%swain), duvarin dénme
acisina (0) i¢sel siirtiinme agisina (¢), duvar-zemin siirtiinme
acisina (8) ve duvar arkasindaki sevin egimine (B) bagh
olarak asagidaki gibi vermektedir:

[ [pelaia)” (452 H
N S|

@
f4n
\ <(ﬁ :515)) .(10006, + 0.0001) }

Burada asn, ban, Can, dan, €an, fan formiil katsayilart olup
degerleri Tablo 2’de verilmektedir. Ayrica, $>20°, 8>15°,
B<0¢/2 olmalidir.

Tablo 2. kpx-ag formiiliiniin katsayilar

n a4 b4 c4 d4 e4 f4

5 8,4099 0,0539 0,5568 0,3958 -1,3184 -0,2440
4 -113,8981 -0,3215 0,8349  -2,9180 0,2616 -0,2772
3 45,8769 0,4577 0,8605 -2,6712 0,2287 -0,2310
2 -189,3166 0,1596 0,8914  -1,8668 0,1214 -0,1128
1 44,6176 0,0664 0,9228 0,2888 0,0406 0,2456

0 06705

Farkh metotlar ile rijit konsol duvar stabilite
hesabi

Rijit konsol duvarlarin stabilite hesabinda donme ve
otelemeye karsi tahkikler yapilir. Konsol duvar rijit bir kiris
olarak kabul edilirse d derinligindeki dénme noktasi
iizerinde ve altinda pasif ve aktif kuvvetlerin donme
noktasina gére momentleri sifir olmalidir (Sekil 1 ve 4).
Buradaki calismada donme noktasinin altindaki kiigiik
alandaki pasif ve aktif itkiler hesaba katilmayacaktir.
Moment dengesi sartina ilaveten pasif ve aktif kuvvetlerin
yataydaki bileskesi teorik olarak sifir olmalidir. Ancak,
hesaplara giivenlik sayilari da eklendiginde denge tahkikleri
bir miktar teoriden uzaklasmaktadir.

Sekil 4’deki gibi graniiler zeminde bulunan 3 m
yiiksekligindeki konsol duvarin Coulomb aktif ve pasif
kuvvet katsayilari kullanilarak yapilan Faktorli Moment
Metodu (FMM) tahkiki Tablo 3a’da verilmektedir. I¢sel
sirtiinme agisiin 35°, zemin-duvar arayiiz agisinin 23,3°
alindig1 Coulomb pasif itki formiile gore hesaplanan yatay
pasif etki katsayis1 9,1°dir. Buna karsilik aktif itki katsayis1
0,22 olarak hesaplanmigtir. FMM metodunda pasif itkinin d
noktas1 etrafinda olusturdugu moment aktif itkinin
olusturdugunun iki kati olmalidir. Bu degeri saglayan d
derinligi 1,75 m’dir. Daha sonra pasif itkinin yatay
bileseninin aktif itkinin yatay bileseninden daha biiyiik olup
olmadig1 kontrol edilmelidir. Tablo 3a’da goriildiigii iizere
bu kosul da saglanmaktadir.

Ayni sisteme Coulomb itkileri altinda Faktorlii Parametre
Metodu (FPM) uygulanirsa d derinligi 2 m bulunur (Tablo
3b). FPM tahkikinde moment dengesinde giivenlik katsayis1
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uygulanmaz. Buna karsin igsel siirtiinme agisina (35°) 1,25
giivenlik katsayist uygulanmistir. FMM de oldugu gibi
yatayda hesaplanan pasif itkinin aktif itkiden biiyiik olup
olmadig1 kontrol edilmistir.

Hamderi tarafindan verilen Kax-uic formiiliine gore aktif yatay
itki katsayis1 0,25 olarak hesaplanmigtir (Tablo 3¢). Bu deger
Coulomb ile hesaplanan degere ¢ok yakindir. Hamderi’nin
pasif itki katsayisinda (ipx-ave-hamderi) i¢sel siirtiinme agisina
ilaveten Ejysmain ve donme agisi 6 mevcuttur. Zeminin %1
uzamadaki modilii (Eiv%stwain) 10000 kPa alinmistir.
Betonarme yapilarda izin verilen bagil ddnme/sehim
miktarinin 1/500 civarinda oldugundan yola ¢ikarak, giivenli
tarafta kalinarak duvar donmesi formiile 1/1000 olarak
girilmistir (Tablo 3c). Bulanan pasif yatay itki katsayis1 1,37
olup bu deger Coulomb ile bulunan 9,1 degerinden oldukga
distktir. Hamderi’nin formiiliini  kullanarak FMM
yontemine gore hesaplanan d derinligi 2,95 m’dir. Bu deger
Hamderi’nin formiili FPM yo6ntemine uygulandiginda 2,90
m olmaktadir (Tablo 3d).

Kerisel ve Absi’nin tablolarini kullanarak aktif itki katsayis1
0,22 olarak hesaplanmaktadir (Tablo 3e). Bu deger Coulomb

ve Hamderi’'nin formiilleriyle hesaplanan degerlere
benzerlik gostermektedir.
3m $=359
y=18 kN/m?
. 522134
E=20000 kPa
(1):3 50 E]%Strain:loooo kPa
v=18 kN/m?3 d
5=2/3 b
E=20000 kPa
B osrain— 10000 kPa 1ol
i i Dénme
i i Noktas

Sekil 4. Rijit konsol bir duvar ve ¢evresindeki zeminin
ozellikleri

Kerisel ve Absi tablolar1 yardimiyla hesaplanan pasif yatay
itki katsayist 7 olup bu deger Coulomb ile hesaplanan
degerden bir miktar diisiik, ancak Hamderi’nin formiilii ile
hesaplanan degerden oldukga yiiksektir. FMM ve FPM ile
Kerisel ve Absi tablolarindan elde edilen aktif ve pasif
katsayilar ile kullanilirsa, her iki yontemde de d derinligi 2
m olarak bulunmaktadir (Tablo 3e, 3f).

Genel olarak FMM ve FPM ile hesaplanan d derinlikleri
benzerdir. Ote yandan Hamderi’nin formiiliine gére
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hesaplanan d derinlikleri Coulomb ve Kerisel ve Absi’ye
gore hesaplanan derinliklere gore oldukga konservatif tarafta
kalmaktadir. Bu durumu agiklayabilmek i¢in bir sonraki

bolimde ayni problem sonlu elemanlar yontemi ile
¢oziilecektir.
Tablo 3. d derinligi farkli yontemler ile hesap adimlar
a) Coulomb ile Faktorlii Moment Metodu
Y ¢° (Giivenli Mpasit ) )
(kN/ k (11:;[\;’“;;) Ma (FlfN; FousFo
m®) | Faktori=1) ‘ ¢ it
18,0 35,0 147,1 2,0 2512’ 55
Kpx- F
coulom kax-coulomb Maklif &° (kaIk\tIl; d (m)
b
9,1 0,22 72,2 233’3 45,6 1,75
b) Coulomb ile Faktorlii Parametre Metodu
¢° (Glivenli
v k Mpasif Mpaslf Fpaslt' Fpaslt'/Fa
(kN/ e Maki
m’) Faktorii=1. | (kN.m) (kN) Ktif
25) f
18,0 28,0 117,1 1,0 1775’ 2,6
Kpe- Forr
coulom kax-coulomb Maklif &° (1:11:1‘1) d (m)
b
4,88 0,30 114,2 li’6 68,5 2,00
¢) Hamderi ile Faktorlii Moment Metodu
Y ¢° (Guvenli Masit i )
(kN/ k (11:;[\;“:;) Mg (FlfN; (Fklk\}; FF"”‘_f/
m’) | Faktori=1) ‘ . kit
18,0 35,0 316,7 2,0 2 174’ 156,2 1,4
El%s(r kpx- k
ain ax-ult-
(kPa epaslt' Mkt avg- hamde:i d (m)
) hamderi
10000 -1/1000 154,9 1,37 | 0,25 2,95
d) Hamderi ile Faktorlii Parametre Metodu
¢° (Giivenli
M asi
(IZN y k Mpasie /N}, ) " Fpusit Faxir Fasit/
m’) Faktorii=1. | (kN.m) O (KN) (kN) Fakir
25) !
18,0 28,0 287,0 1,4 1997’ 2074 1,0
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El%str k
ain e kax-ult-
(kPa Opas Mo we hamderi d (m)
) hamderi
10(;)0 -1/1000 204,0 1,31 0,33 2,90
e) Kerisel ve Absi ile Faktorlii Moment Metodu
°© G l M asi
( IZN/ ¢°( 1L(wen i Mpasit /Nik.f Fasit Faii Frasit/
ti
) Faktorii=1) (kN.m) . (kN) (kN) Faxair
18,0 35,0 168,0 2,0 2%2’ 49,5 5,1
o | v |
Kense.l ax-Kerisel &Absi aktif ( m)
&Absi
7.0 0,22 82,5 2,0
f) Kerisel ve Absi ile Faktorlii Parametre Metodu
¢° (Glivenli .
(IZN / k Mpasit xl/l[m.f Fpasit | Fpasit>F
) Faktori=1. | (kN.m) K KN) | ki
25) f
18 28 115 1,0 173 2,56
Kpx-
Kp' || KaxKeriselgeabsi | Mkt Foat d
kN) | (m)
&Absi
4.8 0,3 113 68 2,0

3 m yiikseklikli konsol istinat duvarinin sonlu-
elemanlar yontemi ile modellenmesi

MIDAS GTX NX sonlu elemanlari programinda modellenen
3 m yiiksekligindeki konsol duvarm gémme derinligi de 3 m
almmustir. Duvar elemani olarak 1 m kalinlikli betonarme
kare kiris kesit kullanilmigtir. Kirig lineer elastik olarak
tanimlanmis, elastik modiilii ise 30 GPa olarak alinmustir.
Zemin Mohr-Coulomb zemin modeli ile olusturulmus,
programa Sekil 4’de verilen degerler girilmistir (¢=35°,
8=23.3°, Ei%stan=10000 kPa, =18 kN/m? Poisson
Orani=0.35). Zemin-duvar arayiiziinii modellenmesi isi, kiris
yakimindaki ince tabakanin igsel siirtinme agisinin
azaltilmast yontemiyle yapilmistir (6=2/3 ¢). Sonlu
elemanlar ag1 kenar ortasinda nodlarin bulundugu kare ve
icgen elemanlar ile olusturulmustur (Sekil 5). Modelde
asamali imalat yontemi kullanilmistir. Birinci asamada
zeminin ilk gerilmeleri olusturulmus, ikinci agamada duvar
yerlestirilmis ve daha sonra 6 asamada duvarin Onil
kazilmistir.
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Arayiiz

Duvar icin
Kiris
Elemam
Asamah Kazidan Kaldirilan Tabakalar
"

Diisey Mesnetler

Yatay Mesnetler

Sekil 5. 3 m yiikseklikli konsol istinat duvarinm sonlu
elemanlar modeli

Sekil 6°da 6. kaz1 agamasit sonunda duvar boyunca olugan
itkiler verilmistir. Duvarmn saginda itki tiggen seklinde olup
literatiirde kullanilan dagilima benzerdir. Duvarin solundaki
pasif itki dagilimi ise uygulamada kullanilan dagilimdan
oldukca farkli olup Padfield ve Mair tarafindan Onerilen
dagilima benzerlik gdstermektedir [8] (bknz. Sekil 1 ve Sekil
2).

Max: -7,53e-001

PLANE STRAIN STRESS
5XX, KNfm~Z
+3.163288+000
3.2%
-4, 30615e-+000
%
-1.177565+001
%
;1 192450e+001
ke
‘;2‘6714551{01
-3.41839e+001

7.9%
-4.91228e+001

3%
-5.65922e-+001

0.6%

-6.40616e-+001
0.2%
-7.15311e+001
0.0%
-7.900058+001
0.0%
-8.64699e+001

Min: -6,51e+001

Min: -4.81£+001

Sekil 6. 3 m yiikseklikli konsol istinat duvarinda olusan
yatay toprak itkileri
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Midas GTS NX programinda 3 m yiiksekligindeki duvar i¢in
yaklagik 3 mm yatay deplasman elde edilmistir. Bu da
1/1000 donme degerine karsilik gelmektedir. Hamderi’nin

pasif  itki  formiiline donme degeri  dogrudan
girilebilmektedir. Ancak diger formiiller ile hesaplanan pasif
itkiler ~EN-1997-1 Tablo C.2’de verilen oranlar

dogrultusunda azaltilmalidir. Bu tabloda gevsek zeminlerde
duvarin 15/1000 dénmesi ile en biiyiik pasif itkinin yarisina
ulasildig1 belirtilmektedir. Ote yandan beklenen dénme icin
(1/1000) Tablo C.2’de herhangi bir pasif itki azaltma degeri
bulunmamaktadir. Bu yiizden, karsilastirmanin mertebe
olarak dogru olabilmesi i¢in Coulomb, Kerisel ve Absi
formiillerinin verdigi pasif itki degerleri kabaca 15°e
bolinecektir. Sekil 7°de konsol duvarda farkli yontemler ile
bulunan toprak itkilerine yer verilmistir. Buna gore sag
tarafta olusan aktif itkiler bakimindan Coulomb, Hamderi,
Kerisel ve Absi, ve Midas GTS NX yontemleri arasinda pek
bir fark bulunmamaktadir. Sol tarafta olusan pasif itkilerde
Hamderi ve Midas GTS ile 15 kat azaltilan Coulomb, Kerisel
ve Absi yontemleri mertebe olarak benzer sonuglar
vermektedir. Ote yandan bdyle bir azaltma mevcut bilimsel
calisma  kapsaminda  yapilmis olup  miihendislik
uygulamalarinda kullanilabilmesi miimkiin degildir. Pasif
itki hesaplamada dénmeyi dogal olarak igeren bir formiiliin
kullanilmasi daha uygun olacaktir.

Pasif Toprak Itkisi (kPa/m)

-400 -300 -200 -100 0 100
L

fé ek ax Midas GTS NX 1

’ED e kpx Midas GTS NX 2

E kax Coulomb

S -

@) kpx Coulomb

5 4

g kax Hamderi, 2021

A kpx Hamderi, 2021 A

Sekil 7. 3 m yiikseklikli konsol istinat duvarinda farkl
yontemler ile bulunan toprak itkileri

Sonuglar ve Tartisma

Bu ¢aligma kapsaminda agisal donme tabanli aktif ve pasif
toprak itkisi formiilii tamtilmistir. Ozellikle pasif itki icin
olan formiil duvarin agisal donmesini ve zemin modiiliinii de
hesaba kattigindan olduk¢a hassas yaklasim sunmaktadir.

Yapilan bu ¢alismadan agagidaki sonuclar ¢ikarilabilir:

o Aktif toprak itkisi duvardaki kiiglik bir agisal donme ile
kararli1 duruma ulagmaktadir. Farkli yontemler benzer
sonuglar vermektedir.

e Konsol istinat duvarlarda, yonetmeliklerde izin verilen
donme miktar1 c¢er¢evesinde pasif toprak itkisi kararli
duruma ulagmamaktadir. Konsol duvarlar i¢in dénme
acisina bagli olmayan formiiller kullanildiginda kuvvet
dengesi hesabi sorunsuz olsa da deplasman kriteri
saglanmayacaktir. Hesabin tam olmasi i¢in sonlu
elemanlar programinda deplasman analizi de gereklidir.
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e Bu calisma kapsaminda verilen agisal donme tabanlt
pasif itki katsayisina gore ¢6ziimlenen konsol istinat
duvari igin bulunan itkiler sonlu elemanlar yontemi ile
bulunan degerlere yakindir.

e Bu calismada sunulan ydntemin konsol istinat
duvarlarinin tasariminda giivenilir bir ara¢ olacagi
diistintilmektedir.

Etik kurul onay1 ve ¢ikar ¢atismasi beyani

Hazirlanan makalede etik kurul izni alinmasina gerek yoktur.
Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
¢atigmasi bulunmamaktadir.
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Suyun tiiketicilere ulagtirilmasi maliyet gerektiren birgok islemden olusmaktadir. Bu maliyetin biiyiik bir
kismmi su dagitim sebekeleri olusturmaktadir. Bu dogrultuda suyun tiiketicilere ulastirilmasi igin
kullandigimiz sebeke borularmin tasarimi da onem kazanmaktadir. Sebeke borularmin maliyetlerini
azaltmak i¢in sebekenin tasarimi ve optimize edilmesi amaciyla kullanilan birgok yontem gelistirilmistir.
Metasezgisel yontemler kullanilarak boru ¢aplarinin optimize edilmesi de bu yontemlerden bir tanesidir.

Bu ¢alismada Siirt ilinin Eruh ilgesine ait mevcut igme suyu sebeke hatti, Epanet programinda yeniden
tasarlandiktan sonra Epanet-Matlab arag seti kullanilarak sebekedeki borularin ¢aplar ile ilgili maliyet
optimizasyonu yapilmistir. Optimizasyon da metasezigesel yontemlerden olan genetik algoritma (GA)
kullanilmistir. Meveut durumuna uygun bir sekilde Epanet programi yardimu ile yeniden tasarlanan sebeke
hatlari, Matlab programina aktarildiktan sonra sebeke borularina belli basing kisitlayicilart getirilmistir.
Bu dogrultuda genetik algoritma kullanilarak sebeke borulart optimize edildikten sonra elde edilen yeni
boru ¢aplari yeniden Epanet programina girilerek sistem basarili bir sekilde ¢aligtirtlmigtir.
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* Sorumlu Yazar

Due to the increasing population in our country, the correct use of water resources and the delivery of
water to consumers are becoming increasingly important. The delivery of water to consumers consists of
many processes that require cost. Water distribution networks constitute a large part of this cost. In this
direction, the design of the network pipes we use to deliver water to consumers also gains importance. In
order to reduce the costs of network pipes, many methods have been developed to design and optimize the
network. Optimizing pipe diameters using metaheuristic methods is one of them.

In this study existing drinking water network of Eruh, which is a district of Siirt province, was redesigned
with the Epanet program. After that, by using the Epanet-Matlab toolkit, the cost optimization of the water
network was made regarding the diameters of the pipes in the network. Genetic algorithm (GA), which is
one of the metaheuristic methods, was used in the optimization. After the network lines, which were
redesigned with the help of the Epanet program in accordance with the current situation, were transferred
to the Matlab program, certain pressure restrictors were introduced to the network pipes. In this direction,
after the network pipes were optimized using genetic algorithm, the new pipe diameters obtained were re-
entered into the Epanet program and the system was operated successfully.
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Giris

Tiim canlilar i¢in vazgecilmez olan su, yasamin temel
kaynaklarindan birisidir. Insanlik tarihinin baslangicindan
giiniimiize yerkiirede su bulunmaktadir. Diinyanin her
yerinde kurulmus olan medeniyetler suyun var oldugu
bolgelerde kurulmuglardir. Insanoglunun yerlesik hayata
gecmesinin temelinde de siirekli su kaynaklarina ulagim etkili
olmustur. Medeniyetlerin kurulmasi, mevcudiyetini devam
ettirebilmesi su kaynaklarinin varlig1 ile miimkiindiir. Suyun
yeterli miktarda ve istenilen kalitede olmasi insanlik tarihi
acisindan biiyiik Snem tasimaktadir. Insanlik tarihinde suyun
yanlis kullanimi sebebiyle ¢Oken birgok medeniyet
bulunmaktadir. Su, kalabalik topluluklarin bir arada yasamini
siirdiirebilmesi i¢in gerekli en temel sarttir. Kentlerin artan
niifus ve ihtiyaclar1 goz 6niine alindiginda suyun tek basina
varligi da anlamini yitirmekte olup, suyun dagitimi ve
kontrolii agisindan hidrolik miihendisligin 6nemi giin
gectikge daha ¢ok artmaktadir.

Suyun temel kaynaklari ise yeralt: sulari, kar ve yagmur
sular1, nehirler, géller, denizler, okyanuslar ve buzullar olarak
siniflandirilabilir. Diinyada bulunan suyun (1400 milyon
km?) %2,5°1 (35 milyon km?) tath su kaynaklari, %97,5’lik
kismi tuzlu su kaynaklarmndan olusmaktadir. Toplam suyun
9%2,5’lik kismint1 olusturan tatli su kaynaklarinin %0,3°1 (105
000 km?®) goller ve nehirlerde kullanilabilir durumda iken,
kalan biyiik bir kismi ise kutup bdolgelerinde ve yiiksek
daglarda buzul halinde ve yeralti sular1 seklinde
bulunmaktadir (Muluk vd., 2013).

Uzaydan ¢ekilmis bir uydu fotografindan diinyamiza
bakildiginda biiyiik bir boliimiiniin su oldugu goriinecektir.
Bunun sebebi ise Diinya ylizeyinin biiyiikk bir kisminin
okyanuslarla kapli olmasidir. Bu sekilde olmasi, Diinyada
bulunan suyun sanki hi¢ bitmeyecegi gibi yanlis bir algi
olusturabilir. Diinyada ki suyun yaklagtk 1.338 milyar
km*’liik miktar1 denizler ve okyanuslarda bulunan tuzlu
sudur. Bu suyun insanlar i¢in saglikli bir sekilde
kullanilabilmesi ekonomik degildir. Bahsi gecen miktar,
yeryliziinde bulunan toplam suyun %97,5’una karsilik
gelmektedir.  Diinyada  bulunan su  kaynaklarini
inceledigimizde; tarimsal, evsel ve sanayide giivenli bir
sekilde kullanilabilecek olan su miktar1 diinyada bulunan
suyun ancak %2,5’lik kismini olusturmaktadir (Chin, 2000).

Tim bunlar g6z oOniline alindiginda su kaynaklarmin
yonetiminin yani sira su kaynaklarmin tiiketicilere uygun
maliyetlerde ulastirilmasi da biiyiik dnem tagimaktadir.

Giintimiizde su kaynaklarinin tiiketiciye saglikli bir sekilde
ulagtirilmasi  islemi  kapali  sistemler  kullanilarak
yapilmaktadir. Kullanilan bu sebeke sistemlerinin uygun
maliyette inga edilmesi hidrolik miihendisligin baslica
arastirma  konusu olmustur. Insa edilecek su dagitim
sebekelerinin amaci talep edilen suyun en uygun maliyette
belirli basinglar altinda kesintisiz bir sekilde tiiketiciye
ulastirilmasidir. Su dagitim sistemleri igerisinde bulunan
(hazne, derleme, iletim, kaynak ve dagitim) maliyet
oranlarma baktigimizda, suyunun iletimi ile dagitim
kismmin maliyeti %56’dir (Ozdaglar vd., 2006).
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Su Dagitim Sistemleri
fletim ve dagitim %56
Aritma %26
Depolama %9
Kaynak %8
Digerleri %1

Tablo 1. Su dagitim sistemlerinin maliyet dagilimi (Ozdaglar
vd., 20006)

Tablo 1’den de anlasilacagi {izere iletim ve dagitim
sistemlerinin su dagitim ve iletim maliyetinde %56 ile en
biiyiik paya sahip oldugu goériilmektedir. fletim ve dagitim
sistemlerinin igerisinde bulunan boru maliyetleri ise toplam
maliyetin dnemli bir kismin1 olugturmaktadir.

New York sebekesini ele alan Schaake ve Lai (1969)
Dinamik Programlama (DP) yontemini kullanarak sebekenin
global optimum degeri iizerine calisma yapmuslardir.
Literatiirde en ¢ok kullanilan ve Alperovits ve Shamir (1977)
tarafindan olusturulmus, 8 adet borudan olusan hayali bir
sebeke olan Alperovits ve Shamir (1977) sebekesi lizerinde
Lineer programlama (LP) yontemiyle optimumum degerin
bulundugu ¢alismadir. Daha sonraki yillarda ise Lineer
programlamanm yant swa Lineer Egimli Olmayan
Programlama (LEOP) da bircok arastirmaci tarafindan
kullanilmistir. 1981 yilinda ise Quindry ve arkadaglari (1981)
New York sebekesini LP metoduyla ele alip maliyet
optimizasyonunu gerceklestirmistir. Yapilan bu
optimizasyonun sonucunda sebekenin maliyet degerinin %13
oraninda azaltildigi tespit edilmistir. Alperovits ve Shamir’in
(1977) olusturduklar1 gergek olmayan bir sebeke lizerinde
uyguladiklart LP yontemini 1989 yilinda Kessler ve
Shamir’in amag¢ fonksiyonunu ve sebeke debilerinin
degistirmesi sonucu yaptiklar1 optimizasyonda Alperovits ve
Shamir’in 1977 yilinda elde ettikleri 497,525 birim maliyet
degerini 417,500 birim maliyet degerine diigiirmiislerdir.

Bu galigmada yapimi tamamlanmis olan bir sehir sebekesinin
boru maliyetlerinin diisliriilmesi amaciyla dagitim sebekesi
mevcut durumuna goére Epanet programinda yeniden
tasarlanmig, Matlab programi yardimiyla metasezgisel
algoritmalar kullanilarak boru maliyet analizleri yapilmistir.
Mevcut calisma iletim ve dagitim sistemlerinin maliyet
acisindan onemli bir kismini olusturan boru maliyetlerinin
minimize edilmesini saglayarak toplam maliyeti azaltma
imkan1 saglamugtir.

Materyal

Siirt ilinin Eruh ilgesi igme suyu hattinin tasarimi ve gerekli
hidrolik hesaplar1 Epanet programi kullanilarak yapilmstir.
Epanet ile tasarlanan sistemin ¢iktilar1 Epanet’i Matlab’a
baglamamiza yarayan bir arag seti ile Matlab’a yiiklenmistir.
Matlab R2018 programi kullanilarak optimizasyon islemi
yapilmuistir.
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Eruh il¢esinin genel durumu

Giineydogu Anadolu bolgesinde bulunan Eruh ilgesi Siirt
iline bagh ilce merkezidir. Ilcenin dogusunda Sirnak
Giineydogusunda ve batisinda Siirt ili yer almaktadir. flcede
toplam 3 mahalle mevcut olup bunlar Fatih, Sarigiil ve dih
mabhalleleridir. Sekil 1°de goriildiigii gibi Eruh ilgesi
Gilineydogu Anadolu bolgesinde oldukg¢a daglik bir kesimde
yer almaktadir (Demir, 2022).

Sekil 1. Eruh Tlgesi Genel Gériiniim (Demir, 2022)

Niifus hesaplan

Bir yerlesim biriminin igme ve kullanma suyu ihtiyacinin
belirlenmesi dogrudan dogruya niifus ile dogru orantilidir.
Eruh ilgesi niifusu Iller Bankas: Sartnamesine, geometrik
(exponansiyel) metoda, lineer regresyon metodu ve aritmetik
artis metoduna, DPT ve BM teskilati tarafindan yapilan
kabullere gore hesaplanarak Sekil 2’°de verilmistir.
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Aritmetik Artry Metoduna gore

Sekil 2. Eruh ilgesi igme suyu projesi niifus artislar grafigi
(Ozbek, 2017)

Iller Bankasi sartnamesine gore 2016 yili baz alinarak
yapilan Siirt ilinin Eruh ilgesine ait gelecek niifus
hesaplamasinda C katsayist 1.5 alinarak 2052 yili niifusu
Nas2 = 15000 kisi olarak hesaplanarak Sekil 3 de
gOsterilmistir.

16.000
15,000 -
14,000 14,000
13,000 g
12,000

11.000

10,000 9,450 9.617 go9g
9,000 -

8,000
7.000 -
6.000

5000
4,000 :
3.000 3.852
2,000
1,000

8,787 8,855 8,76

Sekil 3. Eruh ilgesi igme suyu projesi Iller Bankasi
sartnamesine esas niifus grafigi (Ozbek, 2017)

Su dagitim sebekesi

Eruh ilgesi igmesuyu projesine gore ilgenin gelecekteki icme
suyu ihtiyact Siyahgesme kaynagindan karsilanacaktir.
Siyah¢esme kaynagi, Eruh’un giineydogusunda yer alan
kiregtaslarindan bosalan karstik kaynaktir. Cazibeyle gelen
suyun debisi Qmaks: 110 It/sn ve Qmin: 60 It/sn’dir. Proje
debisi ise, Q = 40 It/sn’dir. Siyahgesme kaptajinin kaynak
krepin kotu 1271,48 m’dir. Onayli projeye gore Eruh igme
suyu sebeke tesisi 2 katli olarak ¢oziimlenmistir. Ust kat
sebeke 1224,00 m krepin kotunda insa edilecek olan V=400
m® depodan beslenecektir. Alt kat sebeke ise 1187,00 m
krepin kotunda insa edilecek olan V= 1500 m* depodan
beslenecektir. Sekil 4.’te Eruh ilgesi igme suyu tesisinin
projesi verilmistir.

Sekil 4. Eruh ilgesi igme suyu projesi 1. kademe sebeke

hatlar1 (Demir, 2022)
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Epanet

Epanet programi basingli sebekelerdeki hidrolik davranigin
ve suyun kalitesinin degisimini ¢gok zamanli simiilasyonlarla
(bir giin veya birkag giin) gerceklestiren bir bilgisayar
programidir. Igmesuyu sebekesi, borulardan, diigiimlerden
(boru baglantilar1) pompalardan, valflerden, depolama
tanklarindan ve rezervuarlardan olusur. Epanet, birden ¢ok
zaman adimindan olusan bir simiilasyon siiresi boyunca
borulardaki akiglarin gelisimini, her diigiimdeki basinci,
tanklardaki su yiiksekligini ve agdaki kimyasal tiirlerin
konsantrasyonunu izler. Ek olarak, su yasini simiile edebilir
ve kaynak takibi yapabilir. Epanet, bir su dagitim agim
diiglim noktalarma bagli bir grup baglanti olarak modeller.
Baglantilar borulari, pompalari veya kontrol valflerini temsil
eder. Diiglimler, su talebi olan veya olmayan tanklari,
rezervuarlar1 veya boru baglantilarini temsil eder. (Nifio vd.,
2018).

Epanet’in hidrolik modelleme kabiliyetleri agagidaki gibi
siralanabilir (Rossman, 2000);

e Sebekeyi ¢ozerken Darcy-Weisbach, Chezy-
Manning ya da Hazen-Williams formiillerini
kullanarak yiik kayiplarini hesaplar.

e Sebeke aginin boyutlarina sinir koymaz.

e Diigiim noktalari, baglant1 parcalar1 gibi noktalarda
olusan kiiciik yersel kayiplarini igerir.

e Pompalart modeller ve pompalama ic¢in gereken
enerjiyi hesaplar.

e Kontrol, basing vb. vanalar1 modeller.

e Depolama tanklarinin boyutlandirilmasina ve
istedigimiz geometriye sahip olmasina imkan verir.

e Diigim noktalarinda olusacak taleplere gore
modelleme yapilmasina olanak verir.

Epanet-MATLAB Arac Seti

Epanet’in ¢agrilma ydntemleri bagimsiz bir yiiriitiilebilir
yazilim olarak, standart bir kabuk (6rnegin, Windows'ta
Komut Satirt) araciligiyla ¢agrilabilir. Paylasilan bir nesne
olarak, or. Windows, dinamik baglant1 kitapligi (DLL),
degisik programlama dillerinde (Matlab, C**, VB, Python
vb.) yazilmigs harici yazilimlar benzeri programlama
arabirimleri vasitastyla ¢agrilabilir. Epanet'i Matlab ile ara
ylizlemenin {i¢ yontemi bulunmaktadir;

e Ilk yontem, Matlab'in kitaplik islevlerini yiiklemek
ve c¢agirmak i¢in yerlesik yoOntemlerini (yani
loadlibrary ve calllib islevlerini kullanarak)
kullanmay1 gerektiren programlama aracinin
yerlesik islevi aracilifiyla Epanet kitapligina
dogrudan ¢agr1 yapmaktir.

e Ikinci yéntem, “sarmalayicr” kullanmaktir; Bunlar
Epanet islevleriyle benzer adlandirma kurallarini
izleyen, kitaplikla dahili olarak iletisimi ydneten
Matlab yontemleridir. Kullanicinin  6zel veri
yapilari tasarlamasini gerektirir. Her Epanet islevi
i¢in, karsilik gelen bir Matlab iglevi gereklidir ve bu
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islevler kullanilarak
tasarlanmalidir.

o  Ugiincii yéntem, ag yapisini islemek igin standart
bir yol saglayan bir Matlab smifi tanimlayarak,
birden ¢ok islevi kullanan prosediirlerin yani sira
tim islevleri cagirmak, simiile etmek ve genel
olarak farkli tiirleri gergeklestirmek icin nesne
yonelimli bir yaklasim kullanmaktir. Iste Epanet-
Matlab Toolkit bu yaklasimi kullanir.

yeni algoritmalar

Epanet’te olusturulan verilerin Matlab araciligi ile
cagrilabilinmesine olanak saglamasinin yani sira bu verilerin
okunmasi, iglenmesi ve olusturulan bir problem {izerine
degisiklik yaparak optimizasyon isleminin
gerceklestirilebilmesine  olanak saglayan bir arayiiz
programidir. Bu ¢alisma kapsaminda Epanet-Matlab toolkit
kullanilmistir.

Matlab

Matlab, 1970’lerin sonlarinda Cleve Moler tarafindan
gelistirilmeye baslanan programin ilk siriimii Fortran
programlama dilinde yazilmistir. Jack Little ile Steve
Bangert 1983 yilinda C programlama dili ile tekrar yazmis
ve gelistirme caligmalar1 i¢cin 1984 yilinda MathWorks
laboratuvarini kurmuglardir (Kubat, 2019). Matlab; kontrol,
gorlintli isleme, istatistik, optimizasyon, bulanik kontrol,
sinir aglar1, sayisal isaret igleme, gii¢ sistemleri, filtre
dizayni, genetik algoritma, sekil, veri tabani, web sunucusu,
finans vb. gibi gesitli birgok alanda giivenle kullanilabilen
toolbox diye adlandirilan arag¢ kutularina sahip programlama
dilidir (Kubat, 2019). Matlab C, C++.Fortran ve Java benzeri
dilleri farkli olan programlara baglanma imkani da saglar.
Giin gectikce Ozellikleri gelistirilen Matlab, degisik
alanlardaki birgok problemin ¢déziimiinde de aktif olarak
kullanilmaktadir. Birden fazla algoritmaya tek bir satir
komutuyla ulasabilmesi sayesinde birden ¢ok satirda
bulunan algoritmalar1 kisaltip, hem algoritmanin bitis
stiresini  hem de bellek ihtiyacini Onemli oranda
azaltmaktadir (Kubat, 2019).

Metod

Bu caligmada kesin projesi tamamlanmis olan Eruh [lgesinin
igme suyu sebeke hatti mevcut haline uygun olacak sekilde
Epanet programi kullanilarak yeniden tasarlandiktan sonra
Epanet-Matlab arag seti vasitasiyla sebeke lizerinde maliyet
optimizasyonu yapilmistir.

Su Dagitim Sebekesinin Tasarlanmasi

Su dagitim sebekelerinin ihtiyaca cevap verecek sekilde
optimum bir gekilde tasarlayabilmek maliyet agisindan ¢ok
ehemmiyetlidir. Sebeke icerisinde genis borularin secilmesi,
iscilik ve nakliye maliyeti agisindan ¢ok ekonomik degildir.
Genisg ¢aplt borularin secilmesinin aksine yetersiz gelecek
dar borularin secilmesi asir1 yiik ve hiz kaybu ile yetersiz debi
gibi problemleri ortaya ¢ikaracaktir. Bu yiizden boru capi
secilirken hidrolik hesaplar neticesinde tim sinirlayicilar
saglayan, ihtiyaca cevap veren boru ¢api tespit edilmelidir.
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Epanet programi yardimiyla kolaylikla tasarimi yapilan su
dagitim sebekelerinin optimum degerine Epanet ortaminda
ulagilamamaktadir. Biitiin ihtimalleri deneyerek optimum
boru ¢apini bulmak 6zellikle biiyiik ve karmasik sebekelerde
neredeyse imkansizdir. Bu haliyle sebekedeki optimum ¢ap
degerine ulasmak optimizasyon problemi haline gelmistir
(Batmaz, 2021, Batmaz ve Kayaalp, 2023). igme suyu
sebeke hatlarini optimum bir sekilde tasarlayabilmek icin
odaklanilan ana faktor, sebekenin ihtiya¢ duydugu miktarda
suyu olabilecek en diisiik maliyetle tiiketiciye ulagtirmaktir.
Bu ¢alismada Epanet programu ile yeniden tasarlanan igme
suyu sebeke hatti Matlab ile optimize edilerek, kullanilan
borularin en uygun maliyetle se¢ilmesine odaklanilmistir.
Bu dogrultuda sebeke tasariminda kullandigimiz amag
fonksiyonu;

f =min X%, BDL; (1
bu sekilde ifade edilmistir. Bu denklemde “f” ifadesi amag
fonksiyonu; “M” ifadesi sebekede bulunan toplam boru
sayist; “BDy” ifadesi secilmis herhangi bir i say1li boru birim
maliyeti; “L;’” ifadesi ise secilen i sayili borunun uzunlugu
olarak ifade edilmektedir. Denklem 1’de belirtilen amag
fonksiyonu ile optimum maliyet hesaplamasi yaparken
tasarim kriterlerine de hizmet edecek sekilde sinirlayicilar
eklenmistir. Iller Bankasmin icme suyu tesisleri etiit,
fizibilite ve projelerin hazirlanmasina ait teknik
sartnamesinde, icme suyu sebekelerinde  isletme
basimglarinin minimum ve maksimum degerleri niifusa gore
belirlemistir. Buna gore niifusu 50.000 kisiye kadar olan
yerlerde minimum isletme basinci 20 metre, 50.000 kisiden
fazla niifusu olan yerlerde ise 30 metre alinir. Maksimum
isletme basinci ise sebekenin bulundugu yerin topografik
durumuna da bakilarak 60 — 65 metre olarak alinir. Bu
calisma kapsaminda kullanilan Eruh ilgesi igme suyu kesin
projesine esas miistakbel niifusun Naps2 = 15000 kisi olmasi
sebebiyle sebeke diigiim noktalarinda kullanilacak minimum
basing degeri 20 metre olarak alinmistir. Bu basing
degerlerine uyacak sekilde bir basing sinirlayicist
eklenmigtir. Diigiim noktalarinda basing sinirlayici denklem
ise;

Poin < P < Pax j=1l.......N )

seklinde ifade edilmigtir. Bu denklemde “N” ifadesi
sebekede bulunan diigiim noktasi sayisinin toplamint; “Prin”
ifadesi sebekede bulunan diigiim noktalarinin minimum
basing degerini; “Pmax” ifadesi sebekede bulunan diigiim
noktalarmin maksimum basing degerini ve “P;” ifadesi ise
sebekede bulunan j numarali diigim noktasinin basing
degerini ifade etmektedir. Ama¢ fonksiyonumuz sebekede
bulunan diigiim noktalar1 basinglarinin istedigimiz alt (P;,,)
ve Uist (Pyqy) sinirlari arasinda kalmasini saglayan bir ceza
degeriyle sinirlandirilmistir. Bu ceza degerinin denklemi de
amag fonksiyonumuza eklenmistir.

M
f= minz BD,L; + P.,,, 3)

i=1
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Yukarida belirtilen denklemde diigiim noktalarindaki basing
degerleri sinirladigimiz degeri asarsa ¢ikacak sonu¢ degere
ceza maliyet degeri P,,,, eklenerek (9x10° gibi ¢ok biiyiik
bir deger) toplam sebeke maliyetinin ¢ok biiylik olmasi
saglanmigtir. Tekrarlayan agsamalarda ¢ikan ¢oziim
fonksiyonlar1 maliyet degerlerine goére sinirlanarak,
minimum maliyet degerine tekabiil edecek ¢dziim sonucu
aslinda istenen sonu¢ olacagindan belirlenen sinirlar1 asan
sonuglar elenecektir.

j=1lua.N (4

Q}qwen _ Q;,:Lkan _ Q;,:ekllen =0

esitligi yardimi ile sebekede bulunan diigiim noktalarindaki
stireklilik kontrolii yapilir.

Eruh ilcesi icme suyu sebekesi

Eruh Igme suyu tesisinin iller Bankast A.S. tarafindan
onaylanan kesin projesi MsSu programi kullanilarak
hazirlanmig ve 2021 yilinda ise imalati tamamlanmis olan
Eruh (SIIRT) i¢me suyu sebeke hatt1 Sekil 5’te gosterildigi
gibi Epanet programi vasitasiyla yeniden tasarlanmaistir.

Pressure
20.00

Sekil 5. Eruh ilgesi icme suyu sebekesinin Epanet programi
ile tasarimi

Eruh ilcesi sebeke hatt1 284 adet boru, 225 adet diigiim
noktasi, 2 adet depo ve | adet rezervuardan olusmaktadir.
Sekil 5°te gosterilen ve Epanet ile yeniden tasarimi yapilan
bu sebeke mevcut olan sebekeye uygun tasarlanmistir.
Sebeke diigiim noktalarindaki basing degerleri minimum 20
m olarak belirlenmistir. Sebekede kullanilan boru cinsleri
polietilen (PE100) 10 atii olup, sebekenin optimizasyonunda
kullanilacak borularin birim maliyet degerleri Tablo 2’de
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gosterilen Iller Bankasinin 08.01.2021 onay tarihli fabrika
teslim fiyatlart (KDV harig) esas alinarak yapilmistir.

Fabrika Teslim Boru Fiyatlar:
Basin¢ Cap Birim maliyet
(Atii) (mm) (Birim/TL)
10 355 355.50
10 280 220.60
10 200 114.40
10 160 73.30
10 140 56.20
10 90 23.70

Tablo 2. Iller Bankasinin 08.01.2021 Onay Tarihli Fabrika
Teslim Boru Fiyatlari

Sebekenin optimizasyon Oncesi yapilan Epanet tasarimi
Sekil 6’da gosterilmistir.

Pressure
20,00 o0
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Sekil 6. Optimizasyon dncesi Eruh il¢esi igme suyu sebekesi
Epanet programi ile tasarimi

Sekil 7’de ise mevcut sebekenin basing kontur grafigi
verilmistir. Eruh ilgesi mevcut sebekesinin  Epanet
programinda tasarimi yapildiktan sonra tim digim
noktalarinda olusan basing degeri 20 m’lik minimum basing
sinir degerini saglamaktadir.

! https://github.com/OpenWaterAnalytics/EPANET-
Matlab-Toolkit
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100.00

Sekil 7. Eruh ilgesi igme suyu sebekesi Epanet Programi
Contour-Plot Pressure grafigi

Eruh ilgesi su dagitim sebekesinde tiim sistem cazibeli olarak
calistyor olup, mevcut boru caplari ve mevcut kotlar
kullanilarak tasarim yapilmistir.

Epanet-matlab arac setinin kullanilmasi
Epanet-Matlab arag setininin kullanim agamalari;

Adim_1: Ucretsiz portal olan Github'daki “Open Water
Analytics” sirketinin kuruculari Marios Kyriakou ve
Demetrios Eliades tarafindan olusturulmus dijital bir depoda
erisilebilinen Matlab programimin Epanet programina arayiiz
olmasimi saglayan Epanet-Matlab ara¢ setinin ilgili kodlar1
Github internet sitesinden' elde edilerek Matlab programina
taginmustir (Sekil 8).

P e T Ay |
S e ————

© OpenWaterAnalytics / EPANET-Matlab-Toolkit

<> Code (D lasues 14 I Pull equests @ Actions [ Projects

¥ dev22edit « P &branches

[ —

G2 Open with GitHub Desktop

M Oownload 2IP

O UCENCEmd

[ READMEmA

stort_toolkitm

= READMEmd

Sekil 8. Epanet-MATLAB arag seti internet adresi

Adim 2: Sistem sebeke boru ¢aplar1 ve diger tiim degerleri
Eruh su dagitim sebekesi verilerine uygun bir sekilde Epanet
programinda tasarlandiktan sonra olusan sebeke verileri inp.
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formatiyla disa aktarilip Matlab programinin ilgili dosya
klasoriine gonderilir (Sekil 9).

File Edit View Project Report Window Help

New L@' L3 < $ & HoEHE@—~CFKT
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: I
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Sekil 9. Epanet programindan sebeke verilerinin ¢ekilmesi

Adim 3: Epanet programinda tasarlanan sebeke verileri,
Matlab ortaminda agilacak yeni bir editorde kodlar
yardimiyla ¢agrilarak, veriler iizerinde istenen islemler
yapilir (Sekil 10).

B

Sekil 10. Epanet
okutulmasi

T

verilerinin MATLAI}» ortaminda

Optimizasyon

Optimizasyon islemi, ele alinan bir sistemde belirledigimiz
belli kisitlar altinda, olusturdugumuz bir amag fonksiyonu
cikti  degerinin optimum olmasi amaciyla karar
degiskenlerine gelecek degerleri belirleme islemidir. Bagka
bir deyisle, eldeki kaynaklarin (zaman, para, malzeme vb.)
en uygun bicimde kullanilmasi amaciyla, belli kisitlayicilar
altinda istenen maksimum verimin alinmasini saglayan bir
teknolojidir. Istenen optimum sonuca ulasmak amaciyla
sisteme giren degerleri ve bu degerlerin ne olacagim
belirleme siireci olan optimizasyonda, amaci ifade eden
fonksiyonun optimum olmasi, problemin ¢esidine gore
minimum yada maksimum degerler olabilir. Bu ¢aligmada
metasezgisel yontemlerden olan Genetik Algoritma (GA)
yontemi  kullanilmigtir.  Bu  metasezgisel  yontem,
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kullandigimiz algoritmalarin ¢ézecegimiz problem yapisina
uyarlanmasi ile elde edilen ¢dzliim yontemlerden biridir.

Optimizasyon degiskenleri

Bu galigsma kapsaminda algoritmalarda kullanilmis (nPop)
ifadesi popiilasyonun sayisini, (MaxIt) ifadesi iterasyonlarin
maksimum sayisint gdsterirken, algortimanin yapisina
uygun degisebilen kontrol parametrelerini ise kullanici
belirlemektedir. Popiilasyon sayisi (nPop), algoritmada
bulunan bireylerin en uygun degerleri problemin muhtemel
¢Oziimiine karsilik gelecektir. Maksimum iterasyon sayist
(MaxIt) ise algoritmada bulunan dongiilerin toplam sayisi
olarak ifade edilebilir. Yapilacak dongiilerin her biri kendi
icerisinde popiilasyonun sayisina denk sayida g¢oziimler
iiretir. Kullanilan algoritmada farkli bir alt dongii yok ise
popiilasyon sayisinin iterasyon sayisi ile carpilmasiyla
degerlendirme sayisina ulagilir. Kullanilan algoritmalarin
cinsine gore diger kontrol parametreleri degisiklik
gosterebilir. genetik algoritmada kullanilan islemlerde
mutasyon orant (Pm), ¢aprazlama orani (P¢) gibi bir deger
alir. Sonuca ulagma siiresi problemin yapisina uygun deger
kiimesinin secilmesi ile ilgilidir. Bu nedenle bu ¢alismada
algoritma ic¢in uygun degerlerin belirlenmesi deneme
yanilma yolu ile yapilmaya calisilmistir.

Genetik  algoritma ile

optimizasyonu

(GA) maliyet

Eruh ilgesi su dagitim sebekesinde genetik algoritma (GA)
ile yapilan optimizasyon isleminde kullanilmak iizere
kontrol parametreleri; mutasyon oram1 (Pm) 0.93,
popiilasyon sayis1 (nPop) 500, caprazlama orani (Pc) 0.25,
ve se¢im yontemi olarak da rulet tekerlegi yontemi
secilmigtir. Toplamda 500 iterasyon yapilarak gerceklesen
optimizasyon isleminde optimum maliyet degeri olan
1,048x10° TL degere 386. iterasyonda ulasilmistir. Amag
fonksiyonu optimum maliyet degerine ulasana kadar
386x500=193000 kez calistirilmistir.  Optimizasyon
sonucunda maliyet degerinin yapilan iterasyonlar boyunca
degisimi Sekil 11°de, optimizasyon sonucu elde edilen yeni
boru c¢aplart kullanilarak yeniden Epanet programinda

tasarlanan Eruh ilgesi igmesuyu sebekesinin diigiim
noktalarindaki  basing  degerleri ise  Sekil 12°de
gosterilmektedir.
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5105 ERUH-Genetik Algoritma (GA)

28

Maliyet

X 386
Y:1.048e+06

0 0 100 10 200 250

terasyon

300 350

Sekil 11. Eruh ilgesi igme suyu sebekesinin GA’ya ait
maliyet degigimi

—
u

Sekil 12. GA Optimizasyonu sonrast Eruh ilgesi igme suyu
sebekesi Epanet tasarimi

Sekil 12’den de anlasildigni tizere GA ile yapilan
optimizasyon sonucu elde edilen veriler (boru caplari)
Epanet programina tekrardan girilmis ve sistem basarili bir
sekilde calistirilmistir. Sekil 13’te ise GA optimizasyonu
sonucu olusan sebekenin basing kontur grafigi verilmistir.
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Sekil 13. GA optimizasyonu sonrast Eruh ilgesi igme suyu
sebekesi Contour-Plot Pressure grafigi

Sonuclar ve Oneriler

Bu ¢alisma kapsaminda mevcut Eruh ilgesi su dagitim
sebekesi Epanet ortaminda yeniden tasarlanip, metasezgisel
yontemlerden olan GA algoritmasi ile sebekenin boru
maliyeti optimizasyonu yapilmistir. Yapilan optimizasyon
islemi Epanet ara¢ setinin Matlab yazilimi ile
kullanilmasiyla  gerceklestirilmistir. Mevcut sebekenin
kotlar1 ve c¢ap degerleri kullanilarak Epanet ortaminda
yeniden modellenmis, Epanet-Matlab ara¢ seti kullanilarak
Matlap ortamina atilmig, Matlab programinda belirli
kisitlayicilar altinda optimizasyon islemi
gerceklestirilmistir. Optimizasyon sonucu elde edilen yeni
boru cap degerleri yeniden Epanet ortamina aktarilmis,
sistem basarili bir sekilde tekrardan galistirilmistir.
Toplamda 500 iterasyonda ger¢eklesen optimizasyonda 386.
iterasyonda optimum maliyet degerine ulasilmistir. Eruh
ilcesi igme suyu sebekesinin Iller Bankasinin 08.01.2021
onay tarihli fabrika teslim fiyatlar1 (KDV hari¢) baz alinarak
yapilan boru maliyetlerinde GA ile yapilan maliyet
optimizasyonu sonucu yaklagik %21.14’likk bir azalma
meydana gelmistir. Diinyada artan niifusla birlikte yerlesim
yerleri her gecen giin daha da genislemektedir. Bu nedenle
su dagitim sistemlerinin optimum maliyetle tasarlanmasi
biiylik 6nem tasimaktadir. Bu noktada su dagitim sebekeleri
metasezgisel yontemlerle optimize edilerek, suyun iletilmesi
icin ihtiya¢ duyulan sebekenin optimum maliyetle insa
edilmesi saglanabilir.
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Steel plate shear walls, as an innovative lateral load resisting system, are widely used in the world.
Various configurations have been tried by researchers to increase the shear capacity of steel plate shear
walls. In similar studies, it is aimed to obtain better results by changing the material and connection
properties of the frame and infill panel. In this study, carbon fiber-reinforced polymer textile (CFRP) is
used between two steel infill plates to increase load capacity, ductility and energy dissipation of steel
plate shear walls. A specimen of composite plate shear wall through epoxy bonding between two steel
plates in a steel frame was prepared, and cyclic loading was applied. The finite element model of the
specimen without CFRP textile was prepared, and an in-plane pushover analysis was conducted. The
load-displacement curves obtained from the analysis of the model were compared with the
experimentally obtained CFRP textile added specimen, and they were found to be in a good
agreement. In conclusion, as a result of the addition of CFRP textile to the steel plate shear wall, it was
observed that the carbon fiber reinforced polymer delaminated from the plate surface, and its
contribution to the system behavior remained limited. The maximum load capacity of the control
specimen was 347 kN, 334 kN was obtained in the specimen using CFRP. According to these results,
theoretically, the addition of carbon polymer textile to the infill plate increases the strength of the tensile
strips, resulting in a higher base shear capacity. However, the expected results cannot be obtained
because the adhesive used failure during installation and eliminates the unity of the steel plate and
carbon polymer fabric. As a result, it has been observed that to obtain the expected contribution, it is
important to ensure that the steel plate and the textile must have full bonding and act as a composite

material.

Introduction

From the time when Wagner (1931) first introduced the
idea of using thin plates in moment resisting frames
having the main principle that thin steel plates continue to
carry lateral loads after buckling, studies were carried out
on shear walls formed by placing thin steel plates in the
frames [1]. Analytical and experimental research on steel
plate shear walls has been carried out since the 1970s [2].
The most important feature of steel plate shear walls is that
they dissipate energy, and thus, increase the ductility of the
steel frames. In order to improve the behavior of thin steel
plates, which are subjected to in-plane shear, studies
conducted on composite panel shear walls by using steel
plates in combination with other high-strength materials.
M. K. Poul and F. N. Alahi conducted nonlinear analysis
of the steel plate shear wall reinforced with FRP laminated
plates and developed the interaction method of the frame
and composite panel to determine the shear strength of the
composite panels [3]. Although there are many studies on
steel plate shear walls, there are fewer studies on
composite panel shear walls [4,5,6]. As an innovative
method, the use of fibre-reinforced polymer (FRP)
together with plate has been investigated through

theoretical studies. Due to their lightness, high strength
and contribution to rigidity, laminated composite plate
shear walls have been developed as an alternative to steel
plate shear walls [7]. It is desired that the fiber-reinforced
polymer plate or textile provides additional strength to the
steel tensile strength, parallel to the tension direction of the
steel plate shear wall. In one study, it was reported that the
best results were obtained when the FRP strips were
placed in the fiber direction of both sides and that the
fibers began to transfer load after the steel plate
completely yielded, and a 20% increase in shear capacity
and 10% increase in rigidity were achieved [8]. There are
also studies carried out by placing different types of
polymer strips, such as glass fiber reinforced polymer
(GFRP) between the double plates. The model was
prepared by bonding GFRP strips between two plates in a
single-story, single-bay frame, and it was reported at the
end of the study that an increase was observed in the shear
capacity and rigidity of the steel plate shear wall model
and that it improved the hysteresis behavior [9,10].
Openings such as doors or windows are required inside the
steel plate share walls, which are an effective lateral load
carrying system. In those cases, according to the AISC
regulations [11], the tear at the corners must be reinforced
by steel plates in order to reduce the stress condensation
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deteriorated due to the tears. Studies examining the
behavior when FRP laminates were utilized as edge
reinforcement instead of steel in these window and door
openings were carried out. Alipour, Mohamad, and Rahai,
Alireza, in their study, demonstrated that the FRP plate
prevents stress condensation on the tear corners, provides
continuity, and increases the rigidity and strength of the
system [12]. Considering the difficulties of steel
reinforcements that require welding, this method has been
noted to be equally efficient. CFRP plates are used to
improve the compressive strength of different geometric
structures for reinforcement purposes. 14 different models
using CFRP laminates in different thicknesses and angles
in cylindrical thin-walled shell structures were developed
and subjected to compressive stress from the outer surface.
As a result of this strengthening, it was stated that the
buckling capacity improved by 77% and the collapse
capacity improved by up to 86% [13]. In another study, it
was shown that CFRP elements started to buckle at higher
load values by using different thicknesses in thin-walled
steel storage structures [14]. In a study conducted to
demonstrate the interaction of the frame and infill plate in
composite FRP-steel plate shear walls, the FRP polymers
added to strengthen the infill plate increased the strength,
energy damping capacity and secant stiffness of the
system, but had no effect on the initial stiffness or had a
negative effect. Regarding the frame-infill plate
interaction, the use of FRP caused a slight increase in
stress in the frame, which increased the effectiveness of
the infill wall at the beginning of the loading. In addition,
while the use of FRP in single-storey SPSW only affects
the behavior of the infill plate, it has been stated that in
multi-storey SPSW, it affects both the infill plate and
frame behavior because the interaction is high [14,16].
Post-buckling behavior was examined by adding GFRP to
steel plate shear walls, which are horizontal load bearing
elements obtained by adding wood or steel plates into the
moment frames. It has been observed that the benefits in
initial stiffness and displacements decrease inversely as the
rigidity of the frames increases. The lowest increase in
horizontal load capacity was 16% in the stiffest frame with
0° FRP fiber orientation. When the FRP fiber orientation is
in the same direction as the tensile rods, the initial stiffness
and load capacity reach the highest value [17].

Considering the studies on this subject, carbon fiber
reinforced polymer textile (CFRP) was placed between
two steel plates involves the scope of this study in order to
contribute to the infill plate properties of steel plate shear
walls. A specimen was prepared and experimentally
subjected to cyclic loading, in which a pair of steel plates,
obtained by using the fiber-reinforced polymer textile
between steel plates through epoxy, was attached to the
frame as a composite panel. The prepared specimen
represents the intermediate floor of a single-story, single-
bay, 1/3 scale and multi-story building. The behavior of
this specimen under cyclic loads, initial rigidity, ductility,
maximum load capacity and energy dissipation capacity
have been experimentally and analytically investigated and
compared.

2. Test setup and design of specimen

To increase the shear and energy absorption capacity of
steel plate shear walls, a panel was obtained by gluing
carbon polymer textile between two thin steel plates. This
panel was placed in a steel frame as the panel of the steel
plate shear wall and cyclic loading was applied. A one-
story, one-bay and semi-rigid steel frame was designed.
Pinned beam-to-column connection was prepared to be
utilized as the test specimen. It was desired to examine the
effect of infill plates on the frame. For this purpose, frame
sections were selected so that the frame elements would
not yield before the steel plates yielded. HEA260 sections
were selected for the columns and HEA240 sections for
the frame beams. L75x120x12 profiles were chosen for
beam-to-column and frame-panel connections. In the
frame as infill panel, a panel with bidirectional CFRP
textile fixed with epoxy was placed inside double steel
plates at a horizontal angle of 90°. In addition, as the
control specimen, a comparison was made with the steel
plate shear wall, in which only a 1.00 mm-thick single
plate was used. The physical characteristics of these
specimens are shown in Table 1. In order to clearly
understand the contribution of the infill panel to the frame,
a semi-rigid beam-to-column connection that acts almost
like a pin was preferred.

The connection of the infill panel and the steel frame was
made with self-drilling screws. In this way, easy
replacement of plates that were deteriorated subsequent to
loading would be allowed via only the connection bolts.
The use of welded connection was not preferred as it may
lead to local heat-related deformations in carbon fiber
reinforced polymer textile. Additionally, as it was reported
in the studies that the use of self-drilling screws, which did
not require a hole preparation prior to the connection, was
an alternative method and that it provided sufficient
performance, a connection of M6 (6-mm diameter) bolts
with 40mm spacing was preferred in the frame and plate
joint region [18]. Test specimens were fastened to the
concrete foundation with clevises. Experiments were
carried out in Bogazi¢i University Structural and Materials
Laboratories. The laboratory was equipped with 2000kN-
capacity reaction wall and a 1000kN-capacity dynamic
actuator of with150-mm stroke in both directions. The test
setup is given in Figure 1, while the steel plate shear wall
specimen with CFRP addition is presented in Figure 2.
During testing, out-of-plane deformations of the
specimens were prevented via a rigid frame attached to the
main setup. Figure 3 shows the preparation of the panel
through CFRP textile and lamination used in the CLB
specimen that was obtained by fixing between two 0.50
mm plates with epoxy adhesive.

Tension tests were conducted by taking coupons from steel
infill plates. Table 2 lists the average and standard
deviation values of the material properties. These values
are used in the finite element model. S275 steel for frame
profiles; S235 quality steel was used in the infill plates.
10.9 class steel was used in the frame bolts.
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Carbon fibers have high tensile strength. For this reason, it
is used in many areas such as construction, especially in
strengthening buildings against earthquakes. Brought
together, carbon fibers are used in the form of tape, plaque,
strip or fabric. It is possible to obtain very light
construction materials with a tensile strength
approximately ten times higher compared to steel with an
equivalent cross sectional area. In this study, as the steel

plate placed in the frame acted as tension strips under
shear stress, CFRP textile was used to increase the
capacity of those strips. A composite panel was obtained
through 600gr/m? bidirectional CFRP textile mounted with
the help of epoxy between two 0.5mm steel plates. The
technical properties of this CFRP textile are given in Table
3.

Table 1 — Test specimens and their properties

Specimen Name Specimen Details

Panel/Plate Thickness Infill Property

Single Steel Plate Shear

Control Specimen Wall (TL)

Double Layer Steel Plate

t=1.0mm 1.0mm Steel Plate

0.5mm Steel Plate +

Specimen 1 Shear Wall with CFRP t=0.5mm+CFRP+t=0.5mm CFRP Textile +
(CLB) 0.5mm Steel Plate
o| DINAMICACTUATOR
2| STROKE: 1000 kN/1
=8| STROKE: 1000 kNSOmm_ ™) 4030 RODS STEEL HEAD
A q HEA 240
1] 1 2 Eln 3
P R iy |
H 1 3 I
ol al B 1
E 01 RS PANEL 4
- o | B Sl . )
&v\‘, 5 81 ) wi i i =
S =B 3 T e 0 g
) w IS N E | 2
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¥) o =1 i 2 i
F = | [ = :
ey 5 ! i
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2 2605 CLEV‘SJL%‘E 2000 :S\E ANCHOR 48730
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(=] =2
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STRONG R.C. FOUNDATION

STRONG FLOOR

ANCHORS (950)

Figure 1. Test Setup (Dimensions are in mm)

Figure 2. CLB specimen double-layer steel plate shear wall with CFRP (+2/3*58y; 4.02 mm)
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Figure 3. CFRP textile used in the CLB specimen and placing the fabric inside the double steel plates using epoxy

Table 2. Tensile Test Results of Steel Plates plates

Specimen No. 1 2 3 Mean Standard Deviation
Thickness (mm) 0.50 0.50 0,50
Width (mm) 25.00 25.00 25.00
Yield Stress (MPa) 296 365 330 330.3 34.34
Ultimate Stress (MPa) 416 404 369 396.3 24.51
Table 1. Technical properties of the CFRP textile
Color Black
Type Bidirectional fabric textile
Unit Weight (gr/m?) 600
Mean Thickness (mm) 0.34
Ultimate Stress (MPa) 392
Elasticity Modulus (Mpa) 230 000
3. Finite element model H : Specimen height
Finite element model analysis was performed to see how A Beam segtlon' area
I : Column inertia moment

the specimens behave when experimental cyclic loading is
applied. In this way, a comprehensive comparison was
made with the experimental results. ABAQUS Standard
(Hibbit et al.) software [19] was used to prepare the finite
element models of non-CFRP specimens. Likewise, the
strip model was created using SAP2000 structural analysis
software [20]. Since the plate turns into diagonal strips
when shear load is applied along its own plane, in the Strip
model the strips are defined as pin-ended elements that can
only for axial tensile loads.

Equation 1 is a formula used to calculate the inclination
angles of steel plates [21]. The inclination angle of the
steel plates was calculated as 46° according to this
formula. Strip elements were analyzed in this way. The
cross-sectional area of each strip is found by multiplying
the plate thickness and the width of the tension area.

) 1+ %
tan*a 1+twh(i+ = ) @Y)
Ap  360IcL
A : Strip angle
t : Steel Plate thickness
L : Specimen width
A : Column section area

The beam-to-column connection of the bare frame was
defined in both models and the analysis results were
calibrated with the test results.

Steel plate and sandwich panel shear wall samples were
modeled by adding infill plates. Although the presence of
fiber polymer material was not taken into account in the
modeling process, the difference between the model and
test results clearly revealed the contribution of CFRP
textile. In the strip model, a total of 11 parallel tension
strips with a 200 mm wide tension area are defined as in
Figure 4. The strip model was used in specimen design. In
the finite element model, the S4R shell element was used
to define the column and beam elements of the frame, and
the S8R5 shell element was used to define only the thin
plates. Figure 5 shows the finite element model. Figure 6
shows the load-displacement curve obtained as a result of
the analysis of the model. The specimen representing the
plates on both sides of the panel that was obtained by
using CFRP acted very similar to the specimen of the steel
plate shear wall. Increasing load values were obtained with
increasing displacement values in cyclic loading. At the
ultimate value, the infill plate was torn and failed. The
results obtained from the finite element model will be
compared with the experimental results in Section 5.

734



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 731-742

| 2000
LATERAL |
LOAD BEAM
P =5 & & b5
£ g J pe - A~ ()
dJ / / / / // //\
95 4 / g / 3 \
— 2 W ’ / o |~.Pin Ended Strips
A / /
N yayd
o o
2 P // / / // / 0 _
o] z| b / Q/ : y p z
5 / N o}
g // / %'\Q: // /'/ / 0 3
’ # / g
@ / S Vs /
/ yd - / | semiRigd
L y g = | Connection
] { c/ of r/ cf/ .:/ f\/ﬁ,/’
- BEAM i
§ Pin Connection
!"/"/
A L) e
’:ZZZZZZZEEE// 22 //
Figure 4. Strip model of Specimen (Dims are in mm)
Figure 5. Finite element model of specimen
350 4
300 1
250 4
2200 3
s 1
8150 A
- ]
100 A
50
o+ —r—TTrT—TTTTTTTTTr
0 10 20 30 40 50 60
Displacement [mm]

Figure 6. Load-displacement curve of FEM analyses

735



DUIJE (Dicle University Journal of Engineering) 14:4 (2023) Page 731-742

4. Experimental study and test results

The stresses and displacements obtained during cyclic
loading were collected and evaluated. This section
introduces the experimental results by discussing the
experimental observations and collected outputs. Quasi-
static cyclic loading was applied in accordance with ATC-
24 regulation [22]. The displacement value, which
corresponds to 0.75 times the yield load of the system, was
determined as &*. Cyclic loading increased step by step
compared to ATC24. These steps are multiples of &*. First
step; 1/3 of 8%, second step; 2/3 of &%, third step; it is
applied as 1 6*. The next steps are increased by integer
multiples of 8*. A total of three cyclic loadings were
applied for each displacement value. The loading protocol
is presented in Table 4.

Following the increasing drift values of the experiment,
deformations such as separation and crushing were
observed between the beam web connection angle and the
column flange in the beam-to-column connections. These
changes indicated plasticization around the bolt hole on
the web of the beam. No deformation was observed in the
beam-to-column connection apart from the beam web was
yielded around the bolt hole. The test specimen subjected
to cyclic loading specified in the loading protocol showed
a ductile behavior and was close to the single-plate
specimen, which is the control specimen of this study.
However, lower initial stiffness and maximum base shear
were obtained as the combination of the plate, and
polymer fabric did not provide sufficient response. In the
first cycles, the specimen showed elastic behavior, and the
load-displacement graph in all three cycles followed a very
close path to each other. The cyclic graph is given in
Figure 7.

At the +1*3y displacement step (0.32% drift; 6.02 mm top
displacement), the tension fields became prominent, and
there were strains around the screws at the plate-to-fisher
plate connection. At this displacement value, base shears
of 68.56 kN in push and 82.06 kN in pull direction were
obtained in the first cycle. The difference between the load
values in the pushing and pulling directions for the first
three displacements could be interpreted as the effect of
the FRP textile used for these steps. At +5*8y
displacement step (1.61%; 30.07 mm), a load of 263.22
kN in push and 255.05 kN in pull direction was obtained
in the first cycle. At this stage, it was possible to observe

permanent deformation of the plates subsequent to
buckling, especially around the bolts and at the corners of
the plate. At +9*dy displacement step (2.91%; 54.16 mm),
a load of 323.14 kN in the pushing direction and 327.62
kN in the pulling direction were obtained in the first cycle,
and tears formed due to repeated loading and repeated
deformation of the tension field modes on the plate. Small
crushes and tears formed around the bolts enlarged to 20-
mm in size, and the tear between the bolts in the lower left
corner merged to form a 50mm long tear (Figure 8).

At +10*dy displacement step (3.19%; 59.36 mm), in the
first cycle, the load increased in the pushing direction to
334.12 kN, and decreased in pulling to 264.70 kN. In
response to the decrease in load, tears on the bolt
connection and plate increased in the pulling direction,
while no tears were formed at this scale in the pushing
(Figure 9). In the second and third cycles, there was a
decrease of 51% (from 238,59 kN to 165,65 kN) in the
pushing, while in the pull direction, it decreased to 181.15
kN and 153.35 kN, respectively, and there occurred a 53%
decline in the value of maximum load capacity. These
sudden load drops coincide with the tearings on the plate.
Although the maximum load capacity decreased by more
than 50% at the end of the third cycle in the previous
displacement step, the experiment was continued one more
step by increasing the displacement to see the possible
effect of the CFRP textile between the two plates. At
+11*3y displacement step (3.53% drift; 65.75 mm top
displacement), values of 163.85 kN, 139.69 kN, 130.49 kN
in push direction, and values of 135.03 kN, 96.77 kN,
93.86 kN in pull direction were obtained in last three
cycles. The plate was torn 150 mm from the lower right
and left corners. At this stage, the plates were mostly torn
from the connection screws and repeated buckling area
and acted similarly to the single-plate specimen. The test
was terminated at this stage, as the load obtained in the last
cycles of this displacement value decreased by 61% in the
push and by 72% in the pull directions of the highest
values reached during the loading.

The view of the single plate, which is the control
specimen, at a displacement of +5*3y is shown in Figure
10. The single-plate specimen showed less crushing and
tearing at the same displacement step than that of the
specimen reinforced with carbon fiber polymer textile
fabric.

Table 4. Cyclic loading histories of the CLB specimen

Displacement Number Cumulative Relgtive Disp. R@lative Top Disp. Drift
Steps of Num. of Ratio to dy Disp. [mm] (%)
Cycles  Cycles (A/dy) [mm]

1 3 3 0.34 1.45 1.98 0.11
2 3 6 0.67 2.93 4.02 0.22
3 3 9 1 4.39 6.02 0.32
4 3 12 2 8.77 12.02 0.65
5 3 15 3 13.13 17.99 0.97
6 3 18 4 17.57 24.07 1.29
7 3 21 5 21.95 30.07 1.61
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8 3 24 6 26.52 36.33 1.95
9 3 27 7 30.74 42.11 2.26
10 3 30 8 35.14 48.14 2.58
11 3 33 9 39.53 54.16 291
12 3 36 10 43.33 59.36 3.19
13 3 39 11 48.00 65.75 3.53
400
300
77
200 f//”/// //
7 /
— 100 ///%//’, 7
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[
S -200
-300
-400
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Relative Top Displacement [mm]

Figure 7.Cyclic load graph of the CLB specimen (double layer steel plate shear wall with CFRP)

10
3 g

(c) (d)

Figure 8. CLB specimen (+9*3y) step (a) tears around the lower left bolt connection (10mm) (b) merging tearing
around the lower left bolt 50 mm (c) tears around the lower bolt edge (20mm) (d) tears from the lower left plate
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Figure 9. CLB specimen (+10*dy) step (a) 80 mm tearing from the lower left edge (b) no tearing at the lower right edge

Figure 10. General view of the TL specimen at the +5*3y displacement step (30.13 mm)

5. Result’s Comparison and Discussion

The data obtained as a result of the experimental study
were compared with the analysis results obtained from the
analytical study. The cyclic load-displacement envelope
curves of the 1.00 mm thin single-plate TL specimen [23],
which was the control specimen, and the specimen with
two 0.5 mm thin steel plates, in which a carbon fiber
reinforced polymer textile (CFRP) was placed, are
compared in Figure 11. It was seen that it acted similarly
to the single plate TL, which was the control specimen.
For all displacement steps, similar stiffness and load
values were obtained, following close paths in both
directions. The load values obtained in the first cycles of
each displacement step for the CLB specimen are given in
Table 5. In the CLB sample, 0.5 mm thin plates yielded
around the bolt at lower load values than 1.00 mm thin
single plates. For this reason, they lost their maximum
load capacity from very early values.

As a result of this comparison, it was concluded that the
contribution of the CFRP test specimen to the initial
stiffness and load values remained limited when compared
with the single steel-plate specimen following the cyclic
loading. The infill plate of the control specimen failed at a
larger displacement than the specimen with CFRP.
Therefore, in this study, it was concluded that the addition

of fiber polymer textile did not increase the base shear
capacity of the steel plate shear wall. If better combination
is achieved, fiber polymer fabrics can be used. The
maximum load capacity of the specimen under the load
applied is given in the table created for certain drift ratio
values, comparing it with the control specimen (Table 6).

The cyclic envelope curve of the push directions of the
CLB specimen obtained as a result of the experimental
study and the curve obtained from the analytical study are
shown in Figure 12 on the same graph. Experimental and
analytical curves of load-displacement relationships were
very close to each other, and the analytical model curve
remained below the experimental curve after 58y
displacement value. It can be concluded that the analytical
results for this model were congruent with the
experimental results within sufficient approximation. The
load, where the system lost its load capacity, was obtained
at a degree of 3% closeness in the analytical solution.

The graphs of the energy absorbed by the composite plate
shear wall, which was the area scanned by the cyclic load-
drift graph, were drawn. The energy dissipation capacity
of buildings under lateral loads is the basis of
performance-based design [18]. Hence, energy dissipation
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amounts under cyclic lateral loads, which were
administered in accordance with the loading protocol of
the test specimens, were one of the most important
parameters used in the comparison of the results. Along
with the control specimen of the test result, the cumulative

dissipated energy of the first cycles is presented in Figure
13 according to the drift ratios. A significant increase in
the dissipated energy was observed after the 9th cycle
when yielding began. Yielding by tearing the plates
around the bolt connections, energy was consumed.

400

350

300

load [Kn]

[ - N N

wv o w o w1
o o o o o

o

——TL Experimental
—&— CLB Experimental

10 20 30
Relative top displacement[mm]

40 50 60

Figure 11. Comparison of push direction cyclic envelope curves of TL and CLB test specimens

Table 5. Displacement — load values of the CLB specimen in the push direction

Relative

Drift (%) Displacement[mm] Load [KN]
0.00 0.00 0.00
0.11 1.45 35.44
0.22 2.93 51.42
0.32 4.39 68.57
0.65 8.77 123.96
0.97 13.13 171.71
1.29 17.57 234.13
1.61 21.95 263.22
1.95 26.52 286.89
2.26 30.74 298.21
2.58 35.14 313.14
291 39.53 323.15
3.19 43.33 334.13
3.53 48.00 163.85
Table 6. Load values by drift ratio (kN)

Drift [%] ?pﬁecimen (S:Iiegimen

0.25 67,02 56.90

0.50 118.89 99.01

0.75 153.09 139.59

1.00 185.64 178.29

1.25 215.66 226.08

1.50 241.48 252.92

1.75 263.10 272.80

2.00 279.06 288.71

2.25 287.75 297.83

2.50 300.27 309.27

3.00 315.65 326.80

3.50 337.21

4.00 344.67
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Figure 13. Comparison of the cumulative dissipated energy

6. Conclusions

In this study, a double plate with the same total thickness
as the control specimen and a bidirectional CFRP textile
bonded between the two plates was used. In the event that
the CFRP textiles were used together with steel plate share
walls, the effect of the CFRP on the system behavior by
moving in the same direction while the steel plate acted as
a tension strip was investigated. The stiffness, maximum
load capacity, dissipated energy amount and other outputs
obtained from the experimental studies were compared
with the analytical study results, and in the light of the
data, the system behavior during the experiment phase was
evaluated. A consistency was found between the FEM
analysis results and the experimental results. In the CLB
specimen, a double plate with the same total thickness as
the other specimens, and on which bi-directional CFRP
textile was placed by epoxy bonding between the two
plates, was used. In this way, in the event that the CFRP

textiles were used together with steel plate share walls, the
effect of the fibers on the system behavior by moving in
the same direction while the steel plate acted as a tension
strip was investigated. According to the load displacement
graph obtained, for the same drift ratio compared to the
1.00 mm single-plate specimen, the failure load was
reached earlier, and it was observed that the fibre-
reinforced polymer was delaminated from the plate surface
and its contribution to the system behavior remained
limited. The control specimen and the specimen using
CFRP were compared in terms of initial stiffness, load and
dissipated energy. The control specimen carried 315 kN
for 3% drift, while the specimen using CFRP carried 326
kN. While the maximum load capacity of the control
specimen was 347 kN, 334 kN was obtained in the
specimen using CFRP. While the initial stiffness of the
control specimen was 27,43 kN/mm, it was calculated as
24,50 kN/mm for the specimen using CFRP. While the
cumulative energy dissipated at 3.2% drift in the control
specimen was 89.230 kNmm, it was found to be 66.627
kNmm in the specimen using CFRP. The similarity of
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these values showed that the effect of CFRP addition on
the system behavior was limited. The reason for the low
values is that the thin steel plates of the CLB specimen is
torn at a lower load. Here, as in the single-plate specimen,
the failure mode of the system was realized as the screw
edge crushed at the plate-to-frame connection and torn
from the screw connection net section. In conclusion, the
important findings obtained from our study can be
summarized as follows: carbon fiber polymer or similar
reinforced textiles with higher tensile strength can be used
to provide the behavior of tension strip adjacent to the
plates, but very high base shear strengths can be obtained
by improving the connection conditions to the plate and
the frame.

To summarize, this study was carried out to increase the
energy absorption and load carrying capacity of steel plate
shear walls. For this purpose, it was desired to benefit
from the high tensile strength of carbon fibers. These
carbon fibers are added to the steel plates in the steel frame
with a strong adhesive between the two plates. When the
steel plate shear wall specimen was subjected to cyclic
loading, the adhesive failed and from then on the steel
plate and carbon fibers behaved independently of each
other. Based on the data and analysis results obtained from
the experimental study, the infill plate could not be
strengthened by gluing. By developing different
combination conditions in steel plate shear walls, the high
tensile strength of carbon fibers can be utilized.
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Ulkemiz deprem felaketleri sebebiyle ciddi boyutlarda can ve mal kayiplarina maruz kalmistir. Deprem
sonras1 hemen kullanilacak olan binalardan olan hava trafik kontrol kulelerinin deprem esnasinda hasar
gormesi halinde bazi aksakliklar meydana gelmesi muhtemeldir. Deprem sonrasinda havalimanlarindaki
hava trafik kontrol kulelerinde hasar olusmasi durumunda; piste yardim malzemesi veya insanlarin
intikallerinin saglanmas1 amaciyla ugak, helikopter gibi hava araglarinin inis ve kalkisinin
saglanamayacagi, bolgeye ulasimmn en kisa siire igerisinde gergeklestirilemeyecegi bilinmektedir. Bu
caligmada, havaalanlarindaki hava trafik kontrol kulelerinin deprem performansi ile deprem yalitim
etkisine ait literatiir incelemesi amaglanmustir. Ulkemizde hava trafik kontrol kulelerinin deprem
performansmin incelenmesine yonelik ¢aligmanin olmadigi, uluslararast yayinlarda ise son yillarda bu
konunun ele alindig1 dikkat gekmektedir. Literatiir incelemesinde; hava trafik kontrol kulelerinin deprem
performansima yonelik iilkemizde sadece 2021 yilinda yiiriirliige giren Tiirkiye Hava Meydan: Yapilar
Deprem Yonetmeliginde meveut ve yeni yapilar igin kriterler belirlenmistir. Uluslararasi yayinlarda ise
hava trafik kontrol kulesi i¢in 6zel sismik tasarim klavuzunun olusturulmasinin gerektigi dikkat
¢ekmektedir. Deprem yalitim etkisinde ise yapilarda deprem performansi agisindan olumlu sonuglar
alinmasma ragmen, havalimanlarinda 6neme sahip hava trafik kontrol kulesine yonelik c¢alismanin
bulunmadig: goriilmektedir. Bu nedenle, tilkemizde kritik neme sahip mevcut veya yeni yapilacak hava
trafik kontrol kulelerinin deprem performansi ve yalitim etkisinin ayrintili olarak incelenmesine yonelik
veni arastirilmalara ihtivac bulundugu 6ngériilmektedir.
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* Sorumlu Yazar

Our country has suffered serious losses of life and property due to earthquake disasters. If the air traffic
control towers, which are among the buildings to be used immediately after the earthquake, are damaged
during the earthquake, some disruptions are likely to occur. In case of damage to the air traffic control
towers at the airports after the earthquake, it is known that the landing and take-off of aircrafts such as
airplanes and helicopters cannot be ensured in order to ensure the transfer of aid materials or people to the
runway, and transportation to the region cannot be realized as soon as possible. In this study, it is aimed
to review the literature on the earthquake performance and earthquake isolation effect of air traffic control
towers at airports. It is noteworthy that there are no studies on the earthquake performance of air traffic
control towers in our country, while international publications have addressed this issue in recent years. In
the literature review, criteria for the seismic performance of air traffic control towers for existing and new
structures were determined only in the Turkish Airfield Structures Earthquake Regulation, which entered
into force in 2021. In international publications, it is noteworthy that a special seismic design guideline
should be established for the air traffic control tower. Although positive results have been obtained in
terms of earthquake performance in earthquake isolation effect, it is seen that there is no study on the air
traffic control tower, which is important in airports. Therefore, it is foreseen that new researches are needed
to investigate in detail the earthquake performance and isolation effect of existing or new air traffic control
towers which have critical importance in our country.
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1.Giris

Tirkiye depremlerin etkin oldugu bir konumda yer
almaktadir. Yasanan deprem felaketleri sebebiyle ciddi
boyutlarda can ve mal kayiplarina maruz kalmistir. Deprem
sonras1 hemen kullanilacak olan binalardan (haberlesme ve
ulasim istasyonlart) hava trafik kontrol kulelerinin deprem
esnasinda hasar gormesi halinde bazi aksakliklar meydana
gelmesi muhtemeldir. Deprem sonrasinda
havalimanlarindaki hava trafik kontrol kulelerin de hasar
olusmasi durumunda; piste yardim malzemesi veya insanlarin
intikallerinin saglanmasi amaciyla ugak, helikopter gibi hava
araglarinin inis ve kalkisinin saglanamayacagi, bolgeye
ulasimmn en kisa siire igerisinde gergeklestirilemeyecegi
bilinmektedir.

Ulkemizde ve diinyada meydana gelen depremlerden dolay1
havalimanlarindaki hasar veya aksakliklara ait basinda yer
alan haberler agagida derlenmistir.

12 Ocak 2010 tarihli Haiti depreminde Toussaint Louverture
Uluslararas1 Havalimanindaki kontrol kulesi biiyiik dlciide
hasar gérdiigiinden telsiz iletisimi saglanamamustir [1].

22 Subat 2011 tarihinde Yeni Zelanda da 6.3 biiyiikliigiinde
olusan depremde Christchurch Havaalani’nin kontrol
kulesinin hasar almasi sonucu, uguslar bir siireligine askiya
alinmustir [2].

23 Ekim 2011 tarihinde Van'da 7.2 biiyiikliigiinde olusan
depremde Ferit Melen Havaalani kontrol kulesi hasara
ugradigi icin havaalani ugusa kapatildigindan, Erzurum ve
Mus Havaalanlarmin kullanilmasi yoniinde planlamalar
yapilmugtir [3].

16 Nisan 2016 tarihinde FEkvador’da olusan 7.8
biiyiikliigiindeki depremde Eloy Alfaro uluslararasi
havaalanindaki hava trafik kontrol kulesi yikilmustir [4].

28 Eyliil 2018 tarihinde Endonezya da meydana gelen 7.5
biiyiikliigiindeki depremde Palu'daki Mutiara Sis Al Jufit
Havalimani'nin kontrol kulesinin hasar almasi sonucu hava
trafik kontrolorii son ugagm kalkis iznini verirken, yikilan
kuleden atlamigtir [5].

08 Agustos 2019 tarihinde Denizli'nin Bozkurt ilgesinde 6.0
biiyiikliigiindeki deprem ile Denizli Cardak Havalimani
kontrol kulesinin hasara ugradig: i¢in kapatilmis, kente olan
seferler iptal edilmistir [6].

26 Eylil 2019 tarihinde Istanbul’da olusan 5.7
biiyiikliigiindeki depremde Sabiha Gokg¢en Havalimaninda
hava trafigini olumsuz etkileyip, kisa siireligine u¢ak inisleri
saglanamamuistir [7].

29 Aralik 2020 tarihli Petrinja depreminde Zagreb
Havalimani kontrol kulesi hasar gérmiis, hava trafik kontrol
hizmetleri askiya alinmigtir [8].

06 Subat 2023 tarihinde Kahramanmaras merkezli meydana
gelen 7.7 ve 7.6 biiylikliiglindeki depremlerde Hatay ve
Malatya Erha¢ Havalimanlarinda hasarlar olusmasi
nedeniyle, pist kullanilamaz hale gelmistir [9],[10].

ATC kulelerinde deprem etkisiyle olusan hasar veya
aksakliklar nedeniyle [1]-[10], mevcut veya yeni tasarlanacak
kulelerin deprem performanslarinin arastirilmasi ve ¢oziim
Onerilerinin sunulmas1 gerekmektedir.

Bu calismada, deprem kusag: etkisinde bulunan iilkemizde
deprem sonrasi hemen kullanilacak olan ulagim ve
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haberlesme tesislerinden havaalanlarindaki hava trafik
kontrol kulelerinin deprem performansi ile deprem yalitimli
etkisine ait literatiir incelemesi amaglanmusgtir.

2.Hava trafik kontrol Kkulelerinin deprem
performansina yonelik yapilan calismalar

Yapilarda deprem performans diizeyine yonelik bircok
aragtirma konusu betonarme konut, ¢elik yapilar, kopri, isale
hatlarinin vb. tez, makale yaymlar1 bulunmaktadir. Ancak;
ilkemizde hava trafik kontrol kulelerinin deprem
performansinin incelenmesine yonelik ¢aligmanin olmadigi,
uluslararasi yayinlarda ise son yillarda bu konunun ele
alindig: dikkat cekmektedir.

Wilcoski ve Heymsfield (2002) yaptig1 ¢alismada; bir adet
Hava Trafik Kontrol (ATC) kulesinin yiiksekligi 15 m., diger
iki adet ATC kulelerinin yiiksekligi ise 9 m. olan, toplam 3
adet ATC kulelerinin deprem performansi incelenmistir.
Tastyict elemanlart dort adet ters L seklinde olup (Sekil 1),
sonlu elemanlar metodu ile SAP 2000 programinda yap1
analizi gergeklestirilmistir. Yapilan ¢aligmadaki amag; can
giivenligi  performansini  gdsterip/gosterilemeyecegini
belirlemek, gosterilemeyecek durumda ise bir performans
ylikseltme yaklasimi gelistirmektir [11].

Sekil 1. L tipi kule (1969, San Carlos, California) [11].

Deprem performansi sonucunda; en kritik sonuglar 9 m.
yliksekligindeki San Carlos ATC kulesinde gozlenmistir. San
Carlos ATC kule kabinindeki asir1 kat 6telenmeleri, tastyict
elemanlarda ¢ok diisiik yer hareketinde bile yapisal
mafsallagmalar oldugunu tespit etmislerdir. Yapisal
sapmalar1  azaltan performans yikseltme yaklagimi
gergeklestirilerek, besgen bicimdeki kule kabinine c¢elik
elemanlarla giiglendirme yapilmistir.

Yapr saglik sistemi konusunda optimal sensor yerlesimi,
sensor adedi ve hangi konumlara kurulmasi gerektigini
bilmek zor bir konudur. Vafaei ve Adnan (2011), iran-
Kirman Havalimanindaki ATC kulesinin (34 m.
yiiksekligindeki) deprem anmdaki yapisal saglik durumunu
incelemek tiizere bir c¢alisma yapmustir (Sekil 2). ATC
kulesine sensorler yerlestirilerek, sismik performans seviyesi
ele alman Kirman ATC kulesine dogrusal olmayan zaman
tanim alani analizinde alt1 adet deprem ivme kaydi se¢ilmistir
[12].
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Sekil 2. Kirman havalimani kulesi (fran) [12].

FEMA 356’ya gore Hemen Kullanim (10) ve Gogme Onleme
(CP) performans seviyeleri dikkate alinan ¢aligmada, kulenin
ilk 20 modu analizde incelenmistir. Belirli mod

durumlarindaki periyot degerleri Sekil 3’te gosterilmistir
[13].

Firstmode Period: 0.78 sec. Third mode  Period: 0.44 sec. Sixthmode Period: 0.1 sec.

Sekil 3. Kulenin 1, 3 ve 6’nc1 mod ve periyot degerleri [12].

Sensor yerlestirmeler ise yapisal eleman tiirleri ve
konumlarina gore gruplandirma yapilarak (Tablo 1),
maksimum (Tablo 2) ve minimum (Tablo 3) kullanim
oranlarma gore 10 ve CP performans seviye gruplari
belirlenmistir.

Tablo 1. Yapisal eleman tiirleri ve konumlarima gore sensor
gruplandirmasi [12].

Grup 1 | 34.0 m. seviyesinde dairesel ¢elik kirisler

Grup 2 | 30.1 m. seviyesinde dairesel ¢elik kirigler

Grup 3 | Cat1seviyesinde egimli ¢elik kirigler

Grup4 | 26.4 m. seviyesinde dairesel ¢elik kirigler

Grup 5 | 26.4 m. ile 30.1 m. aras1 ¢elik kolonlar

Grup 6 | 30.1 m. ile 34.0 m. arasi1 ¢elik kolonlar

Grup 7 | Dis beton safti

Grup 8 | I¢ beton saft1

Grup 9 | Betonarme dosemeler

Grup 10 | -1.50 m. ve 26.4 m. arasindaki betonarme
kirisler
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Tablo 2. Gruplarin maksimum kullanim oranina gore
10 ve CP performans seviyesi [12].

GRUP ADI

1 2 3 4 5 6 7 8 9 10

S (=] [ = (=]
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Tablo 3. Gruplarin minimum kullanim oranina gore
10 ve CP performans seviyesi [12].

GRUP ADI
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IS\ N =) — =) = n 9] 5N N

CP =) =) =) =) — S = o — S
Tablo 2 ve Tablo 3’te elde edilen sonuglar

degerlendirildiginde sensor yerlestirmede baslica ele alinacak
hususlar kisaca su sekilde belirtilmektedir;

=  Grup 5 ve 6, diger gruplara kiyasla sensor i¢in en kritik
gruplardir. Onceligin bu gruplara verilmesi gerektigi
belirlenmistir.

e CP seviyesi i¢in elde edilen sonuglara gore, 1. ve 10.
gruplar orta diizeyde hasar gorecegi,

e Grup 4 icin; IO seviyesini karsilamasa da, CP
seviyelerinde ¢ok az hasar gorecegi bu caligmada
belirtilmigtir.

Sonu¢ olarak yapilan c¢alismada; mevcut kulenin yapi
sagligint izlemek i¢in sismik performans seviyesine bagli
kalinip, gruplandirma yontemi ile adim adim bir yaklasim
onerilmistir. Bu yontemin dogrulugu da Kirman Havaliman1
ATC kulesi modellemesine uygulanarak teyit edildigi
¢alismada vurgulanmistir.

Vafaei ve Alih (2016), Iran’da mevcut 3 (ii¢) adet ATC
kulelerinin sismik tasarim tepki spektrum faktorlerinin
hesaplanmasi incelenmistir. 23.7 m, 39.3 m. ve 51.7 m.
yiiksekliginde olan mevcut ATC kuleleri icin dogrusal
olmayan analiz yonteminde yakin ve uzak alan sismik
olaylar1 temsil eden iki dogal deprem kayit seti uygulanmistir.
Perform 3D programin da olusturulan modellemelerde elde
edilen sonuclar incelendiginde; kulelere uygulanan ters iicgen
yiikiin, yanal yiik durumuna gore daha hakim oldugu
goriilmiistiir (Sekil 4-5). Kulelerin yiiksekligi arttikca tepki
spektrum faktorlerinin 6nemli derecede azaldigi tespit
edilmigtir [14].
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Sekil 4. 23.7 m, 39.3 m. ve 51.7 m. yiiksekligindeki kuleler

[14].
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Sekil 5. Kulelere ait tepki spektrum faktorleri [14].

Moravej vd., (2016) yaptigi calismada; Iran'm Urmiye
Uluslararas1 Havaliman1 ATC kulesinin sismik performansi
incelenmistir. (Sekil 6) ATC kulesi modellemesine dogrusal
olmayan zaman tanmim analizi uygulanmistir. 30.17 m.
yiiksekliginde olan mevcut ATC kulesine 14 adet ivme kayd1
kullanilan analizde; bu kulenin tasarimi i¢in kullanilan
dogrusal statik ve dinamik analizlerin yetersiz oldugunu
gostermistir.  Sonu¢ olarak, kulenin deprem analiz
performansinda CP seviyesini karsilayamamistir [15].

- LR
-

e Py

(a) First mode shape

(b) Third mode shape

() Fifth mode shape

Sekil 6. Urmiye uluslararast havalimani kulesinin 1,3 ve
5’nci mod durumlart [15].

Sullivan vd., (2017) yaptig1 ¢alismada; Wellington
Havayollar1 kontrol kulesinin yapisal dayanikligi i¢in bir
tasarim gergeklestirilmigtir. Bolgenin dogal tehlikelerini
(6zellikle Tsunami ve Deprem) ele alan benzersiz bir yapi
ozelligi ile (Sekil 7) bir doniim nokta yapisi olmast
amaglanmigtir. ATC kulesi; 9 katlt olup, 12.5 derece egimli
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ve kolonsuz kule kabini seklindedir. Ayrica, taban izolasyonu
da bulunmaktadir. (Radye temel ile iist yap1 arasinda 1020
mm ¢apinda 13 adet kursun kauguk mesnet ile izole edilmis
sistem) dogrusal olmayan dinamik analizi ile incelenen
modelleme de ilk basta 3 adet deprem ivme kaydi secilmis
olup, ileriki asamada yeterli olmayacagi 6ngorilmiistiir.

7 adet ilave ivme kaydi ile birlikte toplam 10 adet deprem
ivme kaydi secilmistir. Riizgar, tsunami ve deprem yiiklerinin
etkisindeki tasarim zorluguna dikkat cekilen yapinm, 2017
yilinda yapim siirecinin devam ettigi ve hem islevsel hem de
verimli yap1 oOzelligini tasidigir belirtilmektedir. Ayrica,
yalitilmig taban ile sismik devrilme taleplerinde 6nemli
derece de azalma olacaginin Ongoriildiigii c¢alismada
belirtilmistir [16].

\ \
\ \

Sekil 7. ATC kulesi (Wellington- Yeni Zelanda) [16].

Vafaei ve Alih (2018) yaptig1 ¢alismada; ATC Kulelerinin
sismik  etkisi ve giivenlik agigmin  belirlenmesi
amaglanmgtir. inceleme 9 m. yiiksekliginde bir kule, 23.7 m
ile 51.7 m arasinda olan diger kulelerde sismik analizler
gerceklestirilmistir. ATC kulelerine 14 adet dogal ivme kayd1
uygulanmis, tepki spektrum faktorleri (R) incelenmistir. R
faktoriiniin; ATC kulelerinin yiiksekliginde biiytik bir etkisi
oldugunu gostermis, yiikseklik arttikca kirilganlik da arttigi
caligsmada belirtilmigtir [17].

Ayrica yapilan ¢alisma da ATC kuleleri i¢in Sismik Tasarim
Kilavuzu olusturulmali ve asagidaki konular ilerideki
caligmalarda ele alinmasi 6nerilmektedir.

= ATC kuleleri i¢in uygun siiriiklenme (6telenme) siniri
nedir?

= Dogal durumu tahmin etmek i¢in uygun ampirik denklem
nedir?

= Ftkili kaymay1 tahmin etmek icin uygun katsayilar
nelerdir ve ATC kulelerinin egilme sertligi nedir?

= Zemin-kazik-temel etkilesiminin etkisinin ne zaman dahil
edilmesi gerektigi?

= ATC kulelerinin yiiksekligi boyunca kesme kuvveti
dagilimini tahmin etmek i¢in uygun denklem nedir?

=  Uygun performans hedefleri ve kabulleri nelerdir? ATC
kulelerinin sismik tasarimi i¢in kriterler nelerdir?

Vafaei vd., (2018) yaptig1 calismada ise; ATC kulelerinde
sismik taban kesme kuvvetinin tahmin edilmesi
amaclanmistir. 23.7 m, 39.3 m. ve 51.7 m. yiiksekliginde olan
mevcut ATC kuleleri i¢in diisiik, orta ve yiiksek alan gruplari
icin (her bir grup icin 15’er adet) toplam 45 adet deprem ivme
kayd1 kullanilarak dogrusal olmayan zaman tanim alaninda
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analiz uygulanmistir. Yapilan calismada; taban kesme
kuvvetinin ortalamasini hesaplayan 3 denklem elde edilmistir
[18].

A =2.03T% —7.29T + 9.83 (0
1=5.11T% — 16.53T + 18.48 2)
1= 6.06T% — 18.13T + 21.54 3)

Burada; A: Taban Kesme Katsayisi, T: 1’nci Mod Dogal
Periyot’dur.

Calisma sonucunda; en biiylik taban kesme kuvveti Diisiik
Grup kayitlarinda, en kiigiik taban kesme kuvveti Yiiksek
Grup kayitlarinda goézlendigi belirlenmistir. Deprem kaydi
tiriiniin  (Yiksek, Orta veya Diigiik Grup) kulelerin
yiiksekligi boyunca kesme kuvveti dagilimi tizerinde 6nemsiz
bir etkiye sahip oldugu belirtilmigtir. Kesme kuvveti
talebinde kulelerin iist seviyelerinde ani artiglar yasandigi
vurgulanmigtir.

Moravej ve Vafaei (2019) yaptigi calismada; bir ATC
Kulesinin itme analizi yontemi ile sismik performansinin
degerlendirilmesi amaglanmigtir. 30.17 m. yiiksekligindeki
ATC kulesine itme analizi uygulanmis ve iki kat yer
degistirme talebiyle sonuclandigi  gozlenmistir.  Ust
seviyelerde performans seviyesi ¢elik sistemde IO
gereksinimlerini karsilarken ~ betonarme sistemde
kargilamadig belirtilmistir [19].

Rakesh Sharma (2019) yilinda yaptigi calisma da ise;
Hindistan standart koduna gore IV. bolgede bulunan ATC
kulesinin tasarim kriterlerinin degerlendirilmesi
amaglanmistir (Sekil 8). Zemin kat dahil toplam 7 kata sahip
ATC kulesinin tasariminda dikkat ¢eken hususlar; yerin
cografik konumu, kat adedi, kat yiiksekligi, zemin durumu,
yiik durumlari (zati, hareketli, deprem, riizgér vb.) ve temel
tasarimi ele alinarak modelleme yapilmistir [20].

Sekil 8. ATC kulesinin tasarim modellemesi [20].

Yapilan modelleme sonucunda; tasarim zorluguna dikkat
cekilmigtir. Proje ekibiyle yakin is birligi icerisinde bu
zorluklarin ele alinmasi ve ¢oziilmesinin ¢ok dnemli oldugu
belirtilmistir.

Amrutkar vd., (2021) yaptiklar1 ¢aligmada 55 m. yiikseklige
sahip farkli yapisal sekillerdeki (kare, besgen, altigen ve
sekizgen) ATC  kulesinin  deprem  performansini
incelemislerdir. Altigen ve sekizgen bigimdeki kulelerin kat
Otelenmesi, yer degistirme ve periyotlar1 agisindan kare ve
besgen bigimdeki kulelere gore daha etkin sonuglar verdigini
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gozlemlemiglerdir. Ayrica, sekizgen sekilde tasarlanan
kulenin yer degistirme ve Otelenme miktarmin diger
konfigiirasyonlara gore en az oldugu belirtilmektedir [21].

Literatiir  incelemelerinde; mevcut ATC  kulelerin
[11],12],[14],[15],[17],[18],[19] deprem  performansini
etkileyen hususlardan; kule yiiksekligi ile birlikte tastyici
sistem eleman (betonarme elemanlar ile ¢elik yap1)
davraniglarinin deprem performansini etkiledigi ve analiz
sonuglarinda olumsuz durumun belirlendigi goriilmektedir.

Yeni yapilacak ATC kule [16]-[20] tasarimlarinda ise deprem
yiikiinlin yan1 sira riizgér, tsunami yiik degerlerinin de ele
almarak, kat ytiksekligi, kat adedi, zemin durumu, yerin
cografik konumuna 6nem verilmesi gerekmektedir. Tasarim
asamasinda ATC kulelerine deprem yalitimi yapilmasinin ise
deprem esnasinda olumlu etki saglayacagi ongoriilmektedir.

Ulkemizde yayinlanan son iki deprem y&netmeliklerinden;
Deprem Bolgelerinde  Yapilacak Binalar Hakkinda
Yonetmelik (DBYBHY 2007) ile yiiriirlikte olan Tiirkiye
Bina Deprem Yonetmeliginde (TBDY 2018) ise hava trafik
kontrol kule yapismin deprem performansina yonelik 6zel
herhangi bir kriter bulunmamaktadir [22],[23].

6 Ekim 2020 tarihinde 31266 miikerrer sayili Resmi Gazete
de yayimlanan “Tiirkiye Hava Meydan1 Yapilart Deprem
Yonetmeligi (THMYDY 2020)” ile yeni yapilacak hava
meydani yapilarinin deprem etkisi altinda tasarimi ile mevcut
hava meydan1 yapilarinin  deprem etkisi altindaki
performanslarinin degerlendirilmesi ve giiclendirme tasarimi
i¢in gerekli kosullar belirlenmistir [24].

ATC yapilart THMYDY 2020’de tastyici sistem davranigt
kritik yapilardan “Hava Trafik Kontrol Yapisi” olarak
belirlenmistir.

% Onem smifi “1” olarak belirlenen, hava trafik kontrol
yapilarinda tasarim performans hedefi;

1.Asama i¢in; DD-2a Deprem Yer Hareket Diizeyine gore
“Kesintisiz Kullanim Performans Diizeyi”,

2.Asama i¢in; DD-1 Deprem Yer Hareket Diizeyine gore
“Kontrollii Hasar Performans Diizeyi” saglanmasi,
depremden sonra acil miidahale operasyonlarina imkan
verilmesi hedeflenmektedir.

% Deprem Yer Hareket Diizeyi (DD-2a); spektral
biiytikliiklerin 50 yilda asilma olasiliginin %30 (100 yilda
%50) ve buna kars1 gelen tekrarlanma periyodunun 144 yil
oldugu sik¢a deprem yer hareketini nitelemektedir. DD-2a
deprem yer hareket diizeyine gore spektral biiyiikliikler ilk
kez yonetmeliklerde tanimlanmstir.

% DD-1 Deprem Yer Hareketi, spektral biiyiikliiklerin 50
yilda asilma olasiligimin %2 (100 yilda %4) ve buna karsi
gelen tekrarlanma periyodunun 2475 yil oldugu ¢ok seyrek
deprem yer hareketini nitelemektedir.

% Deprem Etkisi
Yontemlerinde ise;

Altinda Hesap ve Degerlendirme

1.Asama i¢in; DD-2a Deprem Yer Hareket Diizeyine gore
“Dogrusal Hesap / Dayanima Gore Degerlendirme”,

2.Asama i¢in; DD-1 Deprem Yer Hareket Diizeyine gore
“Dogrusal Olmayan Hesap (Zaman Tanim Alam) /
Sekildegistirmeye  Gore  Degerlendirme”  yapilmasi
belirtilmektedir [24].
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Ulkemizde yiiriirlikte olan TBDY 2018’de ise; performans Tablo 5. Yeni yapilacak yerinde dokme betonarme ve gelik

hedefi ve deprem etkisi altinda hesap ve degerlendirme binalar [23].
yontemlerine gore incelendiginde; DTS=1, 12,2, 2a,
+« Bina kullanim amaci “deprem sonrasi kullanimi gereken - 3,3a, 4, 4a DTS= la, 22
binalar, insanlarin uzun siireli ve yogun olarak bulundugu 5
binalar, degerli esyanin saklandig1 binalar ve tehlikeli madde é ~ 2 _E " _E
iceren binalar” olarak tanimlanan ATC yapilar1 deprem 5 CE‘ g é z 8 % 74
sonrast hemen kullanilacak olan yapilar smifinda olup, Bina - 2 € g 3 x g & 5 X
Onem Katsayis1 (I) “1” ve Bina Kullanim Simifi (BKS) “1” E, ,E g 8 > T B 5 >
olarak tanimlanabilmektedir [23]. g =T 5 E £ F 5 E
9] < [9) 5]

¢ Deprem Tasarim Sinifi (DTS) olarak buna gore; DD-2 § A E = A é’
Deprem Yer Hareketi Diizeyinde Kisa Periyot Tasarim
Spektral Ivme Katsayis1 ile DTS: la, 2a, 3a, 4a olarak DD-3 - - SH SGDT
secilmektedir [23].

DD-2 KH DGT KH DGT
¢ Bina yiikseklik siniflar1 ve deprem tasarim siniflarina gore
tanimlanan bina yiikseklik araliklar1 Tablo 4’te verilmistir DD-1 - - KH SGDT

[23].

Tablo 4. Bina yiikseklik siniflar1 ve bina yiikseklik araliklari
[23]. Tablo 6. Yeni yapilacak veya mevcut yiiksek binalar
(BYS=1) [23].

Bina Yiikseklik Siniflar1 ve Deprem Tasarim DTS= 1, 1a, 2. 2a,

Bina Smiflarina Gére Tanimlanan Bina Yiikseklik DTS= la, 2a
' 3,3a,4,4a
Yiikseklik Araliklart (m) %é
< — — —
Smifi  DIS=1,1a,2,  DTS=3, T s 5 3 E oz 3 E
DTS=4, 4a 5 8 5 £ % 8 E Z
2a 3a R~ T T = = E o 3=
g A E 2 2 5 £ 3 g =
[} — < [5) >" — = o >-‘
= o _ 5] o —_—
BYS=1 Hx > 70 Hy > 91 Hy > 105 & z E B E = T 5 E
a) S % 3 5 -
5 A 7 = A 3
70 <Hn < 91 <Hn< ~ = S
BYS=2 56 <Hn<70
91 105 DD-4 KK DGT - -
56 <Hn< - - -
BYS=3 42 <Hn<56 ,  S6<HNsol DD-3 SH SGDT
’ DD-2 KH DGT KH DGT
BYS=4 28 <Hn<42 42 <Hn <56 DD-1 GO SGDT KH SGDT
BYS=5 17.5<Hn<28 28 <Hn <42
Tablo 7. Mevcut yerinde dokme betonarme ve ¢elik binalar
105 <Hn< 23
BYS=6 17.5 <Hn<28 [23].
175 DTS- 1, 1a,2, 2a,
DTS=1a, 2a
BYS=7 7<HnZ10.5 10.5<HNZ17.5 E 3,3a,4,4a
BYS=8 Hy<7 Hx<10.5 i = S| 2 %. g i %
3 s Tl E = | E« E X
o) w| T < S o T <
: B 2253 | &2
& Z E|lB E | &= = B &
) St o= ) -
« Deprem tasarim smiflarina goére yeni yapilacak veya A “% ] g LE ] g
mevcut binalar i¢in performans hedefleri ve uygulanacak ~ = =
degerlel’ldlrme/'tasz;:lrl'm yaklagimlar1 Tablo 5, Tablo 6 ve DD3 ) N SH SGDT
Tablo 7°de verilmistir.
DD-2 KH | SGDT - -
DD-1 - - KH SGDT
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THMYDY 2020 ile TBDY 2018 yonetmelikleri
karsilastirildiginda; iki yonetmelik arasmda performans
hedefleri ve deprem etkisi altindaki hesap ve degerlendirme
yontemlerinin farkli oldugu goriilmektedir.

Mevcut yonetmelikler kapsaminda deprem yer hareket
diizeylerine gore tasarimda kullanilacak PGA, PGV, kisa ve
1 sn periyot degerlerinin Kahramanmaras depremlerinden
etkilenen baz1 havalimanlarinda ve hava trafik kontrol
kulelerinde farkliliklar gosterdigi belirlenmistir [25],[26].

3.Deprem yahitimh yapilarin deprem
performansina yonelik son yillarda yapilan
arastirmalar

Deprem yalitimi binalarin depremden zarar gormesini azaltan
bir teknolojidir. Deprem yalitimi; deprem esnasinda yapiya
etki eden yatay yiiklerin (deprem, riizgar vb.) azaltilarak, tiim
deplasmanlarin temel ile {ist yap1 arasinda olmasini
saglamaktir.  Ulkemizde deprem yahtimli yapilarin
uygulanmasi ise yaklasik 10-15 yil oncesine dayanmaktadir
[27].

Saglik Bakanligi 2013 yilinda yaymnladii genelge ile
100°den fazla yatakli, birinci ve ikinci derece deprem riski
bulunan bolgelerde tiim hastanelerin deprem yalitimli olarak
tasarlanmasini zorunlu hale getirmistir [28].

Deprem yaliimli yapilarin deprem performansina olumlu
etkisine ait son yillarda yapilan c¢alismalar asagida
derlenmistir.

Yanik vd., (2009) yaptiklari ¢aligma da; Erzincan depremine
dayanamayan 12 katli binanin taban yalitimi ve Kkiitle
soniimleyiciler ile elastik smnirlar iginde kaldigi tespit
edilmis, sekil degistirme enerjisinin ise belirgin sekilde
azaldigin1 belirlemiglerdir [29].

Pauzi N.N.M., (2012) yaptig1 ¢aligmada ATC kulesi Kuala
Lumpur Uluslararasi Havaalani’nin sarka¢ ayarli kiitle
soniimleyici  ile  deprem  performans etkinligini
karsilastirmistir. Kiitle soniimleyiciler ile kulenin tepkisini
azaltabildigi goriilmektedir. 4 sarkacl kiitle
sontimleyicilerin, 2 sarkaglt kiitle sontimleyicilere kiyasla
daha etkili oldugu belirlenmistir [30].

Pekgokgdz ve Tas, (2016) calismalarinda betonarme bir
minareye Ayarli Kiitle Soniimleyici (AKS) yerlestirilerek
dinamik davranisini aragtirmiglardir. Yerlestirilen AKS’ler
ile titresimin daha az siirede soniimlenmesinde etkili oldugu
tespit edilmistir [31].

Polat H.i., (2017) yaptig1 ¢alismada; 3 katli mevcut okul
binast i¢in 1999 Marmara deprem ivme kaydi ile model
olugturulmus ve analiz sonuglar1 elde edilmistir. Analiz
sonucunda; izolasyon sistemli yapinin periyotlarinda artigin
meydana geldigi, yapiya gelen kesme kuvvetinin ise azaldig1
goriilmiistiir [32].

Kan vd., (2017) yaptiklar1 calismada; yapilarda sismik
izolasyon kullanilmasi ile deprem etkilerinin azaltilmasi
saglanirken, ayrica yapmin tasiyict sistem eleman
kesitlerinin kiigiik boyutlarda tasarlanmasini da olanakli hale
getirdigi belirtilmistir [33].

Edingliler ve Calikoglu, (2017) yaptiklari ¢aligmada; az katlt
binalarda yalitim sisteminin sarsma masasi testleri ile
incelenmesi amaglanmigtir. Sonugta; yapiya etkiyen deprem
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ivmelerinin azalim egilimi gosterdigi, kat dtelemelerinde ise
maksimum azalimin goriildiigiini tespit etmislerdir [34].

Yildirim vd., (2019) yaptiklar1 ¢alismada sismik izolasyon
ile ilgili mevcut uluslararasi yonetmelikleri incelemis,
uygulamalarda tasarim esasini teskil eden ana unsurlar
belirlemislerdir. Calismada ASCE 7, ASCE 41, EN 1998,
EN 15129 ve JSSI Manual yonetmelik ve klavuzlar
secilmigtir. Sonug olarak; ASCE 41 yonetmeliginin mevcut
yapilar icin daha uygun oldugunu tespit etmislerdir [35]-
[40].

Severcan ve Sen, (2019) calismalarinda sismik izolatoriin
bina kat adedine baghh olarak yapisal etkilerini
arastirmiglardir. 10 ve daha az kat adedine sahip binalarda
izolatoriin deprem esnasinda iyi bir performans sergiledigi
belirlemislerdir. Izolatdr sayesinde binada can giivenliginin
saglanacagi belirtilmigtir [41].

Dénmez B., (2019) yaptig1 ¢alismada; hastane binasinda 3
farkli izolator tiplerine gore sismik tepkimeyi biiylik olglide
azalttig1 belirlenmistir [42].

Tirk H.A., (2019) yaptigi c¢alismada; sismik izolatdr
mesnetli saglik merkez binasinin deprem performans
analizinde olumlu sonuclar elde edildigini tespit etmistir.
[43].

Dongmei L., (2019) yaptig1 ¢alismada; Cin'de 50 kathi bir
ofis  binasinda  yalitm  sisteminin,  deformasyon
gereksinimleri ve performans analizinde iyi sonuglar elde
edildigi belirtilmistir [44].

Ilerisoy vd., (2019) yaptiklar1 calismada sismik izolasyon
sistemlerinin kullanimi ile ilgili olarak; 6zel sektor ve
kamuda bu konuda yeterli bilincin olugmasi, gerekli
standartlarin  gelistirilmesi ve yoOnetmeliklerle bunlarin
zorunlu tutulmasinin saglanmasi belirtilmistir [45].

Takva ve llerisoy, (2021) yaptiklari arastirmada; sismik
izolatoriin geligmis iilkelerde yaygin kullanildigi, gelismekte
olan {ilkelerde ise kritik oneme sahip yapilarda oncelik
verildigi vurgulanmistir [46].

Ozer ve Inel, (2021) yaptiklar1 ¢alismada ise sismik izolatorlii
tipik bir betonarme konut binasinin performans analizinde,
izolatoriin ortalama goreli kat 6telenmeleri ile taban kesme
kuvvetinde azalma oldugu belirlenmistir [47].

Literatiir incelemelerinde [29],[30],[31],[32],[33],[41],[42],
[43],[44],[47]; Dbinalarda deprem yalitimi ile deprem
enerjisinin  soniimlendigi, sekil degistirme enerjisinde
belirgin diizeyde azalmanin oldugu ve yapiya gelen taban
kesme kuvveti degerinin ise azaldig1 goriilmektedir. Deprem
performanst nedeniyle, uygulamanin yaygmlagmasi ve
standartlarin gelistirilmesi gerekmektedir.

4.Sonuc ve oneriler

Yapilan c¢alismada hava trafik kontrol kulelerinin deprem
performans durumu ile yalitim etkileri incelenmistir.

Sonu¢ olarak, hava trafik kontrol kulelerinin deprem
performansina yonelik {ilkemizde sadece 2021 yilinda
yiriirlige giren Tiirkiye Hava Meydam Yapilart Deprem
Yonetmeliginde mevcut ve yeni yapilar igin kriterler
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belirlenmistir. 2 asamali olan tasarimda ilk asama i¢in DD-2a
deprem yer hareket diizeyi, ikinci asama i¢in ise DD-1
deprem hareket diizeyine goére hesaplama yoOntemi
belirlenmistir. THMYDY 2020°nin, TBDY 2018 performans
analiz sonuglarina gore daha etkin olacag: dngdriilmektedir.
Uluslararas1 yayilarda ise hava trafik kontrol kulesi i¢in 6zel
sismik tasarim klavuzunun olusturulmasinin gerektigi dikkat
¢cekmektedir.

Ancak, kritik Oneme sahip yapilarin tek asamali DD-1
deprem yer hareket diizeyine gore yapilacak ileri diizey
analizler (dogrusal olmayan hesap ydntemi) ile sonuglarin
karsilastirilmasi, literatiire katk: acisindan fayda saglayacagi
degerlendirilmektedir.

Deprem yalitim etkisinde ise yapilarda deprem performansi
acisindan  olumlu  sonuglar  almmasmma  ragmen,
havalimanlarinda 6neme sahip hava trafik kontrol kulesine
yonelik iilkemizde ¢aligmanin bulunmadig: goriilmektedir.

Bu nedenle, iilkemizde kritik 6neme sahip mevcut veya yeni
yapilacak hava trafik kontrol kulelerinin deprem performansi
ve yalitim etkisinin ayritili olarak incelenmesine yonelik
yeni arastirilmalara ihtiyag bulundugu 6ngoriilmektedir.

Ayrica, ylriirlikte olan yonetmeliklere gore tasarim
parametrelerinden PGA, PGV, kisa ve 1 sn periyot ivme
degerlerinde ger¢ek duruma yakin sonuglar elde etmek
amaciyla, AFAD’a ait “Tiirkiye Deprem Tehlike Haritalar1
Interaktif Web  Uygulamas1” {izerindeki ~ degerlerin
giincellenmesi dnerilmektedir.
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Structural health monitoring (SHM) methodologies employing data-driven techniques are becoming
increasingly popular for detection of structural damage at the earliest stage possible. With measured
vibration signals from the structure, time series modeling methods provide quantitative means for
extracting such features that can be utilized for damage diagnosis. In this study, one-step prediction error
of an autoregressive (AR) model over a data set is used as damage indicator. In particular, the difference
between the prediction of the AR model that is fit to the measured acceleration signal obtained from the
intact structure and actual measured signals collected for different damage states of the structure are
interrogated for diagnosis purposes. More specifically, the standard deviation of the residual error is
employed to locate the damaged region. Singular-value decomposition (SVD) is employed to find the
optimal order for an AR model created using the impulse responses of the system. Numerical simulations
are carried out using the impulse responses acquired from a four-story frame structure contaminated with
additive noise including single and multiple damaged elements. The results of the simulations demonstrate
that the method can be effectively employed to detect and locate damage. The performance of the proposed
procedure are further demonstrated using the impact data acquired from a reinforced concrete frame for
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Introduction

The symptoms of deterioration or damage manifest
themselves with the changes in the dynamic state of the
structural system and are reflected as discrepancies in its
anticipated vibration response. This is the fundamental
principle upon which any vibration-based method is based.
Vibration-based damage detection is a field of study within
the general framework of structural health monitoring
(SHM) that primarily focuses on extracting damage-
sensitive features from the vibration measurements and
developing approaches that can be employed for damage
detection and localization purposes [1-4].

Within this context, time series analysis is involved with
analyzing a sequence of response signals collected over a
time period to extract the pattern in the data and develop an
appropriate model to describe it accurately. With their
potential to process high volumes of sensor data in an
efficient and easily automated manner and to produce
robust and reliable results without the requirement of
physics based models, time series analysis methods lend
themselves quite suitable for SHM applications [5-10]
especially when they are cast in conjunction with a
statistical pattern recognition framework such as novelty or
outlier detection.

Autoregressive models (AR) are among the parametric
methods used for time-series representations of stationary
signals that are regularly sampled and acquired from a
dynamic system assuming that the structure is subjected to
random excitation. Methods based on the time series
representations have received increased attention for SHM
purposes and the corresponding model coefficients as well
as the residual signals have been explored as damage
detection measures [8-14.]

Selection of the model order and the sensitivity of the model
to measurement noise are the among the critical issues that
must be dealt with for robust and reliable application of the
model as well as the success of the damage detection
methodology. Akaike information criterion (AIC),
Bayesian information criterion (BIC) and final prediction
error (FPE) are the most widely used conventional
approaches to select model order. However, these methods
usually cannot guarantee the correct model order [15] and
furthermore, for a transient signal, the applicability of these
criteria is questionable.

In this study, singular value decomposition (SVD) of the
response matrix obtained with a unit delay time is utilized
for finding the optimal order of the model. With the
effective singular values and the associated vectors, the
SVD-based low-rank approximation is obtained to
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reconstruct the signal from the reduced number of
components. The SVD allows for the correct estimation of
the model order as well as to help reduce the measurement
noise. AR model is then fit to this ‘filtered’ version of the
data acquired at the baseline state of the structure. The
proposed method uses this AR model to predict the
response measurements acquired at different damaged
states of the system. The difference between the predicted
response and the measured responses are utilized for
detecting and locating damage.

The remainder of the paper is organized as follows: Next
section reviews the basic principles of the AR time series
modeling and the singular value decomposition. The
proposed approach implemented for detection and
localization based on the damage index is discussed next.
The results of the investigation carried out with numerically
simulated data on a four-story frame structure and the
experimental implementation on a reinforced concrete test
frame is presented in the following section. The final
discussion on the proposed methodology and the
concluding remarks are summarized in the last section of
the manuscript.

Theoretical Background
Autoregressive (AR) Models

An AR model is in the form of stochastic difference
equation regresses the output variable based on its own
previous values and are used in the analysis of stationary
time series processes. A univariate AR model of order p is
represented as AR(p) and can be written as

Xt = Q11X 1 T QaXpp T+ QpXpp T € (D

where Xx,-,x._, are the current and previous values of
the time series, ¢4, **, ¢, are the unknown AR coefficients
and e, is the error term with zero mean and constant
variance. The values of ¢; are estimated by fitting the AR
model to the time history data using Burg’s method. The
method estimates the coefficients recursively up to the
selected order p by minimizing forward and backward
predictions as p-linear least squares problem. It is
computationally simple and the estimated coefficients are
guaranteed to be stable [16].

Singular Value Decomposition (SVD) and Model Order
Determination

The decomposition schemes with the fundamental idea of
decomposing a complicated signal in to simpler yet similar
components provides insight into the data and the
underlying system by revealing which components are the
most important for describing the original data. This allows
for major data compression as well as facilitating removal
of measurement noise and extraction of features.

Singular value decomposition has been used effectively in
a variety of applications, including, signal denoising, data
compression and fault diagnosis. The first step to
decompose a one-dimensional signal is transforming it into
a trajectory matrix form through the so called ‘embedding
process’ [17, 18]. One of the most widely used form of
matrix transformation is the Hankel matrix due to its zero
phase shift characteristic [19].

For a discrete signal x = [x(1),x(2),::+,x(n)] a Hankel
matrix can be formed as

x(1)  x(2) x(m) (2)
4= x(2) x(3) x(m+1)
x(.k) x(k ¥ 1) x(n)

The SVD of matrix A € R¥*™ Jeads to the following
factorization:

A=uUzvT 3)

where the two orthogonal matricesU = [uy, Uy, ..., U] €
Rk and
V = [vy, vy, .., U] € R™™ are the left and the right
singular vectors, and each of these column vectors are the
eigenvectors of the covariance matrix, AAT and ATA,
respectively. 2'is a diagonal matrix of size k X m in which
the entries of the leading diagonal are the signular values of
A. The diagonal entries, [sl, S2y ey sp] where p=min(k, m),
are the non-negative square roots of the eigenvalues of the
covariance matrix, ATA.

It is possible to rewrite eqn.3 using summation as :

“)

As expected, the number of non-zero singular values
coincides with the rank of [A]. Since zero singular values
can be interpreted as ‘small’ values, smaller than a certain
tolerance, due to the noise effects in the measurements, the
number of significant singular values can be used to
determine the model order.

One can obtain low-rank approximation of matrix 4, A, by
truncating the contributions of the small singular values and
the associated singular vectors in order to remove the noise
and unrelated components from the measured signal. With
the truncated matrix 4 in Hankel form, the associated time-
series signal X can be reconstructed using reverse Hankel
construction approach which essentially takes the first row
of the matrix and pads it with the values in the last column
starting from the second row. More specifically if:

¥(1) x(2) x(m) (5)
i-|F@ 3 Z(m+1)
#() %k +1) %(n)

then the reconstructed time series is:
X, =[x(1) %2) ..x(m) ¥ (m + 1) ...%(n)] (6)

An important issue that requires clarification regarding the
Hankel matrix representation is number of rows and
columns to be included in the matrix. Based on [20], the
optimal number of matrix columns should be selected based
on the maximum energy of the singular values since the
energy of the singular values are inherently related to the
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information richness of the trajectory matrix. It is proven in
[36] that the Hankel matrix is square or close to square, the
corresponding energy in the singular values is maximized.
This means that if the signal length # is even, selecting the
number of columns, m = n/2 and the number of rows,
k =n/2 + 1 will maximize the energy of the singular
values. If n is odd, the energy can be maximized by
selecting m = (n+ 1)/2 and k = m.

Damage Localization Methodology

Ba seline Phase : Henlthy State |

Measured signal Signal Reconstruction

I I

Hankel Matnx AR Model Fit:¢; ——
VD Residual Bignd, s,

} !

Model order ——— Std. Dev: a(g)

Detection Phase: Unlknown State |

Measured signal -Q=

. T

Hankel Matrix Predicted Response
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¥
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Figure 1. Extraction of damage sensitive features

Fig 1. illustrates the steps of the methodology employed to
extract the damage-sensitive features. The initial processing
of the sensor data from the structural system at any state is
identical. The data is transformed into the Hankel form and
using SVD the optimal order for the AR model is
determined. Once the system order is decided based on the

response signal obtained at the baseline state, it is assumed
as set for the system at any state. Using the respective
singular values and vectors corresponding to the system
order, the signal is reconstructed following equations (3)-
(5). The residual error defined as the difference between the
predicted signal using the AR-model established for the
baseline state and the reconstructed signal of the unknown
state. The ratio of the standard deviation of the residual
errors, the unknown state to that of the baseline state,
o(gy)/0(ey), is exploited as the damage-sensitive feature.
Clearly, in order to arrive at a decision regarding the
existence of damage, some threshold value for this ratio
should be specified. This can be achieved by acquiring
sensor data under different operating conditions and
carrying out a statistical analysis.

Among various statistical tools for detecting anomalies in
the data, an outlier detection algorithm which essentially
classifies a value that is more than three scaled median
absolute deviations (MAD) from the median as an anomaly
is implemented in this study. Proven to be a resilient
statistical tool for outliers, MAD, for a vector x of length N,
is defined as:

MAD = median(|x; — median(x)|) i=1LN (7)
It should be noted that damage detection step can be
implemented at the sensor level; that is each sensor
information can be processed individually. However,
localization of damage requires fusing the information
collected from all sensor positions. In this regard, the same
index can be used to locate damage with the assumption that
the residual errors are maximized at the sensors closest to
the damaged region.

Numerical Simulations

This section presents the numerical simulations conducted
on a frame structure to investigate the performance of the
proposed algorithm and the damage index. The 4-story
moment resisting frame with 24 degrees-of-freedom (DOF)
is depicted in Figure 2. The parameters of the model are
arbitrarily chosen so that the fundamental period of
corresponding to the first translational mode is 1 sec. Mass
of the system is assumed to be lumped along the
translational DOF and 2% proportional damping is assigned
for all the modes. The damage scenarios including single
and multiple damaged elements in the form of plastic hinge
formations are also depicted in the same figure. The
analytically computed natural frequencies corresponding to
the translational modes for all the simulation cases are listed
in Table 1. It is assumed that a total of four acceleration
sensors, one in each floor measuring in the lateral direction,
are deployed through the structure to measure the output
signals. At each different health state of the structure, a total
of 50 simulations are performed and impact data is
generated. To simulate the variations during normal
operating conditions, sensor noise is contemplated using a
random number generator with a level ranging 5-10% of the
root-mean-square (RMS) of the response measured at the
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Figure 2. (a) Healthy State, (b) Damage Case 1, (c) Damage
Case 2, (d) Damage Case 3

associated sensor such that signal-to-noise ratio is defined
as

SNR = O—‘rfoise/o—szignal (®)

where 02, and aszignal are the variance of the noise and
response signals.

Following the data acquisition stage, extraction of damage
sensitive features has to take place. To achieve that, the first
task is to estimate the order and the parameters of the AR-
model using the data acquired at the baseline state.
Following the proposed procedure shown in the flowchart
of Fig.1, each of the simulated signals is transformed into
Hankel matrix form and SVD is carried out. Examination of
the singular values reveals that the suitable model order for
the system can be selected as eight. A sample singular value
plot is provided in Fig. 3.

Table 1. Natural frequencies corresponding to the
translational modes

Mode Healthy DC 1 DC2 DC3
1 1.00 0.88 0.93 0.86
2 3.42 3.42 3.14 3.12
3 6.44 6.08 6.43 5.74
4 8.96 8.96 8.90 8.86
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Figure 3. SV plot for a sample signal
With the model order determined, the signal is

reconstructed using these eight singular values and vectors.
AR model is then fit to this reconstructed signal and eight
AR coefficients are extracted. Using these parameters, the
predicted signal is computed and the difference between the
predicted and the original signal is stored as the residual
error. The standard deviation of this residual error
constitutes the first part of the damage-sensitive feature.
The same process is repeated for all the sensor data and all
the simulations and the statistics of the residual error and
the fit model are recorded for later use in the damage
detection and localization stages.

Next stage starts with data processing at an unknown health
state of the structural system. Using the order of the system
determined for the baseline state, first SVD process is
utilized and the signals are reconstructed with the
determined number of singular values and vectors. based.
Using the AR-model created at the baseline state, response
signal is predicted. The discrepancy between the predicted
response and the actual response gives the residual error for
the unknown state.

At this stage detection algorithm can be invoked for the
SHM activity. Using the three scaled MADs from the
median as the threshold for the classification, all the
simulation cases are successfully classified as ‘novelty’. For
these cases proven to be ‘not-belonging’ to the baseline
state, damage localization must be carried out. The ratio of
the standard deviation of the residual error obtained for the
unknown state to that of the baseline state, g (&,) /0 (&), is
defined as the damage index and the normalized value of
this index for all the simulation cases are presented in the
form of a box-plot for damage cases 1-3 in Fig. 4 (a)-(c),
respectively. On each box in these figures, the central mark
indicates the median value and the bottom and top edges of
the box indicate the 25th and 75th percentiles, respectively.
The outliers are plotted individually with circle markers. It
follows that for the single member damages at second and
third floors, damage cases 1 and 2, damage index
successfully isolates the damaged region. For damage case
3 involving multiple damaged elements on second and
fourth floors, damage index in descending order arrives at
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correct ranking list, however, cannot single out the damaged
floors.
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Figure 4. Box plot of damage index: (a) Damage case 1, (b)
Damage case 2, (¢c) Damage Case 3.

Experimental Verification

A one-story one bay reinforced concrete frame with a height
of 1.5m. and a span length of 2m. shown in Fig. 5 is
subjected to lateral loading at the top level of the column in
a quasi-static cyclic manner. The loads were applied in a
displacement-controlled manner in sets of three cycles and
damage is inflicted on the system. The completion of the
load test at the predetermined drift levels is followed by
vibration tests using impact hammer and accelerometer data
is acquired at seven different locations with a sampling
frequency of 500 Hz (dt=0.002s). The impact locations are
chosen to coincide with these accelerometer locations.
Further details of the experimental procedure can be found
in [20]. In this study, the associated vibration data
corresponding to the baseline state before any lateral loads

(a)

(b) _, (c)

Figure 5. (a) Test-specimen and accelerometer locations (b)
load test set-up (c) impact testing

are applied and the one after the structure is pushed to a drift
level of 2%, are processed to investigate the applicability of
the proposed approach for localizing the damaged region.

Following the flowchart presented in Fig. 1, the first stage
of data processing involves fitting an AR model to the
sensor data recorded at the baseline state of the structure.

Normalized singular value

Index of singular value

Figure 6. Singular value plot for a sample acceleration
record
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Interrogation of the singular values, shown in Fig. 6, the
system order is selected as 16. With the associated singular
values and vectors, data is reconstructed and AR model fit
is obtained. The difference between the predicted response
based on this model and measured response defines the
residual signal. The ratio of standard deviations of the
residuals, damaged state with respect to the baseline state,
as damage index computed at all seven sensor locations is
presented in Fig. 7.

1

Damage Index

Figure 7. Damage localization index

Region around accelerometer 6, which is the beam column
connection is identified as the potential damage location.
This is in fact consistent with the observed damage at this
drift level. The visual inspections however, also revealed
damage infliction in the proximity of sensor 2. Examining
the ranking of the members based on the damage index,
sensor 2, although is among the top three potential damage
locations, it does not distinctly stand out from two of the
remaining six locations.

Concluding Remarks

A methodology to detect and locate damage that using the
measured vibration data, that can operate on noisy transient
signals is presented. The method has been shown to be
successfully applied on simulated acceleration data from a
frame type structure subjected to impact type unmeasured
excitation. The experimental work on the reinforced
concrete frame demonstrated that although a truly damaged
region is successfully located, multiple damage locations
represents a challenge with the current form of the
methodology.

Selection of appropriate model order and the sensitivity of
the AR model parameters, the two critical issues effecting
the reliability of the model, are overcome through the SVD
approach. The singular values defining the system order
although form a clearly separable cluster with the simulated
data; they are not as well separated for the measured data
from the test specimen.

As for the damage index, the standard deviations of the
residual error between the measured and predicted signals,
more specifically the ratio between the unknown state and
that of the baseline state as damage sensitive feature has
proven its potential to localize damage for the simulated

damage cases. With several advantages it offers, such as;
detection of damage being carried out in an unsupervised
learning mode and in a decentralized manner where data
processing takes place individually at each senor, requiring
only the output signals and its robustness in the presence of
noise, the proposed methodology appears to be a promising
signal-based approach for damage diagnosis. The
improvement in the efficiency of the methodology when
dealing with multiple damage locations from a real structure
is required which is reserved for future work.
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In reinforced concrete structures, one of the most important factors for structural safety is the quality of
concrete. The first thing that comes to mind for concrete quality is the compressive strength of concrete.
However, properties such as elasticity modulus are also among the properties that determine concrete
quality. Since concrete is a brittle material, different methods are used to determine dynamic elasticity
modulus. In practice, dynamic elasticity modulus of concrete can be identified by utilizing concrete
compressive strength value. In this context; compressive strength tests were performed on a series of
concretes accordingly relevant standards. Since it is difficult to determine elasticity modulus from the
stress and strain relationship, the dynamic elasticity modulus values in this study was calculated using
empirical formulas according to TS 500-2000, ACI 318-95 and CEB-FIP 1978 on the basis of experimental
data in this study. The relationship between the calculated dynamic elasticity modulus values and concrete
compressive strength was analyzed. From the study, it is concluded that as concrete compressive strength

increases, dynamic elasticity modulus increases for the concrete specimens.
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Introduction

In classical terms, concrete is a building material obtained
by mixing sand, aggregate, cement, water and additives
when necessary. When the aforementioned materials are
mixed in a certain proportion, a plastic material that can take
the desired shape in molds is obtained. One of most
important characteristics of concrete that makes it superior
to other building materials is its plastic consistency that
allows it to be given the desired shape [1].

It can be said that cement and aggregate are the most
important materials that constitute concrete [2]. Cement
binds aggregate grains by entering into a chemical reaction
with water. Aggregate constitutes approximately 75% of
concrete [3]. Depending on the grain size, aggregate is
named as coarse and fine. The most important point to be
considered in aggregates is that they should be free from
harmful substances. In addition, the aggregate must also
meet other criteria stipulated by the standards [4,5].

Concrete is produced by adding cement, aggregate and
water, as well as some additives when necessary. Additives
can increase the workability and durability of concrete. It
also plays an important role in hardening time. Thermal
expansion and permeability can also be controlled with
additives [6].

The properties of concrete are divided into fresh and
hardened properties. Fresh concrete should be easy to mix,
transport, place, compact and smooth the surface. During
these processes, there should be no segregation between
aggregates and cement mortar. Hardened concrete should
not show a strength less than the minimum strength for any
age such as 7, 14 and 28 days targeted by the standards [7].
The main criterion for defining concrete, in other words, for
its classification, is its compressive strength value. It is
known that the other concrete properties with high
compressive strength are also positively affected [8,9].

Concrete compressive strength is characterized as concrete
strength under axial compressive load in order not to break
[10]. Among the mechanical properties of concrete,
compressive strength is the most important [11,12]. In this
regard, it can be said that compressive strength is a function
of composition for a given state of the composition. In
addition, it is important to remember that concrete
compressive strength is a function of time and that it gains
its final strength after a long time [13]. The properties of the
constituent materials and mixing ratios affect concrete
compressive strength. Therefore, it is essential to know the
characteristics of the constituent materials [14].

In Sengiil's (2000) study, it is stated that while there is a
difference of four times between the compressive strengths
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of the highest and lowest concrete classes, the difference
between the elasticity modulus is not even two times. This
indicates that the elasticity modulus is not as sensitive as the
compressive strength to changes in the internal structure
caused by a decrease in the water-cement ratio [15]. Tiirkel
(2002) reported that the elasticity modulus increases with
decreasing water cement ratio in concretes [16]. Felekoglu
and Tiirkel (2004) stated in their study that samples of the
same strength class show different stress-strain behavior
with the change in loading rate, in parallel with this, the
elasticity modulus is also affected by the loading rate and
the elasticity modulus increases as the loading rate increases
[17].

The purpose of present study is to investigate
experimentally and statistically the relationship between
concrete compressive strength and concrete dynamic
elasticity modulus. To this end, the compressive strength of
a series of concrete specimens was determined
experimentally. Then, it was compared with the dynamic
elasticity modulus values calculated in accordance with
international regulations. As it is known, the dynamic
elasticity modulus is characterized as the ratio of stress to
deformation in the region where Hooke's law is valid. As
can be seen from this definition, dynamic elasticity modulus
is a concept related to compressive strength. However, in
addition to the known definitions and concepts, the
relationship between concrete compressive strength and
concrete dynamic elasticity modulus was analyzed based on
the experiments and the findings of these experiments, and
it was aimed to calculate concrete dynamic elasticity
modulus using concrete compressive strength by different
methods.

Materials and method

In the present study, limestone aggregate from Elazig in
Turkey was used for the production of concrete specimens
(Figure 1). The granulometry curve for the aggregate
mixture to be used in the calculation of concrete mix design
according to TS 802 [18] for aggregate mixtures with the
largest grain diameter of 31.5 mm is shown in Figure 2.
With the curve graph of the mixture falling in the A-B
region, maximum capacity was achieved.

CEM 142.5 N Portland cement produced in Elazig Cement
Factory was used in the experimental studies. The present
study was carried out at Firat University, Engineering
Faculty, Building Materials Laboratory (Figure 3).

Figure 1. A view of the laboratory of limestone aggregates.
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Figure 2. Granulometry of the mixture aggregate prepared
according to TS 802.

Figure 3. Firat University Faculty of Engineering Building
Materials Laboratory.

Concrete compressive strength test

The specimens removed from the curing pool at the end of
the 28th day. Concrete compressive strength tests were
performed on 150x150x150 mm sized concrete cubic
specimens with dry surface according to TS EN 12390-3
standard [19]. The same compressive strength apparatus
with constant loading rate was used for the crushing of the
concrete specimens obtained (Figure 4).

According to TS EN 12390-3 standard, P (kN) fracture
loads and fc (N/mm?) compressive strengths obtained by
dividing the load by the cross-sectional area A (mm?) were
calculated using Equation (1).

fe=7 (M
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Figure 4. Concrete compressive strength test.

Dynamic elasticity modulus

Since the stress-strain curve (o - &) of concrete, a brittle
composite material, does not contain a line, two types of
elasticity modulus are defined. One of them is the static
elasticity modulus and the other is the dynamic elasticity
modulus. If the stress applied to the concrete is much
smaller than the compressive strength, these two moduli are
close to each other [20,21]. Since it is difficult to determine
the elasticity modulus from the o - Erelationship, concrete
dynamic elasticity modulus of the specimens manufactured
in the present study was calculated using empirical formulas
according to TS 500-2000 - ACI 318-95 and CEB-FIP 1978
[22-24] based on the experimental data in this study
(Equation 2-4).

E. for TS 500;

E, = 3250 X \/f, + 14000 )

E. for ACI 318-95;

E. = 4730 x,/f. 3)

E. for CEB-FIP;

E. = 9500 x (f. + 8)'/3 “4)

In Equation (2-4); f. = 28-day compressive strength (GPa)
and E. = dynamic elasticity modulus (GPa).

Results and discussion

Within the scope of the present study, the compressive
strengths of a total series of concrete specimens produced
for different cement dosages (300, 350 and 400 kg/m?)
using limestone aggregate were determined. Using these
experimental compressive strength values, the dynamic

elasticity modulus was calculated accordingly relevant
regulations TS 500-2000, ACI 318-95 and CEB-FIP 1978.
The relevant data used and obtained in the present study are
presented in Table 1.

Cement wie f E, E. E.
content 2 er) TS 500 ACI318-95 CEB-FIP
(kg/m?) O MPa) gy (GPa) (GPa)
300 0.25 26.9 30.86 24.53 31.05
300 0.25 242 29.99 23.27 30.22
300 0.25 27.3 30.98 24.71 31.16
300 0.30 22.4 29.38 22.39 29.65
300 0.30 238 29.86 23.08 30.10
300 0.30 22.9 29.55 22.63 29.81
350 0.25 343 33.03 27.70 33.10
350 0.25 32.1 32.41 26.80 32.52
350 0.25 31.3 32.18 26.46 32.30
350 0.30 30.8 32.04 26.25 32.16
350 0.30 29.1 31.53 25.52 31.68
350 0.30 30.2 31.86 25.99 31.99
400 0.25 41.6 34.96 30.51 34.90
400 0.25 38.1 34.06 29.20 34.06
400 0.25 42.8 35.26 30.94 35.18
400 0.30 37.1 33.80 28.81 33.82
400 0.30 343 33.03 27.70 33.10
400 0.30 35.5 33.36 28.18 3341

Figure 5 shows the change of compressive strength of
concrete specimens tested in the present study with water
cement ratio. Accordingly, it was determined that the
compressive strength decreased by approximately 10% on
average as the water cement ratio increased from 0.25 to
0.30. For C=300 kg/m® and w/c=0.25, the average
compressive strength of concrete was 26.1 MPa; for C=300
kg/m? and w/c=0.30, the average compressive strength of
concrete was 23.0 MPa. The average compressive strength
of concrete for C=350 kg/m? and w/c=0.25 was 32.6 MPa;
the average compressive strength of concrete for C=350
kg/m* and w/c=0.30 was 30.0 MPa. The average
compressive strength of concrete for C=400 kg/m® and
w/c=0.25 was 40.8 MPa; the average compressive strength
of concrete for C=400 kg/m? and w/c=0.30 was 35.6 MPa.
With the increase in the w/c ratio from 0.25 to 0.30; an
average decrease of approximately 12% for C=300 kg/m?,
an average decrease of approximately 8% for C=350 kg/m?
and an average decrease of approximately 13% for C=400
kg/m3 was determined in concrete compressive strengths.

50

40 X
2 %

& 30 8 -

8 e
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w/c

0C300 ©C350 XC400

Figure 5. Variation of concrete compressive strength with
water-cement ratio
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In Figure 6, the variation of dynamic elasticity modulus (£.)
with water-cement ratio (w/c). Accordingly, it is calculated
that when w/c increases from 0.25 to 0.30, E. value
decreases approximately 3.2% for TS500, 5.6% for ACI
318-95 and 3% for CEB-FIP. Considering all three
regulations, it was determined that E. value decreased with
the increase in the w/c.

40
35
—_
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U 30
S
Ll
™ 25 8
20
02 0,25 03 035
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XTS 500 ¢ ACI318-95 OCEB-FIP

Figure 6. Variation of dynamic elasticity modulus of
concrete with water-cement ratio

In Figure 7, it is observed that the dynamic elasticity
modulus values, calculated in accordance with the
calculations and rules in TS500 (2000) regulation, vary
between 29.38 GPa and 35.26 GPa for concrete
compressive strength values ranging between 22.4 and 42.8
MPa. Thus, it is seen that there is an increase of
approximately 20% in the dynamic elasticity modulus
values in response to approximately 91% increase in
concrete compressive strength.

In Figure 8, it is observed that the dynamic elasticity
modulus values calculated in accordance with the
calculations and rules in the ACI 318 (1995) regulation vary
between 22.39 GPa and 30.94 GPa for concrete
compressive strength values ranging between 22.4 and 42.8
MPa. Thus, it is seen that there is an increase of
approximately 38% in the dynamic elasticity modulus
values against approximately 91% increase in concrete
compressive strength.
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Figure 7. Variation of dynamic elasticity modulus
calculated from TS 500-2000 with compressive strength.

E_,ACI318-95

1=0,42x+13,14
R?=0,9976

20 25 30 35 40 45
A

Figure 8. Variation of dynamic elasticity modulus
calculated from ACI 318-95 with compressive strength.

In Figure 9, it is observed that the dynamic elasticity
modulus values calculated in accordance with the
calculations and rules in the CEB-FIP (1978) regulations
range between 29.65 GPa and 35.18 GPa for concrete
compressive strength values ranging between 22.4 and 42.8
MPa. Thus, it is seen that there is an increase of
approximately 19% in the dynamic elasticity modulus
values against approximately 91% increase in concrete
compressive strength.

E,, CEB-FIP
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Figure 9. Variation of dynamic elasticity modulus
calculated from CEB-FIP with compressive strength.

The fact that the coefficients of determination R?~0.998, i.c.
very close to 1, shows that the curves fitted in the graphs are
close to the line of perfection. Thus, it can be said that a very
good fit has been achieved.

Figure 10 shows that the dynamic elasticity modulus (£.)
values calculated by TS500 (2000) and CEB-FIP (1978)
almost coincide with each other. However, the E. values
calculated by ACI 318 (1995) were found to be
approximately 18% lower on average. It was observed that
the dynamic elasticity modulus increased with increasing
concrete compressive strength. It was determined that the
rate of increase in concrete compressive strength was higher
than the rate of increase in dynamic elasticity modulus.
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Figure 10. Variation of calculated dynamic elasticity
modulus values with compressive strength values.

Conclusions
The main conclusions are listed below:

v' As the water cement ratio increased from 0.25 to 0.30,
the compressive strength of concrete decreased by
approximately 12% for C=300 kg/m3, 8% for C=350
kg/m?* and 13% for C=400 kg/m>.

v" The mean compressive strength of concrete for C=300
kg/m* and w/c=0.25 was 26.1 MPa; the mean
compressive strength of concrete for C=300 kg/m? and
w/c=0.30 was 23.0 MPa.

v’ The mean compressive strength of concrete for C=350
kg/m* and w/c=0.25 was 32.6 MPa; the mean
compressive strength of concrete for C=350 kg/m? and
w/c=0.30 was 30.0 MPa.

v" The mean compressive strength of concrete for C=400
kg/m* and w/c=0.25 was 40.8 MPa; the mean
compressive strength of concrete for C=400 kg/m? and
w/c=0.30 was 35.6 MPa.

v Tt is seen that there is about 91% increase in the
compressive strength of concrete, about 20% increase
in the dynamic elasticity modulus (£.) values
calculated according to TS500 (2000), about 38%
increase in E. values calculated according to ACI 318
(1995) and about 19% increase in E. values calculated
according to CEB-FIP (1978).

v' It is seen that the dynamic elasticity modulus (E.)
values calculated by TS 500 (2000) and CEB-FIP
(1978) almost coincide with each other.

v' The E. values calculated with ACI 318 (1995) are
approximately 18% lower than the E. values calculated
with other regulations.
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