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Optimizasyon Algoritmalari ile Uretilen Kriptolojik Anahtarlar1 Temel Alan
Goruntii Sifreleme Algoritmasi
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0Oz
Veri sifreleme ve sikistirma gereksinimlerini saglayan bir goriintii sifreleme algoritmasi onerilmistir. Sifreleme
algoritmalarinin en 6nemli asamasi giivenilir, tahmin edilemez ve rastgele anahtar iiretme islemidir. Onerdigimiz
yontemde, verilerin sifreleme kisminda kullanilan anahtar iiretim algoritmasi i¢in optimizasyon temelli bir anahtar iireteci
kullanilmustir. Kullandigimiz tek kullanimlik serit prensibine dayanan rastgele say: lireteci yontem, her seferinde farklh
rastgele anahtar iireterek kosulsuz giiven saglamaktadir. Optimizasyon temelli anahtar iiretecinin elde ettigi istatistiksel
basarilar goriintii sifreleme alaninda da kendini gostermektedir. Degisken piksel hizi sayisi (NPCR), birlesik ortalama
degisen yogunluk (UACI) ve histogrami analizi gibi analiz yontemleri ile goriintii sifreleme alanlarinda basarisi
incelenmistir. Elde edilen basarili sonuglar, 6nerilen anahtar iiretiminin goriintii sifreleme alaninda da kullanilabilir
giivenli bir anahtar iireteci oldugu ortaya koyulmustur. Dolayisiyla kriptografik diger pek ¢ok alanda da optimizasyon

temelli rastgele say1 liretecinin kullanilabilecegi goriilmiistiir.

Anahtar Kelimeler: LFSR, goriintii sifreleme, bilgi giivenligi, optimizasyon, rastgele

Image Encryption Algorithm Based on Cryptological Keys Generated by
Optimization Algorithms

Abstract

An image encryption algorithm has been proposed that satisfies the data encryption and compression requirements.
The most important stage of encryption algorithms is reliable, unpredictable and random key generation. In our proposed
method, an optimization-based key generator is used for the key generation algorithm used in the encryption part of the
data. The random number generator method based on the disposable strip principle we use provides unconditional trust
by generating different random keys each time. The statistical achievements of the optimization-based key generator also
show themselves in the field of image encryption. Its success in image coding has been examined with analysis methods
such as The number of changing pixel rate (NPCR), the unified averaged changed intensity (UACI) and histogram
analysis. The successful results show that the proposed key generation is a secure key generator that can also be used in
the field of image encryption. Therefore, it has been seen that optimization-based random number generator can be used
in many other cryptographic fields.

Keywords: LFSR, image encryption, information security, optimization, randomness

GIiRiS

Rastgelelik, tiim arastirma alanlarinda pek ¢ok
aragtirmacinin ¢iktilarinin basarisini etkileyen 6nemli
bir 6zellik olmustur. Rastgelelik kavraminin temel
gereksinimlerini karsilamak ise tek basina bir
aragtirma konusu haline gelmistir. Bu dogrultuda,
yillarca pek c¢ok rastgele sayr ireteci (RNG)
gelistirilmis ve Onerilmistir (Robshaw and Billet
2008;Garipcan ve Erdem, 2019). Rastgele sayi

iiretecleri arasinda en dikkat ¢ekicisi ise Dogrusal
Geri Beslemeli Kaydirmali Yazmag (LFSR) olmustur
(Garipcan ve Erdem, 2020). LFSR yapisi, rastgelelik
gereksinimleri i¢in temel kabul edilen istatistiksel
gereksinimleri saglayabildigi i¢in bir¢cok pratik
uygulamada ilk tercih edilen {iireteclerden biri
olmustur. LFSR {ireticinin en 6nemli sorunlarindan
biri uzun bit dizelerini iretmek igin hangi
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konfigiirasyonlarin ~ kullanacagmi  belirlemektir.
Cinkii bit dizisinin uzunlugu, konfigiirasyonda
kullanilan flip-flop sayisi ile ilgilidir. Flip-flop sayis1
elde edilecek bit uzunlugu ile dogru orantili oldugu
icin, flip-flop sayisi arttikga hangi konfigiirasyonun
uygun olacagini belirlemenin  karmagikligi da
artacaktir (Sheveleva ve Balyaev, 2021; Asif ve Baig,
2009).

Biiyiik veri kavrami giinliik yagantimizin énemli
bir parcast haline gelmektedir. Dolayisiyla bilgi
giivenligi, dijital verilerimizi giivence altina almak
gibi kavramlar 6n plana ¢ikarilmaktadir. Bu bilgi
giivenligini saglamak icin kriptografik protokoller
yani sifreleme algoritmalar1 kullanilmaktadir. Bu
calismamizda bilgi giivenligi kavraminin bir pargasi
olan gOriintii sifreleme algoritmalarina
odaklanilmistir.  Gegmis ¢alismalarimizda NP
problemlerin ¢6ziimii i¢in 6nerdigimiz optimizasyona
dayali yaklasimin basaris1 istatistiksel olarak
gosterilmistir. Elde edilen istatistiksel sonuglarinin
gercek hayattaki kriptografik problemler tizerindeki
etkisini gormek i¢in gorintli sifreleme alanina
uygulanmistir (Eréz ve Tanyildizi, 2021).

Calismamizin ikinci boliimiinde 6nemli rastgele
say1 iireteci olan LFSR tanitilmuis, ti¢iincii boliimiinde
rastgele say1 tiretiminde kullandigimiz optimizasyon
algoritmas1  olan ikili yarasa algoritmasina
deginilmistir, dordiincii bolimiinde hibrit goriintii
sifreleme algoritmamizin uygulanmasi anlatilmas,
besinci boliimde analiz sonuglarina bakilarak altinci
boliimde genel sonug¢ degerlendirilmistir.

Dogrusal Geri Beslemeli Kaydirmah Yazmacg

Rastgele say1 iiretecleri igerisinde onemli yere
sahip olan LFSR, flip-flop’lar ve geri besleme
yolundan olusur. 1-bit depolama alani olan flip-
flop sayist LFSR derecesini vermektedir. Yani, m
adet flip-flop’tan olusan bir LFSR’ nin derecesi de m
olur (Schindler, 2009;Stipcevic 2014). Belirli flip-
flop’larin XOR toplaminin sonucu son flip-flop” un
girisidir. Bu giris de geri besleme yolu sayesinde
tetiklenmektedir. Sekil 1’de 3 siral1 basit bir LFSR
yapisi goriilmektedir.

Sekil 1°deki konfigiirasyon i¢in 110 baslangi¢
tohum degerleri kullanilirsa, elde edilecek rastgele bit
dizisinin ¢ikist 0110110101101101011... olacaktir.
Verilen 6rnekte baslangi¢ tohumu 3 bit olmasi 3 adet
flip-flop  kullanilacagi  anlamina  gelmektedir.
Dolayisiyla, LFSR derecesi de 3 oldugundan elde
edilen maksimum bit uzunlugu 2"3-1=7 olacaktir. 8.

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

degerden sonra dizi kendini tekrar edecektir
(Garipcan ve Erdem, 2020).

Belirtilen LFSR calisma mantigimi genel bir
yapida tanimlayacak olursak, Sekil 2’deki gibi m
dereceli bir LFSR genel formu olusturulabilmektedir.
Bir geri besleme yolunun aktif olup olmadig1 p geri
besleme katsayisi ile tanimlanmaktadir. 1 olursa
anahtar kapali ve geri besleme yolu aktif anlamina
gelirken, 0 oldugunda ise geri besleme yolu pasif

anlamina gelmektedir.

ikili Yarasa Algoritmasi (BBA)

Yarasa algoritmasi literatiirde Onemli bir
optimizasyon algoritmasidir. Basarili optimizasyon
algoritmas1 0/1, Evet/Hayir vb. dondiirmektedir.
Problemlere uygun ¢6ziimler sunabilmek igin ikili
optimizasyon problemlerine uygun hale getirilmistir.
Ikili arama uzay1 bir hiperkiip olarak diisiiniilebilir.
Ikili optimizasyon algoritmasinin arama aracilari
(parcaciklari), degisen sayida biti ¢evirebilir ve bu
bitleri yalnizca bu hiperkiipiin yakin ve uzak
koselerine kaydirabilmektedir (Kennedy ve Eberhart,
1997). Bu nedenle, Ikili yarasa algoritmasindaki hiz
ve konum giincelleme denklemleri, ikili arama
uzayina uyacak sekilde degistirilmelidir. ikili arama
uzaymda konumlar1 0'dan 1'e veya tam tersi sekilde
giincellemek igin, hiz ile konum giincelleme arasinda
bir baglanti olacak sekilde tasarim yapilmalidir.
Ayrik ikili uzayda, konum giincelleme 0-1 degerleri
arasinda gecis yapmak anlamina gelir ve bu, arama
ajanlarimin  hizina gore yapilmalidir. Konumlari
giincellemek i¢in hiz degerlerini olasilik degerlerine
eslemek icin bir transfer fonksiyonu gerekmektedir.
Bu transfer fonksiyonu, pargaciklarin ikili uzayda
hareket etmesine izin verir. Rashedi ve digerleri, hiz
degerlerini olasilik degerleriyle eslestirmek igin bir
transfer fonksiyonu secerken agagidaki kavramlar
dikkate alinmalidir (Rashedi, 2009).

BBO i¢in kullanilan transfer
Denklem 1 olarak verilmektedir
Eberhart, 1997).

fonksiyonu
(Kennedy ve

S (VZ( (f)) = ﬁ 1)
Transfer fonksiyonlarim1 kullanarak olasiliklar
hesapladiktan ~ sonra, Denklem 2’deki gibi
parcaciklarin konumunu giincellemek i¢in yeni bir
konum  giincelleme denklemi  gerekmektedir
(Mirjalili, 2014).
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xf(t+1) = y X @ xt+1D=1, i " 4)
1 eger rand > S(vi(t)) xf(t) egerrand =V (vi(t))
yontemin bir dezavantaji parcaciklarin 0 veya 1 ('_"')NE_RiLEN ALGORITMA
degerlerini almaya zorlanmasidir. Boylece hiz Onerilen goriintii sifreleme algoritmasina genel
degerleri arttifinda parcaciklar konumlarinda  bakis sekilde gosterilmektedir. Algoritma

degismeden kalirlar. Bununla birlikte, yukarida
bahsedilen kavramlara gore, bir transfer fonksiyonu
tasarlamanin daha iyi bir yolu, yiksek hizl
parcaciklart konumlarini degistirmeye zorlamaktir.
Bu nedenle, v-sekilli bir transfer fonksiyonu ve
konum giincelleme kurali Denklem 3 ve 4'deki gibi
uygulanmaktadir.

1% (v{‘ (t)) = E arctan (g vk (t))| (3)

kriptografik olarak tek kullanimlik serit prensibine
dayanmaktadir. Bu sifreleme protokolii ilk olarak
Vernam tarafindan Onerilmistir (Paar, 2010).
Protokol XOR yontemi ile uygulanmaktadir. XOR
yontemi ¢alisma prensibi; iki bit degerini girdi olarak
alir ve bir bitlik c¢ikti {retir. Toplam 4 ¢ikis
bulunmaktadir. Cikiglarda sadece 1 veya O degeri
iiretilmektedir. Bu nedenle olasilik %50’ dir (Burhan,
Artuger ve Ozkaynak 2019).

Daha spesifik olarak, sifrelenmis goriintii bir bit
dizisi olarak ifade edilir. Bu bit dizisi uzunlugunda bir
anahtar dizisi olusturulur. Ortaya ¢ikan iki bit dizisi,
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XOR isleneninin girisi olarak uygulanir ve sifreli bir
diziyle sonuclanir. Bu sifreleme protokoli, her bir
anahtar dizisinin bir kez kullanilmasi durumunda
kosulsuz olarak giivenlidir. Sifreleme protokoliiniin
giivenli olmasinin en 6nemli kismi rastgele anahtar
tiretme asamasidir. Kriptografik islemlerde rastgele
anahtar iretecinin Onemi biyiktir. Kriptografik

Optimizasyon ( ]
ile LFSE » Anahtar
Tabanh

Rastzele Say1

L Tretimi

Orjinal Giriinti }7{ Silastirma
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anahtarlarda olmas1 gereken en Onemli Ozellikler
rastgele ve tahmin edilemez olmasidir. Dolayisiyla
boyle bir kriptografik anahtarin {retilmesinde
onerdigimiz yontem optimizasyon temelli dogrusal
geri  beslemeleri kaydirmali yazma¢ (LFSR)

uretecidir.

Sifreli Goriinti

Sekil 3. Onerilen goriintii sifreleme algoritmasinin genel yapist (Burhan, Artuger ve Ozkaynak 2019)

Gorintii  sifreleme algoritmasi igin Onerilen
yontemde gerekli olan anahtar retimi kisminda
optimizasyon temelli LFSR iireteci yontemimiz ile
giivenli bir algoritma elde edilmistir.

Onerdigimiz ~ optimizasyon  algoritmalarla
iiretilen kriptografik anahtarlar1 temel alan goriintii
sifreleme algoritmasinin temel adimlart su sekilde
olacaktir;

1) Orijinal gorintii, JPEG veya fraktal
sikistirma algoritmas1 kullanilarak sikistirilir. Bu
adimla sifrelenecek piksel sayisi p azaltilir.

2) Optimizasyon algoritmasinin baglangi¢ kosul
ve parametreleri kontrol edilir.

3) LFSR tabanlh rastgele say1 lireteci istenilen
flip-flop sayisinda caligtirilir

4) 0/1 lerden olusan rastgele bit dizisi
olusturulur.

5) Elde edilen bitler 8 bitlik gruplara ayirilir ve
gruplar 0-255 arasinda tam say1 degerlere
donistiiriiliir. Bu degerler algoritmanin  gizli
anahtaridir.

6) Piksel degerleri ve anahtar degerleri igin
XOR islemi kullanilarak sifrelenmis degerler elde
edilir.

ANALIZ SONUCLARI

Onerilen goriintii  sifreleme  algoritmasinin
sonuglari analiz edilirken histogram, NPCR ve UACI
Olciimleri kullanilmistir. Analiz yapilirken diisiik
boyutlu goriintii  kullanilmistir. Orijinal goriinti
boyutu ile sifrelenmis goriintii boyutlar1 birbirine
esittir.  Dolayisiyla boyutsal anlamda kayip
olugsmamistir. Elde edilen sifreleme algoritmasinin
kiigiik olgekli goriintiilerdeki bagaris1 gosterilmistir.
Analizde kullanilan orijinal goriintii Sekil 4’ te
verilmistir.

Bu goriintiilerin histogram analizi Sekil 5’te
verilmigtir. ~ Orijinal ~ gorlintiilerin ~ histogram
dagiliminda bir korelasyon vardir. Ancak, sifrelenmis
goriintiilerin  histogram dagilimindan herhangi bir
cikarim yapilamaz. NPCR ve UACI olgiitlerinin ideal
degerleri sirastyla 1 ve 0.33’ tiir (Ozkaynak, 2017).
Bizim sifreleme algoritmamizin sonucunda NPCR
degeri 0.9962 iken UACI degeri de 0.3362 olarak
elde edilmistir.
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Sekil 4. a) orijinal goriintii b) sifrelenmis goriinti
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Sekil 5. a) orijinal goriintii histogram b) sifrelenmis goriintii histogrami

SONUCLAR
Calismamizda hibrit bir goriintil  isleme
algoritmasit  Onerilmistir. ~ Onerilen  yOntemde

sifrelenecek anahtar iiretim kisminda optimizasyon
tabanli rastgele say1 iireteci kullanilmistir. Gegmis
caligmalarimizda oldukca iyi istatistik gosteren
anahtar tiretecimiz ile goriintii sifreleme islemindeki
giivenligi arttirma hedeflenmistir. Elde edilen
rastgele anahtar ile sifrelenen goriintiiniin histogramu,
Degisken piksel hizi sayist (NPCR) ve birlesik
ortalama degisen yogunluk (UACI) odlgiitleri ile
analizi  gerceklestirilmistir. ~ Analiz ~ sonuglari
incelendiginde, rastgele {irettigimiz anahtarin kiiciik
Olcekli goriintiileri sifrelemede de oldukca basaril
oldugu gozlemlenmistir. Gozlemler sonucunda,
anahtar iretecinin daha biliyllkk boyutlardaki
gorilintiilerin sifrelenmesinde de basarili olabilecegi

diistiniilmektedir. Bilgi giivenliginin bir pargasi olan
goriintii sifreleme iizerinde elde edilen bu bagarn
dogrultusunda,  Onerdigimiz ~ anahtar  {ireteci
yonteminin diger bir¢cok alanda da etkili sonuglar elde
edebilecegi ve gelecek caligmalarda uygulanabilir ve
kullanilabilir etkili bir anahtarlar {iretebilecegi
sonucuna varilmistir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catigmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu calismanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Abstract

Today, among renewable energy sources, wind energy is used effectively as a clean and sustainable energy source
in electricity generation. The uncertain nature of renewable energy sources and the smart ability of the neural network
approach to process complex time series inputs have allowed the use of artificial neural network (ANN) methods in the
prediction of renewable energy generation. In this study, the speed and power of wind turbines and electricity generation
were estimated from wind speed data using artificial neural networks. In our calculations, the real wind speed data
were used in the test phase, and the speed-power data of six different types of wind turbines were used in the training
phase. It has been shown that the predictions made by our ANN model from the regression curves of the training,
validation, and test data obtained are quite successful and reliable. According to our results, it has been understood that
the wind potential of our selected region is good enough and that the electrical energy need for this region can be met
from wind energy by using the appropriate wind turbine type, so it is quite appropriate to invest in wind energy.

Keywords: artificial neural networks, renewable energy sources, artificial intelligence, wind turbines, wind speed

Yapay Sinir Ag1 Kullamim ile Riizgar Enerjisi Uretimi Tahmini

Oz

Giiniimiizde yenilenebilir enerji kaynaklari igerisinde riizgar enerjisi, elektrik enerji iretiminde temiz ve
siirdiiriilebilir bir enerji kaynagi olarak etkin olarak kullanilmaktadir. Yenilenebilir enerji kaynaklarinin belirsiz dogasi
ve sinir ag1 yaklagiminin karmasik zaman serisi girdilerini igleme konusundaki akilli yetenegi, yenilenebilir enerji tiretimi
tahmininde yapay sinir ag1 (YSA) yontemlerinin kullanilmasina olanak saglamistir. Bu ¢alismada, yapay sinir aglarin
kullanarak riizgar hizi verisinden, riizgar tiirbinlerinin hizlar1 ve giigleri ile elektrik iiretimi tahmin edilmistir.
Hesaplamalarimizda test agamasinda gercek riizgar hizi verileri, egitim asamasinda ise alt1 farkli riizgar tiirbininin hiz-
giic verisi kullanilmistir. Elde edilen egitim, dogrulama ve test verilerinin regresyon egrilerinden YSA modelimizin
yaptig1 tahminlerin oldukga basarili ve giivenilir oldugu gosterilmistir. Elde ettigimiz sonuglara gore, segilen bolgemizin
riizgar potansiyelinin yeterince iyi oldugu ve bu bolgenin elektrik enerjisi ihtiyacinin uygun riizgar tiirbini tipi kullanilarak
riizgar enerjisinden karsilanabilecegi, dolayisiyla yatirim yapilmasinin olduk¢a uygun oldugu anlasilmustir.

Anahtar Kelimeler: yapay sinir aglari, yenilenebilir enerji kaynaklari, yapay zeka, riizgar tiirbinleri, riizgar hiz

INTRODUCTION

With the increase in the world population, the demand ~ US€ of non-renewable resources such as oil, coal, and
for energy has increased due to the developing nuclear energy; the pollution caused by these
industry and technology in recent years (Kog E, Kaya ~€SOUrCes to the environment and the atmosphere
K., 2015). The sustainability of energy resources has Nave led people to use renewable energy resources
been one of the most important problems of ourworld ~ (Solar energy, wind energy, geothermal energy,

and humanity from past to present. Factors suchasthe ~ °iomass energy, and hydraulic energy) (Arslan F,
rapid depletion of energy resources: the unconscious ~ YZun A., 2017). In recent years, while the usage rates
of coal (33%) and natural gas (22%) in electricity
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production have decreased, electricity production
from hydroelectric, solar and wind energy has
increased. Figure 1 (a) shows the change in the
electricity produced in the world between 1985 and
2020 according to the energy sources.

(a)SO,UOOTWh
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0TWh ——— Other renewables
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Figure 1. (a) Distribution of electricity produced between
1985 and 2020 according to sources (Our World in Data,
2021). (b) Cumulative installation and annual installation
of wind power plants in Turkey (Tureb, 2021)

While there is an increase in the installed power of
renewable energy power plants, it is seen that there is
a decrease of 291 MW in the total installed power of
the power plants that produce electricity with natural
gas and other fuels. Considering the Eleventh
Development Plan, it is foreseen that the total
installed electricity power of Turkey will reach 109.5
GW by 2023. Considering the first nine months of
2020, the shares of energy resources in electricity
generation are as follows: imported and domestic coal
power plants (34%), hydroelectric power plants
(29%), natural gas power plants (19%), wind power
plants WPPs (8%), solar power plants (4%),
geothermal power plants (3%), biomass energy
power plants (2%) (TSKB, 2020). If we look at the
resource distribution, the use of coal and natural gas
has been decreasing in recent years clearly. Although
there is a decrease, it is a serious problem that almost
half of the electricity production both globally and in
our country is provided by oil, coal and natural gas,
which are known as fossil fuels. Considering the
finite nature of fossil fuel resources, which are largely
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used to meet energy needs, their prices and the
damage they cause to nature, there has been an
increase in the demand for renewable energy
resources and still continues to increase.

Among the renewable energy sources, the rate of use
of wind energy in the world is constantly increasing
due to its domestic, continuous and direct use. Wind
energy also has advantages such as reducing gas
emissions and long-term use of turbines (Bayrag,
2011). Despite the high initial installation costs of
wind turbines, their ability to operate without the need
for raw materials reduces operating costs. Wind
energy is the fastest growing energy type among
renewable energy sources globally and the most
invested in the last 6 years. In 2019, approximately
15% of electricity demand in Europe and 7% in
Turkey is provided by wind power plants (YEKDEM,
2020). Additionally, Figure 1(b) shows cumulative
installation and annual installation of wind power
plants in Turkey between 1998-2021.

Since electrical energy cannot be stored on a large
scale, the electricity produced has to be consumed at
the same time. This difference between production
and consumption reflects negatively on the network,
and for this reason, efforts are made to reduce and
balance the difference between production and
consumption. Since electricity generation with wind
energy has a variable structure, it is more difficult to
control than traditional electricity generation. In
electricity  markets, future production and
consumption estimates and price offers are requested
from the participants. When the participants cannot
produce the amount they declared, they pay a penalty
in proportion to the difference between their products
and their estimated values. Penalties here due to
forecast errors constitute approximately 10% of the
revenues of wind farms. (Dukpa et al., 2010). Values
such as consumption estimates received in the
market, production estimates and price offers for the
estimates are used in the creation of the work
programs of the power plants in a way that will
minimize the price of electricity in the grid. Ensuring
the balance of production and consumption ensures
that the uncertainty in electricity systems is reduced,
optimizing the electricity price and increasing the
efficiency of the system. For this reason, energy
forecasting models made with wind forecasting have
a crucial role to obtain reliable, economic, and
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efficient operation of wind energy resources. These
forecasting models are used in power systems
planning, reserve planning, maintenance and repair
planning, and tenders in the electricity market.
Thanks to forecasting models, one-day marketing of
power plants in electricity can increase by reducing
forecast errors. It can benefit from an important
choice especially in the short-term wind power target,
day-ahead electricity, aiming the day-ahead
electricity plan from the reserve section, and the
targets of the unit decisions. Problems such as short-
term construction allowance paid and excess budget
allocation can be loaded from the excess business and
integrated into the system. Estimates of wind power
can be divided into three categories according to their
methodology:

1- Statistical methods: In statistical methods, a large
amount of historical data are taken into account
without considering meteorological data. This
method is aimed to find the relationship between the
measured power data. Statistical methods are more
suitable for short-term wind power estimations
because the error tolerance increases as the estimation
time increases (Garcia and angel, 2009; Giebel et al.,
2011).

2-Physical methods: It focuses on lower atmosphere
or numerical weather forecasting (NWP), which uses
mostly meteorological data and weather forecast data.
It uses parameterizations based on a detailed physical
description of the atmosphere to arrive at the best
estimation method for physical systems.

3-Hybrid Methods: These are systems that use
physical and statistical data as hybrids. The purpose
of hybrid models is to obtain an optimal forecasting
performance to take advantage of both models (Wu
and Hon, 2007).

Here, we use artificial neural networks (ANN) to
process wind power datas because traditional
programming is insufficient to deal with unsteady
wind power behaviour. Additionally, one of the
biggest reasons to use ANN method is that it has great
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advantages such as working with incomplete
information, not preventing one or more cells from
producing output due to disruption, and parallel
processing capabilities. In this case, in order to make
an accurate estimation, the most suitable model for
our data was chosen by trial and error ways. Another
important feature of ANN is that it can create
invisible relationships on invisible data after the
learning model is created.

There are many studies on the use of wind energy
with artificial neural networks (ANN) (Can, O. F.
2021). For example, in Ref. (Cetin F., 2003), wind
intensity estimation with artificial neural networks
was discussed and radial-based and feed-forward
networks were used as ANN, and connection weight
values in feed-forward ANN were optimized using
backpropagation and Evolutionary  Algorithm
(EA). In another study, in Ref. (Yesilnacar Y O.,
2011), the wind speed, pressure, and temperature
estimation with artificial neural networks in Bilecik
province was discussed and modeling of real data, a
statistical model of real data, and three different
models in which odd-numbered days in real data were
considered as input and even-numbered days as
output were studied. Thus, they revealed that which
of the ANN models was more successful for the
related wind parameters (Yesilnacar Y O., 2011). In
addition to that, very recent studies in the literature
are given in Table 1.

In this present work, electricity generation from wind
energy was tried to be estimated with the ANN
model. In our study, data of 6 different wind turbines
(Gamesa G97, Suzlon S88, Siemens SWT2.3,
Nordex, Enercon E82-3, and Vestas V117) were used
with the tool interface of Matlab (2018b version). The
place to be used as the application area in the study is
located in the center of Rize, and the wind speed data
of this location were used as input, and the wind
power output values of 6 different wind turbines were
used as output values.
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Table 1. Wind power estimation studies, estimation methods and error criteria in the recent literature

Work Input Variables

Short-term wind power forecasting by stacked Wind power
recurrent neural networks with parametric sine
activation function

Wind speed. wind direction,
temperature, humidity

Wind power generation probalistic modeling
using enseble learning techniquies

Uzun fasa siiveli hafiza ve evrigimsel sinir aglar ‘Wind power

ile riizgar enerjisi tivetim tahmini

Short-term wind power prediction based on Wind speed, wind direction,

imroved chicken algorithm optimization support temperature, humidity

vector machine

Short-term wind power forecasting using long- Wind speed, temperature

short term memory based recurrent neural
network model and variable selection

Yapay zeka teknikleri kullamlarak kisa dénem Wind speed, wind direction

riizgar giiciiniin ¢ok katmani tahmmi

MATERIAL AND METHODS

ANN are computer systems that have the ability to
derive and discover new information through
learning, and to perform operations without self-help
(Altunbey, F. And Alatas, B. 2015, Ozcan, C. 2021).
Artificial neural networks can also obtain results from
imprecise data and have various learning features.
ANNs are systems that are formed by connecting
artificial nerve cells and consist of three main parts:
input layer, hidden layer, and output layer which can
be determined as the following.

Input layer: It contains the input data coming from
data source to the ANN. From here, the inputs are
transmitted to the hidden layer without any
processing.

Hidden Layer: After the input layer, the data comes
to this layer. The number of hidden layers may vary
depending on the need. The number of neurons in the
hidden layer is independent of the number of inputs
and outputs.

Output Layer: Processes the data from the hidden
layer and produces the outputs. In feedback networks,
new weight values are calculated using the output
produced in this layer. In Figure 2 (a) the schematic
topological representation of an artificial neuron is
represented.

Estimation Method  Error Criteria Reference

LSTM, DA RMSE, MAE, R2 Liu et. al. (2021)

Boost, gradient boost tree, RMSE. R2 Banik et. al. (2020)
XGBoost
CNN, LSTM MSE Gorgel and Kavlak (2020)
SVR, ICSO RMSE. RE Fuet. al. (2019)
LSTM NRMSE Cali and Sharma (2019)
ANFIS, YSA, SVR NRMSE Cevik (2019)
Hidden
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Figure 2. (a) Structure of an artificial neuron. (b) Artificial
neural network model

In the structure of an ANN, weight values are
determined to increase the accuracy of the outputs
produced by using various transfer functions such as
linear and sigmoid as illustrated in Figure 2 (b).
Thanks to the training of artificial neural networks,
the weights are determined using the previous
examples and the relationship between the predicted
variables is revealed by the input variables. After the
network training is over, artificial neural networks
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can work with new data and reach a level that can
produce predictions. Network performance is
measured by error criteria and driven signals. The
margin of error is obtained by comparing the output
of the network with the output driven. It is desired to
reduce the error margin rate by using the
backpropagation algorithm. By repeating this process
several times, the network is trained. The purpose of
a network trainer is to get the best solution in
performance measurements. Thanks to the training,
examples are generalized, and results are produced
for new data that has never been defined into the
system before. The most important advantage of
ANN is that there is no need for a mathematical
model, and it can learn by itself (Graupe D,. 2016).
ANN has applications in various fields such as
prediction (Badri A, Ameli Z, Birjandi AM. 2012,
Guo Z, Zhao W, LU H, Wang J. 2012, Abhishek K,
Singha MP, Ghosh S, Anand A. 2012), classification
(Dehuri S, Roy R, Cho SB, Ghosh A., 2012, Ghiassi
M, Olschimke M, Moon B, Arnaudo P., 2012, Raeesi
M, Moradzadeh A, Ardejani FD, Rahimi M., 2012),
and image recognition (EI-Midany TT, El-Baz MA,
ABD-Elwahed M S., 2010).

In the training phase, one of several algorithms is
selected for the input and the target. The join function
is defined as:

Net = Z?=1XiWi +b

@)

Here X is the input values and W is the weights. If the
n value is taken as the number of inputs presented to
the model, Wi, W, Ws,..,W, are the weight values
that are automatically adjusted in the Matlab
program, and X3, Xz, X5, ...,X, values are the wind speed
data entries in m/s. The activation function selected
among various activation functions calculates the
output o=f{Net) by applying the inputs taken by the
model to the model, and gives the output data as
follows;

0=fQLX\W;+Db) )

Here, the b value is a fixed value and is called the
threshold that changes according to the activation
function we choose. Learning in ANN is of three

types: supervised learning, unsupervised learning,
and supportive (reinforced) learning.

Supervised learning; inputs and outputs vectors to the
system are given as pairs. According to these given

11
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data, the system makes generalizations about the
examples by collecting information from the
examples that come across.

Unsupervised learning; it is a type of learning that
works even though there is no previously entered data
in the system. Unsupervised learning cannot obtain a
definite result since no information is given about the
data in the system.

Supportive (reinforced) learning; it does not require
prior knowledge. The program is a type of learning
that acts with its actions and knowledge and reaches
the result by trial and error.

In our study, the Matlab nntool interface was used for
ANN model training and the window view of the tool
interface is shown in Figure 3. Our input and target
data were saved in the Microsoft Excel program and
transferred to the Matlab environment.

4 Neural Network/Data Manager (nntool)

B Input Data: B Networks il Output Data:

@ Target Data:

) Input Delay States: ) Layer Delay States:

% Import. ¢ New... Export. Delete @D Help | @ Close

Figure 3. Matlab tool interface window view

RESULTS AND DISCUSSION

In this study we tried to predict electricity generation
from wind energy using ANN. For the test of our
ANN model, we aim to meet/reduce the loaded
electricity consumption of the Rize Provincial Health
Directorate by using renewable energy sources
through the use of wind energy. In Figure 4, a suitable
location for the placement of wind turbines within
~1km of Rize Provincial Health Directorate has been
selected for our wind turbine positioning. While
creating the ANN model training, we use one-year
average daily wind speed as input data in the region
we are interested in; we produce the wind power
values for six different selected wind turbines
(Gamesa G97, Suzlon S88, Siemens SWT2.3, Nordex
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N100, Enercon E82, and Vestas V117) as target data.
The wind speed data we use here has been taken into
account that the wind turbine is at the height of the
tower. A cross-section (15-day-period) of the wind
speed data for the location we are interested in is
listed in Table 2. The wind power output values we
produce for 0-25 m/s wind speed for six different
wind turbine types that we are interested in in our
study are listed in Table 3.

Figure 4. The location we are interested in, close to Rize
Provincial Health Directorate ~1km from the center of
Rize/Turkey
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Table 2. A daily average wind speed data for our location
in Rize/Turkey between January 2020 — December 2020
(Meteostat, 2021)

Day Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec

1 83 95 173 97 [} 71 87 86 69 19 17 8l
2 82 84 W1 B 15 78 72 159 1 B2 62 62
3 95 24 76 99 87 107 55 11 14 84 87 6

4 87 27 63 135 63 72 87 83 81 w4 72 75
5 77 15§ 53 51 79 108 68 73 il 10 45 §

§ 77 0n3 17 W 77 64 66 96 96 103 185 177
7 47 1u 98 89 14 52 86 78 13 15 108 102
8 %9 186 5 43 13 85 151 49 7 82 107 126
9 07 B 86 8§l 8l 65 02 61 11 87 89 65
0 103 #3134 7 81 77 ny 101 98 L4 17 9l
1 72 13 10 53 83 1 91 14 65 58 16 95
2 74 16 49 96 118 81 84 103 87 91 72 116
Bow#3 177 nous 85 153 1“5 38 74 13 M2
¥ 03 173 108 78 il 89 15 182 75 58 91 89
15 78 32 BF 127 65 91 107 149 103 7 7 78
16 82 82 182 96 12§ 74 102 15 74 66 134
7 75 76 ug 1B 95 75 93 134 72 83 84 Bl
B 1S 99 52 53 108 84 9 96 85 108 88 9

19 58 45 55 65 62 147 6 98 B8 15 11 103
0 87 81 2796 98 10,7 85 88 75 83 71 93

pil 181 47 44 11 14 97 162 10,6 55 99 1 105
2 75 86 83 64 203 10 1ns 17 136 87 19 135

bR VS B £ 53 88 152 78 101 n3 95 103 11 161
% 152 69 73 13 107 122 B3 124 63 77 91 15
5 151 13 49 34 13 1 79 69 66 57 172 86
% 5 98 29 67 108 88 63 85 75 41 B4 §
7 % 17 56 79 94 82 67 68 77 77 B4 3
bl 71 12 31 74 94 79 99 52 61 87 83 44
B 106 9 65 112 95 10,7 95 104 87 15 47 33
N 151 78 78 84 154 99 79 1“3 89 72 34
i1 189 63 92 85 55 78 53

Table 3. The amount of energy (kW) produced by the 6
different wind turbines according to the wind speed (Senol

U, Musayev Z. 2017)

Wind Gamesa Suzlon Siemens Nordex Enercon Vestas

Speed oy 5.88  SWI2.3  N100 Es2 V117

(m/s)
0 Q 0 0 0 0 0
1 0 0 0 0 0 0
2 4] 0 0 0 0 0
3 14 15 66 24 25 24
4 94 35 171 84 82 139
5 236 130 352 212 174 312
6 438 310 623 391 321 570
7 714 525 1002 599 525 936
8 1084 820 1497 912 800 1419
9 1508 1160 2005 1299 1135 2027
10 1836 1540 2246 1744 1510 2705
11 1973 1880 2296 2149 1880 3168
12 1992 2100 2300 2389 2200 3292
13 1998 2100 2300 2492 2500 3300
14 2000 2100 2300 2500 2770 3300
15 2000 2100 2300 2500 2010 3300
16 2000 2100 2300 2500 3000 3300
17 2000 2100 2300 2500 3000 3300
18 2000 2100 2300 2500 3000 3300
19 2000 2100 2300 2500 3000 3300
20 2000 2100 2300 2500 3000 3300
21 2000 2100 2300 2500 3000 3300
22 2000 2100 2300 2500 3000 3300
23 2000 2100 2300 2500 3000 3300
24 2000 2100 2300 2500 3000 3300
25 2000 2100 2300 2500 3000 3300
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While creating our ANN model, we apply Min-Max
normalization process to obtain more consistent
results and which is determined as;

X0 ~ Xmin

3)

Xp =
Xmax ~ Xmin

Here X, is normalized data, Xo is the original data, Xmin

the minimum, and Xmax is the maximum data. In Table

4, there is a 15-day cross-section of the normalization

process of our wind speed data can be found.

Table 4. A daily average normalized wind speed data for
our location in Rize/Turkey between January 2020 —

December 2020
Days January February March April May June
| 0.258065 0313364 0700461 0322581 024424 0.202765
2 0.253456  0.262673 0341014 0474654 0221198 0.235023
3 0313364 1 0225806 0331797 0276498 0.368664
4 0.276498  0.829493  0.165899 0451613 0165899 0.207373
5 0.230415 059447 0.119816 0.110599 0239631 0.373272
6 0.230415 0903226 0460829 0336406 0230415 0170507
7 0.092166 0520737 0327189 0285714 0400022 0.119816
8 0331797 0.732719 0105991 0.073733 0.562212 0.267281
9 0.829493 0.479263 0271889 0.248848 0.248848 0.175115
10 037788  0.534562 0502304 0.198157 0.248848 0.230415
11 0.207373 0396313 0336406 0.119816 0.258065 0.382488
12 021659  0.612903 0.101382 0317972 0419355 0.248848
13 0.534562 0.460829 0230415 0382488 0400922 0313364
14 035023 0.672811 0373272 0235023 0.382488 0.285714
15 0.235023 0.023041 0502304 0460829 0.175115 0.294931

In our study, during the creation of the ANN training
model, we choose the most appropriate ANN
parameters to ensure that the model give the lowest
error. In our model, due to ease of use, convergence
rate, and high forecast success in both linear and
nonlinear models, we use the feed-forward back-
propagation algorithm (The MathWorks, 2021). To
train our data we use Trained (Variable Learning Rate
Backpropagation) algorithm, a network training
function that updates weight and training values
according to gradient landing momentum and
adaptive learning rate (The MathWorks, 2021). We
use Learngdm as the learning function for our ANN
model. Learngdm calculates the weight change for a
given neuron from the neuron's input and error,
weight (or deviation), learning rate, and momentum
constant to momentum gradient descent. To activate
neurons in neural networks we use activation
functions, also known as transport functions. It also
increases the expressiveness of the ANN model,
enabling the network to learn and calculate more
complex tasks. We use the tangent sigmoid transfer
function (tansig) for the activation function,
considering that it is a continuous and differentiable
function in the selection of the function. We choose
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the MSE (Mean Squared Error) function as the
performance function for our model.

For the ANN model we created, the daily average
wind speed data between the 12 months we are
interested in for the location we are working on, and
the power output power values of 6 different wind
turbines are taken as the target (output) data. The
iteration value, which is the stopping criterion, is set
to 1000. Gradient value 1.00e-05 with “0” error and
validation error number of 850 is used. For the
training of our model, we determine the learning rate
as 0.01 and the momentum value as 0.9. The training
of our model stopped by reaching 1000 iterations in 1
second time. The dividerand function is randomly
divided into 70% training, 15% validation and 15%
test data on Matlab. Figure5 shows the ANN model
and training parameters we created in the Matlab
nntool interface.

Neural Network

(Rl (2=

Algorithms

Output Layer
Output

Random

Gradient Descent with Momentum & Adaptive LR (1
Mean Squared Error

MEX

Data Division:
Training:
Performance:
Calculations:

Progress

Epoch: 0 1000 iterations | 1000
Time: 0:00:01 ]
Performance: 0.000406 _304e 05 0.00
Gradient: 0.00273 0.000358 1.00e-05
Validation Checks: 0 852 3] 1000

Plots
Performance
Training State

Regression

Plot Interval: ' 1 epochs

L 4 Opening Training State Plot

=]

Figure 5. ANN model and training parameters created in
Matlab nntool interface

The error values of the validation set obtained as a
result of the training phase are used in the selection of
the weights that gave the best performance values as
a result of the model training. In the testing phase of
the model, first of all, the values we found as a result
of the training are presented to the network again, and
in this way, the synaptic weights matrix and input
values are presented to the network, and it was aimed
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to predict the model with the least error. As presented
in Figure 6 (a), the lowest error is in the 148th
iteration.

_ Best Validation Performance is 2.0072e-05 at epoch 148

Train
Vaidation

Test
Best

Mean Squared Error (mse)

100 200 300 400 500 600

1000 Epochs

700 800 900 1000

Training: R=0.99903 Validation: R=0.99989

(b)

O oam| o |

o
&

Output ~= 1*Target + -0.0076

Output ~= 0.99'Target + 0.005

02 04

06 fﬁ.R
Target

0s o6
Target

Test: R=0.9998 All: R=0.9992

Output ~=1*Target + -0.0029

Output ~= 0.99*Target + 0.0093

08 1

02 0. 06

4+ 06 04 06
Target Target

Figure 6. (a) The changes in the performance function of
the validation and test data of the ANN training model we
created during the training phase. (b) Regression curves of
the results of the training, validation, and testing data of our
ANN model

Figure 6 (b) shows the regression curves of
the results of the training, validation and test data of
our ANN model. As can be seen from our results the
output values of our ANN model are very close to the
real data.

Here, from the calculations we have made
using our successful ANN model between January
2020 - December 2020 however a section of months
February, August and November 2020 is presented in
this study. The data of the estimated wind power
output values produced from 6 different wind turbines
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on a daily average for February 2020 are listed in
Table 5 and its graphical representation is presented
in Figure 7 (a). Likewise, data on estimated power
output values generated from an average of 6
different wind turbines per day for August 2020 and
November 2020 were listed in Table 6 and Table 7,
respectively; and their graphical representations are
presented in Figure 7 (b) and 7(c), respectively.

Table 5. The expected daily average power output values
(kW) from 6 different wind turbines for February 2020

Gamesa Suzlon Siemens Nordex Enercon Vestas
February G97 S.88 SWT2.3 N100 E82 V117

1 1129.68% 845.46 1563.672 S40.005 808.434 1461.768
2 688.974 524.667 911.823 598.511 528.198 911.526
3 1999.998 2099.658 2298.681 2499.717 2999.832 3300

4 1999.998 2099.79 2299.605 2498.628 2998.545 3300

5 1999.998 2098.239 2299.242 2496.912 2969.538 3300

6 1999.998 2099.384 2289.671 2499.42 2989.337 3300

7 1999.338 2093.124 2292.378 2490.774 2709.498 3299.967
8 1999.998 2099.79 2299.671 2496.615 2993.694 3300

9 1992.573 2055.339 2283.303 2438.997 2368.773 3298.449
10 1999.635 2095.071 2294.061 2493.282 2773.083 3300
11 1848.099 1629.243 2248.818 1852.653 1647.855 2786.289
12 1999.998 2098.635 2299.605 2497.374 2984.223 3300
13 1975.347 1981.32 2276.076 2335.311 2129.886 3282.807
14 1999.998 2099.163 2299.803 2497.704 2992.836 3300
15 0.396825 0.211652 31.74237 3.369%6 2.845484 0.372207
16 639.111 48246 858.66 558.261 489.258 846.879
17 436.35% 303.0423 692274 383.658 315.9548 577.203
18 1406.757 1072962 1913.736 119262 1017.159 1855.194
19 2133153 0.652344 56.9547 3.3089 1.764279 3.196314
20 612.381 458.964 833.613 535.59 467.346 811.668
21 23529 0.709104 59.2482 3.42144 1798362 3.5805
22 739.167 564.39% 975.018 63%2.276 564.003 974.82
23 391.017 264.6567 656.46% 344.718 283.2093 517.209
24 122.6181 65.2938 385.836 115.1139 825356 165.7887
25 1999.998 2099.427 2299.671 2499.354 2999.304 3300
26 1337.754 1011.879 1835.658 1124.145 958.277 1750.782
27 478.434 339.603 724.911 419.958 354.75 633.171
28 1999.998 2089.922 2289.539 2455.856 2994.453 3300

866.085 656.337 1163.151 735.24 644.358 1130.25
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Table 6. The expected daily average power output values

(a) February (kw) from 6 different wind turbines for August 2020
3500 Gamesa Suzlon Siemens Nordex Enercon Vestas
mﬁc August Go7 5.88 SWT2.3  N100 FB2 V117
oo 1 729.167 564.399 975.018 639.276 564.003 974.82
150 2 1999998 2098569 2299.539 2497.275 2981.781 3300
1000 3 1827309 1589.181 2240.898 1801.536 1597.926 2710.257
500 4 664,389 504,174 884.466 579.348 509.388 879.879
0 5 294.4755 186.8823 574.893 262.2642 207.6492 390.225
123456 7 8 9101112131415161718192021222324252632732829 6 1197207 897.072 1657.524 996.732 854.304 1551.99
= Gamesa 687 ———Suzlon 5,85 7 516.912 373.626 754.776 453255 386.991 684.486
==—Hordex 100 ===Enarcon E52 8 2.596044 0.778503 61.8255 3.6036 1.882716 3.9864
9 11.82027 4.30188 128.6901 13.46796 7.79526 17.4537
10 1532.553 1195359 203907 1331.682 1138.599 2061.18
11 1857.24 164802 2251.755 1877.04 1670.394 2824.272
12 1634.094 1308549 2123715 1462.659 1258.851 2247.663
(b) August 13 1999.734 2095.863 2295.15 2494.272 2812.92 3300
14 1999998 2099592 229977 2497.176 299343 3300
15 1999899 2096952 2297,163 2495526 2888622 3300
2500 16 1997.82 2083422 2288.517 2477.772 2561.658 3299.868
2000 17 1997.061 2079.132 2287.428 2471.865 2520.441 3299.736
u“ 18 1197.207 897.072 1657.524 996.732 854.304 1551.99
J“{’};‘ 19 1337.754 1011.879 1835658 1124.145 959277 1750.782
) 20 796.059 606.573 1056.132 682.737 601.194 1044.879
1234567 8910111213141516171819202122232425262728293031 21 1738.638 1445565 2194.929 1625.019 1417.284 2469.456
—Ciresa € Siekn S Siemers SWTL3 22 1883211 1706232 2258355 1954.194 1736.559 2946.405
e NOrdEK N10D  mmmmEnerconEE2  emmmestasVilT 23 1999998 2099394 2299671 249942 2999337 3300
24 1950.828 1894497 2270.334 2213.475 1968.879 3231.129
25 1226181 65.2938 385.836 115.1139 82.5396 165.7887
26 713,658 544,533 941688 619245 546216 942.843
27 92,6475 469128 339.504 88,803  61.8948 1264131
28 955.053 718.872 1301.949 802.296 698.247 1239.48
(C) November 29 1674915 1359.039 2153.514 152196 1315479 2329.701
30 551.826 404.844 782397 483.483 416493  731.115
:’:: 31 408474 1275384 767085 5.17209 2750088 627
2500
2000

12345678 9101112131415161718192021222324252627282930

—Gamesa G47 Suzlon 5.88 Siemens SWT23

s Mordex N100 Enercon E82  emmlestas W117

Figure 7. Graphical representation of expected daily
average power output values (kW) from 6 different wind
turbines for (a) February, (b) August and (c) November
2020

15



Int. J. Pure Appl. Sci. 9(1);7-19 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1174444

Table 7. The expected daily average power output values
(kW) from 6 different wind turbines for November 2020

Gamesa Suzlon Siemens  Nordex Enercon Vestas
November G997 5.88 SWT2.3 N100 K82 V117
1 1998.711 2088.999 2290.299 2485.263 2630.76 3299.934
2 20.27718 8.01273 166.8018 22.03113 13.3551 29.30631
3 766.359 584.859 1012.803 660.231 582.153 1008.48
4 246,213 150.3414 529.617 221.1759 171.3195 327.1257
5 2.242284 0.679833 58.0866 3.35841 1.776258 3.3891
6 1999.998 2099.922 2299.506 2495.922 2995.113 3300
7 1783.287 1513.578 2220.042 1707.585 1501.566 2580.27
3 1762.959 1481.7 2202.053 1668.711 1461636 2528.031
=] 829.026 630.168 1105.929 707.52 62172 1085.106
10 1883.211 1706.232 2258.355 1654.194 1736.559 2946.405
11 1999.998 2098.635 2299.605 2497.374 2984.223 3300
12 246.213 150.3414 529.617 221.1759 171.3195 327.1257
13 1986.105 2025.441 2279.871 2397.252 2250.402 3294.555
14 907.896 685.707 1228425 766.623 669.669 11814
15 1999.998 2099.064 2299.803 2497.737 2992.341 3300
16 1997.061 2079.132 2287.428 2471.865 2520.441 3299.736
17 688.974 524.667 911.823 599511 528.198 ©11.526
18 796.059 606.573 1056.132 682.737 €01.194 1044.879
19 1827.302 1589.181 2240.898 1801.536 1597.926 2710.257
20 200.3925 117.2721 482.262 182.0973 137.7024 267.3528
21 1920.897 1804.011 2265.087 2087.646 1847.175 3124.935
22 1201.361 175131 2261.787 2015.277 1786.356 3035.835
23 1532,553 1195.359 2039.07 1331.682 1138599 2061.18
24 907.896 685.707 1228425 766.623 669.662 11814
25 1999.998 2099.13 2299.803 2497.737 2992.704 3300
26 1997.061 2079.132 2287.428 2471.865 2520.441 3299.736
27 1997.061 2079.132 2287.428 2471.865 2520.441 3299.736
28 664.389 504.174 884.466 579.348 509.388 879.879
29 2.3529 0.7091C04 59.2482 3.42144 1.798962 3.5805
30 246.213 150.3414 529.617 221.1759 171.3185 327.1257
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As a result of our study, the estimated monthly
average wind power output values to be obtained
from 6 different wind turbines between January 2020
- December 2020 are listed in Table 8 and its
graphical representation is shown in Figure 8.
According to the results, it has been determined that
the region is efficient in terms of wind and electrical
energy production with a high capacity factor can be
realized with the turbines selected appropriately.
When the estimated power values are examined, it is
seen that the turbine type is Vestas V117 with the best
efficiency, followed by Siemens SWT2.3, Nordex
N100, Enercon E82, Gamesa G97, Suzlon S88
turbines, respectively.

Table 8. Average estimated wind power output values (kW) obtained from 6 different wind turbines between January
2020 — December 2020

Suzlon
S8

Gamesa

Maonths Go7

Siemens
SWT23

Vestas
V117

Enercon
ER2

Nordex
N1

1054.0877
1264.4208
711.9908
917.43471
1182.6043
966.72106
1058.4021
1202.9281
854.84875
980.2851
1237.069
965.34513

968.10459
1218.6004
641.71475
7B3.88218
1032.7431
BOB.77886
936.7435
1084.7695
724.99406
836.54048
1152.9837
890.36172

W o = s W R

=
MR O

1335.0642
1543.2031
923.3751

1207.6929
1501.2201
1273.2491
13559522
1516.5935
11539981
1263.7018
1530.2905
1216.1843
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1141.26
1437.6136
750.98818
905.75813
1191.7833
934.77986
1087.1987
1260.8563
846.66336
964.57373
1349.6847
1040.3027

1178.0229
1554.6815
727.93165
B03.87307
1122.7005
861.90379
1083.2428
1245.7125
784.33719
859.98726
13442422
1067.6731

1599.8741
1976.2386
1071.6374
1340.3832
1745.9877
1385.3484
1563.2657
1805.8732
1238.2712
1432.2856
1208.6095
1466.2394
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Figure 8. Graphical representation of the average estimated wind power output (kW) values obtained from 6 different
wind turbines between January 2020 — December 2020

CONCLUSION

In this study, energy production from wind
energy is estimated utilizing the network trained
using ANN with six different wind turbines. In the
created ANN model, the speed-power output values
obtained from the manufacturer's catalogs for
different wind turbines are entered as input layer and
output layer, respectively. From the regression curves
of the training, validation, and test data obtained as a
result of the modeling, it is seen that the ANN model
could make a successful and consistent estimation
with the smallest error. The actual wind speed values
of the relevant location are used as a post-training
application were defined as input data to the Matlab
program and the wind turbine power output values
are simulated. Thus, it is concluded that the Vestas
V117 turbine provided the highest power output
among the six different wind turbine types, and the
turbine providing the second-best power output is
found to be the Siemens SWT2.3 turbine. As it is seen
in the power output values, it will be quite possible,
convenient, and advantageous to meet the electricity
generation for the selected region from wind energy.
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As a result, this study will guide the investors and
practitioners in the energy sector to benefit from wind
energy.
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Oz

Otomotiv endiistrisindeki yogun rekabet, siirekli iyilestirme kiiltiiriinii zorunlu hale getirmektedir. Calisan 6nerileri
ve oneri sistemleri bu kiiltiiriin 6nemli bilesenleridir. Oneri sistemlerinin igeriginin metinlerden olusmasi, onlari ileri
metin madenciligi ¢alismalar1 i¢in uygun veri setleri haline getirmistir. Calisan 6nerilerinin konu modelleme ile analiz
edilmesi, en ¢ok hangi konularda oneriler geldigini, hangi konulara yogunlasilmasi gerektigini ve gelecekteki
iyilestirmelerle ilgili tahminler yapabilmeyi olanakli hale getirebilecektir. Bu ¢aligmada, bir otomotiv firmasinin ¢alisan
onerilerinin analizi i¢in, konu modellemeye ait yontemlerden, “Gizli Dirichlet Ayrimi (GDA)” kullamilmistir. En ¢ok
verilen neri gesidi, “getirisi olmayan olumlu” &nerilerdir. Bu dneriler, genellikle is saglig1 ve giivenligi ile ilgilidir. Tkinci
stradaki en cok verilen Oneriler ise “6neri”, firmaya kazang saglayan onerilerdir. Ugiincii sirada, “Oneriden hizl kaizene”
yani kisa siirede sonug almabilen, getirisi yiiksek Oneriler bulunmaktadir. Dordiincii sirada, “degerlendirilmek {izere
havale” edilen Oneriler bulunurken, en az verilen Oneri tiriiniin ise “devreye alinmayacak oneriler” oldugu
degerlendirilmistir.

Anahtar Kelimeler: Calisan 6nerileri, gizli dirichlet ayrimi, konu modelleme

Mining the Employee Suggestions through Topic Modeling: An Automotive
Industry Case

Abstract

Intense competition in the automotive industry necessitates the continuous improvement culture. Employee
suggestions and suggestion systems are important components of this culture. The fact that content of the suggestion
systems consists of texts has made them suitable data sets for advanced text mining studies. Analyzing employee
suggestions with topic modeling will make it possible to assess which subjects are most often received, which subjects
should be focused on, and to make predictions about the future improvements. In this study, Latent Dirichlet Allocation
(LDA), one of the topic modeling methods, was used for the analysis of the employee suggestions of an automotive
company. The most common type of suggestion is “positive suggestions with no return”. These recommendations are
generally related to occupational health and safety. The second most frequently given suggestions are "suggestions", those
are providing profit to the company. In the 3rd rank, there are “fast kaizen from suggestion”, which are high-yielding
suggestions that can be achieved in a short time. While the fourth rank most common suggestions are "referred to be
evaluated”, "recommendations that will not be put into action" suggestions are the least given type.

Keywords: Employee suggestions, latent dirichlet allocation, topic modeling

GIRIS

Oneri sistemleri, isletmenin her kademesinde gectike sayilari artmaktadir. Bu nedenle, arama,
calisan mavi ve beyaz yaka personellerin katkilartyla — anlama ve isleme gibi siiregler i¢in ileri veri analitigi
uygulanmaktadir. Calisan Oneri sistemi yenilikgi  araglarinin kullanimina ihtiyag duyulur asamaya
fikirlerin ortaya ¢ikmasini, uygulanmasini ve erisilmistir.
firmanin  siirekli iyilestirilmesini saglamaktadir. Konu modelleme, biiyiikk miktardaki metin
Oneriler, genellikle metinlerden olusmaktadir ve giin ~ kaynaklarindan anlamli bilgilere erisebilmek icin
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uygulanan bir makine O0grenmesi yOntemidir.
Dokiiman kiimesini en iyi sekilde karakterize eden
sozciik gruplar ile benzer ifadeleri otomatik olarak
kiimeleyebilmektedir. Konu modellemede metinde
sikca birlikte goriilen kelimeler kiimelenerek soyut
konular iretilir ve 1ilgili metinler igerdikleri
kelimelere gore kendisine en yakin olan bir veya daha
fazla kiimeye atanir.

Calisan onerilerinin konu modelleme ile analiz
edilmesi, en ¢ok hangi konularda oneriler geldigini,
hangi konulara yogunlasilmas1 gerektigini ve
gelecekteki Oneri ve iyilestirmelerle ilgili tahminler
yapabilmeyi olanakli hale getirebilecektir.

Bu c¢alismada, otomotiv sektdriinde faaliyet
gosteren bir sirketin, 2844 satir metinden olusan 2021
yilina ait ¢alisan Onerileri, firmanin Oneri sistemi
iizerinden temin edilmis ve konu modelleme
yontemiyle analiz edilmistir. Bu ¢alisma, bir
kurumun gergek calisan Onerileri veri setini, konu
modelleme yontemi  kullanarak analiz  eden,
literatiirdeki ilk ¢alismadir.

LITERATUR TARAMASI

Konu modelleme, bir metin belgesinde “konu”
(topic) adi verilen kelime gruplarini bulmak ig¢in
kullanilan denetimsiz (unsupervised) bir yaklagimdir.
Bu konular, sik sik birlikte ortaya ¢ikan ve ¢ogunlukla
ortak bir temay1 paylasan kelimelerden olusmaktadir.

Literatiirde, arastirmacilar tarafindan gelistirilen
mevcut pek cok konu modelleme yoOntemi
bulunmaktadir.

Vayansky ve Kumar (2020) konu modelleme
yontemleri tizerine kapsamli ve giincel bir literatiir
taramas1 sunmaktadir. Vayansky ve Kumar (2020)
caligmalarinda bir karar agacit da sunmaktadir. Bu
karar agaci, hangi konu modelleme yonteminin
kullanilmas1 gerektigi hususunda, yol gosterici bir
rehber niteligindedir.

Konu modelleme yontemleri arasinda en yaygin
kullanilani;  “Gizli Dirichlet Ayrimi (GDA)”
yontemidir. Uzerinde calisilan belgelerdeki kelime
sayilarinin 50’den fazla oldugu ve calisilan alan
itibariyle kompleks konu iligkilerinin 6ngoriilmedigi
durumlar i¢in GDA kullanimi &nerilmektedir. Bu
calisma kapsaminda da GDA yonteminin kullanimi
tercih edilmistir.

GDA’nin ana fikri, konularin sabit bir kelime
sozliiglinden olasilik dagilimini igerdigi ve belgelerin
gelisigiizel bir sekilde birlesmis gizli konulardan
olustugudur. Bu temel fikir, GDA’min belge
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koleksiyonunda bulunan konulari, kelimelerin
konularin igindeki olasiliklarini, belgeyi olusturan
kelimelerin atandigi konular1 ve bu belge icindeki
konularin nasil dagildigim1  &grenerek  ortaya
cikardigini belirtir (Agrawal vd., 2018). Algoritmanin
c¢iktisi, modellenen belge i¢in her konunun kapsamimi
iceren  bir  vektordir. Uygun bir sekilde
karsilagtirilirsa, bu vektorler, kiilliyatin “topikal”
ozellikleri hakkinda fikir verebilir.

Konu modelleme ve GDA ¢aligsmalar1 literatiirde
yogun ilgi gormektedir. Bu nedenle, konu 6zelinde
kapsamli literatiir =~ g¢alismalarina  rastlamak
miimkiindiir. Kapsamli bir GDA uygulamalan
literatiir taramasi Jelodar vd. (2019) tarafindan
gergeklestirilmistir.  Konu modelleme ile ilgili
kapsamli bir diger ¢aligma ise Kherwa ve Bansal
(2018) tarafindan gergeklestirilmistir.

Literatirde “konu modelleme” ve “calisan
(employee)” anahtar kelimeleri ile ulasilabilen sinirl
sayida c¢alisma bulunmaktadir. Symitsi vd. (2021),
“Glassdoor” isimli kariyer sitesindeki ¢alisan
yorumlarin1  (employee online reviews), konu
modelleme yontemi ile analiz etmistir. Calisanlarin
firmalar1 ile ilgili pozitif ve negatif geri
beslemelerinin modellenmesini konu edinmektedir.
Bir diger ¢alismada (Schmiedel vd., 2021), Fortune-
500 sirketleri galisanlarinin “Glassdoor” yorumlari
analiz edilmistir. Konu modelleme yoOntemi ile
calisanlarin kurum kiiltiirii algis1 degerlendirilmistir.
Karkhanis vd. (2022), benzer sekilde, “Glassdoor”
verilerini konu modelleme yontemi ile analiz etmistir.
Firma c¢alisanlarinin  paylagimlari  kullanilarak
“isveren markas1” ile ilgili ¢ikarimda bulunulmustur.
Glassdoor verilerinin konu modelleme ydntemi ile
analiz edildigi bir diger ¢alisma ise Wang vd. (2022).
flgili ¢alismada, firmalarin cesitlilik, esitlik ve

kapsayicilik  acisindan  bir  degerlendirmesi
sunulmustur.
Kurum igerisindeki  yonetsel faaliyetleri

destekleme amaciyla da konu modelleme yontemini
kullanan c¢alismalar literatiirde yer almaktadir.
Prollochs ve Feuerriegel (2020), kurumsal stratejik
planlama faaliyetlerini destekleme amaciyla konu
modelleme yontemini kullanmustir. Tlgili calisma,
konu modelleme yontemi ile bir risk iyimserligi
analizini bilgisayarl1 bir prosediire doniistiirmistiir.

Konu modelleme yontemlerinin  otomotiv
endiistrisindeki uygulamalar1 da oldukga sinirhdir.
Rhoden vd. (2022), c¢alismalarinda, otomotiv
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endiistrisinin siirdiiriilebilirligi ile ilgili raporlarin bir
degerlendirmesini sunmustur.

Bu ¢alismada, bir otomotiv firmasmin “galigan
onerileri” konu modelleme yontemi ile analiz
edilmektedir. Yazarlarin en iyi bilgisine gore,
literatiirde ilk defa, “calisan Onerileri” bir konu
modelleme yontemi ile analiz edilmektedir. Bu
yoniiyle, bu ¢alisma, literatiire yeni bir konu
modelleme, GDA kullanimi vakasi sunmaktadir.
Benzer c¢alismalarin  endiistri  kullanimlarinin
yayginlagsmast amaciyla, Ozellikle, bir rehber
formatinda hazirlanmaya calisilmistir.

MATERYAL VE METOT

Bu bdliimde, bir otomotiv firmasina ait ¢aligan
onerilerinin Gizli Dirichlet Ayrimi yontemiyle analiz
edilmesi sirasinda izlenen yontem tanitilmaktadir.

Diiz yaz1 igeren metin verileri yapisal olmayan
dogal dil formundaki verilerdir. Kurumsal Oneri
Sistemleri vasitasiyla toplanan ¢alisan onerileri de bu
formasyondaki verilerdir. Metin verilerinden anlamli
degerlendirmelerin otomatik olarak elde edilmesi
metin analizi yontemleri ile miimkiindiir. Konu
modelleme de bu yontemlerden biridir. Konu
modelleme yoOntemlerinden en yaygin kullanilani
GDA’dir. Bu calismada calisan Onerilerinin analizi
icin GDA yontemi tercih edilmistir.

GDA, Blei vd. (2003) tarafindan 6nerilmis bir
konu modelleme yaklasimidir. Metinlerden olusan
dokiimanlarda bulunan gizli anlamsal yapilari olasilik
temelli modelleme yaklagimi ile ortaya c¢ikarmaya
caligmaktadir. Kelime torbasi yaklasimina dayali
olarak c¢alisan GDA’da, kelimelerin dokiiman
icerisindeki ~ yerlesimi  dikkate = alinmazken,
kelimelerin  birlikte bulunma durumu dikkate
alinmaktadir (Altintas vd., 2021).

Bir GDA analizi i¢in Oncelikle, metinlerden
olusan veri setinin analize uygun hale getirilmesi
gerekmektedir. Bu on islemler; tokenizasyon,
durdurma sozciikleri (stop words) filtreleme ve kok
bulma islemlerinden olusmaktadir. Bu 6n islemler
sonrasinda veri seti dogal dil isleme yontemleri ile
metin madenciligi algoritmalarini kullanmaya uygun
hale getirilmis olur.

Metin verilerindeki kelimeler “token” olarak
tanimlanir ve her token igin benzersiz bir indeks
numarasi ile bir sozliikk olusturulur. Bu s6zliik yapist
sozciikleri ve onlarin dizin (id) numaralarini igerir.
Sozlik yapist bir derleme doniistiiriilir boylece
baglantili metinler diizenlenir ve yapisal olarak bir
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arada bulunur. Derlem, metindeki kelimelerin dizin
numaralarindan ve sikliklarindan olusur. Olusturulan
derlem bir belgenin terim matrisi ve GDA tematik
modeli igin girdi matrisidir. GDA konu modelleri bir
veri ambart kullanilarak olusturulur. Daha sonra
olusturulan konu modelleri karsilastirma ve
gorsellestirme yoluyla analiz edilir. Konu bazl
modelde asagidaki siire¢ takip edilmistir:

* Toplanacak metinlerin belirlenmesi: Bu
calismada, firma calisanlarinin son 1 yilda verdigi
oneriler kurumun 6neri sisteminden ¢ekilmistir.

* Metinleri diizenleme siireci: Metindeki veriler
temizlenir. Bu islemde smiflandirma adiminda
anlami1 olmayan noktalama isaretleri ham verilerden
silinir. Daha sonra sayisal karakterler temizlenir
ardindan metindeki  kelimeler normallestirilir.
Normallestirme yontemi kullanilarak yazim hatasi
olan  kelimeler belirlenip uygun kelimelere
donistiiriliir.  Oznitelikler tanimlanmadan 6nce
anlamsiz ve kesin olmayan sozciikler normalize
edilerek siniflandirma adiminda &znitelikler en aza
indirilir. Daha sonra “stop words” filtrelemesi yapilir.
Boylelikle degerlendirmeye katilmamasi gereken
sozciikler kapsam dis1 birakilmis olur. Stop-word
filtreleme islemi icin bazi veri setleri belirlenerck
ortak bir havuz olusturulur. Gereksiz kelimeler ile
baglag, edat vb. kelimelerin metinlerden ¢ikarilmasi
icin bu havuzdaki veriler kullanilir.

e Temizleme islemleri tamamlandiktan sonra,
programsal anlamda ortak bir kiimede islem
yapilabilmesi icin metinlerin tamami kiiciik harfe
doniistiiriiliir.

* Kelimenin koklere indirgenmesi: Normalize
edilmis olan metinlerde bulunan kelimeler koklerine
ayrilir. Ayn1 koke sahip olup farkli ekleri bulunan
kelimelerin  ortaklastirilmasinin ~ saglanmasi  bu
islemin amacidir. Baglaglar, imlecler, kaliplasmis
kisaltmalar g6z 6niinde bulundurularak, kelimelerin
en yalin hale getirilmis olur.

* Modelin olusturulmasi: Kelimeler kok haline
getirildikten sonra diziye donistiiriiliir. Bu diziler
“gensim” kiitliphanesinin kullanilmastyla, token
olarak nitelendirilir ve her token ic¢in bir dizin
numaras1 retilir. {lgili diziler sozliik yapisina
doniistiiriiliir. Sozliik haline gelen nesne, sonrasinda
terimlere ait frekanslar1 igeren “Korpus”a (kiilliyat)
dontstiiriiliir. Kelime frekans eslesmesinin ilk
indeksinin (0,1) anlamu ilk metin verisindeki kelime
indeksi 0 olan sézciigiin tekrarlanma sayisidir. GDA
modeli, frekans agirliklar1 belirlenmis kelimeler ve
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belirtilen konu sayisi parametresiyle olusturulur
(Onan vd., 2020).

Veri Seti

Projede kullanilan veriler 2844 satirdan
olusmaktadir. Veri  kiimesinde 2  kolon
bulunmaktadir.

Sentiment Label = (0 = Oneriden hizli kaizene,
1 = Getirisi olmayan olumlu éneri, 2 =
Degerlendirilmek tizere havale, 3 = Devreye
alinmayacak éneri, 4 = Oneri)

Is Akist

Caligilan bu yontemde her kelimenin olugma
siklig1 veya terim-siklig1 (TF), ters belge frekanst ile
carpilir ve bir siniflandiriciy1 egitmek igin 6znitelik
degerleri olarak TF-IDF puanlari kullanilir. Ayrica n-
gram modelinin bagka bir yaygin vektdr temsil
modeli oldugunu, ancak hangisinin en iyi sonug
verdigine dair kesin bir cevap olmadigi bilinmektedir,
bu verilerin performansina baglidir. Metin analizinin
asamalar1 Sekil-1’de gosterilmistir.

“Azure Machine Learning” kullanimi bu
asamalar1 gerceklestirebilmek igin tercih edilmistir.
Literatiirde de benzer farkli uygulamalart yer
almaktadir (bkz. Alrumayyan vd., 2018; Khaleg ve
Ra, 2019; Balasubramanian vd., 2021).

1-4 adimlar, metin siniflandirma modeli egitim
asamasini temsil eder. Bu asamada, metin 6rnekleri
Azure ML deneyine yiiklenir, metin temizlenir ve
filtrelenir. Temizlenen metinden farkl: tiirde sayisal
Oznitelikler ¢ikarilir ve modeller farkli 6znitelik
tirleri iizerinde egitilir. Son olarak, egitilen
modellerin performansi, goriinmeyen metin drnekleri

[JPAS

jpas@munzur.edu.tr
ISSN: 2149-0910

Yiriitme Hizmeti) kullanilarak yaymlanmig bir web
hizmeti olarak dagitilir. RRS kullanirken, ayn1 anda
yalnizca bir metin O6rnegi siniflandiriir.  BES
kullanirken, ayni anda smiflandirma igin bir grup
metin Ornegi gonderilebilir. Bu web hizmetlerini
kullanarak, biiyiik 6l¢iide gelistirilmis verimlilik i¢in
harici bir c¢alisan veya “Azure Data Factory”
kullanarak paralel olarak siiflandirma
gerceklestirebilir.

Uygulama

“Microsoft Azure ML” programi iizerinde veri
on isleme asamalarinin  akigt  Sekil-2’de
gosterilmistir. Metinler genellikle analiz edilmeden
once bir miktar 6n igleme gerektirir. Bu asama, 6zel
karakterleri ve noktalama isaretlerini bosluklarla
degistirme, biiyiik/kiiciik harfe normallestirme,
yinelenen karakterleri kaldirma, kullanici taniml
veya yerlesik durdurma sozciikleri kaldirma ve
sOzciik koklendirme gibi bir dizi istege bagli metin 6n
isleme ve metin temizleme adimini icerir. Bu adimlar,
R programlama dili kullanilarak uygulanir.

Ozel karakterleri bosluklarla  degistirmek
gerekiyorsa parametre “replace special chars” TRUE
olarak ayarlanir. Parametre
“remove duplicate chars” i¢in TRUE ayarlanir.
Sayilarin  bosluklarla degistirilmesi  gerekiyorsa
parametre  “replace numbers” TRUE  olarak

ayarlanir. Bazi metin simiflandirma gorevleri igin,
egitim icin ayirt edici Ozellikler olarak sayilar
kullanilmalidir. Metni kii¢iik harfe doniistiirmek
gerekiyorsa parametre “convert to lower case”
TRUE olarak ayarlamr. Onceden tamimlanmis bir
ortak sozciik listesi kullanarak metinden durdurma

tizerinde degerlendirilir ve bir dizi degerlendirme  soézciiklerini  kaldirmak  gerekirse,  parametre
kriterine gore en iyi model belirlenir. “remove_default stopWords”, TRUE olarak
ayarlanir.
5a ve 5b adimlarinda, en dogru model, RRS
(Request Response Service) veya BES (Toplu
Admm 5a
< .‘A\dm‘ 3? H “N-grams TF"
N-grams TF deli ile Web
ozellik gikarim T
Admm 4 hizmet: yayilim
Adim 1 Adim 2 Egitme ve
Veri hazirlama Metin 6n 15leme degerlendirme s
3 modelle JAcm 24
- ..-\du‘u 3b iz “Unigrams TF-
ng_mx_x‘ls TF- IDF” modeli ile
I‘DF : Web hizmet:
ozellik gikarim yayilum

Sekil 1. Metin analizi asamalar1
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4 Execute R Script

i.; Reader i.; Reader

/
/ =
| W =preprovesngzip

m Executz R Script

» |

. '
~ [
N |
1
T Erecuie & Script a

(@)

R Script

1 HRE A A G AR AR A I AR AR A I AR AR B AR AR AR AR ER
# Please determine the required text preprocessing steps using the following flag
replace_special_chars <- TRUE

remove_duplicate_chars <- TRUE

replace_numbers <- TRUE

convert_to_lower_case <- TRUE

remove_default_stoplWords <- FALSE
remove_given_stopllords <- TRUE

stem_words <- TRUE

EEE R I R R R X I AR EEEEEE XS

# Map 1-based optional input ports to variables

datasetl <- maml.mapInputPort(l) # class: data.frame
# get the label and text columns from the input data set
text_column <- datasetl[["text_column"]]
label_column <- datasetl[["label_column”]]

stopword_list <- NULL
result <- tryCatch({
dataset2 <- maml.mapInputPert(2) # class: data.frame
3 n a

19
20
e - P e oan e ala s

B o_laoail_ s

(b)

Sekil 2. Microsoft Azure’da veri isleme agsamalari (a) ve R kodlamalari (b)

Tanimlanmis ortak sdzciikler listesini kullanarak
metinden durdurma sozciiklerini kaldirmak gerekirse,
parametre “remove given stopWords” TRUE olarak
ayarlanir. Durdurma s6zciiklerinin uygulamaya bagl
oldugu unutulmamalidir. Yani bir kelime, bir
uygulama ig¢in sik goriilen, ayrim yapmayan bir
0zellik olarak kabul edilebilirken, bagka bir uygulama
icin anahtar dzellik olarak kabul edilebilir. Ornegin,
“iyi, koti, harika” gibi kelimeler haber makaleleri
kategorizasyonu i¢in durak kelimeleri iken duyguyu
ifade etmenin temel oOzellikleridir. Kelimeleri
koklendirmek gerekiyorsa parametre “stem words”
TRUE olarak ayarlanir.

Koklendirme, cekimli (veya bazen tiiretilmis)
kelimeleri kelime kokii, taban veya kok bigimlerine
indirgeme islemidir. Ornegin, “bagl”, “baglanmis”,
“baglanan”, “baglanmayan” kelimeleri “bagla” ile
eslestirilir.

Microsoft Azure programi iizerinde oOzellik
secimi asamalarinin akist Sekil-3’te gosterilmistir.

Egitimli bir modelin smiflandirma siiresi ve
karmasikligi, dzniteliklerin sayisina baghdir. Destek
vektor makinesi gibi dogrusal bir model icin
karmasiklik, 6zellik sayisina gore dogrusaldir. Metin
smiflandirma gorevleri igin, kelime dagarcigindaki
her bir kelime ve her bir n-gram bir O6zellige
eslendiginden, oOzellik ¢ikarimindan kaynaklanan
Ozelliklerin sayis1 yiiksektir.

Ayiklanan  karma  Ozelliklerin ~ kapsamlh
listesinden daha kompakt bir 6zellik alt kiimesi
secmek icin “Filtre Tabanli Ozellik Se¢imi”

kullanildi.  Amag, “boyutsallik”  etkilerinden
ka¢inmak ve smiflandirma dogruluguna zarar
vermeden hesaplama karmagikligimi azaltmaktir.

2”15 ayiklanan 6zelliklerden duygu etiketine gore en
alakali ilk 2.000 o6zelligi elde etmek igin, “hash”
Ozelliklerini azalan diizende siralamak i¢in Ki-kare
puani islevi kullanildi.

Ea Reader A
L
|

EHHTI Metadata Edlitor ~
®
\

:_5 Featurs Hashing' -
L
|

. ~

,@ Filter Based Featurs Selection

L
T

Sekil 3. Ozellik segimi
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B meser

D Firer sased Festure Selection /&

Sekil 4. Ozellik ¢ikarim akis

Unigrams TF-IDF 6zellik ¢ikarma islemi (Adim
3b) igin ilk olarak, metin modelini egitmek igin
kullanilacak  unigram (kelime) seti ¢ikartlir.
Unigramlara ek olarak, metin kiilliyatinda her
kelimenin goriindiigii belge sayisi sayilir (DF).

So6zIigii metin modelini egitmek i¢in kullanilan
ayni etiketli veriler lizerinde olusturmak gerekli
degildir. Hedef ile agiklama eklenmemis olsa bile
siiflandirmanin = hedef alanindaki  kelimelerin
sikligim1 adil bir sekilde temsil eden herhangi bir
bityiik biitiinliik kullanilabilir. Ozellik ¢ikariminin
Microsoft Azure iizerindeki akist  Sekil-4’te
gOsterilmistir.

Bir belgede metrik sozciik olusum sikligi (TF)
bir 6zellik degeri olarak kullanildiginda, bir korpusda
(durdurma sozciikleri gibi) sikca goriinen sozciiklere
daha yiiksek bir agirlik atanma egilimi gdsterir. Ters
belge siklig1 (IDF), sik kullanilan sozciiklere daha
diisiik bir agirlik verdigi i¢in daha iyi bir dl¢timdiir.

IDF, egitim kiilliyatindaki belge sayisinin
verilen kelimeyi igeren belge sayisina oraninin
glinliigli olarak degerlendirilir. Bu sayilar1 bir
metrikte (TF/IDF) birlestirmek, belgede sik goriilen
ancak biitiincede nadir bulunan s6zciiklere daha fazla
Onem verir.

Bu, yapilandirilmamis metin verilerini her
Ozelligin bir metin 6rnegindeki bir unigramin TF-
IDF'sini temsil ettigi esit uzunluktaki sayisal 6zellik
vektdrlerine doniistiiriir.

Hash 6zelliklerini azalan diizende siralamak i¢in
Ki-kare puani islevi kullanilmistir ve ¢ikarilan tim
unigramlardan duygu etiketine gore en alakali ilk
2.000 ozellik dondiiriilmiistiir.

Modellerin egitimi ve degerlendirilmesi islemi
su sekilde ilerlemistir; Verileri iki alt kiimeye bolmek
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icin ilk Bélme modiilii kullanilmistir. 11k alt kiime
modeli egitmek icin kullanilmistir ve ikinci alt kiime,
bir sonraki adimda gelistirme/dogrulama kiimesi ve
test kiimesine boliinmektedir.

Veriler sirasiyla %70 ve %30 olarak ayrilmistir.
Ikinci alt kiime egitilen modelin performansini
degerlendirmek igin test kiimesi olarak kullanilmistir.
%30 veri Ornegi ikiye bolinmistir. Gelistirme
setinin ve test setinin her biri girdi verilerinin %215'ini
temsil etmektedir.

“Sweep” parametreleri altinda yatan 6grenme
algoritmas1 parametrelerinin optimum degerlerini
almak i¢in 6rnek denemede parametre tarama modu,
modiiliin parametre araliklarindan bir dizi egitim
caligtirmas1 gerceklestirmek igin “Rastgele” tarama
olarak ayarlanmistir.

Her bir parametrenin olas1 tiim degerlerini
kesfetmek icin bir parametre siipiirme modu olarak
“tlim 1zgara” segenegi kullanilmustir.

Sekil-5’te “Alic1 Isletim Karakteristik Egrisi”
(ROC - Receiver Operating Characteristic Curve)
verilmistir. Makine 6grenmesinde bir siniflandirma
probleminin performansinin degerlendirilmesinde
ROC egrisinden vyararlanilir. Bu egri modelin
tahmininin ne derecede iyi oldugunu agiklar. AUC,
“ROC Egrisi altindaki alan” anlamina gelir.
Kapsanan alan ne kadar biiyiikse, makine 6grenme
modelinin verilen smiflar1 ayirt etme yeteneginin de
o kadar iyi oldugu sdylenebilir.

ROC PRECISION/ RECALL LIFT

= Scored dataset

= Scored dataset to compare

True Positive Rate

False Positive Rate

Sekil 5. ROC egrisi



Int. J. Pure Appl. Sci. 9(1);20-28 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1119552

ROC PRECISION/ RECALL LIFT

= Scored dataset

= Scored dataset to compare

8
g
£
Recall

True Positive False Negative Accuracy Precision ‘Threshold AUC

9486 2502 0.765 0.752 0.5 0.839
False Positive True Negative  Recall F1 Seore

Sekil 6. Hassasiyet/Geri ¢agirma egrisi
Sekil-6’da  Hassasiyet / Geri ¢agirma

(Precision/Recall) grafigi verilmistir. Hassasiyet/Geri
cagirma, smiflar ¢ok dengesiz oldugunda tahmin
basarisinin bir dlgiistidiir. Bilgi aliminda hassasiyet,
sonug alaka diizeyinin bir Glglisiiyken, geri ¢agirma,
gergekten alakali ka¢ sonucun dondiirtildiigiiniin bir
Olciistidiir. Egrinin altindaki yiiksek alan hem yiiksek
geri ¢cagirmay1 hem de yiiksek kesinligi (hassasiyeti)

(@)
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temsil eder; burada yiiksek hassasiyet, diisiik yanlis
pozitif oraniyla ve yiiksek geri ¢agirma, diisiik yanls
negatif oranmiyla ilgilidir. Her ikisi i¢in de yiiksek
puanlar, simiflandiricinin dogru sonuglar verdigini
(yiiksek kesinlik) ve ayrica tiim olumlu sonuglarin
¢ogunlugunu (yiiksek hatirlama) gdsterir.

Egitimli modellerin web hizmetleri olarak
dagitim akis1 ve ciktis1 Sekil-7’de gosterilmektedir.
Web hizmeti iki mod ile tiiretilebilir: RRS (istek-yanit
hizmeti) ve BES (toplu yiiriitme hizmeti). Adim 4'te
egitilmis N-gram TF metin modelini bir web hizmeti
olarak dagitilir. Web servis giris ve ¢ikis noktalari,
6zel Web Servis modiilleri kullanilarak tanimlanir.
Web hizmeti giris modiilii, deneydeki giris verilerinin
girecegi diigiime eklenir. Yirliitme R Senaryo
modiiliinde, Admm 2.2'de tanmimlanan aym
parametreler kullanilarak gerekli metin 6n isleme
adimlar belirtilir. Ozellik “hashing” modiiliinde,
“hashing Dbitsize” parametresi kullanilarak ayni
sayida bit ve Adim 3a’da tanimlanan parametre
kullanilarak ayn1 n-gram boyutu belirtilir. Web
hizmeti giris noktasi ayarlanir. Web hizmeti ¢ikis
noktast ayarlanir. Deneme tuvalinin altindaki “Web
Hizmetini Yayinla” segilir. “Unigrams TF-IDF”
tarafindan egitilmis model bir web hizmeti olarak
yayinlanarak kullanima alma islemi tamamlanmis
olur.

(b)

Sekil 7. Web hizmeti akisi (a) ve ¢iktisi (b)
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text_column

view as

ol

"Kabinin bulunmus
oldugu bélgede yanma
sensorleri
bulunmamaktadir.Yangin
sensorlerinin yakin bir
kismina

"Lazer kesimli test parcasi
nok gelmesi durumunda
acilma yuka test pargasi
Iskarta olmaktadir.Yeni
seviye lazer

'QA0T modul tzerinden
taleplerin agilmasi (Excel
rapor formati Gzerinde
calismada ve pdf dosyasi
sisteme

'30 mm denk gelicek
sekilde sablon yapilarak
1 cetvel ile konum belirleme
esnasindaki yasanan
zaman kayibinin

HER BOLGEDEN 3 ADET
OLCUM YERINE TEK BIR
ADET OLCUM ALINMASI.
(16*1)

Testler 24 saat
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4 Statistics

90
0
String Fea

Unique Values
Missing Values
Feature Type

4 Visualizations

label_column
Histogram

compare to| None

N ® W o 2 N

S & & & &

frequency

Sekil 8. “Duygu Etiketi” Histogram Grafigi

TARTISMA VE SONUC

Egitim igin gerekli veriler yiiklenip analiz
tamamlandiktan sonra Sekil-8’de gosterildigi gibi
“sentiment_label” histogram grafigi ¢ikarilmistir.

Etiketlerin temsil ettigi kiimeler asagidaki
gibidir;

0 = Oneriden hizli kaizene,

1 = Getirisi olmayan olumlu 6neri,

2 = Degerlendirilmek tizere havale,

3 = Devreye alinmayacak Oneri,

4 = Oneri

Histogram grafiginde goriildiigii gibi; en ¢ok
verilen Oneri ¢esidi “getirisi olmayan olumlu 6neri”
dir. Bu oneriler genellikle is sagligi ve giivenligi ile
ilgili olmaktadir. Ikinci siradaki en ¢ok verilen
Oneriler ise “Oneri” yani getirisi olan, firmaya kazang
saglayan onerilerdir. Ugiincii sirada “oneriden hizli
kaizene” yani c¢ok kisa siirede sonug¢ almabilen,
getirisi yiiksek oneriler bulunmaktadir. Dordiinci

sirada “degerlendirilmek {izere havale” edilen
Oneriler bulunurken, en az verilen Oneri tiiriiniin ise
“devreye alimmayacak oneriler” oldugu
goriinmektedir.

27

Gunimiizde, c¢alisan Onerileri, inovasyon
sistemlerinin kritik bilesenlerinden biri olmustur.
Calisanlar, Onerileri ile kurumsal inovasyon
sistemlerine 6nemli katkilar sunabilmektedir. Yiiksek
katilim oranlari ise genellikle performans gostergesi
olarak takip edilmektedir. Zamanla miktar1 artan
calisan Onerilerinin degerlendirilmesi ve secimi de
zorlagmaktadir.

Bu asamada, makine 6grenmesi uygulamalari
onemli katkilar sunma potansiyeline sahiptir. Yapisi
ve kurumlar agisindan Onemi itibariyle, “calisan
Onerileri”, makine Ogrenmesi uygulamalart igin
oldukc¢a uygun veri setidir ve yiiksek katma deger
saglayacak niteliktedir.

Calisan oOnerileri, maliyet avantaji ile rekabet
ortaminda olduk¢a Onem arz etmektedir. Bu
calismada otomotiv endiistrisinden bir uygulama
sunulmustur.

Y1l igerisinde sisteme gelen ¢alisan Onerilerinin
sayilar1 binleri bulmaktadir. Calisan 6nerilerinin konu
modelleme yontemleri ile degerlendirilmesi bir
zorunluluk haline gelmektedir. Farkli endiistri
uygulamalari, gelecek ¢aligmalarin konusu olabilir.
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CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catismasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢aligmanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Abstract

This study aims to determine the antimicrobial and antioxidant activities of essential oil components and
methanol extracts of Fumaria asepala Boiss. (Aksahtere) and Fumaria schleicheri Soy.-Will. subsp. microcarpa
Hausskn. (Sahtere) species grown in Turkey. While essential oils were isolated by the hydrodistillation method, the
analysis of these oils was determined by GC/MS device. According to the results obtained, the main component of the
essential oil of F. asepala is Phytol (20.74%), followed by Thymol (20.42%), Benzyl Benzoate (15.89%), and
Hexahydrofarnesyl acetone (12.92%); It was determined that the main component of the essential oil of F. schleicheri
subsp. microcarpa is Benzyl Benzoate (29.07%), followed by Hexahydrofarnesyl acetone (19.72%), n-Hexadecanoic acid
(11.40%) and Phytol (10.04%). The disk diffusion method was used to determine its antimicrobial effects. The above-
ground parts of F. schleicheri subsp. microcarpa showed the best antimicrobial effect against K. pneumoniae-ATCC
700603 (25mm), while F. asepala showed the best antimicrobial effect against S. aureus-ATCC 25923 (24mm) and K.
pneumoniae (24mm). To determine their antioxidant effects, total antioxidant level (TAS) and total oxidant level (TOS)
were determined. It was determined that the TAS value of the methanol extract of F. schleicheri subsp. microcarpa at a
concentration of 1 mg/ml was 2.8314 mmol, and the TOS value of F. asepala was 3.1610 mmol at the same concentration.
It was determined that the total oxidant levels in both species were high.

Key words: Antimicrobial activity, antioxidant capacity, Fumaria, essential oil

Tiirkiye'den Fumaria asepala Boiss. ve Fumaria schleicheri Soy.-Will. subsp.
microcarpa Hausskn. 'min Ucucu Yag Bilesenleri ile Antimikrobiyal Aktivitesi ve
Antioksidan Kapasitesinin Analizi

Oz

Bu calismada, Tiirkiye’de yetisen Fumaria asepala Boiss. (Aksahtere) ve Fumaria schleicheri Soy.-Will. subsp.
microcarpa Boiss. ex Hausskn. (Sahtere) tiirlerinin ugucu yag bilesenleri ile metanol ekstrelerinin antimikrobiyal ve
antioksidan aktivitelerinin belirlenmesi amaglanmistir. Ugucu yaglar hidrodistilasyon yontemi ile izole edilirken, bu
yaglarin analizi GC/MS cihazi ile belirlenmistir. Elde edilen sonuglara gore F. asepala’nin ugucu yaginin esas bileseninin
Phytol (%20.74) oldugu, bunu Thymol (%20.42), Benzyl Benzoate (%15.89) ve Hexahydrofarnesyl acetone (%12.92)’
m izledigi; F. schleicheri subsp. microcarpa’nin ise ugucu yaginin esas bileseninin Benzyl Benzoate (%29.07) oldugu ve
bunu sirastyla Hexahydrofarnesyl acetone (%19.72), n-Hexadecanoic acid (%11.40) ve Phytol (%10.04)’ iin izledigi
saptanmigtir. Antimikrobiyal etkilerini tespit etmek i¢in disk diflizyon yontemi kullanilmistir. F. schleicheri subsp.
microcarpa’nin toprak stii kisimlart en iyi antimikrobiyal etkiyi K. pneumoniae’e- ATCC 700603 (25mm) karst
gosterirken, F. asepala ise en iyi antimikrobiyal etkiyi S. aureus-ATCC 25923 (24mm) ve K. pnuemoniae e kars1 (24mm)
gostermistir. Antioksidan etkilerini belirlemek i¢in toplam antioksidan seviyesi (TAS) ve toplam oksidan seviyesi (TOS)
tespit edilmistir. F. schleicheri subsp. microcarpa’nin 1 mg/ml konsantrasyonda metanol ekstresinin TAS degeri 2.8314
mmol oldugu, F. asepala’nin TAS degerinin aym konsantrasyonda 3.1610 mmol oldugu tespit edilmistir. Her iki tiiriin
toplam oksidan seviyelerinin ise yliksek degerlerde oldugu belirlenmistir.

Anahtar kelimeler: Antimikrobiyal aktivite, antioksidan kapasite, Fumaria, ugucu yag
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INTRODUCTION

In recent years, the high side effects of synthetic
drugs and the search to support treatment with natural
products have brought traditional and complementary
medicine practices to the fore. It is thought that the
use of herbal products rich in biologically active
components for this purpose may be an important
alternative in reducing high drug costs (Coban et al.,
2003; Goncalves and Romano, 2016).

The World Health Organization (WHO) reported
that the number of medicinal and aromatic plants used
worldwide is approximately 20,000, of which 4,000
are widely used for therapeutic purposes, and around
2,000 medicinal/aromatic plants are traded
worldwide, and around 500 in western Europe
(Baydar, 2005; Craker et al., 2003).

Turkey; In addition to its geographical structure,
it is in an important position in terms of biological
richness and is one of the few countries with climatic
conditions suitable for the cultivation of medicinal
and aromatic plants. Turkey, with its wide area and
rich diversity of medicinal and aromatic plants, is in
a remarkable position for the trade of these plants.
Medicinal and aromatic plants exported from Turkey
or demanded in the domestic market are generally
collected from the flora of Turkey (Kan, 2005). Plant
extracts have been used by humans in traditional
medicine for thousands of years. These essential oils
obtained from medicinal and aromatic plants have an
important market in the world. Among the more than
3000 known essential oils, 300 of them have an
important place for the pharmaceutical, agricultural,
and food industries, especially; It is used in the
cosmetics and perfume industry, in the production of
soap, detergent, and toothpaste (Bayaz, 2014).

The genus Fumaria L. (Papaveraceae) consists
of about 60 species (Pérez-Gutiérrez et al., 2012) and
is widespread throughout the European continent,
particularly the Mediterranean region and Eastern and
Western Europe (Tutin et al., 2010). Fumaria species
are frequently confused with each other because they
have very similar morphological features (Paltinean
et al., 2013). Therefore, the identification of species
belonging to this genus is based on some specific
morphological character, for example, presence or
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absence of sepals, sepal length, fruit shape, fruit
length, fruit stalk, and bracteole length (Péltinean et
al., 2013; 2015). Studies have shown that Fumaria
species are extremely rich sources in terms of alkaloid
content. In addition to the alkaloid content, the
presence of different types of flavonoids, steroid
compounds, and organic acids has been determined
(Sousek and Guedon, 1999). Antifungal (Moghtader,
2013), antibacterial (Khamtache- Abderrahima et al.,
2016), and anti-inflammatory (Bribi et al., 2016)
activities of these species are mentioned in the
literature. These activities are especially dependent
on the isoquinoline alkaloids found in the plant and
protopine is the most common among them
(Vrancheva et al., 2012).

This study aims to determine the antimicrobial
and antioxidant activities and essential oil
composition of two species belonging to the genus
Fumaria used for medical purposes. This study, while
determining the essential oils in the plant, was also
aimed to determine the presence and limits of the
antioxidant capacity with the antimicrobial effect it
shows against some bacteria and fungus species.
Thus, it is aimed to contribute to the studies that have
been done and will be done about providing raw
materials for new therapeutics from plants that
naturally grow in Turkey and have medicinal
properties. In this study, antioxidant and
antimicrobial activities and essential oil content of
Fumaria asepala Boiss. and Fumaria schleicheri
Soy.-Will. subsp. microcarpa Boiss. ex Hausskn.,
which were collected from Elazig province (Turkey)
for the first time, were determined.

MATERIAL AND METHODS
Collection of the plant materials

Plant specimens were collected as flowering
plants from their natural environment in April 2021
and were brought to the Firat University Herbarium
(FUH) and identified. The collected plants were
ventilated and dried in the shade in terms of suitability
for the study. Detailed locality information and
general view of the samples are given in Table 1 and
Figure 1.



Int. J. Pure Appl. Sci. 9(1);29-37 (2023)

Research article/Arastirma makalesi
DOI:10.29132/ijpas. 1089824

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

Table 1. Detailed location information in studied taxa

Taxa Collector Collection Date  Detailed localities of taxa

Fumaria asepala PYS- 1005 13.05.2021 B7 Elaz1g: Baskil- Sancakli village inner road,
1410 m. Lat: 38°3513.061” Lon: 38°55°23.055”
(Collected samples show distribution in the same

Fumaria schleicheri subsp. PYS-1006 13.05.2021 location)

microcarpa

Figure 1. General view of F. asepala (A) and F. schleicheri subsp. microcarpa (B)

Isolation of the Essential Oils

In recent years, drying methods have been used
effectively in isothermal and non-isothermal systems
in the first step of essential oil studies. In this study,
plants were air-dried and the hydrodistillation method
was used to obtain oil from dried plants. A total of
250 g of the dried plant was used for the essential oil
obtained by using the Clevenger type apparatus for
approximately 4 hours. The resulting essential oil was
dissolved over anhydrous sodium sulfate and stored
at +4°C until analysis (Demirpolat et al., 2017).

Determination of the antimicrobial effect

In this study; Bacteria such as Staphylococcus
aureus (ATCC 25923), Klebsiella pneumoniae
(ATCC 700603), Escherichia coli (ATCC 25322),
Bacillus megaterium (DSM32) and Pseudomonas
aeruginosa (DMS 50071) and Candida albicans
(FMC17) as fungus were used. Microorganism
cultures were obtained from the culture collection of
Firat University, Faculty of Science, Department of
Biology, Microbiology Laboratory (Turkey).

Extracts were obtained from the plant samples,
which were kept by drying in the open air, after they
were powdered in a mortar, 50 g were taken and kept
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in 100 ml of 96% methanol for 2 days in a shaking
oven (Inci et al., 2021).

The antimicrobial activity of the methanol
extracts of the samples was determined by the disk
diffusion method (Collins and Lyne, 2004). Bacterial
strains (S. aureus, E. coli, K. pneumoniae, P.
aeruginosa, B. megaterium) were inoculated into the
nutrient broth (Difco) for 24 hours at 35+1°C, yeast
strain (C. albicans FMC17 in malt extract-Difco) was
incubated at 25+1°C for 48 hours. Culture of the
prepared bacteria and yeast in broth, respectively;
After being inoculated into MHA and SDA at a rate
of 1% (10° bacteria/ml, 10* yeast/ml) thoroughly
shaken, 25 ml were placed in sterile petri dishes with
a diameter of 9 cm to ensure homogeneous
distribution of the medium. Antimicrobial discs with
a diameter of 6 mm impregnated with 100 pl of
extracts (1000 pg/disc) were placed lightly on the
solidified agar medium (Erecevit Sonmez and
Cakilcioglu, 2022).

After keeping the petri dishes prepared in this
way for 1.5-2 hours at 4°C, the bacteria inoculated
plates were incubated at 37+0.1°C for 24 hours, and
the yeast inoculated plate at 25+0.1°C for 72 hours.
Standard discs were wused for the control
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(Streptomycin sulfate 10 pg / disc, Nystatin 30
ug/disc). Dimethyl sulfoxide (DMSQO) was used for
negative control. At the end of the period, the
inhibition zones formed on the medium were
evaluated in mm.
Determination of total antioxidant and oxidant
activity

Total antioxidant status (TAS) and total oxidant
status (TOS) of plant extracts were determined with
Rel Assay kits (Rel Assay Kit Diagnostics, Turkey).
TAS value was expressed as mmol Trolox equiv./L
and Trolox was used as the calibrator 15. The TOS
value was expressed as pmol H202 equiv./L and
hydrogen peroxide was used as the calibrator 16.

RESULTS AND DISCUSSION

The analysis of the essential oil obtained by
hydrodistillation of the aerial parts of F. asepala and
F. schleicheri subsp. microcarpa examined in this
study was carried out using the GC-MS technique. As
a result of the analysis of this oil obtained, 31
components in F. asepala and 26 components in F.
schleicheri subsp. microcarpa were determined in
total. While these components constitute
approximately 90.36% of the total fat in F. asepala,
they constitute approximately 91.05% of the total fat
in F. schleicheri subsp. microcarpa. The essential oil
yield of the plant was determined as 0.2% (v/w) in F.
asepala and 0.3% (v/w) in F. schleicheri subsp.
microcarpa. For F. asepala, the major components of
the essential oil are respectively; Phytol (20.74%),
Thymol (20.42%), Benzyl Benzoate (15.89%), and
Hexahydrofarnesyl acetone (12.92%). For F.
schleicheri subsp. microcarpa; Benzyl Benzoate
(29.07%), Hexahydrofarnesyl acetone (19.72%), n-
Hexadecanoic acid (11.40%), and Phytol (10.04%).
It has been determined that other components in the
essential oil are present in small amounts and show
gualitative and quantitative changes. Data showing
the detailed essential oil components of the plants are
given in Table 2.

The antimicrobial effects of methanol extracts of
the aerial parts of F. asepala and F. schleicheri subsp.
microcarpa are shown in Table 3. Antimicrobial
effects of methanol extracts of aerial parts of F.
asepala and F. schleicheri subsp. microcarpa; It has
been studied against E. coli, S. aureus, K.
pneumoniae, B. megaterium, P. aeuriginosa, and C.
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albicans. According to the results obtained, the
methanolic extract of F. schleicheri subsp.
microcarpa formed 20 mm, 21 mm, 25 mm, 19 mm,
20 mm, and 18 mm inhibition zones against the
studied microorganisms, respectively while the
methanolic extract of F. asepala also formed an
inhibition zone of 19 mm, 24mm, 24mm, 16mm,
19mm, and 15 mm, respectively, against the studied
microorganisms. In Streptomycin sulfate 10 pug/disc
used as a control, it is antimicrobial effect was at
different rates against E. coli (30mm), S. aureus
(20mm), K. pneumoniae (19mm), B. megaterium
(25mm), P. aeuriginosa (25mm) while Nystatin 30
ug/disc formed a 20mm inhibition zone against C.
albicans. The aerial parts of F. schleicheri subsp.
microcarpa showed the best antimicrobial effect
against K. pneumoniae, while F. asepala showed the
best antimicrobial effect against S. aureus and K.
pneumonia.

The TAS value of the methanol extract of F.
schleicheri subsp. microcarpa at a concentration of 1
mg/ml was calculated as 2.8314 mmol and the TOS
value as 11.4030 umol. The TAS value of the
methanol extract of F. asepala at the same
concentration was determined as 3.1610 mmol and
the TOS value as 12.7724 umol (Table 4).

The results obtained showed that the total
antioxidant levels in both species were very good,
however, the total oxidant levels were high.

So far, no study available in the scientific
literature has provided sufficient data on the
antimicrobial and antioxidant activity of F. asepala
and F. schleicheri subsp. microcarpa with
comprehensive phytochemical analyzes. In this
study, we tried to determine the essential oil
components and antimicrobial and antioxidant
activities of F. asepala and F. schleicheri subsp.
microcarpa grown in Turkey for the first time. Phytol
(florasol, phytosol), which is a major element in the
chemical content of F. asepala, is acyclic diterpene
alcohol that can be used as a precursor for the
production of synthetic forms of vitamin E (Netscher,
2007) and vitamin K; (Daines et al., 2003). Thymol
(also known as 2-isopropyl-5-methylphenol, IPMP)
is a natural monoterpenoid phenol derivative and
isomeric to carvacrol, mostly found in thyme oil and
as a white crystalline substance with a pleasant
aromatic odor and strong antiseptic properties.
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Table 2. Constituents of the essential oils from F. asepala and F. schleicheri subsp. microcarpa

No RT RI NAME F. asepala F. schleicheri
subsp. microcarpa
1. 1222 965 Hydroperoxide, 1-ethylbutyl 0.86 0.66
2. 18.14 1098 Linalool, 0.60 0.25
3. 12.69 1213 o - terpineo| 0.83 0.59
4. 12.87 1295 Thymol 20.42 4.78
5. 33.52 1320 E-p-Damascenone 0.57 -
6. 33.80 1324 10,12-Docasadyndioic acid 0.26 -
7. 38.00 1390 trans-p-lonone 0.65 0.20
8. 41.09 1411 Dodecylamine - 0.23
9. 43.08 1420 Dodecanoic acid - 0.48
10. 45.53 1428 14-B-H-Pregna 0.25 0.36
11. 46.48 1501 2-Pentadecanone 0.33 0.54
12. 46.98 1629 14-Methyl-8-hexadecyn-1-ol 1.40 -
13. 47.09 1630 Tetramethyl-2-hexadecen-1-ol - 0.46
14. 48.03 1643 Phytol acetate - 0.16
15. 49.06 1760 Benzyl Benzoate 15.89 29.07
16. 50.53 1804 2-Ethylhexyl salicylate 0.24 1.56
17. 50.98 1820 1-Hentatracontanol - 0.63
18. 51.16 1824 Isopropyl myristate 0.34 0.45
19. 51.62 1830 Neophytadiene 0.42 -
20. 51.84 1833 Hexahydrofarnesyl acetone 12.92 19.72
21. 52.98 1844 Phthalic acid - 0.22
22. 53.39 1854 Homosalate 0.42 0.62
23. 53.76 1858 Heptadecanenitrile 0.78 -
24. 54.10 1905 Malonic acid, 2-butyl decyl ester 0.41 -
25. 54.43 1909 Farnesyl Acetone B 1.95 -
26. 54.63 1912 Hexadecanoic acid, methyl ester 0.29 -
27. 55.19 1920 Tetrapentacontane 0.64 -
28. 55.41 1925 Isopyhtol - 2.62
29. 55.56 1929 Hexacosane 0.35 -
30. 55.87 1938 n-Hexadecanoic acid 0.69 11.40
31. 57.05 1943 1-Decanol, 2-hexyl- 0.29 -
32. 59.75 2000 Oleanitrile 0.50 -
33. 60.18 2060 9-Octadecen-1-ol, (2)- 1.42 0.28
34. 60.32 2100 Pentacosane 1.69 2.78
35. 60.49 2105 fy-Pa|mito|actone 2.57 0.25
36. 60.63 2120 Palmitaldehyde, diallyl acetal - 0.23
37. 60.75 2132 2-Nonadecanol 0.19 -
38. 60.91 2145 Phytol 20.74 10.04
39. 61.43 2150 Kinome - 2.47
40. 61.67 2154 (3E,5E,7E)-6-Methyl-8-(2,6,6-trimethyl-1-  1.45 -
cyclohexenyl)
Total 90.36 91.05
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Table 3. Antimicrobial effect of F. asepala and F. schleicheri subsp. microcarpa

Microorganism Fumaria Fumaria Standart Control
asepala (mm) schleicheri subsp. (mm)
microcarpa (mm)
E. coli 19 20 30 **
S. aureus 24 21 20 **
K. pneumoniae 24 25 19 **
B. megaterium 16 19 25 **
P. aeuriginosa 19 20 25 **
C. albicans 15 18 20 *

**Streptomycin sulfate (10 mg/disc) and *Nystatin (30 mg/disc) were used as standard antibiotic discs. The diameter of
the paper discs was 6 mm.

Table 4. TAS and TOS values of aerial parts of F. schleicheri subsp. microcarpa and F. asepala

TAS (mmol Trolox TOS (nmol H20>
equiv./L) equiv./L)

F. asepala-MetOH 3.1610 12.7724

F. schleicheri subsp. microcarpa-MetOH 2.8314 11.4030

Benzyl Benzoate (29.07%), which is a major
element in F. schleicheri subsp. microcarpa, is an
organic compound that is mostly used as a raw
material for the treatment of skin diseases and is also
known to have an insect repellent effect (Knowles,
1991; Stuart et al., 2009). Another major component,
Hexahydrofarnesyl acetone (also known as phytone)
(19.72%), is a sesquiterpene (Avoseh et al., 2021;
Wei et al., 2016) with antibacterial, anti-nociceptive
and anti-inflammatory activities.

When we look at the literature, Ashnagar et al.
(2007) investigated the essential oil content of F.
parviflora Lam., collected from the south of Iran. As
a result of the study, the major components in the
essential oil were found to be hexadecanoic acid
23.2%, Octadecane 13.2% Farnesyl acetate 8%, a-
Cadinol 7.7%. According to the results of our study,
hexadecanoic acid was found to be 0.69% in F.
asepala and 11.40% in F. schleicheri subsp.
microcarpa. In our study, thymol compound, which
was found as 20.42% in F. asepala and 4.78% in F.
schleicheri subsp. microcarpa, was determined as
0.7% according to Ashnagar et al (2007). It is thought
that this difference is due to the difference of the place
and time of collection and the plant species. Paltinean
et al. (2017) also investigated the chemical
composition of some Fumaria species (F. jankae
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Hausskn., F. vailantii Loisel., F. schleicheri Soy.-
Will., F. officinalis L., F. rostellata Knaf, F.
capreolata L.). According to the results they
obtained, it was revealed that Fumaria species
contain phenolic acids and high amounts of
flavonoids. Rutin and isoquercitrin were found as the
main compounds in the studied species. Vrancheva et
al. (2014) analyzed the primary metabolites of 5
different Fumaria species grown in Bulgaria and
identified ten carbohydrates, one polyol, ten amino
acids, and six organic acids in polar fractions. They
stated that these data could be useful in the
chemotaxonomic classification of Fumaria species.
Adhama et al. (2021) revealed that F. officinalis has
a strong cytotoxic effect against some cell lines.
Sofiane and Seridi (2021) looked at the chemical
content of Fumaria capreolata L. grown in Algeria,
and as a result of the phytochemical screening carried
out on the above-ground part of the plant, the richness
of this plant in terms of secondary metabolites such
as alkaloids, catechic tannins, sterols, and terpenes
was revealed.

It was determined that methanol extracts of F.
asepala and F. schleicheri subsp. microcarpa had an
antioxidant effect at a concentration of 1 mg/ml
(Table 4). In previous studies, it was determined that
Fumaria species contain high amounts of phenolic


https://species.wikimedia.org/wiki/Loisel.

Int. J. Pure Appl. Sci. 9(1);29-37 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1089824

acids and flavonoids (Paltinean et al., 2017). It has
been reported that the DPPH radical scavenging
effect of different fractions of F. officinalis has an
IC50 value of 15.74-41.72 ug/mL and total
antioxidant levels of 2.40-14.23 mg EAA/g DM
(Khamtache-Abderrahim et al., 2016). It was
determined that the percent inhibition of the DPPH
radical scavenging effect of the ethyl acetate extract
of F. vaillantii was 83.41% (lvan et al., 2014). The
antioxidant effect of methanol extracts of the aerial
parts of F. officinalis was reported as 78.93% (Sengiil
et al., 2009). The IC50 value of the DPPH radical
scavenging effect of F. indica was calculated as 62.91
ug/ml (Landry et al. 2021). The antioxidant effects of
alkaloid extracts of F. bastardii and F. capreolata
were found to be 86% and 45.6% (Maiza et al., 2007).
It has been reported that the antioxidant effect of the
ethanol extract of Fumaria capreolata is 72.35%
(Orhan et al., 2012). From the studies, it is thought
that Fumaria species have antioxidant effects (Sengul
etal., 2009; lvan et al., 2014; Khamtache-Abderrahim
et al., 2016; Landry et al., 2021) and this is due to
their phenolic acids, flavonoids, and alkaloids (Maiza
etal., 2007; Orhan et al., 2007; Paltinean et al., 2017).

When we look at the chemical content of F.
asepala and F. schleicheri subsp. microcarpa, it is
seen that they have very valuable components. Many
of these components have strong antioxidant and
antimicrobial effects in the literature. In this study,
the efficacy of the methanolic extract of the plant
against various pathogenic microorganisms was also
tested. According to the test results obtained, it has
been observed that it has an antimicrobial effect at
certain rates against all tested microorganisms. It is
thought that its strong antimicrobial effect is due to
these valuable chemical components.

It was determined that methanol extracts of F.
asepala and F. schleicheri subsp. microcarpa had
antimicrobial effects at different rates (15-25 mm)
against the microorganisms used (Table 3). In
previous studies, it has been reported that different
fractions of F. officinalis have antimicrobial effects
against Propionibacterium acnes, Acinetobacter
calcoaceticus, Corynebacterium Xerosis
(Khamtache-Abderrahim et al., 2016). It has been
determined that F. vaillantii forms an inhibition zone
in the range of 8-28 mm against A. flavus at different
concentrations (Moghtader, 2013). Methanol extracts
of the aerial parts of F. officinalis formed a 10mm and
15mm inhibition zone against P. aeruginosa and S.
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aureus, espectively (Sengul et al., 2009). It has been
determined that alkaloid extracts of Fumaria bastardii
and Fumaria capreolata have antimicrobial effects
against S. aureus, K. pneumoniae, P. aeruginosa, and
E. coli (Maiza and Bribi, 2012). Fuyuziphine alkaloid
obtained from F. indica was used against the
development of some fungi that cause diseases in
plants and very effective results were obtained
(Pandey et al., 2007). It has been reported that F.
vaillantii and F. vulgaris have antimicrobial effects at
different rates (8.5-19.5mm) against S. aureus, B.
cereus, E. coli, K. pneumoniae, S. flexneri, E.
aerogenes, P. aeruginosa, S. marcescens, P. vulgaris
at a concentration of 480 mg/ml (Jaberian et al.,
2013). When the results obtained are compared with
previous studies, it is seen that the results show
differences (Sengul et al., 2009; Maiza and Bribi,
2012; Moghtader, 2013; Jaberian et al., 2013;
Khamtache-Abderrahim et al., 2016). The
biochemical contents of Fumaria species, the
solvents used and the differences in microorganisms
affect the antimicrobial results (Kirbag et al., 2013).
Stanojevi¢ et al (2018) investigated the antioxidant
and antimicrobial activity of the aqueous extract of F.
officinalis in 2018. In their study using 7 different
microorganisms, they stated that the plant extract
showed the strongest antimicrobial effect, especially
against C. albicans, and also had high antioxidant
activity when they measured the effectiveness using
the DPPH method (Stanojevié et al., 2018; Karaaslan
etal., 2018).

CONCLUSION

In conclusion, as a result of a detailed literature
review, it is understood that the genus Fumaria is a
plant group with high medicinal properties. It is seen
that there are quite a lot of studies in the literature
using the genus Fumaria, and these mostly include
antimicrobial, antioxidant, anti-inflammatory,
hepatoprotective, antihelminthic, analgesic, essential
oil, and cytotoxic studies. However, it is seen that
there is no study using F. asepala and F. schleicheri
subsp. microcarpa species that we used in our study.

In this study, essential oil components,
antimicrobial effects, and antioxidant activities of F.
asepala and F. schleicheri subsp. microcarpa were
studied for the first time by us and very valuable
findings were obtained and brought to the literature.
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Oz

Gelisen teknolojik durumlara bagl olarak, insanlarin alternatif 1sitma yontemleri kullanma egilimleri artmaktadir.
Mevcut ¢aligmada, limon kabugu tozundan, 3 farkl: asit tiirii (siilfirik, hidroklorik ve nitrik asit) kullanilarak ayarlanmis
sabit pH 1.5 degerinde, sabit kati:s1vi oraninda (1:40) ve 10 V/cm voltaj gradyaninda 20 °C den 80 °C ye kadar 1sitilmasi
ve 80 °C ekstraksiyon sicakliginda 10 dakikalik islem siiresi sonunda elektriksel iletkenlik degerinin degisimini ve asit
tiirtiniin pektin verimi {izerine etkisinin incelenmesi amaglanmistir. Yapilan degerlendirme sonucunda, 6rneklerin ohmik
1sitma destekli ekstraksiyon sisteminde 1sinma siirelerinin 199 ile 252 s arasinda degistigi, elektriksel iletkenlik degerinin
ise 0.89 ile 2.10 S/m arasinda degistigi belirlenmistir. Ek olarak, sicaklik degeri arttikca 3 farkl asit tiirii i¢inde elektriksel
iletkenlik degerinin artis gosterdigi tespit edilmistir. Bunun yani sira ohmik 1sitma destekli ekstraksiyon islemi
kullanilarak 3 farkli asit tiirii i¢in % pektin verimi degerlerinin %8.88 ile %10.72 arasinda degistigi ve en yliksek pektin
veriminin siilfiirik asit ¢ozeltisi kullanilarak gergeklestirilen ekstraksiyon isleminde elde edilmistir. Farkli asit tiirii
kullaniminin 1sinma siiresi, elektriksel iletkenlik ve pektin verimi {izerine anlamli bir etkiye sahip oldugu (p<0.05), ancak
1sinma enerjisi ve toplam harcanan enerji degerleri iizerine ise anlamli bir etkiye sahip olmadig1 belirlenmistir (p>0.05).
Elde edilen bulgular sonucunda ohmik 1sitma destekli ekstraksiyon sistemi kullanilarak pektin ekstraksiyon isleminin
bagarili bir sekilde yapilabilecegi tespit edilmistir. Giincel 1sitma yontemlerinin bu tarz triinlerin ekstraksiyonunda

kullanilmasinin literatiire ciddi katki saglamasi beklenmektedir.

Anahtar Kelimeler: Ekstraksiyon, elektriksel iletkenlik, hidroklorik asit, nitrik asit, stlfirik asit

Investigation of Pectin Production by Ohmic Heating Assisted Extraction
Method Using Different Types of Acids from Lemon Peel Powder

Abstract
Depending on the developing technology, people's use of alternative heating methods is increasing. In the present
study, a solution of lemon peel powder prepared with 3 different acids (sulphuric, hydrochloric, and nitric acid) was
heated from 20 °C to 80 °C at a constant pH of 1.5, solid: liquid ratio (1:40), and a voltage gradient of 10 V/cm. It is
aimed to investigate the change of electrical conductivity value and the effect of acid type on pectin yield at the end of 10
minutes of processing time at 80 °C extraction temperature. As a result of the experiments, the heating times of the
samples in the ohmic heating-assisted extraction system varied between 199 and 252 s, and the electrical conductivity
values varied between 0.89 and 2.10 S/m. In addition, the electrical conductivity value increased in 3 different acid types
as the temperature value increased. Also, pectin yield values for 3 different acid types varied between 8.88% and 10.72%,
and the highest pectin yield was obtained in the extraction process obtained from the solution prepared with sulfuric acid.
It was determined that the use of different acid types had a significant effect on the heating time, electrical conductivity,
and pectin yield (p<0.05) but did not have a significant effect on the heating energy and total consumed energy (p>0.05).
According to the results, it has been determined that pectin extraction can be done successfully using the ohmic heating-
assisted extraction system. It is expected that the data obtained from the use of current heating methods in the extraction

of such products will make a serious contribution to the literature.

Keywords: Extraction, electrical conductivity, hydrochloric acid, nitric acid, sulphuric acid
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GIRIS

Diinya limon tiretimi 2020 yilinda 1188517 tonu
Tiirkiye'de olmak {izere 21353502 ton olarak
gerceklesmis ve bu deger ile Tiirkiye diinyada en ¢ok
limon iireten iilkeler siralamasinda altinct sirada yer
almigtir (FAO, 2020). Ayirma islemlerinde en ¢ok
tercih edilen yontemlerden birisi ekstraksiyon
islemidir. Bir veya daha fazla degerli maddenin kati
ve/veya sivi haldeki bir ¢oziicli ile uzaklastirilmast
olay1 olarak da kisaca agiklanabilir (Geankoplis,
2003). Pektin; yesil olmayan bitkilerin ve meyvelerin
hiicre duvarlarinda bulunan galakturonik asit
molekiillerinin  birbirlerine diiz zincir halinde
birlesmesi ile olusan kompleks polisakkarit yapidaki
bir maddedir. Ticari olarak pektin; elma ve turunggil
kabuklarinin posasindan ekstraksiyon yontemi ile
elde edilmekte ve suda ¢oziinebilir bir forma sahiptir
(Tektas Tasan ve Akpinar, 2020). Pektinler jel
olusturabilme o&zelliginden dolay1 regel ve jole
yapiminda, kivam arttiricit 6zelliginden dolay1 salga
ve krem peyniri gibi gidalarda katki maddesi olarak
ve meyve tadini arttirici etkisinden dolay1 da meyveli
yogurtlarda tercih edilmektedir (De Vries ve ark.,
1986). Geleneksel olarak asidik ortamda hedef
ekstraksiyon sicakligina getirilen pektin igeren
kabuklar daha sonra bu sicaklikta belirli bir siire
bekletilerek ekstraksiyon islemi tamamlanmaktadir.
Geleneksel ekstraksiyon islemlerinde, yiiksek 1s1l
islem ve ekstraksiyon siiresinin uzun olmasi ile kalite
kayiplar1 meydana gelmektedir. Ek olarak, geleneksel
ekstraksiyon islemlerinin atik su olusumu, Kkalite
kayiplart  ve diisik enerji  verimliligi  gibi
dezavantajlara sahip olmasi nedeniyle, literatiirde
alternatif yontemler kullanilarak gerceklestirilen
ckstraksiyon ~ ¢alismalarimin ~ giderek  arttigi
gozlemlenmektedir (Bélafi-Bako ve ark., 2011;
Cilingir ve ark., 2021; Gavahian ve ark., 2021; Tektas
Tasan ve Akpinar, 2020). Bu alternatif yontemler
arasinda ultrases, vurgulu elektrik alan ve hidrostatik
basing gibi 1s1l olmayan tekniklerin yami sira
mikrodalga ve ohmik 1sitma gibi alternatif elektriksel
1sitma yontemleri de yer almaktadir (Gavahian ve
ark., 2021; Sarah ve ark., 2018; Yang ve ark., 2019).
Mevcut ¢alismada ohmik 1sitma destekli ekstraksiyon
islemi kullanilarak limon kabugu tozundan pektin
tretiminin yapilmasi planlanmustir.

Ohmik 1sitma islemi ayrica literatiirde joule
1sitma, elektriksel direng 1sitma veya dogrudan
elektriksel ~ direng¢  1sitma  gibi  isimlerle
adlandirilmaktadir. Ohmik 1sitma islemi; iki elektrot
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arasinda bulunan gida maddesinden alternatif akim
gecirilerek {irlin  igerisinde 1s1 jenerasyonunun
meydana gelmesine ve bunun sonucunda da tiriiniin
1sitilmasi prensibine dayanmaktadir. Ayrica ohmik
1sitma islemi hizli, homojen ve verimli 1sitma olarak
da bilinmektedir (Igier, 2012). Ohmik 1s1tma islemi
gida maddelerinin  1sitilmasi,  pastdrizasyonu,
sterilizasyonu, ekstraksiyonu, haglamasi,
evaporasyonu ve pisirilmesi amaciyla yaygin bir
sekilde kullanilmaktadir (Ari¢ Siirme ve Sabanci,
2021; Baysal ve ark., 2011; Cevik ve Icier, 2021;
Goksu ve ark., 2022; Icier ve ark., 2017a;2017b;
Sabanci, 2020). Yazarlarin bilgisi dahilinde ohmik
1sitma destekli ekstraksiyon islemi ile pektin eldesi
konusunda sinirli sayida ¢alisma bulunmaktadir. Bu
nedenle bu c¢alismada, giincel elektriksel 1sitma
tekniklerinden olan ohmik 1sitma  destekli
ekstraksiyon islemi ile farkli asit tiireleri kullanilarak
pektin iiretiminin yapilmasi planlanmustir.

Bu ¢alismada, limon kabugu tozundan 3 farkl
asit ¢oOzeltisi (siilfirik, hidroklorik ve nitrik asit)
igerisinde sabit pH, voltaj gradyani, ve Kkati:sivi
oraninda 80 °C sabit ekstraksiyon sicakliginda 10
dakika ekstraksiyon isleminin gergeklestirilmesi ve
farkli asit tiriiniin pektin verimi ve elektriksel
iletkenlik (ET) degerleri iizerine etkisinin incelenmesi
amaclanmistir.

MATERYAL VE METOT
Materyal

Ohmik 1sitma ile ekstraksiyon isleminde pektin
iiretmek icin limon kabugu tozlar1 kullanilmistir. Bu
calismada kullanilan limonlar yerel bir manavdan
temin edilmistir ve bir dize isleme tabi tutulmustur.
Bunlar sirasiyla yikama, kurulama, ayiklama, soyma
ve dilimleme islemleridir. Daha sonra elde edilen
limon kabuklar1 55 °C’de tepsili kurutucuda (TK 10
Lab Model, Eksis Makine, Tiirkiye) 24 saat boyunca
kurutulmustur. Kurutulan 6rnekler ¢ekigli degirmen
(Armfield, Ingiltere) yardimiyla toz haline getirilmis
ve 500 mikron elekten gegirilerek limon kabugu tozu
elde edilmigtir. Limon tozu o&rnekleri 30 g’lik
vakumlanabilir posetler icerisinde vakum makinesi
(Lipovak, MV-20/30 Tirkiye) yardimi ile
vakumlanmistir. Vakumlanan posetli Orneklerin
1siktan muhafaza edilmesi amaciyla da aliiminyum
kapli polietilen folyolar ile kaplanmis ve ekstraksiyon
isleminde kullanilincaya kadar serin bir ortamda
depolama islemine tabii tutulmustur.
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Ohmik Isitma Destekli Ekstraksiyon Yontemi

Ekstraksiyon igleminde kullanilan ohmik 1sitma
destekli ekstraksiyon sisteminin sematik gosterimi
Sekil 1'de verilmistir. Ohmik 1sitma sistemi
bilgisayar, test hiicresi, elektrotlar, gii¢ kaynagi, 6zel
yapim mikroigslemci ve T-tipi 1s1l eslerden (Cole
Parmer, Ingiltere) olusmaktadir Ohmik 1sitma
destekli ekstraksiyon sisteminde 0-360 V ¢alisma
araligina sahip hassas ayarlanabilir bir varyak sistemi
kullanilmigtir. Kullanilan test hiicresinin boyutlar
70x70x60 mm olup polioksimetilen (POM)
malzemeden yapilmis ve 60x1x150 mm boyutlarinda
titanyum elektrotlar kullanilmistir. Ekstraksiyon
islemi sirasinda sicaklik, voltaj ve akim degerlerini
ayn1 anda kaydetmek i¢in 6zel olarak tasarlanmis bir
mikroislemci kullanilmustir.

1. Bilgisayar

2. Mikroiglemci
3. Isil Eg

4. Test Hiicresi

5. Kangtinici

6. Gii¢ Kaynag:
7. Elektrotlar

=

-
—_
-

2

-

Sekil 1. Ohmik 1sitma destekli ekstraksiyon sisteminin
sematik gosterimi

Ohmik 1sitma destekli ekstraksiyon islemi, sabit
voltaj gradyaninda (10 V/cm), sabit ekstraksiyon
sicakligi (80°C) ve pH’t 1.5 degerine siilfirik
(H2SOy), hidroklorik (HCI) ve nitrik asit (NHs) ile
ayarlanmis 120 ml’lik  ¢ozelti  igerisinde
gerceklestirilmigtir. Ekstraksiyon isleminde, limon
kabugu tozu Ornekleri sabit kati:sivi oraninda (1:40
g/ml) ve sabit bekletme siiresinde (10 dakika)
ekstraksiyon islemine tabii tutulmustur. Ekstraksiyon
islemi boyunca temasl sicaklik gecmisi izole edilmis
T tipi (Cole Parmer, Ingiltere) 1s1l esler kullanilarak
alimmis ve 6zel tasarim bir mikroislemci yardimiyla
veriler kaydedilmistir. 80 °C ekstraksiyon sicakligina
kadar 1sitilan 6rnek daha sonra ag-kapa yapilarak
sabit sicaklik (80°C) degerinde tutulmustur.
Ekstraksiyon islemi sirasinda ornekler igerisinde
topaklanmay1 6nlemek amaciyla manyetik karistirict
yardimiyla 100 rpm’de  karigtirma  islemi
uygulanmistir.
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Pektin Ekstraksiyonu

Pektin elde etmek amaciyla limon kabugu tozu
ornekleri ohmik 1sitma destekli ekstraksiyon islemine
maruz birakilmigtir. Ekstraksiyon islemi sabit voltaj
gradyaninda (10 V/cm), sabit ekstraksiyon sicakligi
(80°C) ve pH’t 1.5 degerine siilfirik (H2SO.),
hidroklorik (HCI) ve nitrik asit (NH3) ile ayarlanmis
120 ml’lik ¢dzelti igerisinde gergeklestirilmistir.
Ekstraksiyon  islemi sonunda erlene alinan
numuneler, ilk once buzdolabinda (+4°C ortam
kosullarinda) sogutulmustur. Daha sonra 6000 rpm de
caligan sogutmali santrifiij (Centurion Scientific,
K241R, Ingiltere) ile 15 dakika boyunca
santrifiijlenmistir. Elde edilen sivi kisim, 500 ml
erlenlere alinmig ve tizerine 120 ml %96 (v/v) etanol
eklenerek +4°C’de 2.5 saat bekletilmistir. Daha sonra
¢oktiriilmiis pektin ¢ozeltilerinde kalan kirliliklerin
uzaklastirilmasi i¢in 1 kez %70 etanol %0.5 HCI
¢ozeltisi ile yikanmis ve sonra 60 ml %96 etanol
cozeltisi ile de iki kez daha yikama iglemine tabii
tutulmusgtur. Daha sonra elde edilen nemli pektinler
50°C’de kurutma ortaminda etiiv (Niive, Tirkiye)
igerisine konularak sabit tartim agirligina gelinceye
kadar en az 24 saat kurutma islemine tabii
tutulmustur. Kurutma islemi sonrasinda kalan {iriiniin
agirlig1 hassas terazi yardimiyla Ol¢iilmiis ve elde
edilen pektinlerin kiitlesi mg cinsinden tespit edilmis
ve pektin verimi Esitlik 1 kullanilarak hesaplanmustir.

Pektin agirligt

Pektin verimi (%) = 100

Ornek agirligy @
Efektif  Elektriksel
Belirlenmesi

Ohmik 1sitma destekli ekstraksiyon islemi ile
pektin iiretimi sirasinda elektriksel iletkenlik (EI)

lletkenlik  Degerlerinin

degerlerindeki degisim Esitlik 2 yardimi ile

hesaplanmistir.

Elektriksel iletkenlik (3) =2 x - @)
m Vv A

Burada I, V, L ve A degerleri sirasiyla akim (A),
voltaj (V), iki elektrot arasindaki mesafeyi (m) ve
elektrot temas yiizey alanim (m?) temsil etmektedir.
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Isinma ve Toplam Harcanan Enerji Degerlerinin
Belirlenmesi

Farkli islem kosullarinda uygulanan
ekstraksiyon islemi boyunca gerekli olan 1sinma
enerjisi (Esitlik 3) ve ekstraksiyon iglemi boyunca
harcanan toplam enerji (Esitlik 4) miktar1 6zel tasarim
kapali ¢evrim mikroiglemci yardimiyla tespit
edilmigstir. Issnma ve toplam harcanan enerji miktari;
voltaj (V, volt) ve akim (I, amper) degerleri
kullanilarak Esitlik 3 ve 4 yardimi ile Joule cinsinden
belirlenmistir.

Isinma Enerjisi (J) = ZVIt,ginma (3)
Toplam Harcanan Enerji (J) =
VI tlsmma+ekstraksiyon (4)

Burada, V voltaj (volt) ve T akim (amper), tisnma
1sInma i¢in gegen siireyi (8), tismmatekstraksiyon 1€ 1S1NMa
ve ekstraksiyon igin gegen toplam siireyi (s) ifade
etmektedir.

Istatistiksel Degerlendirme

Sonuglarin istatistiksel degerlendirmesi SPSS 23
(IBM, 2015, USA) paket programi kullanilarak
gergeklestirilmistir. Farkli tiretim kosullarmin etkisi
tek yonlii varyans analizi kullanilarak Duncan testi ile
belirlenmistir. Giiven diizeyi %95 olarak alinmis ve
her bir analiz en az 3 tekerriir halinde yapilmustir.

TARTISMA VE SONUC
Isinma Siiresi ve Sicaklik Degerlerindeki Degisim
Limon kabugu tozundan 3 farkli asit ¢ozeltisi
(stlfiirik, hidroklorik ve nitrik asit) ortamindaki
iiretim kosullar1 dikkate alinarak pektin {iretiminin 20
°C’den 80 °C’ye kadar 1sinma siiresi ve ortalama
sicaklik degisimleri Tablo 1’de verilmistir. Hedef
sicakliga ulasmasi i¢in gerekli olan 1sinma siiresi,
siilfiirik asit i¢in 210+9.4 saniye oldugu, hidroklorik
asit i¢cin 252+10.2 saniye oldugu ve nitrik asit i¢in ise
199+8.6 saniye arasinda degistigi tespit edilmistir
(Tablo 1; p<0.05). En uzun 1sinma siiresi 252 s ile
HCIl asit ¢ozeltisi  kullanilarak — gerceklestirilen
ekstraksiyon igleminde, en kisa 1sinma siiresi ise 199
s ile HNO;3 asit ¢ozeltisi kullanilarak gergeklestirilen
ekstraksiyon isleminde elde edilmistir. Ekstraksiyon
isleminde farkli asit tiirli kullaniminin 1sinma siiresi
iizerine istatistiksel olarak anlamli bir farkliliga sahip
oldugu belirlenmistir (Tablo 1; p<0.05).
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Ohmik 1sitma destekli ekstraksiyon islemi
kullanilarak pektin ekstraksiyonu sirasinda 1sinma
stiresi ve 10 dakikalik iglem sonunda harcanan enerji
degerleri de Tablo 1’de verilmistir. Ohmik 1sitma
destekli ekstraksiyon islemi igin gerekli 1sinma
enerjisinin  38967-40097 J arasinda degistigi ve
kullanilan farkli asit tlirtintin 1sinma igin gerekli olan
enerji degerleri arasinda istatistiksel olarak anlamli
bir farkliliga sahip olmadigi tespit edilmistir (Tablo 1;
p>0.05). Ek olarak, toplam harcanan enerji
degerlerinin ise 58756-59428 J arasinda degistigi ve
farkli asit tlirli kullaniminin toplam harcanan enerji
degerleri lizerine istatistiksel olarak anlamli bir
farkliliga sahip olmadig: tespit edilmistir (Tablo 1;
p>0.05).

Ohmik 1sitma destekli ekstraksiyon islemi
siiresince sicaklik dagilimlari incelenmis ve ohmik
1sitma destekli ekstraksiyon islemi boyunca farkli asit
ortamindaki sicaklik degerlerindeki degisim Sekil
2’de verilmistir. Ttim bunlara ek olarak, ekstraksiyon
islemi boyunca farkli tiretim sartlarina ait sicaklik
degerlerindeki degisiminin ortalama ve standart
sapma degerleri Tablo 1‘de verilmistir. Genel olarak
degerlendirildiginde, Sekil 2 de goriilecegi iizere,
ekstraksiyon sicakliklarinin 80+0.7 °C civarinda
oldugu ve kontrollii bir ekstraksiyon islemi saglandigi
tespit edilmistir.

Literatiirde  bulunan  benzer  caligsmalar
incelendiginde, Saberian ve ark., (2017) yapmus
oldugu portakal suyu atigindan pektin iiretimi
ekstraksiyon ¢alismasinda, 1:20 g/ml kati:siv1 orani,
pH:2 hidroklorik asit ¢ozeltisi ve 7-15 V/cm voltaj
gradyan1 ic¢in yaklasik 20°C’deki o6rnegi 90°C’ye
isitmiglar ve sabit ekstraksiyon sicakliginda 5-30
dakika arasinda bekletmislerdir. Islem sonucunda, 15
V/em voltaj gradyaninda 6rnegin 90°C sicakliga 72 s
de wulastigmi rapor etmislerdir. Ek olarak,
aragtirmacilar ~ ekstraksiyon  islemi  boyunca
ekstraksiyon sicakliginin yaklasik olarak 89-91°C
arasinda degistigini bildirmislerdir. Benzer olarak bu
calismada da ekstraksiyon siiresi boyunca c¢ozelti
stcakliginin +1°C araliginda degistigi belirlenmistir.
Bagka bir c¢alismada ise, farkli narenciye
kabuklarindan (greyfurt, limon ve portakal) 80°C
sabit ekstraksiyon sicakliginda pektin eldesi sirasinda
ekstraksiyon siiresi boyunca ¢ozelti sicakliginin £1°C
araliginda degistigi bildirilmistir (Sabanci ve ark.,
2021). Giincel diger bir ¢caligmada ise, limon kabugu
tozundan farkli sicaklik (70-90°C) ve ekstraksiyon
siirelerinde (0-30 dakika) pektin eldesi sirasinda
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ekstraksiyon islemi boyunca c¢ozelti sicakligimn

+1°C araliginda degistigi rapor edilmistir (Cilingir ve
ark., 2021).

Elektriksel iletkenlik (EI) Degerlerinin Degisimi
Elektriksel iletkenlik (EI) degeri ohmik 1sitma
uygulamalarinin en 6nemli parametrelerin basinda
gelmektedir ve pek ¢ok aragtirmaci farkli iglemlerde
elektriksel iletkenlik degerindeki degisimleri detayl
bir sekilde incelemislerdir (Cevik ve Icier, 2018;
Icier, 2012; Icier ve ark., 2017). Ohmik 1sitma
calismalarmin geneli incelendiginde sicaklik artikca
elektriksel iletkenlik degerlerinin artis gosterdigi ve
sicaklik ile elektriksel iletkenlik arasinda dogrusal bir
iliski oldugu farkli ¢aligmalarda da rapor edilmistir
(Cevik, 2021; Icier ve llicali, 2005; Sabanci, 2021;
Tung ve Odabag, 2021). Bu ¢alismada, limon tozu ve
asit ¢ozeltisi iceren karigimlarin 20 °C’den 80 °C’ye
kadar 1sitilmasi sirasinda  farkli  asit  igeren
ekstraksiyon ¢ozeltilerinin El degerlerindeki degisim
Sekil 3’te verilmistir. Ekstraksiyon ¢dzeltisinin Ei
degerleri siilfiirik asit ¢ozeltisi igin 1.24-1.61 S/m
arasinda, hidroklorik asit ¢ozeltisi i¢in 0.89-1.61 S/m
arasinda ve nitrik asit ¢ozeltisi i¢in ise 1.23-2.10 S/m
arasinda degistigi belirlenmistir. Kullanilan asit
tiiriine bagl olarak molekiiler hareketlilik ve/veya
iyonik hareketlilikte degisimler meydana gelmis ve
boylece EI  degerleri arasinda  farkliliklarin
olusmasina neden oldugu diistiniilmektedir. Sonug
olarak ekstraksiyon isleminde c¢ozeltinin 1sinmasi
sirasinda farkli asit tiiri kullaniminin elektriksel
iletkenlik degerleri tizerine anlamli bir farkliliga
neden oldugu tespit edilmistir (Sekil 3; p<0.05).

Pektin Verimi Degerlerinin Degisimi

Farkli asit tiirleri kullanilarak sabit voltaj
gradyani (10 V/cm), sabit kati sivi oran1 (1:40 g/ml)
ve sabit pH (pH 1.5) degerinde ohmik 1sitma islemi
kullanilarak 80 °C’de yapilan ekstraksiyon isleminde
elde edilen pektin verimi degerleri Sekil 4’te
verilmistir. Bu kosullarda elde edilen pektin verimi
siilfiirik asit ¢ozeltisi i¢cin %10.79+0.89, hidroklorik
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asit c¢ozeltisi icin %8.88+1.0 ve nitrik asit ¢ozeltisi
icin ise % 10.74+0.95 oldugu tespit edilmistir (Sekil
4). Pektin verimi tizerine farkli asit tiirii kullaniminin
etkisi incelendiginde, en yiiksek % pektin verimi
stlfiirik asit ile elde edilirken, en diisiik % pektin
verimi ise HCI ¢ozeltisi ile yapilan ekstraksiyon
isleminde elde edilmistir (p<0.05). Ancak pektin
verimi Uzerine nitrik asit ¢ozeltisi ve siilfiirik asit
¢Ozeltisi kullaniminin istatistiksel olarak anlamli bir
farkliliga sahip olmadigi tespit edilmistir (p>0.05).
Sengar ve ark. (2020) yapilan ¢alismada, domates
isleme atiklarindan farkli ekstraksiyon teknikleri
kullanilarak pektin ekstraksiyonu gergeklestirilmigtir.
Aragtirmacilar ohmik 1sitma destekli ekstraksiyon
islemi sonunda en yiiksek pektin verimi degerlerini
%10.65 ile 60 V, 5 dk bekleme siiresi ve 81 °C
ekstraksiyon sicakligini kosullarinda elde etmislerdir.
Gincel bagka bir ¢aligmada ise (Sabanci ve ark.,
2021), limon kabugu tozundan sabit ekstraksiyon
sicakligr (80°C), sabit voltaj gradyani (9 V/cm), sabit
kati:sivi oraninda (1:40 g/ml), siilfirik asit ile
ayarlanmis sabit pH (1.0) degerinde ve farkli
bekletme siireleri (0, 5, 15, 30, 60, 120 ve 180 dakika)
kullanilarak gergeklestirdikleri ekstraksiyon islemleri
sonunda drneklerin pektin verimi degerlerinin %8.45
ile %14.06 arasinda degistigini bildirmiglerdir.
Benzer sekilde bu calismada da siilfirik asit ¢ozeltisi
ile ekstrakte edilen Orneklerin pektin  verimi
degerlerinin arastirmacilarin rapor ettigi degerler ile
benzerlik gdsterdigi belirlenmistir.

Diger bir ¢aligmada ise (Saberian ve ark., 2017),
portakal kabugu tozundan hidroklorik asit ile
ayarlanmis sabit pH (2.0) degerinde, sabit kati:sivi
oraninda (1:20 g/ml), farkli ekstraksiyon sicakligi
(50, 70 ve 90°C), farkl voltaj gradyani (7, 11 ve 15
Vicm), ve farkli bekletme stireleri (7, 17.5 ve 30
dakika)  kullanilarak  pektin ekstraksiyonu
gerceklestirilmistir. Ekstraksiyon islemi sonunda en
yiiksek pektin verimi degerinin (14.32 g/100 g kuru
madde) 15 V/cm voltaj gradyaninda, 90 °C
ekstraksiyon sicaklig1 ve 30 dakikalik bekleme siiresi
sonunda elde edildigini bildirmislerdir.
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Tablo 1. Farkl asit tiirleri kullanilarak ohmik isitma destekli ekstraksiyon iglemine ait pektin drneklerinin 1sinma
siiresi, ortalama sicaklik, 1sinma enerjisi ve toplam harcanan enerji degerleri

Asit Tiirt (pH 1.5) | Isinma Siiresi (S) | Ortalama Sicaklik | Isinma Enerjisi (J) | Toplam Harcanan
(°0) Enerji (J)
HCI 252+10.2° 79.75+0.69 39007+1087% 58756+1826%
HNO; 199+8.6 79.98+0.722 40097+986% 59116+1248*
H>S0, 210+9.4° 80.02+0.98% 38967+£1426% 59428+2196°

b Aym siitundaki farkh harflendirmelerin, ilgili degerin degerler arasinda istatistiksel olarak anlamh bir farklilik bulunmaktadir
(p<0.05)
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Sekil 2. Farkli asit tiirleri kullanilarak gerceklestirilen ekstraksiyon islemlerinde ekstraksiyon islemi boyunca
zamana bagl sicaklik degerlerindeki degisim
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Sulfiirik Asit

Sekil 4. Farkli asit tiirleri kullamlarak elde edilen pektin verimi degerlerindeki degisim
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SONUCLAR

Ohmik 1sitma destekli ekstraksiyon iglemi ile
sabit voltaj gradyani, sabit kati:sivi oran1 ve farkl asit
tirleri ile ayarlanmig sabit pH 1.5 degerinde 10
dakika bekleme siiresi sonunda limon kabugu
tozundan pektin liretimi gerceklestirilmistir. Isinma
stiresi lizerine kullanilan farkli asit tlirliniin etkisi
oldugu ve sicaklik arttikca elektriksel iletkenlik
degerlerinin artis gosterdigi belirlenmistir. Ancak
kullanilan farkli asit tiiriiniin hedef ekstraksiyon
sicakligina ulagmasi igin gerekli olan 1smnma enerjisi
ve toplam ekstraksiyon islem siiresi igin toplam
harcanan enerji degeri iizerine etkisi olmadig1
belirlenmistir. Ohmik 1sitma destekli ekstraksiyon
islemi sonunda % pektin verimi {izerine kullanilan
farkli asit tlirtiniin etkisi oldugu ve en yiiksek pektin
veriminin  (%10.79) ise siilfirik asit ¢ozeltisi
kullanilarak gerceklestirilen ekstraksiyon isleminde
elde edildigi belirlenmistir. Elde edilen sonuglar
farkli atik maddeleri i¢in ekstraksiyon islemlerinde
farkli asit c¢ozeltisi kullaniminin etkisini ortaya
koymasi agisindan son derece dnem arz etmektedir.
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Oz

Son yillarda Tiirkiye’de zengin mineral, diyet lif ve vitamin igeren asma yapraklarimin iiretimi ve tiiketimi yogun
olarak gerceklesmektedir. Bununla birlikte hazir gida sektoriinde asma yapraklarindan yapilan dolma yemegine talep,
farkli iilkelere ihracat olanaklarini da arttirmaktadir. Bunun gibi ticari tarim faaliyetlerinde siirdiiriilebilir bir pazarlama
icin kalite standartlarinin olusturulmasi énemlidir. Aragtirmacilar, akill tarim uygulamalarinda derin 6grenme ile birlikte
olumlu ilerlemeler kaydetmistir. Bu ¢alismada, tiikketim i¢in kullanilacak asma yapraklarinin tiirliniin taninmast i¢in yeni
bir yontem 6nerilmektedir. Onerilen yontemde Ak, Ala Idris, Biizgiilii, Dimnit ve Nazli olmak iizere 5 farkl1 asma yaprak
tiirtinden 500 goriintii iceren bir veri seti kullanilmistir. Bu goriintiilerden veri arttirma teknikleri ile 3500 adet goriintii
elde edilmistir. Ayrica elde edilen goriintiilere ESRGAN modeli uygulanarak daha ayrintili dokulardan olusan bir veri
kiimesi elde edilmistir. Bu goriintiilerden 6znitelik ¢ikarimi yapmak i¢in VGG 19 derin 6grenme modeli kullanilmistir.
Olusturulan iki ayr1 veri setinden elde edilen 6znitelikler birlestirilmistir. Bu sekilde hibrit bir 6znitelik ¢ikarict model
olusturulmustur. PCA algoritmasi kullanilarak en iyi 175 adet 6znitelik alt kiimesi secilmistir. Son olarak elde edilen
ozniteliklerin simniflandirilmast i¢in Destek Vektor Makinesi (DVM) kullanilarak %96,14 oraninda dogruluk
hesaplanmuistir.

Anahtar Kelimeler: Asma yapragi, 6znitelik ¢ikarma, 6znitelik segme, PCA, DVM, ESRGAN

A New Method Based on Extracting, Combining and Selecting Deep Features
from Natural and Synthetic Data for Classification of Grapevine Leaf Species

Abstract

In recent years, the production and consumption of grapevine leaves containing rich minerals, dietary fiber and
vitamins has been intensively realized in Turkey. However, the demand for stuffed food made from grapevine leaves in
the convenience food sector increases the export opportunities to different countries In commercial agricultural activities
such as this, it is important to determine quality standards for sustainable marketing. Researchers have made positive
progress with deep learning in smart farming applications. In this study, we propose a new method for recognizing the
type of grapevine leaves to be used for consumption. In the proposed method, a dataset containing 500 images of 5
different grapevine leaf species, namely Ak, Ala Idris, Biizgiilii, Dimnit and Nazli, was used. From these images, 3500
images were obtained with data augmentation techniques. In addition, a dataset consisting of more detailed textures was
obtained by applying the ESRGAN model to the obtained images. VGG 19 deep learning model was used to extract
features from these images. The features obtained from the two separate data sets were combined. In this way, a hybrid
feature extraction model was created. The best 175 feature subsets were selected using the PCA algorithm. Finally,
96.14% accuracy was calculated using a Support Vector Machine (SVM) for classification of the obtained features.

Keywords: Grapevine leaf, feature extraction, feature selection, PCA, SVM, ESRGAN
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GIRIS

Tiirkiye’de bageilik 6nemli tarim kollarindan
birisidir. Bagcilik ¢cok sayida gift¢inin gegim kaynagi
olmasi ile birlikte farkli degerlendirme sekilleri ile
tarimsal iriinler icerisinde 6nemli bir yere sahiptir.
Ulkemizde asmadan elde edilen iiziim; kurutmalik,
saraplik ve sofralik olarak tiiketilmesi ile birlikte
asmadan elde edilen yapraklarda geleneksel tiirk
mutfaginda  kullanildigi  bir  dGriindiir. ~ Asma
yapraklarindan yapilan sarma geleneksel Osmanlt
mutfagini temsil eden yemeklerden birisidir. Aym
zaman asma yapragi, bazi liziim tiirlerinde meyveden
daha iyi ekonomik getiri saglamaktadir. Uziim
tiretiminin uygun olmadigi iklim bdolgelerinde asma
yapragi tretimi miimkiindiir. Bu tip bolgelerde kirsal
kalkinma projeleri kapsaminda goé¢ii dnlemek icin
tarimla ugrasan insanlara getirisi yliksek olan
salamuralik asma yapragi iretimi Onerilmektedir.
Tiirkiye’nin asma yaprak ihracatindan yaklasik 13,5
milyon dolar, yapraktan iretilen sarma ve dolmadan
ise 135 milyon dolar ihracat geliri elde edildigi
bildirilmektedir. Uziim cesitleri kalinlik, dilimlik,
tiylilik ve sekil bakimindan farkli yaprak
Ozelliklerine sahiptirler. Asma yapraginin her ¢esidi
yemek i¢in tercih edilmemektedir. Tiiketim igin
kullanilacak olanlar miimkiin oldugunca ince
damarly, tiiysiiz ve ince olmalidir. Ayrica dilimsiz ve
damakta eksimsi bir tat birakan cesitleri daha ¢ok
tercih edilmektedir. Bu yiizden tiiketim ig¢in
kullanilacak asma tiiriiniin digerlerinden ayrilmasi bu
alanda 6nemli bir ihtiyactir (Cangi ve Yagci, 2017).

Glinlimiizde yapay zeka iceren sistemler tarim
alanlarinda da kullanilmaktadir. Literatiirde bitki
cesitlerinin belirlenmesine yonelik bir¢cok yontem
sunulmustur. Ayt edici parametre olarak yaprak
tabanlt Ozelliklerin kullanildigi bu sistemlerde,
yiiksek bagsarim oranlarina sahip derin 6grenme
modelleri tercih edilmektedir. Arastirmacilar bitki
yapraklarinin simiflandirilmasi igin farkli veri setleri
kullanarak ¢ok oOlgekli bir birlesimden olusan
evrisimli sinir agit MSF-CNN (Hu vd., 2018), ti¢ derin
ogrenmeye  dayali model SWP-Leaf NET
(Beikmohammadi vd., 2022), sekiz artik yapi igeren
26 katmanli bir derin 6grenme modeli ResNet26 (Sun
vd., 2017), ¢ok boliimli evrigimsel sinir agr modeli
MD-CNN (Turkoglu vd., 2021), ResNet-50 mimarisi
ve bu Ozniteliklerin birlestirilmesi i¢in Bonferroni
ortalama  operatoriiniin =~ kullanildigi =~ BLeafNet
(Ganguly vd., 2022), bes evrisim ve tam baglantili
katman ile toplamda alt1 6grenilebilir katman icen
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SeedNet (Loddo vd., 2021) ve onceden egitilmis
evrisimli sinir agmin kullanildigi DeepPlant (Lee vd.,
2015) modeli gibi derin mimariler Snermislerdir.
Ayrica makalede kullanilan veri seti ile literatiirde bir
adet calisma mevcuttur. Koklu ve arkadaslar1 asma
yaprak c¢esitlerinden olusturduklart veri setinin
siniflandirilmast i¢in derin &zelliklere dayali bir
CNN-SVM modeli énermislerdir. Onceden egitilmis
MobileNetV2 transfer 6grenme yaklasimi ile derin
Oznitelikler elde edilmistir. Siniflandirma
bagsariminin arttiritlmasi i¢in Chi-Squares 06zellik
secim algoritmas1 uygulanmigtir. Son olarak elde
edilen 6znitelikler destek vektér makineleri tarafinda
siiflandirilmistir (Koklu vd., 2022).

Gorsel olarak ayirt edilmesi olduk¢a zor olan
asma yapraklarinin toplandigi gida sektoriinde
kalitesine gore ayristirilmasi &nemlidir. Ozellikle
ihracat i¢in hazirlanan konservelerde iriine gore
kullanilan asma yapraklar1 cesitlilik gostermektedir
ve bir ¢ok ¢esidi barindiran yapraklart siniflandirmak
zor bir problemdir. Bu c¢alismada, s6z konusu
problemin istesinden gelebilmek i¢in asma
yapraklarini1  tiirlerine  gore otomatik olarak
belirlenmesini saglayan yeni bir yontem Onerilmistir.
Onerilen yontem derin 6grenmeye dayali ve dort
temel asamadan olusmaktadir. Onerilen yéntemin ilk
asamasinda, geleneksel veri arttirma teknikleri ile
birlikte ESRGAN modeli de kullanilarak verilerin
ayrintili doku 6zelliginin korundugu veri arttirma
islemi yapilmustir. Tkinci asamasinda, Arttirilmis Veri
(AV) ve Siiper Coziiniirlikli Verilerle (SCV),
onceden egitilen VGG19 CNN modeli ile egitim
yapilarak Oznitelik cikarma islemi uygulanmistir.
Uciincii  asamada, elde edilen  oznitelikler
birlestirilerek en iyi Oznitelik alt kiimesinin PCA
algoritmasi ile secilmesi saglanmistir. Son agsamada,
bu secilen Oznitelik alt kiimesi ile Destek Vektor

Makinesi (DVM) algoritmas1  kullanilarak
siniflandirma islemi yapilmistir. Onerilen model
Koklu ve arkadaglarimin (Koklu vd., 2022)

olusturduklar1 asma yaprag: veri seti kullanilarak test
edilmis ve %96,14 dogruluk orani ile yiiksek basari
elde edilmistir.

Makalenin diger bolimleri su sekilde organize
edilmistir: Calismanin ikinci boliimiinde Materyal ve
Metot bashigi altinda kullanilan veri seti ve teorik
bilgiler sunulmus, iiclincii boliimde Onerilen
yontemden bahsedilmis, dordiincii boliimde deneysel
sonuclar analiz edilerek literatiirdeki ilgili ¢aligma ile
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karsilastirilmigtir. Son béliimde ise ¢alismanin sonug
kismina yer verilmistir.
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Sekil 1. (a) Asma yaprag cesitleri, (b) Elde edilen yeni asma yaprak goriintiiler

MATERYAL VE METOT

Veri Seti

Bu ¢alismada Koklu ve arkadaslar1 (Koklu vd.,
2022) tarafindan olusturulan asma yapragi veri seti
kullanilmistir. Uziim hasad1 6ncesi elde edilen asma
yaprak goriintiilerinden bir veri seti hazirlanmistir. Bu
veri seti Ak, Ala Idris, Biizgiilii, Dimnit ve Nazli
olmak iizere bes farkli siniftan olugsmaktadir. Her bir
sinifa ait 100 adet goriintii mevcuttur. Sekil 1 (a)’da
bes farkli sinif icin 6rnek goriintiiler verilmistir.

Veri Arttirma

Goriintiileri siniflandirilirken etkili veri biiylitme
ile sistemin performansi oldukca arttirilabilir. Bu
calismada asma yaprag: goriintiilerinden olusan veri
setine Python kiitiiphanelerinden olan ve igerisinde
cesitli arttirma tekniklerini bulunduran
Albumentation kullanilmistir. Bu kiitiiphanedeki
random resized crop, clahe, horizontal flip, vertical
flip, random crop and random rotate 90 teknikleri
kullanilarak toplamda 3500 adet goriinti elde
edilmigtir. Sekil 1 (b)’de bir asma yapraginin veri
arttirma teknikleri ile elde edilen yeni goriintiileri
gosterilmistir (Albumentations, 2022).
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Gelistirilmis Siiper Coziiniirliiklii Cekismeli
Uretici Aglar

2018’de Wang ve arkadaslari, Gelistirilmis
Siiper Coziiniirliiklii Cekismeli Uretici Ag (Enhanced
Super-Resolution Generative Adversarial Networks /
ESRGAN) modelini 6nermistir (Wang vd., 2018).
PIRM-SR Challenge'da birinciligi kazanan ESRGAN
modeli diisiik ¢6ziiniirlikli goriintillerden, daha
yiksek  coziniirlikli  goriintii  elde  etmeyi
amaglamaktadir. Model, SRResNet (Ledig vd.,
2017)’in temel mimarisindeki temel (basic) bloklarin
yogun (dense) Dbloklar1 ile degismesi ve
katmanlardaki toplu normallestirmenin (batch
normalization) kaldirilmasi ile olusturulmustur. Sekil
2’de Dimnit smifina ait diisiik ¢oziiniirliikli bir
goriintiiden ESRGAN yontemi ile siiper ¢oztintirliiklii
goriintli elde edilmesi ve ESRGAN modelinin genel
blok yapist gosterilmistir.

Transfer Ogrenimi

Veri setinin sinirli boyutu, CNN katmanlar ile
ayit edici  Oznitelikleri ¢ikarmak icin yeterli
olmamaktadir. Bu ylizden kiigiik bir veri kiimesi
kullanilarak sifirdan egitilmis bir derin 6grenme
modelinin yiiksek performans elde etmesi oldukca
zordur. Bu problemin ¢6ziimii i¢in transfer 6grenme
yontemi yaygin olarak kullanilmaktadir (Imak vd.,
2022). Onerilen modelde ImageNet ile dnceden
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egitilmis VGG 19 mimarisi kullanilmigtir. Simonyan
ve Zisserman tarafindan Onerilen VGG 19 mimarisi,
bes evrisim katmanindan, bes maksimum havuzlama
katmanindan ve ardindan {i¢ tam baglantili
katmandan olusur (Simonyan ve Zisserman, 2015).
Mimari, 3x3 boyutunda ve adim sayisi bir olan
evrisim katmanlarin1 icermektedir. Ayrica her bir
evrisim islemi sonucunda elde edilen Oznitelikler
ReLU aktivasyon fonksiyonundan gegirilmektedir.

Orjinal Diisiik
Coziiniirlik Coziiniirlik
Bicubic Downscaling i
=8|
224x224x3 56x56x3
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Havuzlama islemi olarak 2x2’lik adim sayis1 2 olan
maksimum havuzlamadan (max pooling) olusur
(Carvalho vd., 2017). Bu calismada, ESRGAN ve
diger veri arttirma teknikleri uygulanarak elde edilen
goriintiilerden 512 adet 6znitelik ¢ikarilmigtir. Bu
Oznitelikler, VGG19 modelinin kiiresel ortalama
havuzlama (global average pooling) katmanindan
elde edilen agirliklardir.

Siiper Coz.
—  ESRGAN — per ¢
..... I
1B
224x224x3

Sekil 2. ESRGAN modeli

Temel Bilesen Analizi (PCA)

Oznitelik secimi, veriyi temsil eden en iyi
Oznitelik alt kiimesinin tespitidir. Bu sayede, 6znitelik
boyutu azaltirken ayni zamanda bilginin maksimum
olarak korunmasi saglanir. Bu calismada derin
Ozellikleri daha az sayida degiskenle ifade edebilecek
en iyi doniisimii belirlemek i¢in PCA algoritmasi
kullanilmugtir.  Karl Pearson (Pearson, 1901)
tarafindan Onerilen yontem, smif etiketini yok sayar
ve bilgi kaybini en aza indiren maksimum varyans
temel bilesenlerin yonlerini bulur. PCA 'nin temel
yaklasimi asagidaki gibi tanimlanir (Nkengfack vd.,
2021):

Giris d-boyutlu 6znitelik uzayinda bir dizi
vektorii XT (xq, x5, X3, e, XN );
Kovaryans matrisini hesapla )::

1

> =mi(x,-—ff (x; — ©)

Burada x verilerin ortalama degeridir.

e Kovaryans matrisinin 6zvektorlerini  ve
Ozdegerlerini hesapla ve azalan diizende
siralayin;

En biiylik 6zdegerlere karsilik gelen ilk
Ozvektorleri kullanarak temel bilesenlerin
dxk izdiigiim matrisini W=
(Wy, Wy, W3, ..., w,,) tanimla
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e Son adimda, orijinal veri X’in bilgilerinin
biiylik bir kismim1 asagidakileri kullanarak
yeni k-boyutlu alt uzayda Y tizerine yeniden

yapilandir:
Y=XxW

Onerilen Yontem

Onerilen  yontem, bes temel adimdan
olugmaktadir. Sekil 3’te gosterilen modelin ilk
adiminda, CNN modellerinin 6grenmesini optimum
sekilde saglamak icin orijinal veri setine goriintii
arttirma teknikleri uygulanir ve 3500 adet goriintiiden
olugan yeni veri seti, Arttirtlmis Veri (AV) olarak
adlandirilir. Daha sonra, arttirilmis verinin %80
egitim ve %20’si test verisi olarak ayrilir. Ardindan,
bu egitim ve test verisi ayr1 ayrt ESRGAN yontemiyle
yeni sentetik veri tliretimine tabi tutulur. Bu sekilde
egitim ve test verisinin ayr1 ayri yapilmasinin nedeni,
egitim ve test verilerinin birbirine karismasi
onlenmektedir. Yeni veri tliretiminde 2800 egitim ve
700 test verisi olusurken bu wveri seti, Siiper
Coziintirliiklii Veri (SCV) olarak adlandirilmistir.
Yeni veri tliretiminde ESRGAN yonteminin
kullanilmasinin nedeni ise, diger siiper ¢oziiniirlikli
yontemlere gore daha dogal ve ayrintili doku bilgisini
iiretme 6zelliginden faydalanmaktir. Tkinci adimda,
AV ve SCV’den smiflart 6grenebilmek icin VGG19
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CNN modelleri ile transfer 6grenme yapilmistir. Bu
CNN modelinin segilmesinin nedeni, kiigiik veri
setlerinde gosterdikleri basarili performanslarindan
dolayidir. Ayrica, transfer 6grenmeli CNN modeliyle
birlikte kullanilan minimum gereksinimli katmanlar;
kiiresel ortalamali havuzlama (global average
pooling) ve softmax smiflandiricili tam baglantilt
(dense) katmandir. Dolayisiyla, bu c¢alismada
kullanilan VGG19 CNN modelinin ¢ikis / son

Arttinifmis il
Veri

ESRGAN

Stiper Coz.
Veri

Modeli

( ' I ﬁznitelik
) : Segimi
512

\ \
VGG19 ESA Ag Oznitelik
Cikarma
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katmanlari, bu iki katman ile degistirilmigtir.
Buradaki amag; simif sayisim bizim probleme
uyarlayabilmektir. Bu adimda, VGG19 CNN modeli
AV ve SCV setleri ile egitilir. Uciincii adimda,
egitilen CNN modellerinin ¢ikis katmaninda yer alan
tam baglantili katmanindan 512 adet Oznitelik
cikarilir. Her bir modelden ¢ikarilan &znitelikler
birlestirilerek (fiizyon) 1024 adet Oznitelik olmasi
saglanir. Dordiincii adimda, PCA kullanilarak 6nemli

512

Flizyon
1024
|

SWM

siniflandirma

Sekil 3. Onerilen yontemin sematik tasarim

Oznitelikler secilir. Bu noktada, secilecek dznitelik alt
kiimesinin en iyi dzniteliklerden olusmasini saglamak
icin bilesen sayis1t 25’ten baslatilarak 1000’e kadar
25’er artacak sekilde Destek Vektor Makinesi (DVM)
ile dogruluk degerlendirmesine tabi tutulmustur. Bu
sekilde, siniflandirici i¢in PCA’nin bilesen sayis1 ve
DVM’nin diizenlilestirme (regularization, C) ve RBF
cekirdeginin katsay1 (y) parametrelerinden optimum
degerler belirlenmistir. Besinci adimda, DVM
yontemi kullanilarak simiflandirma yapilir. Onerilen
yontemin sematik tasarimi Sekil 3°te sunulmustur.

VGG19 ESA modelinde kullanilan hiper-
parametreler Tablo 1’de verilmistir. Ek olarak, bu
modellerde kategorik c¢apraz entropi (categorical
cross entropy) kayip fonksiyonu kullanilmistir.
Optimizasyon yontemi olarak Adam, SGD ve
RMSprop denenerek en iyi sonuglart veren SGD
algoritmasi segilmistir. Momentum ve Ogrenme
Oram1 degerleri ise iteratif olarak denenerek en iyi
sonucu veren degerler secilmistir.

DENEYSEL SONUCLAR

Bu ¢alismada onerilen yontemin performansini
dlemek icin Dogruluk (Acc.), Ozgiillik (Spe.)
Hassasiyet (Pre.), Anma (Rec.) ve F1-Skoru gibi
karmagiklik matrisinden elde edilen performans
metrikleri kullanilmistir. Bu metriklerin hesaplamasi
icin true positive (TP), true negative (TN), false
positive (FP) ve false negative (FN) olmak {izere 4
temel parametreye ihtiyag duyulmaktadir (Koklu vd.,
2022), (Dogan ve Ergen, 2022), (Dogan ve Ergen,
2022). Bu metrikler denklem (1), (2), (3), (4) ve
(5)’de formiilize edilmistir.

Acc= (TP +TN)/(TP+FN+TN +FP) (1)

Spe = TN/(TN + FP) @)
Pre = TP/(TP + FP) ©)
Rec = TP/(TP +FN) (4)
F1-Skoru = 2TP/(2TP + FP + FN) (5)
Deneysel  caligmalarda, Python  3.7.13,

Tensorflow 2.8.0, Keras 2.8.0 gibi yazilimsal
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teknolojiler ve Intel(R) Xeon(R) CPU @ 2.30GHz,
27.6 GB RAM, Tesla T4 - 16 GB gibi donanimsal
teknolojiler kullanilmistir.

Bu calismada, deneysel c¢aligmalar, Oznitelik
cikarilmasina veya Oznitelik ¢ikarilmamasina gore
temelde 2 asamaya ayrilmistir. Bu sekilde deneysel
calismanin 2 asamada olmasinin nedeni, &znitelik
¢ikarmanin veya c¢ikarmamanin Onerilen yontemde
nasil bir katki yapacaginin anlasilmasini saglamaktir.
Ik asamada, AV ve SCV verisiyle Oznitelik
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cikarilmadan VGG19 CNN modeli kullanilarak asma
yaprag1 siniflandirmasi yapilarak deneysel sonuglar
elde edilmistir. Bu sekilde, Onerilen yontemde
kullanilan AV ve SCV verisinin, VGG19 CNN
modellerine her bir veri setinin ayr1 ayr
degerlendirilebilir olmas1 amaglanmistir.  Ikinci
asamada ise, AV ve SCV verisiyle egitilen VGG19
CNN modelleri, birer 0Oznitelik ¢ikarici olarak
kullanilmigtir. Oznitelik ¢ikarma  gdrevinde
kullanilan bu CNN modellerinin ¢ikigini kiiresel

Tablo 1. VGG19 CNN modelinde kullamian hiper-parametreler

Veri ESA Goriintii Optimizasyon Momentum Epoch Mini Ogrenme
Seti Modeli Boyutu Yontemi Batch Oram
AV VGG19 ; ;

224x224 S[’)tOChaSt'C Gradient 0.9 200 32 le-2
SCV  VGG19 escent

ortalama havuzlama (global average pooling)
katmani saglamaktadir. Bu katman, VGG19 CNN
modelinin transferden ve verilerden Ggrenme
diizeylerini optimumda tutmay: amaglamaktadir. Ek
olarak, bu katmandan 512 adet 6znitelik ile 6znitelik
c¢ikarma yapilmistir. Cikarilan O6znitelikler, bu
asamada, Oncelikle birlestirilerek 1024 adet 6znitelik
elde edilmistir. Daha sonra, 1024 adet Oznitelikten
etkisiz ve 6nemsiz olan 6znitelikler atilarak en 6nemli
Ozniteliklerin se¢imi Temel Bilesenler Analizi
(Principal Component Analysis/PCA) yontemi ile
yapilmistir. Bu noktada, 6znitelik secimini en iyi bir
sekilde basarabilmek i¢cin PCA ‘nin en Onemli
parametrelerinden olan komponent sayisini iyi
belirlemek gerekir. Bunun icin, komponent sayist
25’den baglatilarak 25’er artacak sekilde ve 1000’e
kadar devam eden bir teknikle en iyi basarima
ulagsmak icin en iyi komponent sayis1 175 olarak
belirlenmistir. Bununla birlikte, PCA ile segilen

Ozniteliklerin siniflandirmadaki basarisini
degerlendirmek icin de DVM  algoritmasi
kullanilmustir.

Diger taraftan, orijinal veri setine veri arttirma
yontemleri uygulanarak her bir siniftan 500 adet
gorlintli olmak iizere toplam 3500 adet goriintii
tiiretilmistir ve bu tiliretilen veri, Arttirilmis Veri (AV)
olarak  adlandirilmigtir.  Daha  sonra, CNN
yontemlerinin egitimi ve testinde kullanilmak iizere
Arttirtlmis Veri Setinin %80’i egitim ve %20’si test
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verisi i¢in ayrilmistir. Bunun yani sira, bu egitim ve
test veri seti ayri ayrt ESRGAN yoOnteminden
gegirilerek yeni bir sentetik veri seti elde edilmistir ve
bu da Siiper Coziiniirlikli Veri (SCV) olarak
adlandirlmustir. Ozellikle, egitim ve test veri seti
ESRGAN’a ayr1 ayr verildigi i¢in tiiretilen yeni veri
seti de %80 egitim ve %20 test verisi olmaktadir. Bu
calismada, ESRGAN’ 1 kullanilmasinin nedeni,
diger Stiper Coziiniirlikkli GAN’ lardan daha dogal ve
ayrintili  doku  bilgisini {iretme  &zelliginden
faydalanmaktir. Arttirillmis ve Siiper Coziintirliiklii
Veri ile VGG19 CNN modellerine egitim
yapildiginda elde edilen dogruluk ve kayip grafikleri
Sekil 4’te verilmistir. Sekil 4’te goriildiigi gibi AV
seti ile yapilan egitimde VGG19 CNN modelinin
dogrulugu %87’ye ulasirken kayip degeri 0,36’ya
kadar ulasmaktadir. Ancak, SCV seti ile VGG19
dogruluk degeri %84,7’e kadar ulasirken kayip
grafigi 0.5’e kadar ulagmaktadir.

Tablo 2’de AV ve SCV veri setlerinin farkl
kombinasyonlarina gére VGG19 modeli ile asma
yapragmin siniflandirma sonuglar1 verilmistir. Bu
tabloya gore, SCV veri seti VGGI19 ile egitilip
Softmax yontemi ile siiflandinldiginda yaklasik
olarak %85 dogruluk elde edilirken AV veri seti ile
smiflandirma  yapildiginda  dogruluk  %87’ye
cikmaktadir. Onerilen yontemde ise AV ve SCV veri
seti VGG19 CNN modeli kullanilarak elde edilen
Ozniteliklerin fiizyonu ve PCA 6znitelik alt kiimesi
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secimi yapilarak DVM algoritmasi ile %96,14
oraninda dogruluga ulasilmigtir. Bununla paralel
olarak, hassasiyet, anma ve f1-skorunda da en yiiksek
basarilar elde edilmistir.

Sekil 5-a’da 6znitelik sayis1 25°ten baslatilarak
1000’e kadar 25’er artarak PCA ile secilip DVM
algoritmas1 ile dogruluk metrigi degerlendirmeye
almmigtir. Bu sekilde yapilan degerlendirme
sonucunda optimum Oznitelik sayist 175 olurken
DVM parametrelerinden diizenlilestirme
(regularization) parametresi 1x103 ve RBF

~— AV Egitim Sets

AV Dogrulama Seti
—— SCV EQitim Seti
=== SCV Dogrulama Seti

100
Iterasyon

a)

0 5 S0 ] 125 150 175 200
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cekirdeginin katsayisi 5x10-3 olarak belirlenmistir.
Dolayisiyla, nihai sonuglar elde etmek ig¢in 175
Oznitelik ile testler yapilmistir. Buna gére DVM
algoritmasi ile yapilan siniflandirma sonucunda elde
edilen karmagiklik matrisi de Sekil 5-b’deki gibi
goriilmektedir. Karmagiklik matrisinde de goriildiigii
gibi 27 adet goOriintlinlin smifi hatali tahmin
edilmigtir. Bu da, 700 adet test goriintiisiinden
27’sinin yani 27x100/700 = %3,86 hatali tahmin
oldugu anlamina gelmektedir.

= AV Egitim Seti

AV Dogrulama Seti
—— SCV Egitim Seti
=~ SCV Dogrulama Seti

06 S MMMWW

\v\»____t'::‘—kﬁﬁ_y_wxm

04 TS bbwedosiei

0 2 S0 75 100 125 150 175 200
Iterasyon

Sekil 4. AV ve SCV verilerine gére VGG19 CNN yontemi ile elde edilen dogruluk (a) ve kayip (b) grafikleri

Tablo 2. VGG19 Modelinin Veri Setlerine Gore Kiyaslamast

Yontemler Dogruluk (Acc.) Hassasiyet (Pre.) Anma (Rec.) F1-Skoru
SCV + VGGI19 + Softmax 0,8471 0,8644 0,8429 0,8456
AV +VGG19 + Softmax 0,8700 0,8689 0,8673 0,8663
Fiizyon + PCA + DVM 0,9614 0,9608 0,9605 0,9603
096
: % 132 7 0 0 0
094 { n
0 i g2
§ 090 E E\ B 1 4 0 0
Pl y E
H E- 3 2 1 125 0
086 ¢ &
% s m s es s s A Noidris  Buzgulu  Dimnit  Nezl
Oznitelik Sayisi Bhmin Edilen Siniflar

a)

b-)

Sekil 5. VGG19 CNN modelinin 6znitelik sayisina gore dogruluk grafigi (a) ve segilen dznitelik alt kiimesine gore elde
edilen karmagiklik matrisi (b)
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Onerilen yontem olan Fiizyon, PCA ve DVM
kombinasyonu ile elde edilen karmasiklik matrisi
sonuglart  smif  bazli  olarak  Tablo 3’te
gosterilmektedir. Buna gore, tiim siniflar igin genel
dogruluk oran1 %96,14 olurken en yiiksek hassasiyet,
anma, ve Fl-skoruna Nazli smifi ile ulasilmistir.
Aksine, en diisiik hassasiyet ve F1-skoru degeri Ala
Idris sinifinda gergeklesirken en diisiik anma degeri
Ak siifinda gerceklesmistir. Tablo 4°te Onerilen

yontemin literatiirdeki diger yoOntemlere gore
kiyaslamas: sunulmustur. Aynmi veri seti ile sadece
Koklu  vd. (2022)’larinin  yaptigi  calisma

bulunmaktadir. Buna gore, 175 Oznitelik ve RBF
cekirdegi ile Onerilen calisma, linear, cubic ve
gaussian ¢ekirdekli 1000 Oznitelik ve linear
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cekirdekli 250 6znitelik ile yaptiklart caligmaya gore
%96,14 dogrulukla daha basarili olmustur. Onerilen
calismada, VGG19 ESA modeli kullanilirken,
karsilagtirma yapilan ¢alismada MobileNetV2 ESA
kullanilmigtir. Farkli ESA modellerinin kullanima iyi
Ozniteliklerin elde edilmesi i¢in farkli oranlarda etkili
olmaktadir. Ancak, 6znitelik alt kiimesinin se¢imi ve
siniflandirma yontemleri de siiflandirma basarisini
biiyiik oranda etkilemektedir. Tablo 2’de goriildiigii
gibi sadece VGG19 ESA modeli ile sinifladirma
yapildiginda en yiiksek dogruluk %87 olurken
Onerilen yontem ile smiflandirma yapildiginda
dogruluk %96,14’¢ kadar ¢ikmaktadir. Bu da,
yaklagik olarak %9 oraninda daha yiiksek basarisi ile
Onerilen yontemin dnemini ortaya koymaktadir.

Tablo 3. Onerilen yontem ile elde edilen karmasiklik matrisi sonuglar

Simiflar Dogruluk (Acc.) Hassasiyet (Pre.) Anma (Rec.) F1-Skoru Goriintii sayisi
Ak 0,9565 0,9496 0,9531 139
Ala_ldris 0,8889 0,9524 0,9200 126
Buzgulu 0,9614 0,9586 0,9653 0,9619 144
Dimnit 1,0000 0,9542 0,9766 131
Nazli 1,0000 0,9812 0,9905 160
Toplam 700
Tablo 4. Onerilen yontemin diger yontemler ile kiyaslamast
. Oznitelik Dogruluk  Ozgiillik  Hassasiyet Anma  F1-
Cahisma il Yontem Sayisi Kernel (Acc.) (Spe.) (Pre.) (Rec.) Skoru
Linear 0,9363 0,9840 0,9369 0,9360 0,9362
ESA + Chi- 1000 Cubic 0,9600 0,9900 0,9606 0,9600  0,9600
(KoKlu
d. 2022 2022 Square +
va., ) DVM Gaussian 0,9540 0,9885 0,9556 0,9540 0,9541
250 Linear 0,9460 0,9865 0,9467 0,9460 0,9461
Oneril ESA+
Vinten 7 Fizyont 175  RBF 0,9614 0,9904 09608 09605 0,9603
onfem PCA+ DVM
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SONUC

Bu calismada 5 farkli asma yaprak c¢esidinin
belirlenmesi i¢in derin 6zellik ¢ikarimi ve makine
ogrenmesinden olusan bir yontem onerilmektedir.
Onerilen yontemde goriintii sayisinin az olmasi
nedeni ile sistemin performansimi yiikseltmek icin
veri arttirma teknikleri kullanilmigtir. Bu teknikler
sonucunda elde edilen 3500 goriintii daha ayrintili
dokular ve yiiksek ¢oziliniirliiklii sentetik goriintiiler
elde edilmesi icin ESRGAN modeli ile yeniden
yapilandiriimistir. Onceden egitilen VGG 19 modeli
ile Oznitelik ¢ikarimi yapilmistir. En anlamli derin
Ozniteliklerin se¢imi igin PCA 0Oznitelik segim
algoritmas1 uygulanmistir. Segilen Oznitelikler ise
DVM algoritmast ile simflandirilmistir. Asma
yapragi veri seti i¢in  %96,14  dogruluk
hesaplanmustir. Onerilen yontem, literatiirde ayni veri
seti kullanilarak yapilan ¢alismaya goére daha iyi bir
basar1 gostermistir. Gelecek ¢aligmalarda, akilli tarim
uygulamalar1 i¢in bu yOntemin optimize -edilip
gémiilii sistemler lizerinde gercek zamanli olarak
calisabilmesi ve asma yapraklarindan olusan daha
kapsamli bir veri setinin hazirlanarak literature
kazandirilmas1 hedeflenmektedir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catigsmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢alismanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Abstract

Phytochemicals found in extracts obtained from plants are very important bioactive constituents. In this study,
phytochemicals in extract content obtained from Celtis tournefortii Lam. tree (CT) leaves were determined by a LC-MS
method. The constituents with the major concentrations was found rutin (2479.89 pg ml?), coumarin (1241.68 ug mlY),
biochanin A (1026.42 pug ml?), shikimic acid (477.32 pg ml™), chlorogenic acid (300.76 pg m12). The suppressive effects
of CT extract on the growth of pathogenic strains were studied by microdilution method. It was observed that it caused
suppression on the strains in the concentration range of 2.00-8.00 ug ml™. The inhibition effects of the extract on acetyl
cholinesterase and glutathione-S transferase enzyme activities were investigated, and 50% inhibitory values of enzyme
activity were found to be 13.58 and 13.86, respectively. Using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide assay method, the cell viability suppressive effects of CT leaf extract were studied in healthy skin fibroblast cells
as well as ovarian, colon and brain cancer cells. It was observed that they created a 42%, 4.27%, and 14.29% suppression
in cells, respectively.

Keywords: Anticancer, antimicrobial, Celtis tuernofortii, chemical composition, enzyme inhibition

Celtis tournefortii Lam Yaprak Oziitiiniin Bilesenlerinin LC-MS/MS
Aracihigiyla Belirlenmesi, Enzim Inhibisyonunun, Antimikrobiyal ve Antikanser
Etkilerinin Arastirilmasi

Oz

Bitkilerden elde edilen 6ziitlerde bulunan fitokimyasallar ¢ok 6nemli biyoaktif bilesenlerdir. Bu c¢alismada,
Celtis tournefortii Lam. agaci (CT) yapraklarindan elde edilen 6ziit igerigindeki fitokimyasallar LC-MS yontemi ile
belirlendi. Rutin (2479.89 pg ml-1), kumarin (1241.68 pg ml-1), biyokanin A (1026.42 pg ml-1), sikimik asit (477.32 ug
ml-1) ve klorojenik asit (300.76 pg ml-1) bilesenlerinin yiiksek konsantrasyonlara sahip oldugu belirlendi. CT
ekstraktinin patojen suslarin biiytimesi {izerinde baskilayici etkileri mikrodiliisyon yontemi ile ¢alisildi. 2.00-8.00 pg ml-
1 konsantrasyon araliginda suslar {izerinde baskilamaya neden oldugu gézlendi. Oziitiin asetil kolinesteraz ve glutatyon-
S transferaz enzim aktiviteleri iizerindeki inhibisyon etkileri incelendi ve enzim aktivitesinin %50 inhibitdr degerleri
sirastyla 13.58 ve 13.86 olarak bulundu. 3-(4,5-dimetiltiazol-2-il)-2,5-difenil tetrazol bromiir teknigi uygulanarak CT
yaprak oziitiiniin hiicre canliligim baskilayici etkileri yumurtalik, kolon ve beyin kanseri hiicrelerinin yani sira saglikli
cilt fibroblast hiicrelerinde ¢aligildi. Kanser hiicrelerinde sirastyla %42, %4.27 ve %14.29 oraninda baskilama olusturdugu
gozlendi.

Anahtar kelimeler: Antikanser, Antimikrobiyal, Celtis tournefortii.

INTRODUCTION
Plants have two types of metabolism, primary vital activities, secondary metabolism and the
and secondary. While primary metabolism is used for ~ secondary metabolites produced as a result of this
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metabolism are also important in the processes used
in various stress situations (Ptonka et al., 2020).
Polyphenols, one of the secondary metabolites
produced by plants, are products with very high
benefits by playing a role in many biological
activities in various living things, especially humans
(Engstrom et al., 2015).

Due to their widespread presence in plants,
bioactive substances like polyphenols have a
significant role in human diets. (Wang et al., 2015).
Plant-derived phenolic constituents that make up the
color of many fruits and vegetables are very useful
constituents. Potential health benefits include
protecting low-density lipoprotein (LDL) from
oxidation, preventing various age-related diseases,
and antioxidant activity (Tiong et al., 2016). In
addition, these phytochemicals have activities such as
reducing collagen degradation and anti-aging,
protecting from the harmful effects of UV
(Nascimento et al, 2021). Various medical
applications such as antimicrobial and anticancer
have been made by using extracts obtained from
different parts of plants (Moldovan et al., 2014;
Ishaque et al., 2021; Mohan Reddy et al., 2021; Sinan
etal., 2021)

Dementia, often recognized as Alzheimer's
disease (AD), is a severe neuron disease that harms
brain cells and results in irreversible memory loss.
Since there is no treatment for this illness, it claims
many lives every year; however, early discovery can
lessen the spread of the illness. People over 65 are
most likely to develop Alzheimer's disease. It is well
recognized that amyloid-(A) peptide buildup in the
brain plays a significant role in the pathophysiology
of the illness. (Karran and De Strooper, 2022). Efforts
to develop drugs that can slow or delay the
progression of AD have long been the focus of studies
in recent years. AD markedly differs in Acetylcholine
(ACh) levels. A decrease is observed in the synthesis
of ACh, which is used as a neuromediator (Jaramillo
et al., 2022). The main reason for this is the decrease
in the amount and function of the synthesized
acetylcholine transferase enzyme, decrease in choline
reuptake, damage in cholinergic neurons and axons.
Retention of acetylcholine for neurotransmission in
the synaptic cleft both reduces and prevents
Alzheimer's symptoms (Aras et al., 2021).

Glutathione-S transferase (GST) is an enzyme
that has important contributions to several
mechanisms in the detoxification of xenobiotics in
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metabolic processes. In addition, the enzyme plays a
role in the biosynthesis of molecules such as
testosterone and progesterone and in the degradation
of tyrosine (Hayes et al.,, 2005). Byproducts of
endogenous ROS activity and molecules such as
exogenous polycyclic aromatic hydrocarbons are
electrophilic substrates of GST. This enzyme
conjugates a wide variety of electrophilic xenobiotics
with reduced glutathione, blocking their activation
and removing them from the body (Strange et al.,
2001). There are two active sites in the enzyme, the G
site and the hydrophobic H site. The hydrophobic H
section has a position covering two separate
functional positions that can engage several
electrophilic substrates, while a G region binds the
physiological substrate. (Erat et al., 2008; Comakl1 et
al., 2011).

C. tournefortii Lam. (CT) is a tree species of
about five meters tall, which grows in temperate
regions, which is called "Eastern fenugreek,
Dardagan or Dagdagan™, which is in the Cannabaceae
family (Gecibesler, 2019; Yildirim et al., 2017).
There have also been reports of various actions in
Celtis species, including antioxidant, anticancer,
antibacterial, and anti-inflammatory  effects,
acetylcholinesterase (AChE) inhibitors, and some
other properties of its chemical constituents. In
studies conducted to evaluate the polyphenol contents
for Celtis species, it has been shown that chemical
ingredients such as alkaloids, coumarins, flavonoids,
tannins, terpenoids, coumaroyl tyramines, amide
compounds, steroids are present (Keser et al., 2017;
Qi etal., 2021; Wang et al., 2022).

In this research, it was aimed to determine
enzyme inhibition activities, antimicrobial and
anticancer effects, the profile of chemical constituents
of the extract obtained from CT leaves by the LC-
MS/MS

MATERIAL VE METHOD
Plant Collection and Leaves Extraction

In the Kiziltepe region of Mardin, plant leaves
were gathered at the end of the summer season from
the location area shown in figure 1. It was subjected
to washing (tap water and distilled water) several
times. After washing, plant leaves taken to room
conditions were left to dry on blotting paper. The
dried plant leaves were ground into powder. To obtain
the extract of CT leaves in methanol (MECT), 20
grams of dried leaves and 200 mL of methanol were
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mixed at room conditions and left for four days at 25
°C and filtered. The filtrate was taken from the
methanol by means of a Heidolph 94200 rotary
evaporator. The resulting content was stored at -18 °C

for use in applications.
'i ST,
DY e
G Sk
= ',.‘ : - ; - % -7 : l'
LT e

Figure 1. Belonging to the CT plant; Images of the
location (a), and morphological appearance of the area
where it grows (b)

AChE and GST Enzyme Inhibition

The inhibition activity of the extract prepared
using CT leaves on the AChE enzyme in the
concentration range of 5.00-25.00 uM was examined
by UV-visible spectrophotometry (UV-Vis) method
(Ellman et al., 1961). The commercial form of AChE
(EC 3.1.1.7, Sigma) purified from Electrophorus
electricus was used as the enzyme source in practice.
Acetylcholine iodide (AChl) was used as a substrate
in the cholinergic reaction. A Tris/HCI buffer was
adjusted to 1.0 M pH 8.0 and extract solutions
prepared in the range of 10-30 pg mL™' were
transferred to 0.5 mM 50 puLL AChE enzyme solution
(5.32x10%). The mixture solution was kept at 20 °C
for 10 minutes. Then, 5,50-dithio-bis 2-nitro-benzoic
acid (DTNB) was added to the mixture and the
reaction was started for enzyme activity. AChE
activity was measured at a wavelength of 412 nm,
enzyme activity evaluations were made using
spectrophotometry data, and the ICsy value was
calculated (Ahmed et al., 2006; Behera and
Bhatnagar, 2018).

An aromatic electrophile and a glutathione
molecule couple through the action of the enzyme
GST. The electrophile in the aromatic group, 1-
chloro-2,4-dinitrobenzene, is the most often
employed substrate for this reaction (CDNB). The
dinitrobenzene S-glutathione (DNB-SG) formed as a
result of the reaction gives maximum absorbance at
UV-vis 340 nm wavelength. The IC50 value was
determined by evaluating the absorbances obtained at
UV-vis maximum wavelength by using CDNB in
phosphate buffer at room temperature to inhibit the
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activation of the GST enzyme by the leaf extract of
CT ( Lineweaver and Burk, 1934; Liu et al., 2014;
Giil¢in et al., 2016).

Utilizing LC-MS/MS to Determine Phytochemical
Constituents
Material and reagents

Commercially  available items included
analytical-grade phenolic standards, ammonium
formate, formic acid, methanol, and acetonitrile from
Sigma-Aldrich. Millipore's Milli Q pure water gadget
was used to prepare the pure water that was used for
chromatographic purposes. A captiva premium
syringe filter with a nylon membrane, a
polypropylene housing, a diameter of 25 mm, and a
pore size of 0.45 m was used to filter all solutions
prior to analysis.
Mass  spectrometry and
conditions

Qualitative evaluation of constituents was
performed  using  High-performance  Liquid
Chromatography (HPLC) model 1260 Infinity 1l LC
system with integrated tandem mass spectrometry. A
degasser, a column furnace and dual pumps were
integrated into the reverse phase HPLC device. In
order to segregate molecules and overcome
suppression effects, chromatographic settings were
improved. At 25 °C, chromatographic separation for
optimization was carried out using an analytical
column with the reversed phase Poroshell 120 EC-
C18 type (100 mm x 3.0 mm, 2.7 m). The elution
gradient, solvent flow rate, and injection volume were
adjusted to 0.4 mL min-1 5 pL, 5 mM ammonium
formate in water (selective: A) and 0.1% formic acid
in acetonitrile (selective B). The gradient elution
profile utilized was as follows:

10% B (0-1 min), 40% B (1-3 min), 70% B
(3—5 min), 40% B (5—6 min), and 10 % B (6—8min).

Using an electrospray ionization (ESI) source
and scanning of ion changes from the primordial
phytochemical to the moiety identified by the MRM
technique,  phytochemical compounds  were
specifically detected by LC-ESI-MS/MS.

chromatography

Antimicrobial Suppressing Effects of CT Leaf
Extract on Hospital Pathogens

Inhibitory effects of CT extract on the growth of
hospital pathogens, Staphylococcus aureus ATCC
29213 (S. aureus), Bacillus subtilis ATCC 11774 (B.
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subtilis), Escherichia coli (E. coli) ATCC25922,
Pseudomonas  aeruginosa  ATCC27833  (P.
aeruginosa), Candida albicans (C. albicans) were
analyzed using the Micro dilution method (Baran et
al., 2021; Baran, 2018; Baran et al., 2021). Minimum
Inhibition Concentration (MIC) values affecting
these microorganisms were determined by this
method. AIll microorganisms were obtained from
Artuklu  University  Microbiology  Research
Laboratory, Mardin, Turkey. Microdilution was
performed on the microplate wells by starting from
the first well with the medium and the CT leaf extract
prepared at different concentrations. Some wells were
reserved for other control steps of growth. In addition,
the suppressive effects of antibiotics on the growth of
pathogenic strains were examined with the same
method, for comparison purposes. The Antibiotics
were used for Vancomycin gram positive S. aureus
and B. subtilis strains, Colistin for gram negative P.
aeruginosa and E. coli strains, as well as Flocanozole
antibiotics for C. albicans fungus. After applying the
microdilution method, the microplates were
incubated at 37 °C for 24 hours. At the end of the
period, reproduction control was performed and MIC
was defined.

Anticancer Effects of CT Leaf Extract on Cancer
Cell Lines Suppressing Viability

The cytotoxic effects of the constituents in CT
leaves were examined using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide assay (MTT) method (Aktepe et al., 2021;
Atalar et al., 2021; Baran et al., 2021; Baran et al.,
2021) in Dicle University Scientific Research Center,
Cell Culture Laboratory, Diyarbakir, Turkey. In the
experimental study, Colorectal Adenocarcinoma
(Caco-2), Glioblastoma (U118), and Human Ovarian
sarcoma (Skov-3) lines were used as cancer cell lines.
In addition, cytotoxic effects on the Dermal
Fibroblast (HDF) healthy cell line were also
evaluated. The absorbance spectrum of the cells was
examined using Multi Scan Go Thermo with the cells
adjusted to a wavelength of 540 nm. By using these
absorbances, the concentrations and ICsg values of CT
leaf extract cells that suppressed percent viability
were calculated using the equations 1 given below
(Awad et al., 2019; Baran et al., 2021).
%viability=U/C*100 Q)

In equality; U, The absorbance values of the cells
after the interaction of the plant extract, and C, is the
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absorbance values of the control cells in the absence
of the plant extract.

RESULTS AND DISCUSSION

Phytochemical Profile of CT Leaf Extract

When the LC-MS/MS data are examined, the
bioactive compounds found in the CT extract content
with the highest concentrations are rutin (2479.89 ug
mL™?), coumarin (1241.68 ug ml mL™), biochanin A
(1026.42 pg mL™"), shikimic acid (477.32 pg mL™),
chlorogenic acid (300.76 pg mL™), vanillic acid
(200.77 pg ml mL™?), quercetin-3-glucoside (198.68
pg mL™), 4-hydroxy benzoic acid (260.63 pg mL™),
salicylic acid (160.18 pg ml™) was found to belong to
molecules such as. With these Constituents in high
concentration, the LC-MS/MS profile showed that
the CT plant extract was also rich in other bioactive
compounds (Figures 2 and 3).

It is a medically important bioactive compound with
the highest concentration of rutin antitumoral,
antidiabetic, antimicrobial, anti-inflammatory effects
(Chen et al., 2016). Biochanin A is a bioactive
compound from the isoflavone family, which has
very positive effects on health such as anticancer
activity,  cardiovascular  defense, antioxidant
properties, anti-inflammatory properties (Sundaresan
et al., 2018). Cinnamic acid conjugates are commonly
found in dicotyledonous plants. Among them, the
most studied and known are chlorogenic acids. p-
coumaric, ferulic, and caffeic acids are a few
examples of the trans-cinnamic acids that form ester
linkages with chlorogenic acids (Clifford et al.,
2007). Chlorogenic acids have an active role in the
regulation and reduction of body weight and on
antioxidant mechanisms. However, they are also
involved in the suppression of obesity with their
effects on lipid metabolism (Chen et al.,, 2016).
Quercimethrin, Quercetin-3-glucoside 110.50 and
198.68 nug ml™ were found in the CT leaf extract.
Quercetin  derivatives, which are among the
flavonoids, have a very high therapeutic potential in
various diseases such as influenza (Wach et al., 2007;
Mighri et al., 2019). In a study using Plicosepalus
acacia, the phytochemical profile of the extract was
examined by LC-MS/MS and the positive effects of
Quercetin due to diabetes ischemia was shown
(Abdel-hamed et al., 2021). The role of plant-derived
Caffeic acids in biological activity is very important.
Among these activities, there are effects such as
antioxidant, antimutagenic, antitumor, antiobosite
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(Wang et al., 2015). The amount of transferullic acid
of CT extracts was determined as 109.36 pg ml™,

Figure 2. LC-MS/MS chromatogram of CT leaf extract

Biochanin A
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Rutin
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Figure 3. Bioactive compounds and their amounts found
in LC-MS/MS profile of CT leaf extract

In a study with plant extracts of Hibiscus roseus, the
profile of this compound was examined by LC-MS
(Wang et al., 2015). Ephedra alata extract was found
to be 1406.31 + 35.74 pg mL* in LC-MS results
(Mighri et al., 2019). It was determined that
Protocatechuic acid was in the amount of 60.33 pug
mL™in the compounds of the CT extract. In addition
to its suppressive effect on platelet aggregation,
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protocatechic acid also has medicinal effects such as
inhibiting apoptosis of human umbilical vein
endothelial cells (Li et al., 2017).

Enzyme Inhibitory Activities of CT Leaf Extract

In enzyme activity studies performed in the
range of 5.00-25.00 uM using the extract obtained
from CT leaves, it was determined that the
concentration range of 20-25 puM suppressed the
enzyme activity by 75%-85% (Figure 4a and Table
1). By means of the enzyme activity data obtained in
the range of 0.05-25.00 uM, the ICso values on the
AChE enzyme were calculated as 13.58. These results
showed that the bioactive compounds found in high
amounts in the plant extract greatly suppressed the
AChE enzyme. In Romania, it was reported that the
inhibition effect of the phytochemical content on the
activity of the AChe enzyme in hydrosol extracts
belonging to three species of Lamiaceae family plants
was inhibited by 10.65% at 2.5 mg mL™, and 42.48%
at mL and 5 mg mL™* (Gaspar-pintiliescu et al., 2022).

The inhibition effect of CT extract on GST
antioxidant enzyme activity was evaluated by UV-vis
measurements in the range of 5.00-25.00 uM.
Enzyme activity of 5-10 pM concentration range was
detected at a rate of 87-57%. Using the measurements
made, the 1Cso values of the Constituents in the CT
extract on the GST enzyme were determined as 13.86
(Figure 4 and Table 1). In a study conducted with
methanol extracts of three different plant species, it
was reported that Terminalia bellerica methanol
extract had 73.96% and 82.29% GST enzyme activity
at 5 and 10 mg mI™* (Behera and Bhatnagar, 2018). In
another study, it was shown that the ICs values of
phloridzin, baicalin, baicalein, and phloretin
flavonoids obtained from natural plant sources on
GST were 57.50, 28.75, 769.10, and 99.02,
respectively.

Antimicrobial Effects of CT Extract

The highest concentration at which the CT
extract was effective, 8.00 ng mL™, occurred on E.
coli. At the lowest concentration, 2.00 pg mL™, the
best effect occurred on the growth of P. aeruginosa
bacteria. (Table 1, Figure 5). It is thought that the
bioactive constituents with high concentration in the
CT extract play a role in the antimicrobial effect
(Chen et al., 2016; Santas et al., 2010).
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Figure 4. CT leaf extract; Inhibitory effect on AChE (a),
and GST (b) enzyme activities

Table 1. ICso values of CT leaves extract due to
inhibition of AChE and GST enzyme activities

AChE GST
Compounds

ICso R? I1Cso R?
CT leaves 13.58 09821 13.86 0.991
Exracts

In the antimicrobial activity study conducted
with Gardenia latifolia methanolic fruit extract, the
MIC values effective on pathogenic strains S. aureus,
B. subtilis, E. coli, and P. aeruginosa were 31.25 ug
uL? 31.25 ug ulL* ,62.5 pg pLt, and 15.62 ug pL?,
respectively. (Mohan Reddy et al., 2021). In another
study, it was reported that Pseudocedrela kotschyi
extract was effective on S. aureus, E. coli, and P.
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aeruginosa with MIC values of 0.3-0.7 mg ml™*
(Sinan et al., 2021). In addition to these, it has been
stated that Juglans regia extract has an antifungal
effect on Candida species in the concentration range
of 137.50-275.00 pg mL™* (D’angeli et al., 2021).

In studies conducted to examine the
phytochemical compounds of plant extracts, it is
thought that some molecules may play a role in the
antimicrobial effect (antibacterial, antifungal, etc.).
Because extracts are constituents rich in
proanthocyanidins, which provide antimicrobial
effect, and other molecules that will provide this
effect (Rauf et al., 2019). The bioactive constituents
in the plant extracts show suppressive activity by
increasing the level of ROS in microorganisms,
inhibiting  biofilm, stimulating the apoptotic
mechanism, interfering with the synthesis of
important molecules such as chitin, glucan,
glucosamine, ergosterol, proteins. In addition, the
bioactive constituents in the extract also activate
antimicrobial ~ action  mechanisms  such  as
deterioration in the structure and functions of cell
membranes, inhibition of enzymes such as DNA
gyrase and protein kinase, dehydratase, and type Il
secretion inactivation (Rempe et al., 2017; Silvaetal.,
2021).

Table 2. MIC values of CT leaves extract
and antibiotics used to suppress the
growth of microorganisms have
antimicrobial effects

CT
TESTED IE_efweSt Antibiotic
ORGANISM xtrac 1
pg mL
png mL*

S. aureus 6.00 2.00
B.subtilis 4.00 0.50
E. coli 8.00 4.00
P. aeruginosa 2.00 4.00
C. albicans 4.00 1.00
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Figure 5. MIC values of CT leaf extract and
antibiotics on the growth of microorganisms

Effects of CT Leaves Extract on Cancer and
Healthy Cells

The effects of bioactive constituents in CT leaf
extract on healthy cells and cancer cells were
examined using the MTT method. It was determined
that phytochemicals in high concentrations in the
extract had a proliferative effect in healthy cells.
However, the same dose of 250 g mL™ extract had a
proliferative effect on CaCo-2 cells while suppressing
the viability of U87 and Skov-3 cancer cells by
18.41% and 37.09%, respectively. In the application
where the extract concentration was 500 pg mL™, the
viability of Skov-3, CaCo-2, and U87 cells was
suppressed by 42.11%, 4.27%, and 14.26%,
respectively. The ICs values of HDF, Skov-3, U87,
and CaCo-2 cells of the constituents contained in the
leaf were determined as 196.23, 246.91, 213.76, and
349.65. According to a study, phenolic chemicals in
Rhus trilobata extract to increase the level of ROS on
skov-3 cells, which reduces cell viability.
(Muthukumaran et al., 2013). It was stated that after
incubation of Juglans regia (L.) extract on CaCo-2
cells for 48 and 72 hours, viability was suppressed by
40-50% (D’angeli et al., 2021). In another study, it
was reported that a mixture of plant extracts of five
different species suppressed viability by 50% at a
concentration of 100 pg mL™ on U87 cells (Omoruyi
et al., 2021).

Bioactive compounds prevent proliferation,
invasion, adhesion, tube formation in cancer cells. In
addition to these, it has antiproliferative effects such
as suppressing the metabolism of neoplastic
transformation and chemical carcinogenesis by
negatively affecting the DNA molecule (Aissani et
al., 2021; Lu et al., 2010; Muthukumaran et al., 2013;
Stefanowicz-Hajduk et al., 2021).
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CONCLUSION

Plant extracts are rich sources of bioactive
content such as natural polyphenols. These
compounds have many beneficial effects. The
components with the highest concentration found in
the polyphenol content in the LC-MS/MS profile of
the extract obtained from CT leaves, rutin, coumarin,
biochanin A, shikimic acid, chlorogenic acid, vanillic
acid, quercetin-3-glucoside, 4-hydroxybenzoic acid,
salicylic acid, 4-hydroxy benzaldehyde, and
quarsimethrin were determined. By using the
microdilution method, it was found that the MIC
values of the extract's constituent parts on the
development of pathogen strains ranged from 2.00 to
8.00 g mI™. The ICso values of the polyphenol content
in the extract were determined to be 13.58 and 13.86
on AChE and GST enzyme activities. The
suppressive effects of Skov-3, CaCo-2, and U87
cancer cells on the proliferation of healthy skin
fibroblast cells were investigated by the MTT
method. It was observed that the bioactive
compounds of CT leaf extract were suppressive in
cancer cells while promoting proliferation in healthy
cells.

Bioactive compounds in plant extracts can be
purified and their use in medicine can be studied in
detail. Considering the positive effects of each
component in pharmacology, it will contribute greatly
to future studies.
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Abstract

The present study is aimed to examine and compare the storage stability of seed kils extracted form red pepper
(Capsicum annuum L.) waste by green techniques (cold pressing, ethanol solvent, and ultrasound-assisted ethanol solvent
extraction). In accordance with this purpose, the oil samples were stored for a period of 6 weeks at 60°C under accelerated
conditions and analyzed at weekly intervals for peroxide, conjugated diene-triene values tok follow their oxidation
stability. It was observed that the peroxide, oxidative induction time, conjugated diene, and triene values of seed kils were
significantly influenced by the extraction processes (p<0.05). The initial peroxide (9.83 meqO; kg™ oil), conjugated diene
(8.63), and triene (3.36) values were higher in the oil extracted with ultrasound-assisted ethanol solvent extraction
technique. At the end of accelerated oxidation conditions, the peroxide, conjugated diene, and triene values were ranked
in the following order: ethanol solvent extraction (10 meqO, kg, 7.31, and 3.76), ultrasound-assisted ethanol solvent
extraction (12.50 meqO, kg, 8.87, and 4.02), and cold press (28.50 meqO; kg%, 16.14, and 3.70). However, the seed oil
exhibited a high value of oxidative induction time in the oil extracted with ethanol solvent technique (30.11 min). The
results revealed that despite inherent anti-oxidative properties, red pepper seed kils can undergo some degree of auto-
oxidation, which is dependent on the extraction method during storage. The best quality was preserved by the ethanol
solvent extraction technique both in the first and the sixth week of storage.

Keywords: By-food product, green extraction, oil, red pepper seed, storage stability

Yesil Bir Yaklasimla Kirmizi1 Biber (Capsicum annuum L.) Atiklarindan Elde
Edilen Cekirdek Yaglarinin Depolama Kararhhgi

0Oz

Bu ¢aligmanin amaci, kirmizi biber (Capsicum annuum L.) atiklarindan yesil tekniklerle (soguk presleme, etanol-
solvent ve ultrases destekli solvent ekstraksiyonu) ekstrakte edilen ¢ekirdek yaglarinin depolama stabilitesini incelemek
ve karsilagtirmaktir. Bu amaca uygun olarak, yag numuneleri 6 hafta siireyle 60°C'de hizlandirilmig oksidasyon
kosullarinda depolanmis ve yaglarin oksidasyon kararliliklarini takip etmek igin peroksit, konjuge dien-trien degerleri
haftalik araliklarla analiz edilmistir. Tohum yaglarinin peroksit, oksidatif indiiksiyon siiresi, konjuge dien ve trien
degerlerinin ekstraksiyon islemlerinden énemli 6l¢iide etkilendigi g6zlenmistir (p<0.05). Baslangig peroksit (9.83 meqO;
kg-1 yag), konjuge dien (8.63) ve trien (3.36) degerleri, ultrason destekli etanol solvent ekstraksiyon teknigi ile ekstrakte
edilen yagda daha yiiksek bulunmustur. Hizlandirilmis oksidasyon kosullarinin sonunda, peroksit, konjuge dien ve trien
degerleri sirasiyla: etanol solvent ekstraksiyonu (10 meqO. kg-1, 7.31 ve 3.76), ultrason destekli etanol solvent
ekstraksiyonu (12.50 meqO; kg -1, 8.87 ve 4.02) ve soguk pres (28.50 meqO- kg-1, 16.14 ve 3.70) olarak belirlenmistir.
Bununla birlikte, tohum yagi, etanol- solvent teknigi ile ekstrakte edilen yagda (30.11 dakika) yiiksek bir oksidatif
indiiksiyon siiresi degeri sergilemistir. Sonuglar, dogal antioksidatif 6zelliklerine ragmen, kirmuzi biber tohumu
yaglarinin, depolama sirasinda ekstraksiyon yontemine bagli olarak bir dereceye kadar oto-oksidasyona maruz
kalabilecegini ortaya koymustur. En iyi kalite, depolamanin hem birinci hem de altinci haftasinda etanol solvent
ekstraksiyon teknigi ile korunmustur.

Anahtar Kelimeler: Atik iriin, depolama stabilitesi, kirmizibiber ¢ekirdegi, yag, yesil ekstraksiyon
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INTRODUCTION

Oxidation of polyunsaturated fatty acids is the
main reaction affecting oil quality and health during
the storage period (Mici¢ et al., 2015). In addition to
the ratio of unsaturated fatty acids, the presence of
oxygen, the number of minor components that have
antioxidant and prooxidant effects, light, metal
contamination, temperature, humidity, storage
conditions, and oil extraction methods are the main
factors that cause the initiation of lipid oxidation
(Kayahan, 2003). As a result of the oxidation
destruction mechanism that occurs in oils such as
thermal oxidation, polymerization, and hydrolysis,
the shelf life and nutritional value of the oils are
reduced, and also, they gain toxic properties (Akgar,
2009). However, fat-soluble vitamins are destroyed,
unsaturated fatty acids are reduced, so the biological,
chemical, nutritional, color, texture, and sensory
quality of the oil are adversely affected (Labuza,
1971).To overcome a major problem such as lipid
oxidation, there is a need to develop new
preservatives that will provide better oxidative
stability of edible oils (Yang et al., 2010). At this
point, antioxidants, which are defined as compounds
that prevent or delay oxidative degradation in foods,
are of great importance (Lee et al., 2010). Due to the
undesirable effects of synthetic antioxidants on
human health, interest in natural antioxidants is
increasing (Cordeiro et al., 2012).

Vegetable oils, which are obtained from
oilseeds, lead to many applications as a nhew,
alternative and inexpensive source of natural
antioxidants with their bioactive content (Silva et al.,
2013). Red pepper seed oil produced from industrial
by-products is of great importance in terms of one of
these vegetable oils. In recent years, research and
innovation projects under Horizon 2020 framework
program include the main topics about plant products
and by-products (Baenas et al., 2019). And at the
same time, the storage stability and shelf life of edible
oils has always been a topic of considerable interest
to nutritionists, food manufacturers and consumers
due to their impact on food quality and safety. For
these reasons, red pepper seed oil remains among the
popular topics of researches. Red pepper seed oil is
rich in unsaturated fatty acids with 68-78% linoleic
acid and 7-15% oleic acid content, and is mainly
palmitic acid (11-14%), and stearic acid (3-4%),
including saturated fatty acids (EI-Adawy and Taha,
2001; Perez-Galvez et al., 1999). It has a strong
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antioxidant mechanism with alpha-tocopherol and
capsaicin contents (Yang et al., 2010). Present studies
have indicated that the red pepper seed oil is also rich
in carotenoids especially capsanthin, lutein, and beta-
carotene (Kongsek et al., 2018). Capsicum
compounds have an important role in reducing the
oxidation of active substances by their antioxidant
properties (Baenas et al., 2019).

Besides their own antioxidant content, the
methods of oilseed extraction are also an important
factor affecting the quality, quantity, and stability of
the oil (Ozkan et al., 2010; Evren and Tekgiiler,
2011). With appropriate extraction methods and
applied conditions, seed oils with long shelf life can
be obtained by ensuring that other bioactive
components such as antioxidants and tocopherols in
the seeds are transferred to the oil at the maximum
rate. Solvent extraction that is most commonly used
with hexane as a solvent is among the traditional
extraction methods, but in recent years, effective
methods such as cold pressing and ultrasound-
assisted solvent extraction methods have been used to
produce edible oils (Yetim and Kesmen, 2009). These
pressing and ultrasonic applications stand out as a key
technology in achieving the goal of sustainable
“green extraction” (Dedebas et al., 2021). “Green
extraction” offers some potential to minimize or
eliminate the toxic effects of organic solvents, and
with a better quality to extract bioactive lipid-soluble
compounds (Ramadan, 2020). Cold-pressed kils have
an interest due tok their more polar phenolic
compounds and natural antioxidants (Uluata, 2016).
In addition, ultrasound-assisted extraction is one of
the modern, green, economically, non-thermally
effective techniques used to obtain bioactive oils and
are preferred to modern techniques (Chemat et al.,
2017). In recent years, consumers have preferred
reliable, economical, and environmentally friendly
products in terms of food safety, and for this reason,
products are tried to be produced with a green
approach (Farr and Proctor, 2014; Siger et al., 2015).

Although there are very few studies on red
pepper seed oil so far, it is seen that solvent extraction
(Soxhlet) and cold pressing methods, which are
traditional, are mostly used. The results obtained from
these studies contributed to the characterization of red
pepper seed oil. In addition, in recent years, modern
techniques such as pressure-assisted, supercritical
fluid-CO,, microwave-assisted, and ultrasound-
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assisted solvent extraction have been used to obtain
red pepper seed oil, but these studies have been
limited to the physicochemical, bioactive, and
antioxidative properties of the oils (Chouaibi et al.,
2019; Ma et al., 2019). No studies have been found
on the production of red pepper seed oils by green
extraction methods without using toxic organic
solvents and the effectiveness of extraction methods
on the oxidative stability of seed oils during storage.

The aim of the study was to investigate the
storage stability of seed oils extracted form red
pepper (Capsicum annuum L.) waste by cold-press,
conventional solvent, and ultrasound-assisted solvent
method with a green approach. The chemical quality
of the oils was also determined by the peroxide,
oxidative induction time, conjugated diene, and triene
values.

MATERIAL AND METHODS
Materials

Red pepper (Capsicum annum L.) seeds as an
industrial food waste were provided by MUSAN
Food Co. Ltd. (Kahramanmaras, Turkey). The seeds
were the post-production seeds of red pepper fruits
that were harvested in the 2015 August-October
harvest season for spicy red pepper products. The
seeds were dried under the sun (moisture content <
6%) within that season. The seeds were ground into a
powder with an average particle size of 500 um by an
electrical grinder (model Scm 2934; Sinbo, Istanbul,
Turkey). All reagents were provided by Merck
(Darmstadt, Almanya) and Sigma-Aldrich (St.Louis,
ABD) and of the analytical grade.

Method
Ultrasound-assisted solvent extraction (UAE)

An ultrasound bath, Jeiotech UC-10 brand with
40 kHz ultrasound frequency and max.300 W
ultrasound power (10 liter capacity ultrasonic tank,
acoustic energy density of 0.026 W cm), was used
for UAE. Dimensions of 10 L (40 kHz 300 W)
volume capacity ultrasound tank were 295x240x160
mm. The seed powder was exposed to high intensity
ultrasonic effect at a fixed sample: solvent ratio (1/10,
weight/volume), at 40°C and for 40 min. The bath
temperature was maintained constant at 40 °C
(measured with a thermocouple) during treatment
using cool-packes. Ethanol was selected as a green
alternative solvent to hexane. The supernatants
obtained after the treatment were filtered to obtain an
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ethanol-containing extract phase. The supernatants
were filtered and ethanol in the extract phase was
volatilized by a rotary evaporator (Hei-VAP Value
model, Heidolph, Germany) under vacuum at 40°C.
Extraction conditions were determined by pre-
extraction studies.

Solvent extraction (SE)

The solvent extraction was the non-ultrasound-
assisted conventional solvent extraction. SE was
performed with the same ultrasound bath Jeiotech
UC-10 brand without using ultrasonic vibrations. The
extraction conditions were carried out by the same
method used in the UAE procedure.

Cold press (CP)

Red pepper seed oil was obtained using a cold-
pressing machine (model:6YL-68, Henan Double
Elephants Machinery I/E Co., Ltd., China) (single
head, 5.5 kW power, 50 kg seed/h capacity). It is
ensured that the oil outlet temperature of the device
does not exceed 40°C. After the cold-pressing
process, the extracted seed oil was passed through a
cloth filter and then the lipid fraction was
centrifugated to purify from solid particles.

Storage in accelerated oxidation conditions

Oil samples produced by three different methods
were stored in amber bottles at 60°C for 6 weeks in an
oven (Samples were taken into different bottles for
each storage period). In this process, samples were
taken at the beginning of storage and for 6 weeks at
7-day intervals, and peroxide value (AOCS, 1984),
conjugated diene, and triene determinations (AOCS,
1989) were performed.

Analyses

Oil yield (%)

Oil extraction yields were calculated according to

Equation (1).

oil yield %= [(weight of o1l (g)/(weight of seed (g))]x100

Peroxide value @
The peroxide value expressed as milliequivalent

gram oxygen (meqOkg™) in 1 kg oil was determined
using the Cd 8-53 method of AOCS (AOCS, 1984).

Conjugated diene and triene values
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Conjugated diene and triene values were
determined according to AOCS Ch5-91. Conjugated
diene (K232) and triene (Kz7) values are determined
by weighing certain amounts of oil samples (1%, w/v)
and dissolving them in 10 ml hexane. By using UV-
1800 Shimadzu UV [/ VIS spectrometer, the
absorbance values at 232 nm and 270 nm are
measured in 1 g oil at a concentration of 100 ml*
(AOCS, 1989).

Determination of oxidative induction time (To):

Oxidative stabilities of oil samples were
determined by differential scanning calorimetry
(DSC 4000, Perkin Elmer). Oil samples were
weighed at 15+£1 mg and put into sample aluminum
containers (Perkin Elmer; 40 pl). The reference
container was used as empty. The heat flow and
temperature calibration of the DSC device were made
for the use of standard indium.

In order to determine the oxidative stability of
the oil samples, analyzes were made using the
isothermal method by DSC device. The isothermal
temperature was programmed to 130°C and
measurements were made by waiting until the end of
the oxidation period in 20 mL min™? oxygen gas
(99.9%) flow under atmospheric pressure. Oxidative
induction time was determined using the method
defined by Tan et al. (2002). The induction time of
the oxidative reaction is closely related to the
intersection of the exotherm's (leading) tangent line
and the extrapolated base.

Statistical analysis

The results were given as the mean + standard
error. Statistical significance was admitted at a level
of p<0.05. The data were statistically analyzed by
one-way analysis of variance (ANOVA). Duncan test
was used to compare means (SPSS v.23, IBM, USA).

RESULTS AND DISCUSSION
Oil Yield (%)

The yields of seed kils extracted form red pepper
(Capsicum annuum L.) waste by green techniques
were ranked in the following order: ethanol solvent
extraction (14.50%), ultrasound-assisted ethanol
solvent extraction (16.80%), and cold press (11.32%).
Higher oil yield was obtained with ultrasound
application from red pepper seeds compared to other
extraction  procedures. Ultrasonic  application
mechanically breaks down the cell walls, which is the
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main obstacle in oil extraction by pressing form oil
seeds. This ensures easy transfer of oil out of the cell
and supports the increase in oil yield (Atalay, 2019;
Ergiin et al., 2013).

Oxidative Induction Time (To) of Red Pepper
(Capsicum annum L.) Seed Qils

The average oxidative induction time values of
red pepper seed oils are presented in Figure 1.

The rate of lipid oxidation reactions increases
after a specific phase, defined as the induction period
that is an indicator of oxidative stability (Kayahan,
2003). Induction period has a relationship with
oxidative stability. The oxidative stability and shelf-
life of the oil increase as the induction time increases
(Kowalski et al., 2004). The oxidation induction
times of the samples were calculated at a constant
temperature of 130°C by DSC. DSC induction time
measurements are significantly affected by different
extraction techniques (p<0.05). At 130°C, the SE
(30.11 min) method showed higher oxidative stability
than the CP (24.71 min) and UAE (11.79 min)
methods. The oil sample obtained by the UAE
method exhibited the lowest induction time due to
having the highest peroxide value at the beginning of
the extraction. This shows that the oil obtained by the
SE method is thermally more stable than the oils
obtained by other methods. The high oxidative
stability of the oil obtained by the SE method may be
due to its higher amount of tocopherol and phenolic
components and the low content of unsaturated fatty
acids (Atalay and Inanc, 2023). Also, Gbogouri et al.,
(2013) reported that the differences in thermostability
of oils may be due to their initial chemical
characteristics (fatty acid composition, peroxide
values, etc.).

When we compare the induction times of red
pepper seed oils with the studies of Tan et al. (2002)
investigating the induction times of different edible
oils, it is seen that red pepper seed oils have good
oxidative stability. Although the DSC (To) value of
red pepper seed oil produced by SE (30.11 min) is
higher than olive (21.99 min), safflower (18.19 min)
and grape seed (17.60 min) oils; sunflower (33.34
min), and soybean oils (33.70 min) were found to be
almost the same values. Micic et al. (2015) examined
the oxidative stability of blackberry and raspberry
seed oils, and it is seen that red pepper seed oils have
lower oxidative stability than these seed oils. There is
no study on DSC-measured T, values for red pepper
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seed oils. So, this study contributed to the literature
with To values of red pepper seed oils for comparison.

Storage under Accelerated Oxidation Conditions

The oxidative stability of red pepper seed oils
extracted by different techniques was discussed by
following the peroxide and conjugated diene-triene
values in the storage period under accelerated
oxidation conditions.

Change in peroxide values during storage

The influence of extraction methods during
storage on PV in the red pepper seed oil samples is
shown in Fig. 2.

Oxidation of vegetable oils is the main
deterioration reaction that reduces shelf life and
causes quality loss during storage. Peroxide value,
one of the most widely used methods in determining
oxidative rancidity in oils, is the measurement of the
amount of the peroxides and hydroperoxides formed
in the initial phase of oxidation (Zhang et al., 2010).
The degree of oxidation of oil samples was
determined by PV at the beginning and during storage
at 60°C for 6 weeks. The initial peroxide value of seed
oils renge form 6.67 tok 9.83 meq O, kg™oil. The
peroxide value of UAE extracted oil was significantly
higher than those of other oil tested (p<0.05). It is
thought that as the ultrasound intensity increases, the
formation of primary oxidation products (peroxide
and conjugated dienes) also increases and causes a
rapid increase in the primary oxidation of oils.

When the data obtained as a result of storage
were evaluated, it was seen that the peroxide values
were found as CP, UAE, SE, respectively, starting
from the highest. By comparison of seed oil groups
extracted by green processes, statistically significant
differences, as measured by peroxide value, were
observed during accelerated storage for each week
(p<0.05). In the comparison of weeks in the same
method, the interaction was very significant
(p<0.001).

It was observed that the peroxide value of the
oil obtained by the cold press method increased
linearly during storage and reached its highest value
(28.50 meqO2kg™) at the end of the 6th week of
storage. Increases in peroxide value may occur due to
the formation of primary oxidation products as a
result of lipid oxidation and these causes to loss of
guality of oil (Chong et al., 2015). During storage,
peroxide values for the UAE and SE extraction
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methods were lower than the CP method. The fact
that the oil obtained by the CP method has higher
peroxide values and lower antioxidant activity
compared to other oils is attributed to be related to its
initial low content of phenolic and tocopherol
components (Atalay and Inanc, 2023). Also, the
peroxide value may have reached high values due to
uneven pressure application and temperature increase
in cold pressing. In addition to these, it was observed
that the peroxide values analyzed by the UAE method
during the storage were partially higher than the
peroxide values obtained in the SE method. This
might be due to the cavitation effect, i.e. micro-
mechanical shocks that influence structural and
functional compounds up tok the point of lipid
oxidation and deterioration during the ultrasound
procedure (Chemat et al., 2004). Interestingly, it was
observed that the analyzed peroxide values of oils
produced by UAE and SE methods under high-
temperature storage conditions were in accordance
with the standards specified for edible vegetable oils
and did not exceed 15 meq O, kg* (Alimentarius,
2003).

Uluata (2016) followed the lipid oxidation of

apricot kernel oils produced by cold press and solvent
extraction methods and reported that peroxide values
reached higher values than the current study during
storage. The results of all oxidation tests similarly
showed that apricot seed oils produced by the SE
method are more oxidatively stable than the CP
method. The fluctuations (increase-decrease) in
peroxide values during thermal oxidation were in
agreement with those obtained by Kiralan and Kiralan
(2017). On the other hand, they reported that higher
peroxide values for cold-pressed sunflower oil were
analyzed. Halim and Thoo (2018) examined the effect
of ultrasound application on the oxidative stability of
sunflower and palm oil and reported that peroxide
values of oils were lower without ultrasound
application. The results were in agreement with those
obtained by Halim ve Thoo (2018). There is no study
on the storage stability of red pepper seed oils. So,
this study contributed to the literature with peroxide,
the conjugated diene, and triene values during storage
of red pepper seed oils for comparison.
Change in conjugated diene-triene values during
storage.The influence of extraction methods during
storage on conjugated diene and triene values in the
red pepper seed oil samples is shown in Fig. 3 and
Fig. 4.
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Similar to the peroxide value, the conjugated
diene value is also an indicator of the primary
oxidation products formed by lipid oxidation
(Bouaziz et al., 2008). Hydroperoxides, which are the
first degradation products, constitute the conjugated
diene values at 232 nm, and the products formed as a
result of the breakdown of hydroperoxides constitute
the triene values of the oil at 270 nm (Karakus, 2008).
The two most commonly used methods to determine
the shelf life of vegetable oils are the determination
of peroxide value and conjugated diene-triene values.

The initial conjugated diene value of seed kils
renge form 7.07 tok 8.63. The conjugated diene value
of UAE extracted oil was significantly higher than
those of other oil tested at the beginning of storage.
Nevertheless, the value of the oil extracted with CP is
higher when we consider the entire storage. When the
conjugated diene values were evaluated for oils
produced by different methods at every stage of the
storage process, it was seen that the values were
different from each other from the first week and the
difference between the methods was important
(p<0.05).

The initial conjugated triene value of seed
oils renge form 1.92 tok 3.36. The conjugated triene
value of UAE extracted oil was also significantly
higher than those of other oil tested at the beginning
and during of storage. When the variation of each
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method according to the weeks was analyzed, the
interaction was very important in both conjugated
diene-triene values (p<0.001). Conjugated diene
values (Kzs2) increased for all samples generally due
to the formation of conjugated dienes and polyenes
during storage. The values of the oils obtained with
CP were higher than the others. During the storage
period, a partial decrease was observed in the values
for all oils in the first week's measurements. It is
thought that this decrease may be due to the
conversion of most of the dienes to polymer
components with the increase occurring during
storage. Similarly, fluctuations (increase-decrease)
were observed in conjugated triene (Kazo) values
during storage. Although conjugated triene values
were the highest in UDSE, it was observed that the
values were close to each other in SE and SP methods.
Increases and decreases in conjugated triene values of
all oils were slower. For all methods, it was found that
the data obtained for conjugated diene and triene at
the end of storage had the highest values. It was
observed that the conjugated diene values for all oil
samples were higher than the triene values. Also, the
attitude (increase-decrease) of conjugated diene and
triene values was parallel to the peroxide values
(Hosseini et al., 2015).

35
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o o

Oxidative induction time,

o1

mCP
= UAE
SE

Extraction methods

The values indicated with the same superscripts do not statistically differ (p>0.05). (Extraction methods ‘a-c”)

Figure 1. The oxidative induction time of red pepper seed kils
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methods "a-c" series during each storage period, differences of methods according tok storage time "A-E" series)

Figure 2. Change in peroxide values of red pepper seed oils during storage
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Figure 3. Changes in conjugated diene (Kz3,) values during storage
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Figure 4. Changes in conjugated triene (Kz7o) values during storage

Low levels of conjugated diene and triene allow oils
to show higher oxidative stability (Chatha et al.,
2006). Tocopherols maintain the quality during
storage because of their natural antioxidants role and
thereby reduce the formation of bad odor-aroma and
rancidity (Moradi et al., 2018). It is also known that
its phenolic components have a protective effect
against fat oxidation by inhibiting the formation of
conjugated diene-triene and lipid hydroperoxides
(Bouaziz ve ark., 2008). In the studies of Kiralan and
Kiralan (2017), during the thermal oxidation of cold-
pressed sunflower oil and the photooxidation process
under light, the attitude of K23, values during storage
was consistent with the result obtained in this study.
However, it was seen that the values reached were
higher than the values obtained in this study.

Since there is no storage study on red pepper
seed oil under accelerated oxidation conditions, it is
very difficult to compare the results with the studies
made with other materials. Because of antioxidant
activity; It may vary depending on factors such as
different extraction techniques applied, extraction
conditions, the presence of bioactive components that
can show pro-oxidant or synergist activity, and the
activities of these components in the system where
they are located (Kamal-Eldin ve Appelqvist 1996).
CONCLUSION
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The results showed that there was a
significant difference in quality and oxidative
stability between the studied red pepper seed oils due
to the different green extraction methods applied.
Generally, the effect of the cold-pressing and
ultrasound application exceeded that of the others tok
influence the peroxide value and conjugated diene-
triene values. Oils produced by solvent extractions
under accelerated oxidation conditions preserved
their quality in the best way and showed high storage
stability compared to other oils. Consequently, it is
necessary to evaluate the changes in the oxidative
stability mechanisms and quality values of seed oils
extracted by different techniques along their shelf
life. The initial quality (chemical characteristics and
natural antioxidants) of seed oils is also important for
storage stability. However, if there is the formation of
secondary oxidation products in storage conditions, it
is necessary to analyze them and the change of
antioxidant agent contents such as phenolic
substances, tocopherol, capsaicin and carotenoid
should also be monitored to have more enlightening
information about oxidative stability of seed oils.
Additionally, researches on the elimination of toxic
solvents used and the usage of green technologies for
oilseed extraction should be increased. Oils should be
produced in reliable, economical, and
environmentally friendly ways in terms of food
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safety. Many analyzes were carried out for the first
time for red pepper seeds and a contribution was
made to literature research. It is recommended to
continue studies on the storage of red pepper seed oil,
to develop methods, and to apply them to the industry.
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Tekerlekli sandalye, fiziksel engelliler i¢in giinliik yasamin vazgecilmez unsurlardan birisidir. Tekerlekli sandalyeler
diinya ¢apinda kullanim amaglaria gore birgok firma tarafindan iiretilmektedir. Cesitliligin ¢ok oldugu bu sektorde,
engelli bireyler i¢in dogru sandalye secimi engellilerin hem hayat kaliteleri hem de sagliklar agisindan 6nem arz
etmektedir. Bu nedenle calismamizin amaci, fiziksel engellilere, kendileri i¢in en uygun tekerlekli sandalyeyi
Onerebilmektir. Arastirmamizda, bes adet tekerlekli sandalye iireticisinin iirettigi aktif tekerlekli sandalyeler i¢in 18 adet
kriter esliginde ¢ok kriterli karar verme yontemleri (CKKYV) ile degerlendirilme yapilmistir. Bu yontemler, Analitik Ag
Siireci (AAS), Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) ve The Preference Ranking
Organization Method for Enrichment Evaluation (PROMETHEE)’dir. Caligmada uzman goriigleri sonucunda, tekerlekli
sandalye se¢iminde nihai siralamalar elde edilmistir. Tekerlekli sandalye kullanicisi fiziksel engelli bireyler i¢in en uygun
tekerlekli sandalye secilerek hayat standartlarinin yiikseldigi ortaya konulmustur.

Anahtar kelimeler: Engellilik, fiziksel aktivite, manual tekerlekli sandalye, ¢ok kriterli karar verme

Active Wheelchair Selection for the Physical Disabled with Analytical Network
Process, TOPSIS and PROMETHEE Methods

Abstract

Wheelchair is one of the indispensable elements of daily life for the physically disabled. Wheelchairs are produced
by many companies around the world according to their intended use. This protection, where there is a lot of diversity,
and the selection of the right chair for the disabled are important in terms of both their quality of life and their health. For
this reason, the aim of our study is to suggest the most suitable wheelchair for the physically handicapped. In our research,
active wheelchairs created by five wheelchair manufacturers were handled with multi-criteria decision making methods
(MCDM) accompanied by 18 criteria. These methods are Analytical Network Process(ANP), Technique for Order
Preference by Similarity to Ideal Solution(TOPSIS) and The Preference Ranking Organization Method for Enrichment
Evaluation(PROMETHEE). As a result of expert opinions in the study, final rankings were obtained in wheelchair
selection. It has been demonstrated that the most suitable wheelchair for wheelchair users and physically disabled
individuals has been selected and their living standards have increased.

Keywords: Disability, physical activity, manual wheelchair, multi criteria decision making.

GIRIS

Tekerlekli sandalye, fiziksel engelliler igin Tekerlekli sandalye kullanicist olan fiziksel
giinliik yagsamin vazgecilmez unsurlardan birisidir. engelliler birgok sorun ile karsilasabilmektedir.
Fiziksel engelli bireyler hayatlarinin onemli bir Ulasim, sosyal yasamda mekéanlarin erisilebilirligi
kismini tekerlekli sandalye {izerinde gecirmekte ve ve kisisel hayatin siirdiiriilebilmesinde ¢esitli
birgok giinlikk aktiviteyi tekerlekli sandalye sorunlar yagamaktadir.
vasitasiyla gerceklestirmektedirler. Bu nedenle Tekerlekli sandalye iizerinde hayatinin ¢ok
fiziksel engelliler i¢in tekerlekli sandalyeler hayati biiylik bir boliimiini gecirmekte olan engellilerin,
Onem tagiyan araglardir. tekerlekli sandalye secimindeki tercihi dogru bir
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sekilde yapmasi hayatlarini daha kolay bir sekilde
stirdiirmeleri i¢in olduk¢a Onemlidir. Bireylerin
kendi fiziksel yapilarma, yasadiklann fiziksel
ortamlara ve ¢cevredeki ¢esitli unsurlara gére uygun
tekerlekli sandalye se¢imi fiziksel engelliler igin
onemli bir karar problemidir. Uygun tekerlekli
sandalye se¢iminin yapilmamasi halinde basta kas-
iskelet sistemine yonelik olarak omuz ve kas
agrilari, yere diismeler, kalca ve sirt yaralari, kas ve
kan dolasimi bozukluklar1 gibi ¢esitli problemler
meydana gelebilmektedir. Bu nedenle ergonomik
agidan ve her bir fiziksel engellinin &zel
ihtiyaglarin1  karsilayacak tekerlekli sandalye
seciminin yapilmasi gerekmektedir. Bu kapsamda
basta ekonomik ve teknik olmak flizere g¢esitli

kriterler dikkate alinarak alternatifler
degerlendirilmelidir.

Tekerlekli sandalyenin uygunlugu; tekerlekli
sandalye  kullanicisinin ~ kendi  ihtiyaglarini
karsilayabilmesi, viicuda uyum ve destek

saglamasi, ¢cevresel kosullara uygun, giivenli, uzun
omirli, hafif, saglam, ekonomik ve tekerlekli
sandalye ile kolay manevra yapilabilmesidir.
Ayrica tekerlekli sandalyeler, tekerlekli sandalye
kullanicilarinin miimkiin mertebede ¢ok sayida
etkinlige  katilmalarin1  saglayacak  sekilde
tasarlanmalidir.  Bir  tekerlekli  sandalyenin,
tekerlekli ~ sandalye  kullanicistnin  fiziksel
gereksinimlerini karsilayacak sekilde ayarlanmasi
veya  kisisellestirmesi  olanagi,  tekerlekli
sandalyenin tiirline ve tasarimina bagli olarak
degismektedir. Tekerlekli sandalye iireticileri, bu
gereksinimlere uygun olarak tekerlekli sandalye
tasarimi ve iiretimi gergeklestirmektedir.

Bu kapsamda ele alinan ¢alismada bir fiziksel
engelli bireyin tekerlekli sandalye se¢im problemi
incelenmistir.  Fiziksel engellilerin  tekerlekli
sandalye tercihinde birden fazla alternatifin ve
degerlendirme kriterlerinin ¢esitlenmesi nedeniyle
probleme CKKV problemi olarak dikkate
alinmaktadir.

Calismada tekerlekli sandalyelerin secimini
etkileyen kriterler ve bu kriterlere iliskin
kargilagtirmalar alti uzman esliginde grup karar
verme teknigi gerceklestirilmistir.
Degerlendirmede kullanilan kriterler, literatiir
incelemesinden ve tekerlekli sandalye kullanicist
omurilik fel¢li (parapleji) ve tetrapleji hastast olan
ve tekerlekli sandalye kullanan dort birey ve iki
tekerlekli sandalye satis temsilcisi olmak {izere
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toplam alt1 uzman goriisii alinarak olusturulmustur.
Tekerlekli sandalyelerin degerlendirilebilmesi igin
giivenlik, performans, ergonomiklik, bakim ve
maliyet ana kriterleri belirlenmistir. Bu ana
kriterler altinda ise 18 adet alt kriter belirlenmistir.

Problemin ¢Oziimiinde CKKV
yontemlerinden AAS, TOPSIS ve PROMETHEE
yontemleri  kullanilmugtir.  Kriter agirliklarinin
hesaplanmasi i¢in AAS yontemi tercih edilmistir.
Burada AAS yonteminin secilmesinde kriterler
arasindaki iligkilerin bir ag yapisi ile modellenme
imkant sunmasi nedeniyle AAS ydntemi tercih
edilmigtir.

Alternatiflerin siralanmasi igin ise, TOPSIS
ve PROMETHEE yontemleri  kullanilarak
kargilagtirmali bir analiz yapilmistir. TOPSSIS
yontemi pozitif uzaklik ile karar verici igin en
uygun alternatifi belirlerken negatif uzaklik
operatorii ile de en kotii alternatiften uzaklasmay1
sunmaktadir. Bu nedenle TOPSIS yontemi tercih
edilen bir yontemdir. Ote yandan PROMETHEE
yonteminin tercih edilme nedeni ise her bir kriter
nicel ve nitel olma 6zelliklerine gore tanimlanarak
alternatifleri degerlendirme imkani1 sunmasidir.

Alternatifler siralanirken, hibrit bir yaklasim
benimsenerek AAS yonteminden elde edilen kriter

agirliklari, TOPSIS ve PROMETHEE
yontemlerine entegre edilmistir.
Calismanin  ikinci  boliimiinde literatiir

aragtirmasina yer verilmistir. Ugilincii boliimde
kullanilan yontemler 6zetlenmistir. Dordiincii
boliimde problemin ¢6ziimii ve son boliimde ise
sonug boliimii yer almaktadr.

Literatiir Arastirmasi

Literatiir arastirmasinda, tekerlekli sandalye
tasarimi  ve tekerlekli sandalye secimindeki
sorunlar1 ele alan c¢aligmalar incelenmistir.
Calismalarin bazilar1 ise CKKV yontemleri ile
problemin ¢dziimiine katkida bulunmustur.
Literatiir arastirmasinda, ¢aligmalar icerisinde yer
alan kriterler ve yontemler degerlendirilmistir.
Literatiirdeki calismalarda, tekerlekli sandalye
secimi igin dikkate alinan kriterlere iliskin 6zet
bilgiler Tablo 1’de sunulmaktadir. Tekerlekli
sandalye secim sorununu ¢o6zmek amaciyla
incelenen calismalarin ¢ogunda “gilivenlik”™ kriteri
kullanilmustir., “Performans” kriteri de
caligmalarda 6nem arz eden diger kriterlerden

biridir.
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Literatiirde tekerlekli sandalyelere yonelik
caligmalari, tekerlekli sandalye tasarimi ve
tekerlekli sandalye secimi olmak iizere iki baglik
altinda inceleyebiliriz. Ik olarak tekerlekli
sandalye tasarimina yonelik olarak, Hambali
(2008), c¢alismasinda  tekerlekli  sandalye
tasariminda yanlis karar vermenin, {irliniin yeniden
tasarlanmas1 ve iiretilmesine sebebiyet verecegini,
bu nedenle dogru tasarimi segmenin ¢ok Onemli
oldugunu, en wuygun tasarim konseptinin
belirlenmesi i¢in ise faydali yontem olarak Analitik
Hiyerarsi Siirecinin (AHP) oldugunu belirtmistir.
“Ergonomiklik” ve “Performans” kriterlerini
dikkate almistir. AHP’yi karar verme siirecinde
hemen hemen her uygulamada kullanmistir. Yuan
et al. (2014), tekerlekli sandalye kullanicilarinin
ihtiyaglarinin farkli derecede oldugu,
kisisellestirilmis tekerlekli sandalyelerin nasil
tasarlanmasi gerektigini belirtmislerdir. Tekerlekli
sandalye kullanicilarinin talepleri dogrultusunda,
tekerlekli sandalyelerin Gzelliklerine gore 20
uzman  tekerlekli ~ sandalye  kullanicisiyla
degerlendirme yapmustir. “Siiriis” kriterini yalnizca
bir ¢alismada dikkate almistir. Ahmad et al. (2017),
yaslilarin durumunun genellikle g6z ardi edilmekte
oldugunu ve dikkate alinmadigini ve bu nedenle,
yaslilarin tekerlekli sandalyeye gecisi sirasinda
yasadiklari sorunlar1 belirlemek, mevcut tekerlekli
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sandalyenin fiziksel yorgunlugunu azaltacak,
yaslilarin bagimsizligini veya kabiliyetini artiracak
tasariminin  iyilestirilmesi igin  bir ¢alisma
yapmugtir. “Bakim”, “Performans”, “Giivenlik” ve
“Maliyet” kriterlerini dikkate almistir. Mugadimah
(2019), tekerlekli sandalyenin erisilebilirliginin,
hareketliligindeki bagimlhiliklart  ve engelleri
¢ozmekte yardimci olan az sayida c¢aligmada
“Ergonomiklik” kriteri 6nemli bir unsur oldugunu
belirtmistir.

Tekerlekli sandalye segiminde yer alan
kriterlere bakildiginda ise “giivenlik” ve “maliyet”
kriterlerinin Tablo 1’de yer alan calismalarda da
yer almaktadir. Desai et al. (2019), ayaga kaldirma
ozelliklerine  sahip  ayarlanabilir  tekerlekli
sandalyelerin, tekerlekli sandalye kullanicilarinin
yasam kalitelerini, giivenliklerini ve konforlarini
arttirdiginin ele alindigi bir ¢alisma yapmugtir.
Mistarihi et al. (2020), tekerlekli sandalyenin
ergonomik olarak analiz edildiginde, viicut
duruglarinin =~ bozulma  olasihigmi  azalttigin,
tekerlekli  sandalye  tasariminda  malzeme
kalitesinin agirlik olarak diger kriterlere gore
6nemli oldugunu tespit ettigi bir calisma yapmustir.

Literatiir arastirmasi kapsaminda CKKV
yontemleri dahilinde incelenen calismalara Tablo
1’de yer verilmistir.

Tablo 1. Tekerlekli sandalye segimi igin literatiirde kullanilan CKKV yontemleri

Yazar/Kriterler ER KO KT AA AK AKY KY K S KDY MA A D KK Yintem

Hambali vd. v v v v v VY v v Y AHP
(2008)

Yuan vd. (2014) v v Y AHP
Ahmad vd. v v v v Y v v Y AHP
(2017)

Mugodimah v v Y v oV AHP ve
(2018) Delphi
Desai vd. (2019) v AHP
Mistarihi vd. v v AAS
(2020)

Bu ¢aligma v oV N N N N v v Y v v v Y

ER: Ergonomiklik, KO: Kolay onarim, KT: Kolay transfer, AA: Ayarlanabilir ayaklik, AK:
Ayarlanabilir kolgak, AKY': Ayarlanabilir koltuk yiiksekligi, KY: Kendiliginde yiirime, K: Koltuk, S: Sirtlik,
KDY: Kol dayama yeri, MA: Maliyet, A: Agirlik, D: Denge, KK: Keskin kenar.
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Ayrica tekerlekli sandalye ile ilgili incelenen
diger ¢aligmalar asagida 6zetlenmektedir.

Kuvvetli (1995), tekerlekli sandalye tasarimini
incelemistir. Shirley (2001), tekerlekli sandalye
karsilagtirmasi yapmistir. DiGiovine (2000) manuel
tekerlekli sandalyede siiriis konforu ve ergonomisinin
kullanici degerlendirmesini yapmigtir. Batavia (2001)
ve Woude (2001), bazi kriterlere gore en uygun
tekerlekli sandalyeyi tespit etmistir. DiGiovine
(2003), tekerlekli sandalye minderi ve sirtligi segimi
yapmistir. Kwarciak (2004), tekerlekli sandalye
siispansiyon analizi degerlendirmesi yapmistir. Cinar
(2008), konut iginde  tekerlekli  sandalye
kullanicilarinin  hayatlarinin zorlandig1 ve yasam
kalitelerinde de olumsuz yonde etkilesim yaparak,
bazi fiziksel ve yasamsal haklarinin kullanilmasinda
engel oldugu durumlari incelemistir. Ulusoy (2008),
okculuk sporu i¢in bedensel engelli olup
olunmamasina gore fiziksel engellilerin
performanslarindaki degisimleri gOzlemistir.
Yilmazgoban (2009), 5 adet elektrik motorlu
tekerlekli sandalyeyi baz alarak, bunlar i¢erisinde yer
alan sasileri bilgisayar programi araciligiyla
tekerlekli sandalyenin 6nden ¢arpigsma durumunda ne
durumda olacagina dair simiilasyonunu incelemistir.
Tosun (2010), tekerlekli sandalye ile banyo iginde
hareket kabiliyetleri incelemistir. Lemay (2011),
tekerlekli sandalye kullaniminda kabiliyeti arttirmay1
amaglamistir. Stefanov (2015), bazi kriterlere gére en
uygun tekerlekli sandalyeyi tespit etmistir. Hong
(2016), baz1 kriterlere gore en uygun tekerlekli
sandalye sirthigini tespit etmistir. Saltan (2017) ve
Doruk (2019), tekerlekli sandalye kullanimi
sirasinda,  tekerlekli  sandalye  kullanicisinin
yetenekleriyle hayat standardina olan iligkileri tespit
etmistir. Boz (2019), tekerlekli sandalye ile banyo
icinde hareket kabiliyetleri incelemistir. Miilayim
(2020), sosyal hayata adapte olabilme adina
engellilerin yasadig1 sorunlara dair ¢éziim Onerileri

getirmistir. Karabay (2021), cevresel engellerin
ortadan  kaldirilmasiyla  tekerlekli  sandalye
kullanicilarinin =~ hayatin1  kolaylastirilabilecegini

incelemistir. Uyanik (2022), uzun siire boyunca
tekerlekli sandalye {izerinde zaman gegiren tekerlekli

sandalye kullanicilarinda meydana gelebilecek
yaralanmalarin  Onlenmesi amaciyla ¢aligsmalar
yapmuistir.

Literatiirde yapilan bazi caligmalar tekerlekli
sandalyenin tasarimin1 hedeflerken, yapilan bu
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caligmada diger ¢aligmalardan farkli olarak asagidaki
siiregler gbz onilinde bulundurulmustur:

 Tekerlekli sandalye tasarimi degil, tekerlekli
sandalyenin son kullanicisina yonelik olarak
tekerlekli sandalyede yer almasi gereken Kriterlerle
birlikte degerlendirilmistir.

* Calismayla birlikte farkli tekerlekli sandalyeler
icerisinden, diger yapilan ¢aligmalardan farkli olarak
bir¢ok kriter esliginde en uygun tekerlekli sandalye
secimi yapilmistir.

*Tekerlekli  sandalye se¢iminde CKKV
yontemlerinden AAS, TOPSIS ve PROMETHEE
yontemleri ile birlikte ilk kez degerlendirilme ve
secim yapilmisgtir.

MATERYAL VE METOT

Calismada problemin ¢6ziimii igin kullanilan
yontemler bu baslik altinda 6zetlenecektir.
Analitik ag siireci (AAS)

Problemler, hiyerarsik yaptya sahip
olmamalarina ragmen, problemin ¢dziimiinde ele
alman ana kriter, alt kriter ve alternatifler birbirleriyle
etkilesim halinde olabilir. Karar vermede etkili olan
kriterler arasindaki iligkileri géz oniinde bulunduran
AAS yontemi, Thomas L. Saaty (2006) tarafindan
gelistirilen AHP'min genellestirilmis halidir Alptekin
(2010). AAS, sayisal faktorlerin ifade edilemedigi
durumlarda iyi bir ¢oziimleyicidir Yaralioglu (2010)
ve AHP'ye kiyasla daha karmagik karar verme
problemlerine uygulanabilmektedir. AAS yonteminin
uygulama adimlart su sekildedir Hamurcu ve Eren
(2017):

Adim 1: Karar Verme Problemi Olusturulmasi

Adim 2: Tligkilerin Belirlenmesi: Ana kriter ve
alt kriterler arasindaki bagimliklar belirlenmistir.

Adim  3:  Kiriterler  Arasindaki
Karsilastirmalarin Olusturulmasi

Adim 4: Tutarlilik Oraninin Hesaplanmasi: Her
bir karsilagtirma matrisindeki tutarlilik orani1 (CR)
hesaplanmistir. Hesaplama sonucu ¢ikan deger 0,10
oranindan kii¢iik oldugu takdirde tutarlidir.

Tkili

Adim 5: Siper Matrisler  Sirasiyla
Olusturulmustur
-Agirliklandirilmamis Stipermatris:

Siipermatrisler, problemi olusturan ana kriter, alt
kriter ve alternatifler arasindaki tiim bagimliliklarin
hesaplanarak {istiinliik vektorleriyle olusturulan kare
matristir Gokturk, vd. (2011).
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-Agirliklandirilmig Siipermatris:
Agirliklandirilmamis  siipermatrisin  her bir siitun
toplam1 degerinin 1 birime esit oldugu kriterdir Anik

(2007).
-Limit Stipermatris: Agirliklandirilmig
slipermatrisin satirlarindaki birimlerin

degismemesine kadar {islerinin alinmasidir.

Adim 6: En lyi Alternatifin olusturulmast:
Alternatifler, limit siipermatris ve kriter agirliklarinin
hesaplanmasiyla birlikte, bu hesaplanan degerlerden
en yiiksegi alinarak alternatif se¢ilmektedir.

TOPSIS yontemi

TOPSIS yontemi ilk olarak Hwang ve Yoon
(1981) tarafindan uygulamaya alinmistir. Karar
verme sorunlarina ¢dziim ararken yapilan tespitler
neticesinde pozitif ideal ¢oziime ve negatif ideal
¢oziime gore alternatifler secilmektedir. TOPSIS
yontemi 6 adimdan olugmaktadir Hwang ve Yoon

(1981):
Adim 1: Karar Matrisi Belirlenir: Karar
matrisindeki  satirlarda  {stlinliigli  istenilecek

alternatiflerle siitunlarda ise karar vermeye yardimci
olacak kriterler yer alir. Diger adi ise baslangig
matrisidir.

Adim 2: Standart Karar Matrisi Belirlenir:
Esitlik 1.’deki formiiliin yardimiyla standart karar
matrisi olusturulmaktadir.

_ aij
Tij = \/Z}cnzlazkj @

Adim 3: Agurhikli Standart Karar Matrisi
Belirlenir: Standart karar matrisindeki her bir kriterin
agirlik degeri ilgili kriterin ¢arpimiyla agirlikli
standart karar matrisi elde edilmektedir.

Adim 4: Ideal (A*) ve Negatif Ideal (A-)
Coziimleri Belirlenir: Agirlikli standart karar
matrisinde yer alan degerler icerisinden maksimum
ve minimum olanlar bulunur.

Adim 5: Ayrim Olgiitlerin Hesaplanir: Esitlik 2.
ve 3.’te yer alan formiiliin yardimiyla matriste ideal

ve negatif ideal ¢oziime olan uzakliklar
hesaplanmaktadir.

* " 2
S = \/Z}l:l((vif -v)’) 2)
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- 2
S = \/Z?=1 ((vij —v7) ) 3)
Adim 6: Ideal Céziime Goreli Yakinligm
Bulunmasi: Esitlik 4.’te yer alan formiilii araciligiyla
ideal ¢oziime yakinlik hesaplanmaktadir.

— _Si
Si~+Si*

o

(4)

Negatif ideal ayrim 6l¢iitii bulunurken, ilk olarak
toplam toplam ayrim 6Slgiitleri igerisinde yer alan pay
hesaplanmaktadir. Ci* degeri 0-1 birim araliginda
deger almaktadir. Bu degerin 1 olmasi ideal ¢6ziimii,
0 degeri olmasi ise negatif ideal ¢Oziime mutlak
yakinlig1 gdstermektedir (Aribas ve Ozcan, 2016).

PROMETHEE yontemi

PROMETHEE (Preference Ranking
Organization Method for Enrichment Evaluation)
yontemi ilk olarak 1982 yilinda Brans (1985)
tarafindan gelistirilmistir. Bu yontem yedi adimda
hesaplanmaktadir Dagdeviren ve Eraslan (2008).

Adim 1: Veri matrisi belirlenir: Oncelikle
kriterler icin kriterlerin agirligt ve veri matrisi
olusturulmaktadir.

Adim 2: Kiriterler icin tercih fonksiyonlari
olusturulur: Kriterler icin kullanilmasi gereken tercih
fonksiyonlar1 belirlenmektedir.

Adim 3: Ortak tercih fonksiyonlari olusturulur:
a ve b alternatifler olmak tizere;

Adim 4: Tercih indeksleri olusturulur: Ortak
tercih fonksiyonlar1 belirlenir. Sonrasinda ise her bir
alternatif ¢iftinde yer almasi gereken tercih indeksleri
de olusturulur. Esitlik 6.’da a ve b alternatifleri i¢in
tercih indeksi hesaplanmaistir.

0 , f(a) < f(b)

[f@) - ()], f(2) > f(b) ®)

p(a,b) = {p

K wixpi(ab)

3
n(a,b) = SFwi
(6)
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Adim 5: Alternatifler i¢in pozitif (©+) ve negatif
(®-) iistiinliiklerin olusturulmasi: Esitlik 7. ve 8.’de
gosterildigi lizere pozitif Ustiinliik ve negatif listlinliik
hesaplanr.

¢+(a)=—— Y m(a, b) @)

¢-(@)=—= (b, a) (8)

Adim 6: PROMETHEE 1 ile alternatifler igin
kismi oncelikler olusturulur. 3 durumda gosterilecek
olan alternatiflerin tercih edilme durumlari
olusturulacaktir.

l.durum: Esitlik 9., 10. ve 11.’de yer alan
hesaplamalardaki kosullar tutarliysa a alternatifi b
alternatifine tercih edilmektedir.

¢ (a)>¢* (b) ve ¢~ (a)<p™ (b) ©)
¢*(a)>¢*(b) ve ¢~ (a)=¢~(b) (10)
¢*(a)=¢*(b) ve ¢~ ()<~ (b) (11)

2.durum: Eger Esitlik 12.
alternatifiyle b alternatifi aynidir.

saglaniyorsa, a

P* (@)= (b) ve ¢~ (a)=¢~ (D)

3.durum: a alternatifiyle b alternatifinin
karsilastirilamayacagi durumu Esitlik 13. veya Esitlik
14.’teki yer alan denklemlerdeki kosullara baglhdir.

(12)

¢ (a)>¢™ (b) ve ¢~ (a)>¢™ (b)
¥ ()<¢™(b) ve p~(a)<¢™ (b)

Adim 7: PROMETHEE 1I ile alternatifler i¢in
tam Onceliklerin belirlenir: Tam 6ncelikler, Esitlik
15°’te yer alan denklemle hesaplandiktan sonra
siralama yapilmaktadir.

¢*(@)=¢™(a)+ 97 (a)

(13)

(14)

(15)

Esitlik 15.te hesaplanan Oncelik degerleri
sonucunda su kararlar alinir:
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* ¢p(a)< ¢(b) ise a alternatifi b alternatifinden
ustiindiir.

* ¢(a)= ¢(b) ise a alternatifiyle b alternatifi
aynidir.

BULGULAR VE TARTISMA

Calismanin uygulama bdliimii bu baslik altinda
Ozetlenmektedir. Problemin tanimlanmasinin
ardindan alternatifler ve kriterler belirlenerek daha
sonra problemin ¢éziimii sunulmaktadir.

Problemin Tanin

Tekerlekli Sandalye, fiziksel engellilerin
hayati Onemi haiz vazgegilmez elemanlarindan
biridir. Tekerlekli sandalye kullanicilarinin giinliik
yasamdan daha fazla verim alma beklentilerinin
artmasiyla birlikte, tekerlekli sandalye kullanicisimin
gilinlik yasaminin her alaninda yer alan tekerlekli
sandalyede de farkli tercihler ortaya c¢ikmaktadir.
Tekerlekli sandalye sayesinde hayatin her alanina
fiziksel engelli bireyin aktif olarak katilabilmesine
imkan saglanmaktadir. Tekerlekli sandalyenin,
fiziksel engelli tekerlekli sandalye kullanicisina
yonelik olarak tasarlanmasinin yaninda, tekerlekli
sandalye kullanicis1 da tasarlanan bu sandalyeler
arasindan nihai olarak kendisine en uygun olani tercih
etmektedir. Yapilan bu calismada fiziksel engelli
tekerlekli sandalye kullanicist igin  tekerlekli
sandalyeler arasindan en uygun tekerlekli
sandalyenin secilmesi problemi ele alinmaktadir.
Problemin ¢oziimii icin AAS, TOPSIS ve
PROMETHEE yontemleri kullanilmistir.  Kriter
agirliklarinin - hesaplanabilmesi amaciyla AAS
yontemi kullanilmistir. Tekerlekli sandalyelerin
siralanmas siirecinde ise TOPSIS ve PROMETHEE
yontemleri ile sonuca ulasilmstir.

Alternatif ve Kkriterlerin belirlenmesi

Tekerlekli sandalye se¢imi problemi igin
tekerlekli sandalye kullanicilart olan omurilik felcli
parapleji ve tetrapleji hastasi olan dort kisi ve iki satis
temsilcisinden olusan toplam alti uzman goriisi
almarak grup karar verme teknigi ile olusturulmustur.
Ayrica tekerlekli sandalye se¢imi problemiyle ilgili
nicel veriler tekerlekli sandalye kullanicisi fiziksel
engellilerin goriisleri dogrultusunda belirlenmistir.
Tekerlekli sandalye seciminde gilivenlik ana kriteri
altinda, denge (D), keskin kenar (KK), transfer
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esnasinda viicudun yapisimt bozmama (TE), arag
parcalarina zarar vermeyen pargalar (AP), daha az
karmagiklikla kararli yap1 (DA) alt kriterleri,
performans ana kriteri altinda, hafiflik (H), giiclii
gergeve (GC), siiriis (S), ayarlanabilir koltuk
yiiksekligi (AK), ayarlanabilir ayaklik (AA) alt
kriterleri, ergonomiklik ana kriteri altinda, viicut
calisma pozisyonu (VC), diisiik fiziksel ¢aba (DF),
hafif kol yikii (HK), omuz agrisina neden
olmama(OA) alt kriterleri, bakim ana kriteri altinda,
kolay tamir (KT), kolay sokiim (KS) alt kriterleri,
maliyet ana kriteri altinda satis fiyat1 (SF) ve bakim
maliyeti (BM) alt kriterleri belirlenmistir.

File Design Assess/Compare Computations Networks Help
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Alternatif tekerlekli sandalyeler bes adet olmak
tizere, Quickie-Krypton R, Kuschall-K, Panthera-X,
TiLite- ZRA ve RGK-Tiga FX olarak belirlenmistir.
AAS yontemi ile  Kriter
hesaplanmasi

Kriter agirliklarinin hesaplanmasi i¢in bes ana
kriter ile 18 alt kriterin i¢in AAS yontemi adimlari
sirastyla uygulanmistir. lk olarak kriterlerin birbiri
ile iliskilerini gosteren ag yapist kurulmustur. Bu ag
yapist Sekil 1’de sunulmaktadir.

agirhklarimin

Sekil 1. Kriterler arast iliskileri gdsteren ag yapisi

Sekil 1°deki ag yapisindaki iliskiler 6zetlenir ise;
ornek olarak, performans alt Kkriterleri kendi
arasinda iliskiliyken diisiik fiziksel cabayla
performans arasinda ise tek yonli bir iliskisi s6z
konusudur. Ayrica, ergonomiklik ana kriterinde
hafif kol yiikii ve diisik fiziksel caba alt
kriterlerinin kendi arasinda da iliskiler yer
almaktadir. Kriterler arasindaki bu ag yapisinin
tamamlanmasi1 sonrasi AAS yonteminde Kriterler
birbirleriyle karsilagtirilmastir. Ikili
karsilagtirmalarda ise, matrislerdeki tutarlilik
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oranlart 0,10’un altinda ¢iktigindan dolay1
karsilagtirma matrisleri tutarlidir.

AAS yontemi ile kriterler arasindaki iligkiler
tanimlandiktan sonra karsilastirmalar yapilarak
agirliklart bulunmustur. Super Decisions paket
programinda karsilastirmalar 1-9 skalasina gore
yapilmaktadir. Karsilastirmalara iliskin 6rnek bir
ekran gorilintiisii Sekil 2’de sunulmaktadir.
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:::I;;::;\lods S| é?:p;n;;:s‘ xnlgs};?;;;;'lrjs?smsku SANDALYE SECIMI” node in "ANA KRITERLER" clus o — . tyerd |
CMEmMACA 1. Bakim| >=0.5[s[8]7[6]5[4[3]2] [2[a[4]5]e]7 &]o [Tm ?;é:;‘
o - BAKIM >=0.5|9|8|7|6|5]4[3]|2] |2|3]4]s 6|7]8|e ‘;@
:::,:,f!:?gr =5 BAKIM >=9.5|9|8|7|6|5|4[3]|2| z|3|s|5|e|7]|s|e 3982
4. BAKIM7=9.59|B765432 2|3|4]5 6|7|8|9
5. ERGONOMIKLIK >=0.5 |9[8|7|6|5|4[3|2| |2|3 4|s|s|7|8|o
6. ERGONOMIKLIK >=9.5|9|8|7|6|5]|4|3 2 2 3|4 5(e|7|8|9
7. ERGONOMIKLIK >=9.5|9|8|7(6|5|4 3|2 2|3 4|(5|6(7|8|9
8. GUVENLIK >=9.5|9|8|7|6]5 4|3]2| |2]3|4]5|6|7|8|o
9. GUVENLIK >=0.5|9|8|7|6|5|4|3|2[ 2|3||5]6|7|8]|o
10. MALIYET >=0.5|9|8|7|6|5|a|3|2| |2|3]4]s 67|80
Sekil 2. ikili karsilastirma matrisi ekran goriintiisii
Kriterlerin ikili karsilastirilmas: i¢in AAS S 0,163
yontemi vasitasiyla elde edilen ana kriter agirliklart AK 0,010
ve alt kriter agirliklar1 Tablo 2’de gosterilmistir.
. . AA 0,020
Sonu¢ olarak, giivenlik ve performans ana —
kriterlerinin, diger kriterlere gore daha yiiksek Ergonomiklik ve 0,023
, A . A 0,18662 — oot
diizeyde bir agirliga sahip oldugu tespit edilmistir. )
Ana kriterler arasinda giivenlik ve performans HK 0,034
kriteri %34,96 kriter agirligiyla énem diizeyi en OA 0,045
yiksek  kriterdir.  Bu  kriterleri  sirasiyla Bakim KT 0.040
ergonomiklik, maliyet ve bakim takip etmektedir. 0.05363
! KS 0,013
Maliyet SF 0,050
Tablo 2. Ana ve alt kriterlerin normalize agirliklart 0,06042 v 5010
Alt Normalize Toplam 1
Ana Kriterler Kriterler _ Agwlhiklar AAS-TOPSIS yontemi ile problemin ¢oziimii
ggzgrél;k D 0,041 AAS yontemi ile elde ettigimiz Tablo 2‘de yer
: KK 0,215 alan nihai normalize agirhklar TOPSIS
TE 0,051 yonteminde kullanilacaktir.
AP 0,024 Alternatif tekerlekli sandalyeler i¢in bes ana
kriter altinda yer alan on sekiz alt kriter dikkate
DA 0,018 y
Berformans 0 0111 ahnarak. uygun tekerlekli sandalyfe _segimi uelde
0,34967 = o etmek icin olusturulan karar matrisi araciligiyla
¢ ’ tespit edilmis ve Tablo 3’te sunulmustur.
Tablo 3. Karar matrisi
Kriterler
Alternatifler D| KK | TE | AP | DA H G S| AK | AA | V DF | HK | OA | KT | KS Sk BM
(kg) | 9 ¢ (T |
Quickie-KryptonR | 2 | 7 1 2 2 6 2 112 5 1 5 5 1 2 1 25000 | 5000
Kuschall-K 316 3 1 3 10 3 313 3 2 4 4 2 3 2 10000 | 2000
Panthera-X 911 9 9 6 2 9 212 1 7 9 9 6 5 9 45000 | 10000
TiLite- ZRA 513 4 4 9 14 5 8|8 9 6 3 3 9 9 3 15000 | 3000
RGK-Tiga FX 119 2 5 1 14 2 6|4 2 4 2 2 3 1 5 15000 | 5000

AAS ile hesaplanan kriter agirliklartyla karar
matrisinin normalizasyonu sonucunda elde edilen
normalize karar matrisi kullanilarak
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agirliklandirilmig normalize matris olusturulmus

ve ideal

ve negatif ideal

¢Oziim kiimeleri

hazirlanmigtir. Bu kiimelerden ayrim o6lgiitleri
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hesaplanarak, ideal ve negatif ideal ¢dziimlere
yakinliklar, yani alternatif tekerlekli sandalyeler
icin oncelik siralamasi Tablo 4’te elde edilmistir.

Tablo 4. Alternatiflerin oncelik siralamasi

Alternatifler Oncelik Oncelik

Degeri Sirasi
TiLite- ZRA 0,6390 1
Panthera-X 0,6277 2
Kuschall-K 0,3416 3
RGK-Tiga FX 0,3269 4
Quickie-Krypton R 0,2630 5

Bu  sonuglara  gore  TiLite-ZRA

alternatifinin birinci, Panthera-X alternatifinin
ikinci, Kuschall-K alternatifinin {i¢iincli, RGK-
Tiga FX alternatifinin dordiincii ve Quickie-
Krypton R alternatifinin besinci alternatif oldugu
sonucuna ulasilmistir.

AAS-PROMETHEE yontemi ile problemin
¢cozumii

PROMETHEE yo6nteminde ilk adim veri matrisini
olusturmaktir. Veri matrisinin olusturulduktan
sonra ikinci adim ise PROMETHEE tercih
fonksiyonlari belirlenmelidir. Tercih fonksiyonlar
belirlenirken kriterlerin nicel ve nitel olmasi gibi
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ozellikleri dikkate alinarak alti farkli tercih
fonksiyonundan uygun olan1 se¢ilir. Calismada yer
alan bazi kriterler nicel bazilart ise nitel yapida
kriterlerdir. Nicel kriterlerde, bu kriterlerin
Ozelliklerinin belirli bir ortalamanin iistiinde
olmas1 gerekliliginden dolay1 ve karar matrisi 1-9
arasindaki tam sayili degerleri igerdigi igin
dogrusal (linear) fonksiyon (5. Tip), nitel
kriterlerde ise U tipi (2. Tip) fonksiyon tercih
edilmistir. Kriterlerin yapist ve Kriterlerin
alabilecegi degerlerden yola ¢ikilarak tercih
fonksiyonlar1 belirlenmistir. Nitel olarak ifade
edilebilen kriteler ig¢in U tipi tercih fonksiyonu,
nicel olarak ifade edilen kriterler igin ise dogrusal
(Linear) tercih fonksiyonu segilmistir.  Karar
matrisinin  olusturulmasindan ve ortak tercih

fonksiyonlar1  belirlenmesinden sonra  AAS
yonteminde ortaya ¢ikarilan veriler ‘“Visual

PROMETHEE” programina girilmistir. Kriterleri
tamamladiktan sonra ise karar verici icin, her bir
kriterde minimum mu yoksa maksimum degerlerin
mi daha iyi oldugunun tespiti yapilmistir. “Max”
olarak belirlenmesi durumunda karar verici i¢in en
biiylik degerin tercih edilecegi, “Min” olarak
belirlenmesi durumunda ise karar verici tarafindan
en kiiciik degerin tercih edilecegi goriilmektedir.
Visual PROMETHEE paket programinda veri giris
ekran1 Sekil 3’te gosterilmistir.

> Visual PROMETHEE Academic - Visual Promethee Tekerlekli Sandalye Secimi Emre Hocavpg (saved) -o
File Edit Model Control PROMETHEE-GAIA GDSS GIS Custom Assistants Smapshots Options Help
DSH ¥DDBSBESH| Z7E L& v|lvseyT
HOx#FEIBMOIEIES = R IR g=!
@ scenarior o < = 2 oA W £ s A an Ve o e oa K ks = B
Uit Spaint gt st unit unit 5-paint g, st Spont spont 5-point pont, Spont Spont spont 5point 5pont, Spont,
Cluster/Group * * * * * * * * * * * * * * * * * *
Preferences
Min/Max max min max max. max. min max max max. max max max max max. max max min min
Weight 0,04 0,21 0,05 0,02 0,02 0,11 0,04 0,16’ 0,01 0,02 0,02 0,08 0,03 0,04 0,04 0,01 0,05 0,01
Preference Fn. U-shape Linear U-shape Linear Linear Linear Linear U-shape Linear Linear U-shape U-shape U-shape U-shape: Linear Linear Linear Linear
Thresholds absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute
-Q: Indifference 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
-P: Preference nja 5,00 nja 5,00 5,00 5,00 5,00 nja 5,00 5,00 nja nja nfa nfa 5,00 5,00 5,00 5,00
-5 Gaussien nla e nla nfa n/a nla e nla nfa nla nfa nia na fa fa nja nia na
Statistics
Miimum 100 1,00 1,00 1,00 1,00 2,00 200 1,00 2,00 1,00 1,00 2,00 2,00 1,00 1,00 400 10000,00 2000,00
Maximum 3,00 9,00 9,00 9,00 5,00 14,00 5,00 5,00 5,00 5,00 7,00 9,00 5,00 5,00 3,00 900 45000,00  10000,00
Average 400 52 3,80 4 40 9,0 P 4,00 3,80 400 400 460 460 PE 400 400 2200000 5000,00
Standard Dev. 2,83 2,86 2,78 2,79 2,93 4,66 2,64 2,61 2,23 2,83 2,28 2,42 2,42, 2,93 2,83 2,83 12490,00 2756,81
Evaluations
QuickisKrypton ..., [ 2,00 7,00 1,00 2,00 2,00 6,00 2,00 1,00 2,00 5,00 1,00 5,00 5,00 1,00 2,00 1,00 25000,00 5000,00
Kuschal & (ALT2) || [T 3,00 6,00 3,00 1,00/ 3,00 10,00 3,00 3,00 3,00 3,00 2,00 4,00 4,00 2,00 3,00 2,00 10000,00 2000,00
Panthera-x (ALT3)] | [] 3,00 1,00 3,00 3,00 6,00 2,00 9,00 2,00 2,00 1,00 7,00 9,00 3,00 6,00 5,00 3,00 45000,00 10000,00
TiLite- ZRA (ALT4)’ D 5,00 3,00 4,00/ 4,00/ 5,00 14,00 5,00 8,00 8,00 9,00 6,00 3,00 3,00 5,00 9,00 3,00 15000,00 3000,00
RGK-Tiga FX (ALTS) D 1,00 9,00 2,00 5,00 1,00 14,00 2,00 6,00 4,00 2,00 4,00 2,00 2,00 3,00 1,00 5,00 15000,00 5000,00
< >
All )\ Scenario1
Criteria: 18 (18 active)  Scenaries: 1 (1 active)  Locale Belgium [€/,] Saved

Actions: 5 (5 active)

Sekil 3. Visual PROMETHEE Veri Giris Gortintiisii
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Tercih  fonksiyonlar1 ve veri girisleri
olusturulduktan sonra “Visual PROMETHEE”
paket programiyla alternatifler siralanmigtir.
Pozitif stiinlikle negatif {stiinlik degerleri
“Visual PROMETHEE”  paket  programi
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yonteme gore alternatiflerin siralamas1 Tablo 5’te
verilmigtir. Bu sonuglarin ardindan, Panthera-X
alternatifinin birinci, TiLite-ZRA alternatifinin
ikinci, Kuschall-K alternatifinin ti¢iincii, Quickie-
Krypton R alternatifinin dordiincii ve RGK-Tiga

yardimiyla bulunmustur. Tam dstiinliik degerleri FX alternatifinin beginci alternatif oldugu
ise pozitif istiinliik ve negatif tistiinliik degerlerinin sonucuna ulasilmistir.
arasindaki farkin alinmasiyla bulunmustur. Bu
Tablo 5. PROMETHEE yéntemi ile bulunan sonuglar

Siralama Alternatifler Phi+ Phi- Phi

1 Panthera-X 0,6420 0,1772 0,4648

2 TiLite-ZRA 0,5382 0,2051 0,3330

3 Kuschall-K 0,2268 0,3743 -0,1475

4 Quickie-Krypton R 0,1719 0,4833 -0,3114

5 RGK-Tiga FX 0,1864 0,5253 -0,3390
SONUCLAR etkileyen kriterlerden bakim ana kriteri altinda,

Diinya Saglik Orgiitii (DSO) verilerine gore, kolay sokiim ve kolay tamir alt kriterlerinin 6nem

engellilerin ~ sayisiin  giiniimiizde  artmaya diizeyi daha disiik ¢ikmistir. Elde edilen kriter

baslamasiyla giinliik yasamda ihtiyaglarina y6nelik
diizenlemeler ve se¢imler yapmak O©nem arz
etmektedir (https://www.who.int/news-room/fact-
sheets/detail/disability-and-health). Bu
secimlerden birisi de fiziksel engellilerin en temel
ihtiyaglarindan olan tekerlekli sandalyelerin
secimidir. Tekerlekli sandalye se¢iminde farkli
kriterler etkili olmaktadir. Bu se¢im probleminde
tekerlekli  sandalye  kullanicilarinin = karar
vermesine katki saglamak icin CKKV yontemleri
de kullanilabilmektedir.

Bu caligmada da tekerlekli sandalye secimi
problemi ele almmistir. Tekerlekli sandalye
kullanicist taleplerini karsilayabilecek en iyi
tekerlekli sandalyeyi se¢cmek istemektedir. Bu
amacla, calismada tekerlekli sandalye secimi
problemi igin kriterler belirlenmis ve en uygun
alternatif CKKV yontemleri araciligiyla tespit
edilmigtir. Calismada kriter agirliklart igin AAS
yonteminden  faydalanmilmistir.  Elde  edilen
sonuclara gore, ana kriterlerden giivenlik ve
performans %34,96 ergonomiklik %18,6 bakim
%5,3 maliyet %6 Onem diizeyine sahiptir.
Tekerlekli sandalye kullanicisinin ihtiyaglarini
karsilayabilecek nitelikte tekerlekli sandalye
secmenin  hayati  6neme  sahip  oldugu
diisiiniildiigiinde giivenlik ve performans ana
kriterinin ~ biiyiikk  bir O0nem arz  ettigi
degerlendirilmektedir. Bu sonuglara gore tekerlekli
sandalye seciminde, tekerlekli sandalye se¢imini
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agirliklar1 degerlendirildiginde ise keskin kenar ve
gliclii cerceve kriterlerinin agirliklarmin yiiksek
oldugu goriilmektedir.

Yapilan bu c¢alismada  TOPSIS  ve
PROMETHEE yontemleri ile alternatiflerin
siralanmasi i¢in AAS yontemi ile elde edilen kriter
agirliklar: kullanilmistir. Bu yontemler sonucunda
elde edilen alternatif siralamalart aymi ¢ikmustir.
TOPSIS birinci alternatif TiLite-ZRA ¢ikmustir.
Bu alternatifin en giiclii alternatif oldugunun
goriilmesinin sebebi ise, TiLite-ZRA tekerlekli
sandalyesinin keskin kenar sayisinin az olmasi,
daha hafif olmas1 ve gii¢lii ¢cergeve agirliginin daha
yiksek  ¢ikmig  olmasidir. =~ PROMETHEE
yonteminde ise Panthera-X birinci alternatif olarak
belirlenmistir. Bu iki alternatif iki farkli yonteme

gore birinci ve ikinci alternatif olarak
degismektedir. Bunun neden olarak ise
PROMETHEE yonteminde kriterlere gore tercih
fonksiyonunun degismesinden kaynakl1

olabilecegi diigiiniilmektedir.

Sonu¢ olarak, hayatinin ¢ok biiyiikk bir
boliimiinii tekerlekli sandalye {izerinde gegirmekte
olan fiziksel engelliler igin tekerlekli sandalyelerin

seciminde, fiziksel engellilerin taleplerinin,
ihtiyaclarinin ve de kriterlerinin g6z Oniinde
tutulacagi kapsamli caligmalara ihtiyag

bulunmaktadir. Sonraki ¢aligmalarda tekerlekli
sandalyelerde kullanilan teknolojiler dikkate alarak
degerlendirmeler yapilabilir. Ayn1  zamanda


https://www.who.int/news-room/fact-sheets/detail/disability-and-health
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bireylerin ¢aligma hayatlar dikkate alinarak farkli
kullanicilar i¢in alternatiflerin degerlendirilmesi ve
kargilagtirmalarin yapilmasi 6nerimizdir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catismasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu caligmanin aragtirma ve yayin
etigine uygun oldugunu beyan eder.
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Abstract

Direct Torque Control (DTC) is a vector control method based on the control of the stator flux vector in the desired
direction. The control of the stator flux vector is achieved by direct selection of the optimum inverter output voltage
vectors. The limit values of the trajectory determined in the rotation of the stator flux vector are determined using
hysteresis controllers. In this study, performance analysis of two different control methods for reducing speed and torque
oscillations of a three-phase asynchronous motor controlled by direct torque control are presented. In Matlab/Simulink
based simulation studies, performance analyses were made for different speed and torque references of the motor, and
both the transient and steady state speed and torque changes were presented comparatively. When the obtained results are
examined, it is seen that the performance of the new fuzzy-based controller, which is offered instead of the Proportional
Integral Derivative (PID) controller used in traditional control, significantly decreases in the specific conditions of motor
speed and torque oscillations. However, considering the control structure of the direct torque controller, the simple and
plain control structure has been preserved. According to the results obtained, it has been shown that the Fuzzy Logic (FL)
controller gives a better result than the PID controller at t=4.5 seconds.

Keywords: Asynchronous machine, DTC, FL, PID controller

Bulanik Anahtarlama Algoritmasi ile DTC Kontrollii Asenkron Makine icin
Iyilestirilmis Tork ve Hiz Performanslar:

Oz

Dogrudan moment kontrolii, stator aki vektoriiniin istenilen yoriingede kontrolii esasina dayali bir vektor kontrol
yontemidir. Stator aki vektoriiniin kontrolii, optimum evirici ¢ikis gerilim vektorlerinin dogrudan segimi ile
saglanmaktadir. Stator aki vektoriiniin doniisiinde belirlenen yoriingenin sinir degerleri, histerezis denetleyicilerin
kullanimi ile belirlenir. Bu ¢alismada, dogrudan moment denetimi ile denetlenen ii¢ fazli bir asenkron motorun, hiz ve
moment salinimlarmin azaltilmasina yonelik iki farkli kontrol ydnteminin performans analizleri sunulmustur.
Matlab/Simulink tabanl benzetim ¢alismalarinda motorun farkli hiz ve moment referanslar i¢in performans analizleri
yapilmis gerek gegici durum ve gerekse kararli durum hiz ve moment degisimleri karsilastirmali olarak sunulmustur. Elde
edilen sonuglar incelendiginde, geleneksel denetimde kullanilan PID kontrolorii yerine sunulan yeni bulanik tabanli
denetleyici performansinin motor hiz ve moment salinimlarinin spesifik sartlarinda belirgin 6l¢iide azalma saglandigi
goriilmiistiir. Bununla birlikte, dogrudan moment denetleyicinin denetim yapisi dikkate alindiginda, basit ve sade denetim
yapisi korunmugtur. Elde edilen sonuglara gore FL kontroloriin PID kontroloriinden daha iyi bir sonug verdigi t=4.5
saniyesinde gosterilmistir.

Anahtar Kelimeler: Asenkron motoru, DTC, FL, PID kontrolor

INTRODUCTION

The asynchronous machine, due to its low cost causing a flux variation obtained by the torque
and robustness, is currently the most widely used variations, which makes the control still much more
machine for achieving speed variations. The complex than usual. However, numerous studies have
asynchronous machine has a default unlike the DC  been carried out to ensure that the machine is
machine. That means that the power supply causesthe  controlled by using of electronic power systems,
same current to create the flux and the torque, by offering performance and dynamism.
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Direct torque control, around the 1980s a so-
called Takashi implemented a method that focuses on
the torque and flux of the machine. The DTC is the
quickest, simplest, and most precise torque control
approach for IM drives. It is well recognised for being
resilient to changes in motor characteristics, with the
exception of stator resistance. Even though it is
simple and provides significant benefits, the biggest
disadvantage was the wide band of the inverter's
switching frequency, even when the flux and torque
references were kept constant. This is owing to the
nature of the torque and flux hysteresis controllers
utilised. The introduction of constant sampling
techniques, which replace traditional analogue
hysteresis controllers, was the second phase in the
development of the DTC concept. As a result, the
inverter's maximum switching frequency is restricted.
Several  writers have  proposed  numerous
modifications and variations to the DTC concept in
the case of constant sample frequency. The most of
them, however, do not give the quickest torque
response (EI-Shimy and Zaid, 2016).

The purpose of this method is to estimate the
torque and flux of the machine, which is supplied by
a two-stage voltage inverter. At high speeds, the
method is not sensitive to machine’s parameters. This
is not the case in low speed, where stator resistance
plays an important role in flux estimation. In past
decades researchers tried to come up with kindly
solutions to provide a good performance to DTC
(SoukainaE. D. et al. 2022). Consequently, regulators
such as artificial intelligence as fuzzy logic and PID
regulator will be used for the rest of our article in
order to reduce torque ripple. One of the most
important aspects of an IM drive is speed control,
which must be managed effectively in order to
achieve optimum results. For decades, the
proportional integral controller seems to be the choice
for induction motor drive’s speed control because of
its simple structure and capacity to make a fast
response time with optimizing parameters. However,
because of the PI’s nature with fixed gains, if the
parameters, speed, or load are modified, the drive
performance may deteriorate. As a result, a very
durable controller is required, one which can react to
changes towards the motor drive. The fuzzy logic
controller (FLC) has been recommended as an
advanced speed controller due to its capacity to deal
with systems non-linearities, measurement variations,
and speed variances (Farah et al. 2021).
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DIRECT TORQUE CONTROL OF INDUCTION
MACHINE

The Direct Torque Control (DTC) technique was
introduced by Takahashi in the mid-1980s. Recently,
it has been increasingly used in the industry in place
of other types, especially Field Oriented Control
(FOC). Several works have enabled a rigorous
modeling of this control technique, which examines
the potential of implementing a torque and flux to AC
machines in a decoupled manner when fed by a
voltage converter without the need of a feedback loop
for current regulation, achieving performance
comparable to vector controls. Without the need of
electromechanical sensors, the DTC calculates the
controlling quantities of stator flux and torque of the
motor using stator current measurements (Perdukova
et al 2020). In the DTC structure, the asynchronous
machine controlled by the voltage inverter is a hybrid
dynamic system, whose continuous part is the
asynchronous machine and whose discrete part is the
voltage inverter (Said M. et al. 2022).

Many different control systems for induction
motors have been developed in recent years, and
direct torque control has risen to relevance due to its
fast dynamic torque feedback and simple control
structures. However, the direct torque control
approach still has several disadvantages over other
control systems, the most significant of which is
excessive torque ripple (Korkmaz et al. 2015).

The control consists of determining the control
sequence supplied to the switching of a voltage
inverter in terms of controlling the electromagnetic
torque and stator flux. This choice is designed to take
advantage of hysteresis controllers, which are
responsible for controlling the system's state while
taking into account the stator flux amplitude and
electromagnetic torque (Mustapha et al. 2022). To
keep these two quantities within defined error ranges.
The two outputs of the controllers combined with the
information on the position where the flux vector was
located, determine the switching table used to
regulate the inverter. The inverter (two-level inverter)
can reach seven different positions in the phase plane,
corresponding to the eight sequences of the voltage
vector at the inverter output. The direct control of the
conventional torque of a three-phase asynchronous
machine can be illustrated in Figure 1.
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Figure 1. Structure of conventional direct torque control

Mathematical Modeling of IM and Voltage Source
Inverter

The simplified equation 1 of the model of the
induction machine in the stator reference (a,) in
steady state is shown below:

X =Ax+B 1)
a; 0 az A3, 2 0
. 0 a; -—a a os 1
With,A = R Y e N
a, 0 as —Wy 0o o
0 dg Wy dg |_ 0 0 J
dis, iSg
. di is,
=% and x=|.°
dcbru Drq

The static converter is used to generate the three-
phase voltage that drives the motor. We consider the
converter supply as a perfect source, made up of two
generators source, made of two generators of F.E.M.
equal to E/2 connected to a point noted no. In practice,
several technologies of switches are used, for
example, the MOS (Metal-Oxide Semiconductor) or
IGBT (Insulated Gate Bipolar Transistor) (Brown et
al. 2011).

The role of the inverter is to supply simple AC
voltages noted Van, Vbn and Vcn to the motor, from
a DC voltage E (supplied by a rectifier or another DC
supply); the voltages supplied by the inverter form a
three-phase system of variable frequency and
amplitude.

The converter is controlled by the logical Sa, Sb,
Sc. The combination of the different states of the
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converter gives 2°3=8 possible cases for the voltage
vector Vs including two null vectors (V0 and VV7) and
six non-null vectors as shown in Figure 2.

The voltage vector is represented by the
following equation 2:

Vs=\E*E(Sa+a*Sb+a2*Sc) (2)

j21T
Witha = eJT
The choice of the vector Vs is based on the
position of stator flux (@s) in the reference frame (a,
B), the required variation of its modulus, its sense of
rotation and the variation of the torque.

The @ movement area is divided into six
zones i, with i= [1;6].

When the flux is inside a zone i one of the eight
voltage vectors listed below can be used to regulate
the flux and torque. (Cheok and Fukuda 2002):

If V1 is chosen then (&) increases and I,
increases.

If V;_, is chosen then (&) increases and I,
decreases.

If V;,, is chosen then (&) increases and I,
increases.

If V;_, is chosen then @ decreases and I,
decreases.

If VV;, and V;, are chosen then the rotation of stator
flux is stopped and a drastic decreasing of I, is
shown taking into account the value of stator remains
unchanged.
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Figure 2. Voltage vector Vs based on switching states.(Ildarabadi and Ahmadi 2017)

At the beginning of the region, the vectors V; 4

and V;_, are perpendicular to @ , Which results in
a rapid evolution of the torque but a slow evolution of
the flux amplitude &s, whereas at the end of the
region, the evolution is the opposite. With the vectors
V;_1 and V;,,, there is a slow evolution of the torque
and a fast evolution of the amplitude Fs at the
beginning of the zone, while at the end of the zone it
is the opposite. The vectors V; and V;, 5 are not used
whatever the direction of the torque or flux evolution
because the flux component is very strong with a zero
torque in the middle of the zone.

The voltage vector at the inverter's output is
calculated from the torque and flux differences, as
well as the position of the vector Fs, in relation to their
reference (Patel et al. 2012). A flux estimator in
modulus and position as well as a torque estimator are
therefore necessary.

From the equation 3 described in the stator
reference, the flux is represented as follows:

@y = [ (V; — R * ) dt )

The stator current is measured while the stator
voltage depends on the state of the switches (Sa, Sb,
Sc), and the DC link voltage E. Projecting on the two
axes o and P, we will obtain the two components o
and P of the estimated stator flux vector, that is:

t

&, = [ (Ve = Rs # 1) dt @)
t

o= [ (=R eIy, at ©
0

Ps = q)sa +jd)s/3 (6)

By applying the transformation of Concordia, we
obtain:
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oy = JEr B (502 +5) Q
oy = JEe (5= 50) ®
Vs = Vsq +jVs/? (9)

Similarly, the currents Isa and Isp are obtained
from the measurement of the real currents of the
machine lIsa, Isb and Isc (Isa+Isb+Isc= 0) and by
applying the CONCORDIA transformation, we
obtain:

2
Iy, = \/; * Isq (10)
Loy = L Usy = 15) )
Is = Isq +szB (12)

The angle and amplitude of the estimated stator
flux are determined from the two flux components in
frame a-, by:

& = /cpsz_a + 2, (13)
0; = atan ((Dﬂ) (14)
(DSB

The electromagnetic torque can be estimated
from the estimated fluxes and measured currents, and
can be expressed as follows equation 15:

Te =2p « (g Iy, — s, ls,) (15)

From this equation 15, it can be seen that the
accuracy of the modulus of the electromagnetic
torque depends on the quality of the flux estimation
and the accuracy of the stator current measurement.

This corrector is simple in its use. Its role is to
maintain the end of the stator flux vector ®s in a
circular band (Casadei et al. 2006). The error between
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the reference flux and the estimated flux is injected
into the two-level hysteresis controller, which
generates at its output the Boolean variable ®flux.
(Ozturk 2008).

The main purpose of this magnetic torque
corrector is to also keep the torque within the limits.
The only difference with the flux corrector is that the
electromagnetic torque can be positive or negative
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depending on the direction of rotation of the machine
(Chikhi et al. 2010). It is possible to propose two
solutions (two-level or three-level corrector). The
two-stage corrector allows controlling in one sense of
rotation only, while the three-stage corrector can offer
to control in case of inversion of the sense of rotation.
It is strongly recommended to use in the torque, as the
torque can be negative and positive at the same time.

Table 1. Vector Vs switching table

Flux | Torque | S1 | S2 | S3 | S4 | S5 | S6
dT=-1 | V3| V4| 5 | V6|Vl ]| V2
do=1| dT=0 | VO | V7 | VO | V7 | VO | V7
dr=1 | V5 | V6 |Vl |V2]|V3]|V4
dT=-1 | V2 | V3| V4 | V5] V6| VL
do=0| dT=0 | V7 | VO | V7 | VO | V7 | VO
dT=1 V6 | V1 | V2 | V3 | V4 | V5

The switching table is created according to the
state of the Boolean variables at the output of the two
flux correctors and the electromagnetic torque, as
well as the area giving the information on the position
of the flux vector (Casadei et al. 2006).

PID is widely used in industries to obtain
performance on the systems to be controlled.
Therefore, its main purpose is to regulate pressure,
temperature, speed, flow, e.g. This controller requires
a closed loop to control, providing a precise and
stable response. The PID controller includes all of the
necessary features, including a quick response to
changes in the controller input, an increase in the
control flag to reduce the error to zero, and reasonable
activity inside the control blunder zone to eliminate
motions. Subordinate mode improves the model
system'’s soundness and allows for an increase in gain
Kp, which increases the controller's reaction time.
The mistake flag, the blunder vital, and the mistake
subsidiary are the three terms that make up the PID
controller's output ( Abdullah and Ali 2020).

Because the integral term is present in the PI
controller, the steady state error of speed is zero,
making the system extremely accurate. It does not
necessitate a high gain like a proportional gain
controller does. However, there are certain
disadvantages, such as the fact that if a very quick
response is sought, the consequence paid is a greater
overshoot, which is undesired. In the actual world, the
PID controller seems to be a very effective approach
to a variety of control problems (Aggarwal et al.
2015).
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The mathematical form of this controller can be
described as follows:

U(t) = Kpe(t) +Ki [, e(dr + Kd =2 (16)

With Kp, Ki, and Kd are the parameters to be
adjusted for the proportional, integral, and derivative
terms, respectively, and are all non-negative
(sometimes denoted P, I, and D). but in our case we
just need for using Pl (proportional and integral)

instead of PID.

FL DTC of IM

In contrast, to a standard controller or a state
feedback controller, the fuzzy logic controller (FLC)
does not deal with a well-defined mathematical
relationship (Saad et al. 2017), but instead, it uses
inferences with several rules, based on linguistic
variables. In this section, we will present the general
procedure of designing a fuzzy logic controller.

The basic configuration of a fuzzy logic
controller has three main blocks:

- Fuzzyfication.

- Inference.

- Defuzzification.

The roles of each block can be described as
follows:

1) The function of the fuzzification block is to
establish the value ranges for the membership
functions from the values of the input variables and
perform a fuzzification function that converts the
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input data into suitable linguistic values (Bevrani and
Daneshmand 2011).

2) The inference block is the central part of the
FLC controller, which has the ability to simulate
human decisions and to infer fuzzy control actions
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3) The defuzzification block also has the
function of establishing the value ranges for the
membership functions from the values of the output
variables and performing a defuzzification that
provides a non-fuzzy control signal from the derived

using fuzzy implication and inference rules fuzzy signal (Abdesselem, 2008). We will go even
(Mattavelli et al. 1997). further to understand the way they operate.
Fs_ref cfix error_flux
—Fs_estimated Vsa Vsa W 2)
ccplx
HTEm_ref —I—berroritorque Sabc +»Sabc Vsb Speed
Isap
i Flux_stat
Tem_estimated Flux_stator| Vsb Tload
— Teta_angle
Flux_stator P Te Isbm
Inverter
) == Machine
Estimati
stimations ok
Fs_estimated VSa[T
vspk Is_alpha/beta
Tem_estimated
Isa ‘
Teta Isb
Fuzzy_speedcontrol Speed-ref
] Tem_ref et .
Wr
PI gontroller

%Temﬁref errorﬁeref—WmP—@

Figure 3. Matlab/Simulink block diagram of FL/PID controller

The fuzzy logic controller (FLC) is a sophisticated
control technology that reflects how humans make
decisions. Figure 3 shows the modelling of FL
controller and PID controller in  Simulink
environment. Scaling factors, rule-base, and
membership functions are the three basic components
of the fuzzy logic speed controller (MFs). Pre-
processing, processing, and post-processing are the
three operational activities that make up FLC's
system (YYordanova, 2015). The input variables are
turned (fuzzified) into fuzzy variables through input
membership functions during the pre-processing
stage, which is known as fuzzification. The fuzzy
rules are used for providing output fuzzy during the
processing. Through output MFs, the fuzzy output
variable is  turned  (defuzzified) towards
understandable variable in the post-processing stage
(Farah et al. 2021).

The scaling factor is a coefficient that is being
employed for normalizing the fuzzy variable’s value.
There are three SFs in the FLC speed controller,
speed error (Ge), speed error’s change (Gde), and
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output’s change (Gpt). The SF values typically pre-
estimated depending on the motor's standard test
conditions.

The variables representing the error, its change
of speed and the change of output can be normalised

as follows:
e

en = Ge 17)

de, = 22 (18)
Gde

AT = e (19)

Gat
G, G.e, G4r are gains that can be a constant or a

variable. The right choice of these gains allows you
to guarantee stability and improve the dynamic and
static performance of the desired control.

The purposed fuzzy control scheme's fuzzy
control rules are designed to reduce torque ripples,
and the rules can be derived from the investigators'
previous experience with the DTC system (Korkmaz
et al. 2012)

A fuzzy rule-base is a collection of IF-THEN
statements that determine the fuzzy output system
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depending on the input fuzzy states (Czabanski,
Jezewski and Leski, 2017). The rule base for FLC
speed control having two inputs (e,,, 4e,) and the last
one is output (AT,,,) described as follows:
If e, is A and Ae,, is B then AT, is C

The fuzzy controller is intended to improve
study findings. To develop a fuzzy logic controller,
some logical conditions must be understood. du is
derived from the control error (e) and control error
change input values (de). The error (e) is calculated
using the reference and output signals. The difference
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between two consecutive errors is known as the
change of error. If the fuzzy logic membership is to
be constructed, three or five triangles can be used.
The membership of three triangles can be used to
define N is negative, Z is zero, and P is positive. The
membership of seven triangles can be defined as NL.:
negative large, NM: negative medium, NS: negative
small, Z: zero, PS: positive small, PM: positive
medium, PB: positive big.(Can and Sayan 2016) A
rule base 7x7 will be illustrated in the table 2 shown
below:

Table 2. Rule base 7x7

en en | NL [NM | NS | ZE | PS | PM | PL
NL NL | NL | NL | NL | NM | NS | ZE
NM NL | NL | NL |[NM | NS | ZE | PS
NS NL | NL [NM | NS | ZE | PS | PM
ZE NL |NM | NS | ZE | PS |PM | PL
PS NM | NS | ZE | PS | PM | PL | PL
PM NS | ZE | PS |[PM | PL | PL | PL
PL ZE | PS |PM | PL | PL | PL | PL

The range of the fuzzy variable is represented
graphically by membership functions (MFs). Based
on the amount of MFs utilized, it breaks the range into
distinct widths. There are various sorts of MFs in
terms of shape, namely triangular, trapezoidal,
sigmoidal, Gaussian, Z-shape, and S-shape MFs. Due
to their great precision and low processing
complexity, triangular and trapezoidal MFs are the
most often utilized MFs in FLC speed control. Just
triangular MFs will indeed be addressed in this study,
and the centroid algorithm will be employed as a
fuzzification tool. 3x3, 5x5, and 7x7 membership
functions are the three most common triangle
membership function sizes. The shape of these MFs
will be as illustrated in Figure 4. If their breadth and

location are symmetrically designed. The breadth and
membership  function’s  position are  used
symmetrical, with the width between each
membership function being evenly given. The
membership function’s existing shape is referred to as
standard membership functions, but modifying the
breadth and membership function’s peak location
effectively can improve the drive system's
performance (Farah et al. 2021).

Parameter values of the motor used in the
simulation are given in the table in Apprenhendix.

Switching states and output voltage expressions
of the inverter is shown in Table 3.

Table 3. Switching states and output voltage expressions of the inverter

Vector | s, Sk Se Va U3
Un 0 0 0 0 0
(A5] 1 0 0 —i‘l de 0
% I I,
U2 1 1 0 =Ud = Vde
U3 0 1 O _'-I;'I'vu'r _]-.-‘ 1
. —
U4 0 1 1 _i'("l'( 0
U5 @ [ 3Vd ——=Vde
? NE
l‘(- ] D ] 17 l‘lff __I'— l‘,fr'
: V3
Uy 1 | 1 0 0
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Figure 4. Triangle membership functions for all variables

RESULTS AND DISCUSSION

The direction of inversion of the motor was also
carried out in order to get as much information as
possible about the response to this situation. They
both follow the same desired trajectory but with a
slight difference in response. To begin with, we
notice that at the level of the response, the PID gives
a better response contrary to the fuzzy logic, which
on the other hand is satisfied, with a less performing
response. Indeed, when we focus on the exceeding,
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the PID slightly exceeds the set point, whereas the
fuzzy logic tries as fast as possible to reach the set
point. As in Figure 5, Torque’s response with fuzzy
logic and PID controller are shown.

As in Figure 6, when there has been a reversal of
the direction of rotation at time t=4.5 s, the fuzzy
logic gives a good impression in response unlike the
PID and reaching the reference approximately.
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Torque with PID
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CONCLUSION

The control of the main parameters of the
asynchronous machine, namely the stator flux and the
electromagnetic torque, is achieved by direct
selection of the output voltage vectors of the inverter
from a switching table. These choices are made in
such a way that they can keep both quantities in a
hysteresis band in the range of their reference values.

However, the existence of hysteresis controllers
in the conventional direct torque control strategy
generates torque and flux oscillations due to the
bandwidth of the hysteresis controllers. Thus, since
our study is mainly concerned with the minimization
of the ripple of the electromagnetic torque and stator
flux of the direct torque control applied to the three-
phase induction machine.

In the previous section, the principles of fuzzy
logic control and PID controller have been introduced
and our choice of these methods for controlling
asynchronous machines has been justified. Then, the
design aspects of a fuzzy FLC controller for the speed
control and PID controllers loop were presented.
After selecting the Simulink simulation method and
confirming its efficiency, we used this simulation
under several operating conditions in order to
rigorously exploit the different results that we
obtained.

We can confirm according to the results that
fuzzy logic offered a better result than PI controller.
If we hope to get a good impression we can suggest
Pl-fuzzy to improve the obtained result.
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APPRENHENDIX

Rs 1.2 ohm

Rr 1.8 ohm

Ls 0.1554 H

Lr 0.1584 H
Lm 0.15H

J 0.071 kgm?

F 0.0001 N.m.s/rad
P 2

E 240 V
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Oz
Bu ¢aligmada genel molekiiler (GM) potansiyel ve gelistirilmis genellestirilmis Poschl-Teller (GGPT) potansiyeli
icin elde edilmis enerji 6zdeger denklemleri kullanilarak, RbH(X*X*) molekiiliiniin deneysel (gdzlenen) titresim enerji
seviyelerini modelleyebilecek en iyi potansiyel enerji fonksiyonu belirlenmistir. Ayrica, bu potansiyel enerji fonksiyonu
ve bagli durumlarin tartisilmasinda merkezcil terime uygulanabilecek en uygun yaklagim olan Pekeris tipi yaklasim ele
almarak RbH(X*Z*) molekiiliiniin en olas1 donme-titresim enerjileri elde edilmistir.

Anahtar Kelimeler: iki atomlu molekiiller, titresim enerjileri, genel molekiiler potansiyel, RoH molekiilii, Poschl-Teller
potansiyeli

Rotational-Vibrational Energy Levels for the XX+ State of RbH Molecule

Abstract
In this study, the more suitable potential energy function to model the experimental (observed) vibrational energy
levels of the RbH (X2 ) molecule has been determined by using the energy eigenvalue equations obtained for the general
molecular (GM) potential and the improved generalized Péschl-Teller (IGPT) potential. In addition, by considering
suitable potential energy function and the Pekeris-type approximation, which is the most appropriate approach to the
centrifugal term in the discussion of bound states, the more accurate rotational-vibration energies of the RbH(XZ™)
molecule have been found.

Keywords: Diatomic molecules, vibrational energies, general molecular potential, RbH molecule, Péschl-Teller
potential

GIRiS

Iki atomlu molekiillerin dénme ve titresim ve Salti, 2016; Du, Guo ve Jia, 2014), Naz(SlAg)
enerjilerini  teorik olarak hesaplayabilmek i¢in  molekiiliinii degistirilmis Rosen-Morse potansiyeli
kuanturp mekanlgmlq pargacik denklemleri qlan (Yanar, Aydogdu ve Salti, 2016; Ocak, Yanar, Salti
Schrédinger, Klein-Gordon ve Dirac  ve Aydogdu, 2018; Kisoglu, Yanar, Aydogdu ve
denklemlerinden  birinin  bir potansiyel enerji  gajt;, 2019), ’Li, (a3%}) molekiilini ise
f(}nlfSlYOI}u_ ve merkezcil terim  varliginda  geligtirilmis Manning-Rosen potansiyeli (Yanar,
¢oziimlerinin eIdp edll.mes.l gerekmgktedlr. Teqr!k Aydogdu ve Salti, 2016; Liu, Zhang Ve Jia, 2013) iyi
olarak elde edilen titresim enerji seviyelerinin  picimde modelleyebilmektedir. Kullanilan potansiyel
deneys_el Verlle{le uyur_nlu olabilmesi i¢in kl_lllan!lan enerji fonksiyonunun Gneminin yansira, parcactk
potansiyel enerji fonkSIyonunuh ve me[ke"ZC'I t?“me denklemlerinin ¢oziilebilmesi i¢in merkezcil terime
uygulanan  yaklagimmn  se¢imi  blyik  onem ,yoylanan yaklagimin bigimi de kritik ©neme
tasimaktadir. Rptaqs1yel enerji fonksiyonlarmn iki  ganiptir. Literatiirde iki atomlu molekiillerin donme-
atomlu mole‘1‘<uller1v modellemevd.ekl basarlart ele  iqregim enerjilerini elde edebilmek igin merkezcil
a1_1nan molekiile baglh plarak degismektedir (Zhang, terime yaygin olarak Greene-Aldrich (Greene ve
Liu, Zhang, Zhou ve Jia, 2012; Yanar, Aydogdu Ve  Aldrich, 1976) ve Pekeris (Pekeris, 1934)
Salti, 2016). _Orne_gln, Scl (X 1_Z+) molekiiliini Cn iyl yaklasimlart uygulanmigtir. Ancak son yillarda
Morse potansiyeli agiklayabilirken (Yanar, Aydogdu  yapilan caligmalar, molekiillerin bagli durumlarinin
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aciklanmasinda Pekeris-tipi yaklagimlarin Greene-
Aldrich  yaklasgimindan daha uygun oldugunu
gostermistir (Mustafa, 2015a; Mustafa, 2015b;
Yanar, Tas, Salti ve Aydogdu, 2020; Yanar, 2022a).

RbH(X':*) molekiiliiniin titresim enerjileri
daha oOnce farkli calismalarda Morse potansiyeli
(Okorie, Ikot ve Chukwuocha, 2020), degistirilmis
hiperbolik tip potansiyel (Eyube, Notani ve Dikko,
2022), degistirilmis hiperbolik engel potansiyeli
(Ezzine, Hachama ve Diaf, 2021), gelistirilmis Tietz
potansiyeli ile ayni olan gelistirilmis genellestirilmis
Mobius kare potansiyeli (Okorie, lkot ve
Chukwuocha, 2020), gelistirilmis Poschl-Teller
potansiyeli (Eyube, Bitrus ve Jabil, 2021) ve GGPT
potansiyeli (Yanar, 2022b) kullanilarak elde
edilmistir.  Yapilan bu c¢alismalardan Morse,
gelistirilmis Poschl-Teller, degistirilmis hiperbolik
tip ve GGPT potansiyellerinin  RbH(X'Z')
molekiiliiniin titresim enerjilerini  modellemede
benzer basarilar gosterdikleri goriilmiistiir. Ayrica,
degistirilmis hiperbolik engel potansiyeli ile iki
atomlu  molekiiller i¢in  gelistirilmis  Tietz
potansiyeliyle ayni olan gelistirilmis genellestirilmis
Mobius kare potansiyelinin RbH (X1Z*) molekiiliinii
aciklamada benzer basar1 oranlar1 sergiledikleri
bulunmustur (Okorie, Ikot ve Chukwuocha, 2020;
Eyube, Notani ve Dikko, 2022; Ezzine, Hachama ve
Diaf, 2021; Eyube, Bitrus ve Jabil, 2021; Yanar,
2022b). Ancak, bildigimiz kadariyla gelistirilmis
Rosen-Morse, gelistirilmis Manning-Rosen  ve
degistirilmis Rosen-Morse potansiyelleri bu molekiil
icin ele almmmamus; dolayisiyla RbH(X'Z')
molekiiliinii en iyi modelleyebilecek potansiyel enerji
fonksiyonu heniiz belirlenememistir. Ayrica, yapilan
bu calismalarda yalnizca gelistirilmis genellestirilmis
Mobius kare potansiyeli kullanilarak molekiiliin
donme enerjileri tartistmistir; fakat RbH(X1Z™)
molekiilii icin en uygun potansiyel enerji fonksiyonu
kullanilmadigindan (Okorie, lkot, & Chukwuocha,
2020)’de  bulunan  donme-titresim  enerjileri
RbH(X'X*) molekiiliiniin en olasi donme-titresim
enerjileri degildir. Bu degerlendirmeler 1s18inda,
sunulan  calismada RbH(X'Z*')  molekiiliinii
modelleyebilecek en uygun potansiyel enerji
fonksiyonunu tespit etmek ve bu potansiyel ile
Pekeris-tipi yaklasim altinda elde edilen enerji
0zdeger denklemini kullanarak ilgili molekiiliin en
olas1 donme-titresim enerjilerini teorik olarak
hesaplamak amaglanmuistir.
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Dort kesimden olusan bu ¢alismada; Kesim 2°de
donme-titresim  enerjilerinin  hesaplanmasi  igin
kullanilacak enerji 6zdeger denklemleri verilmistir.
Kesim 3’te RbH(X'Z %) molekiiliiniin titresim enerji
seviyeleri farkli potansiyel enerjilerin varliginda elde
edilip deneysel verilerle ve literatiirde daha 6nceden
elde edilmis teorik verilerle karsilagtirilmistir.
Ayrica, tespit edilen en uygun potansiyel ile Pekeris-
tipi yaklasim varliginda elde edilmis enerji 6zdeger
denklemi kullamlarak RbH (XZ*) molekiiliiniin en
olas1 titresim-donme enerji seviyeleri bulunmustur.
Son kesimde ise elde edilen bulgularin
degerlendirilmesi yapilmistir.

MATERYAL VE METOT

RbH(X'2*) molekiiliiniin titresim enerjilerini
bulmak i¢in GM (Yanar, Aydogdu ve Salti, 2016) ve
GGPT (Yanar, Tas, Salti ve Aydogdu, 2020)
potansiyelleri kullanilarak elde edilen enerji 6zdeger
denklemleri  kullamlmistir. GM  potansiyelinin
kullanilmasmin nedeni iki atomlu molekiilleri iyi
bi¢imde modelleyebildigi bilinen Morse (Morse,
1929), gelistirilmis Rosen-Morse (Wang, Liu, Zhang,
Cao ve Jia, 2012), gelistirilmis Tietz (Jia, ve digerleri,
2012), gelistirilmis Manning-Rosen (Wang, Zhang,
Jia ve Liu, 2012) ve degistirilmis Rosen-Morse
(Zhang, Liu, Zhang, Zhou ve Jia, 2012) olmak iizere
birgok potansiyele indirgenebilmesidir. Bu sayede
her bir potansiyel enerji fonksiyonun iki atomlu bir
molekiilii modellemedeki basarisin1 bulmak i¢in ayri
ayr1 diferansiyel denklemler ¢oziilmesine gerek
kalmamaktadir. GM potansiyeli kullanilarak iyi
bilinen diger potansiyel enerji fonksiyonlarinin
modelleme basarisi kolayca bulunabilmektedir. Diger
taraftan GM potansiyeli, GGPT potansiyeline
indirgenememektedir, bu nedenle daha 6nceki bir
calismada (Yanar, Tas, Salti ve Aydogdu, 2020)
GGPT i¢in elde ettigimiz enerji 6zdeger denklemi de
bu calismada GGPT potansiyelinin RbH(X1Z')
molekiiliiniin titresim enerjisini agiklamadaki basari
oranint tespit etmek i¢in ele alinmistir.

GM potansiyeli asagidaki bigimde verilmektedir
(Yanar, Aydogdu ve Salti, 2016):

VGM(T')
_ A—Be=7) 4 g[C — peatr—ro)]” )
- [1 _ qe—a(r—re)]z
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Burada A4, B, C, D, a, § Ve q incelenen molekiile bagh
olarak ayarlanabilen potansiyel parametrelerdir. 7 ise
iki atom arasindaki denge bag uzunlugudur. Iki
atomlu molekiillerin ¢aligilabilmesi i¢gin GM
potansiyelinin parametrelerinin molekiiler sabitler
cinsinden yazilmasi gerekmektedir. Bu nedenle
asagidaki kosullar dikkate alinmaktadir (Varshni,
1957):

e

dr r=rg S
V(ir » o) —-V(,)=D,, 2
AG)]

o2 mluclw?.

r=Te

Burada c 151k hizinin bitytikliga iken,  iki atomlu bir
molekiiler sistemin indirgenmis kitlesidir. D, ve w,
ise sirasiyla ayrisma enerjisini ve harmonik titresim
dalga boyunun tersini ifade etmektedir. Bu kosullarin
kullanilmasi, GM potansiyelinin parametreleri ile
molekiiler sabitler arasinda asagidaki iliskileri verir
(Yanar, Aydogdu ve Salti, 2016)

A+§C? = D% = (B +2§CD)/2 = D, ©)

2pw¢ @)

GM potansiyeli g parametresinin alacagi degere
bagl olarak literatiirde yer alan birgok potansiyele
indirgenebilmekte bodylece bircok iki atomlu
molekiilii basartyla modelleyebilmektedir. Ornegin,
q = —de~%"e igin gelistirilmis Tietz potansiyeline,
g — 0 limitinde Morse potansiyeline, g = —e %"
icin gelistirilmis Rosen-Morse potansiyeline, q =
e %Te igin gelistirilmis Manning-Rosen
potansiyeline, g = —e*ii="e) olmasi1 durumunda ise
degistirilmis Rosen-Morse potansiyeline
indirgenmektedir (Yanar, Aydogdu ve Salti, 2016).
Burada r;; iki atomun i¢ kabuk yarigaplarinin bir

1 e e , KD D
Olgusidir ve 715, =1, — m bigiminde
e

verilmektedir. K parametresi bir sabit olup degeri
yaklasik olarak K =4 alinmaktadir (Frost &
Musulin, 1954). g parametresinin g = —de™%"e, q =
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_e_are, q= e %Te veya q= _e“(rij_re)
esitliklerinden biri olmas: durumunda Denklem
(4)’deki a parametresi z = W (z)e"® bagmtisim
saglayan Lambert fonksiyonu W cinsinden elde edilir
(Yanar, Aydogdu ve Salti, 2016; Ocak, Yanar, Salti
ve Aydogdu, 2018; Zhang, Liu, Zhang, Zhou ve Jia,
2012).

GM potansiyeli varliginda ve merkezcil terime
Pekeris-tipi  yaklasimin uygulanmasi durumunda
Schrédinger denkleminin ¢oziimiinden elde edilen
enerji 6zdeger denklemi asagidaki bicimde bulunur
(Yanar, Aydogdu ve Salti, 2016; Ocak, Yanar, Salti
ve Aydogdu, 2018):

i(j+1)h%C D
E. . =M+_e_
nj 2u q2
2uDe( 1) JjG+1)(C1+C3)

a?n? th(l q2>+ o2 1| 2n+1
2u 12 2 2 —

NEZH 2u0e(1-g) jGency 1

l 2 = aZpz 1 aZ 4 (5)

2
Z”DE(l‘é) JG+1DC 1
J a?h? + a? + 4

Burada C,, C; ve C,, Schrédinger denklemini
cozebilmek icin merkezcil terime uygulanan ve
Denklem (6)’da verilen Pekeris-tipi yaklagimin
(Yanar, Aydogdu ve Salti, 2016) katsayilaridir:

1 Cy C,
2 ot _ —a(r-r, + _ —a(r-re)]2
r 1—qe a1 " [1— ge~a(r=Te)]

(6)

Bu katsayilar, Denklem (6)’da verilen esitligin her iki
tarafindaki terimlerin r =7, civarinda seriye
actlmasiyla asagidaki bigimde elde edilirler (Yanar,
Aydogdu ve Salti, 2016):

(B-are)—2(3+are)q+(3+3are+a’r.?)q?

CO = a2rgtq2 ’
__2(g-1)%(-3+ar.+3q+2aqre) @)
Cl - a2rgtq? ’
C. = (q-1)3[3(q- 1)+(q+1)are]
, =

azr 4q2
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RbH(X1Z*) molekiiliinii tartismak igin kullanilacak
bir diger enerji Ozdeger denklemi ise GGPT
potansiyeli varliginda Schrodinger denkleminin
¢cozlimiinden elde edilen 6zdeger denklemidir. GGPT

Veerr r)= D, + D,
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potansiyeli ve bu potansiyel varliginda Schrédinger
denkleminden elde edilen enerji 6zdeger bagintisi
sirastyla Denklem (8) ve (9)’da verilmistir (Yanar,
Tas, Salti, & Aydogdu, 2020):

[1 + cosh?(ar,) — 2cosh (ar,)cosh (ar)] (8)

sinh?(ar)

_JjG+DRr*(Cy + C)
- o

+ D,

nj

a’h?

2 16 4a?

2u

2n+1 \/ 1 +j(/' +1(C,-0C,) N uD,[1+ cosh?(ar,) + 2 cosh(ar,)]

2a?h? 9)

2

4a?

2a2h?

\/i JU+D(C+C)  pD[—1— cosh?(ar,) + 2 cosh(ar,)]
16

2uw?

Burada a = mic olup, Cy, C; ve C, katsayilar

GGPT  potansiyeli  varligindaki ~ Schrédinger
denklemini ¢6zebilmek icin merkezcil terime
uygulanan

e

__ __coshar __cosh®ar

_220

2 sinh? ar (10)

! sinh? ar
bicimindeki Pekeris-tipi yaklasimin katsayilaridir. Bu
katsayilarin agik ifadeleri esitligin her iki tarafindaki
terimlerin r =1, civarinda seriye agilmasiyla

asagidaki bigimde bulunmustur (Yanar, Tas, Salti ve
Aydogdu, 2020):

—342a?1,%2-3 cosh 2are+are(6 coth arg+sinh 2are)

C, =

2, 4
2a“re

=~ _ —6cosharg+2are cschareg(2+cosh 2are)

C, = (11)

a’ret

C, =

943 cosh 2are—12ar, coth are cosh? are+5are sinh 2ar,

2, 4
2acre

Denklem (8)’de verilen GGPT potansiyelinin iki
atomlu  molekiiler  yapilarin  titresim-donme
enerjilerini agiklayabilme basarisinin gelistirilmis
Poschl-Teller potansiyeli ile ayni oldugu daha 6nceki

bir ¢alismada gosterilmistir (Yanar, Tas, Salti ve
Aydogdu, 2020). Bu durumda Denklem (1) ile
birlikte Denklem (8) iki atomlu molekiiler yapilari
aciklayabilen literatiirdeki birgok potansiyel enerji
fonksiyonunu igermektedir. Bir sonraki kesimde, bu
potansiyellerin varliginda elde edilen enerji 6zdeger
denklemleri (5) ve (9), RbH(X'X*) molekiiliinii en
iyi modelleyebilen potansiyel enerji fonksiyonunun
belirlenmesi i¢in kullanilmastir.

BULGULAR

GM ve GGPT potansiyelleri varliginda bulunan
enerji 6zdeger denklemleri (5) ve (9) ayri ayn
kullanilarak ~ RbH(X'Z*%) molekiiliiniin titresim
enerji seviyeleri hesaplanmis ve Tablo 1’de
verilmistir. RbH(X'X*) molekiilii icin hesaplamada
kullanilan deneysel molekiiler sabitler su bigimdedir
(Hsieh, Yang, Tam, Verma, & Stwalley, 1980): D, =
14580 cm™t, 1, = 2.3673 A, u =0.9961 akb ve
w, = 937.188 cm™1. Molekiilii en iyi
modelleyebilecek potansiyel enerji fonksiyonunu
belirlemek icin ortalama mutlak ylizde sapma
(OMYS) hesabi yapilmustir:

N .
100 Egozlenen _ En
OMYS = TZ nEgézlenen (12)
n=0 n
Morse, gelistirilmis Rosen-Morse, degistirilmis

Rosen-Morse, gelistirilmis Manning-Rosen,
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Tablo 1. RbH(X*X%) molekiiliiniin titresim enerjileri (cm™?)

n Gozlenen? E," E,° E,* E,° E,” E,? E.)"
0 465.32 464.88 464.80 464.70 464.75 464.83 465.00 464.87
1 1374.39 1371.91 1374.19 1376.17 1366.92 1371.75 1372.07 1371.93
2 2255.74 2248.84 2255.54 2261.54 2234.63 2248.40 2249.01 2248.88
3 3109.79 3095.75 3108.66 3120.43 3068.43 3094.81 3095.84 3095.70
4 3936.95 3912.41 3933.31 3952.44 3868.85 3911.00 3912.54 3912.41
5 4737.66 4699.03 4729.27 4757.18 4636.41 4696.97 4699.12  4698.99
6 5512.31 5455.50 5496.30 5534.23 5371.64 5452.74 5455.58 5455.45
7 6261.34 6181.81 6234.19 6283.15 6075.01 6178.33 6181.92 6181.79
8 6985.17 6878.06 6942.70 7003.50 6747.03 6873.76 6878.14 6878.01
9 7684.20 7544.16 7621.57 7694.82 7388.16 7539.03 7544.23  7544.11
10 8358.85 8180.13 8270.58 8356.64 7998.88 8174.17 8180.21  8180.09
11 9009.56 8785.97 8889.48 8988.46 8579.63 8779.19 8786.06  8785.95
12 9636.73 9361.75 9478.02 9589.80 9130.86 9354.11 9361.80 9361.69

2 (Hsieh, Yang, Tam, Verma, & Stwalley, 1980)

b };if(l) Vamp = Viorse durumunda elde edilen enerjiler

¢ GM potansiyelinin g = —e~%" degeri igin (Gelistirilmis Rosen-Morse potansiyeli) Denklem (5) kullanilarak elde edilen enerjiler

4 GM potansiyelinin g = —e“(rll_re) degeri i¢in (Degistirilmis Rosen-Morse potansiyeli) Denklem (5) kullanilarak elde edilen enerjiler
¢ GM potansiyelinin g = e~%" degeri i¢in (Gelistirilmis Manning-Rosen potansiyeli) Denklem (5) kullanilarak elde edilen enerjiler

fGM potansiyelinin g = —de
9Denklem (9) kullanilarak elde edilen enerjiler
h (Eyube, Bitrus ve Jabil, 2021; Eyube, Notani ve Dikko, 2022)

gelistirilmis Tietz, GGPT ve gelistirilmis P&schl-
Teller potansiyelleri varliginda Denklem (5) ile
Denklem (9) kullanilarak elde edilen ve Tablo 1°de
verilen enerji 0zdegerlerinin gbzlenen verilerden
ortalama mutlak yiizde sapmalar1 sirasiyla 1.20, 0.51,
0.27, 2.61, 1.25, 1.19 ve 1.20 olarak hesaplanmustir.
Bu bulgular degistirilmis Rosen-Morse
potansiyelinin  RbH(X'X*) molekiiliinii diger
potansiyel enerji fonksiyonlarina gore ¢cok daha iyi
aciklayabildigini  gostermektedir. Bu nedenle
RbH(X'X*) molekiiliiniin daha dogru doénme-
titresim enerji degerlerini elde edebilmek igin
Denklem (5)’de q = —e®(ii™)  secimi  ele
almmistir. Bu durumda Denklem (5), degistirilmis
Rosen-Morse potansiyeli varligindaki enerji 6zdeger
denklemine indirgenmektedir. g = —e®("ii="¢) i¢in
Denklem (5) kullanilarak elde edilen donme-titresim
enerjileri Tablo 2’de verilmistir.

l # 0 durumu icin bu calismada elde edilen
donme-titresim enerjileri ile Okorie ve arkadaglari
tarafindan yapilan ¢alismada (Okorie, Ikot ve
Chukwuocha, 2020) gelistirilmis genellestirilmis
Mobius kare potansiyeli altinda bulunan donme-
titresim enerjileri arasinda oldukga biiyiik farkliliklar
oldugu Tablo 2’den goriilebilmektedir. Bunun nedeni
yalnizca kullanilan potansiyel enerji fonksiyonlarinin
farkli olmasindan kaynaklanmamaktadir. Bu biiyiik

~®e degeri igin (Gelistirilmis Tietz potansiyeli) Denklem (5) kullamlarak elde edilen enerjiler

farkliligin sebebi Okorie ve arkadaslari tarafindan
yapilan ¢alismada (Okorie, Ikot ve Chukwuocha,
2020) enerji 6zdeger denkleminin hatali elde

edilmesidir. (Okorie, Ikot ve Chukwuocha, 2020)’de
Denklem (33) ile wverilen enerji 6zdeger

denklemindexi \/1+ 81D

aZh2§? [(§ +ee)? + yh,]

ifadesi \/1 + thfz [D, (& + e%7e)2 + yh,]

biciminde olmalidir. Dolayisiyla RbH(XZ™)
molekiilii igin (Okorie, kot ve Chukwuocha, 2020)
referansinda elde edilen donme-titresim enerjileri
yanhstir. Ilgili molekiil icin dogru dénme-titresim
enerjileri Tablo 2°de Enlb ile verildigi bigimdedir.

SONUCLAR

Bu calismada GGPT potansiyeli varliginda
bulanan titresim enerjileri ile GM potansiyelinin 6zel
durumlar1 olan Morse, gelistirilmis Rosen-Morse,
degistirilmis Rosen-Morse, gelistirilmis Manning-
Rosen ve gelistirilmis Tietz potansiyelleri i¢in elde
edilen titresim enerjileri literatiirdeki verilerle ve
deneysel (gozlenen) verilerle karsilastirilarak
RbH(X':Z*) molekiilinii en dogru bicimde
modelleyebilecek potansiyel enerji fonksiyonu
belirlenmistir. Degistirilmis Rosen-Morse
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Tablo 2. RbH(XX*) molekiiliiniin donme-titresim enerjileri (cm™?)

n_ | Gozlenen? E,’ Ey© n_ | Gozlenen® E,° n 1l  Gozlenen® E,”
0 0 465.32 464.70 464.85 9 0 768420  7694.82 12 7 9719.18
1 0 1374.39 1376.17 1372.23 1 7699.83 8 9756.01
2 0 225574  2261.54 2249.76 2 7709.85 9 9797.37

1 2267.33 —1.751x 107 3 7724.88 10 9843.22
3 0 310979 312043 3097.39 4 7744.90 11 9893.56

1 3126.12 —1.749 x 107 5 7769.90

2 3137.49 —7.768 x 107 6 7799.88
4 0 3936.95 3952.44 3915.09 7 7834.80

1 3958.03 — 1.746 x 107 8 7874.65

2 3969.19 —7.763x107 10 0 8358.85  8356.64

3 3985.93 —1.772x 108 1 8361.53
5 0 473766  4757.18 4702.86 2 8371.30

1 4762.66 — 1.744 x 107 3 8385.96

2 4773.61 —7.759 x 107 4 8405.49

3 4790.02 —1.771x 108 5 8429.88

4 4811.89 —3.132x 108 6 8459.11
6 0 551231 5534.23 5460.64 7 8493.17

1 5539.59 - 8 8532.04

2 5550.32 - 9 8575.69

3 5566.40 - 1 0 9009.56  8988.46

4 5587.83 - 1 8993.23

5 5614.59 - 2 9002.75
7 0 626134  6283.15 6188.41 3 9017.03

1 6288.40 - 4 9036.05

2 6298.90 - 5 9059.81

3 6314.63 - 6 9088.29

4 6335.60 - 7 9121.47

5 6361.79 - 8 9159.33

6 6393.19 - 9 9201.85
8 0 698517  7003.50 - 10 9248.99

1 7008.63 - 12 0 9636.73  9589.80

2 7018.89 - 1 9594.43

3 7034.28 - 2 9603.70

4 7054.78 - 3 9617.59

5 7080.38 - 4 9636.09

6 7111.08 - 5 9659.21

7 7146.84 6 9686.91

2(Hsieh, Yang, Tam, Verma, & Stwalley, 1980)

b GM potansiyelinin g = —e*(ii~") degeri igin (Degistirilmis Rosen-Morse potansiyeli) Denklem (5) kullanilarak elde edilen enerjiler

¢ (Okorie, Ikot, & Chukwuocha, 2020)

Degistirilmis Rosen-Morse potansiyeli varliginda
elde edilen titresim enerjilerinin gozlenen verilerden
ortalama mutlak yiizde sapmasi 0.27 olarak
hesaplanmigtir. Morse, gelistirilmis Rosen-Morse,
gelistirilmis Manning-Rosen, gelistirilmis Tietz,
GGPT ve gelistirilmis Poschl-Teller potansiyelleri
varliginda elde edilen enerjilerin gézlenen verilerden
ortalama mutlak ylizde sapmalar ise sirastyla 1.20,
0.51, 2.61, 1.25, 1.19 ve 1.20 olarak bulunmustur.
Ayrica, degistirilmis Rosen-Morse potansiyeli ve
merkezcil terim  igin  Pekeris-tipi  yaklasim
kullanilarak RbH(X'Z*) molekiiliiniin donme-

titresim enerjileri elde edilmis ve literatiirdeki
verilerle  karsilastinllmistir.  (Okorie, lkot ve
Chukwuocha, 2020)’de gelistirilmis genellestirilmis
Mobius kare potansiyeli (ki bu iki atomlu molekiiller
icin gelistirilmis Tietz potansiyeli ile aynidir)
kullanilarak elde edilen donme-titresim enerjilerinin
bu calismada bulunan donme-titresim enerjilerinden
oldukga farkli oldugu; bu farkliligin yalnizca
kullanilan  potansiyel enerji ~ fonksiyonundan
kaynaklanmadigi, (Okorie, lkot ve Chukwuocha,
2020) referansindaki enerji ozdeger denkleminin
hatal1 elde edilmesinden kaynaklandigi gosterilmistir.
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Dolayistyla, RbH (X1Z*) molekiilii igin (Okorie, Ikot
ve Chukwuocha, 2020)’de verilen dénme-titresim
enerjilerinin yanlis oldugu tespit edilmistir.

Degistirilmis Rosen-Morse potansiyeli
RbH(X'Z*) molekiilii icin ilk kez bu ¢aligmada ele
almmigs ve bu potansiyel ile elde edilen titregsim
enerjilerinin ~ deneysel  verileri aciklamada
literatiirdekilerden daha basarili oldugu yine ilk defa
bu calismada gosterilmistir. Ayrica RbH(XZ')
molekiiliiniin en olas1 teorik donme-titresim enerjileri
bildigimiz kadariyla ilk kez bu ¢aligmada
hesaplanmigtir. Molekiiller i¢in en dogru potansiyel
enerjinin ve buna bagli olarak en dogru donme-
titresim  enerjilerinin  bulunmast  molekiillerin
termodinamik ve optik &zelliklerinin daha dogru bir
bigimde incelenmesini saglamaktadir.

CIKAR CATISMASI BEYANI
Yazar bu makale ile ilgili herhangi bir ¢ikar
catigsmasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazar bu ¢alismanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Defne Yapragi Esansiyel Yagimin +4°C'de Muhafaza Edilen Gokkusag
Alabahigi (Oncorhynchus mykiss Walbaum,1792) Filetolarinin Raf Omrii
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Nermin Karaton Kuzgun
Munzur Universitesi, Su Uriinleri Fakiiltesi, Avlama ve Isleme Teknolojisi Boliimii, Tunceli, Tiirkiye

nerminkaraton@hotmail
Makale gonderme tarihi:19.10.2022, Makale kabul tarihi:05.01.2023

Ozet

Bu ¢alismada, farkl konsantrasyonlarda (% 0.1, % 0.5 ve % 1) kullanilan defne yaprag: esansiyel yaginin sogukta
depolanan gokkusagi alabaligi (Oncorhynchus mykiss) filetolarindaki raf 6mrii lizerine etkileri arastirilmistir. Aragtirmada
ki filetolarin +4+1°C’deki raf omrii siiresince her analiz giiniinde kimyasal analizleri (pH, TBA ve TVB-N),
mikrobiyolojik analizleri (Aerob bakteri, psikrofilik, laktobacillus, maya ve kiif) ve duyusal analizleri (genel begeni)
gergeklestirilmistir. Yapilan analizler neticesinde, taze filetolarin 6. giinde, %0,1 defne yaprag: esansiyel yagi ile
kaplanmus filetolarin 9. giinde, %0,5 defne yaprag: esansiyel yagi ile kaplanmus filetolarin 12. giinde, %1 defne esansiyel
yagi ile kaplanmus filetolarin 15. glinde, mevcut muhafaza siireleri sona ermistir. Sonug olarak, defne yapragi esansiyel
yagmn filetolarin raf 6émri tizerinde olumlu etki gosterdigi, 6zellikle %1 defne yapragi esansiyel yagi uygulanmis
filetolarda bu kategoride kayda deger oldugunun ve tiriiniin mikrobiyolojik, kimyasal ve duyusal kalitesi iizerine olumlu
etki gosterdiginin 6nemli oldugu (p<0.05) belirlenmistir.

Anahtar Kelimeler: Defne, esansiyel yag, Oncorhynchus mykiss, raf émri

Protective Effect of Bay Leaf Essential Oil on Shelf Life of Rainbow Trout
(Oncorhynchus mykiss Walbaum, 1792) Stored at +4 ° C

Abstract

In this study the effects of Bay leaf essential oil used at different concentrations (0.1%, 0.5% and 1% wi/v) on the
shelf life in rainbow trout (Oncorhynchus mykiss) fillets were investigated under cold storage. During storage in +4+1°C,
the fillets were done in every analyzes days period as chemical analyzes (pH, TBA, and TVB-N), microbiological
analyzes (Total aerobic bacteria, pisikrofilik, laktobacillus and yeast and mold) and sensory analyzes (general acceptable).
The result of analyzes showed that, available preservation period has ended fresh fillets in day 9, those coated fillets with
0.1% bay leaf essential oil in day 9, those coated fillets with 0.5% bay leaf essential oil in day 12, those coated fillets with
0.1% bay leaf essential oil in day 12. As a result, it was observed that addition applied of bay leaf essential oil It was
determined significant on 1% bay leaf essential oil and that it has in this category a positive effect on the microbiological,
chemical and sensory quality of the product (p<0.05).

Keywords: Bay, essential oil, Oncorhynchus mykiss, shelf life

GiRiS

Taze su iriinlerinde baslica problem, bu
iiriinlerin raf dmriiniin kisa olmasidir. Eger balik eti
taze olarak tiiketilecekse mevcut iriin kalitesini
mimkiin  oldugu siirece Koruyarak, baligin
tiketilebilirlik 6zelligini uzun stire muhafaza etmek
gerekmektedir (Gram, 1991).

Beslenme bilincinin  gelismesine baglantili
olarak balik ve deniz {irlinlerinin tiiketimi giin

gectikce artis gOstermektedir. Taze olarak tiiketilen
baliklar koruyucu onlemler alimmadigi takdirde
avlanmay takiben kisa siirede bozulurlar. Bozulmay1
onlemek ya da geciktirmek i¢in soguk muhafaza,
vakum paketleme, antioksidanlarla muamele gibi
islemlerin  yapilmas1  gereklidir (Wheaton ve
Lawsont, 1985; Varlik vd., 1988; Sentiirk, 1994).
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Son yillarda, dogal koruyucu maddelere olan ilgi
gittikge artmaktadir (inal,1992; Emir Coban, 2013;
Emir Coban ve Ozpolat, 2013; Hassoun, ve Emir
Coban, 2017; Karaton Kuzgun ve Kirbag, 2020).
Defne yapragi esansiyel yagi ile ilgili pek ¢ok
arastirma mevcuttur. Akgiil vd. (1989) nane, rezene,
defne yapragi esansiyel yagi ve kimyon yaglarinin P.
aeruginosa, E. coli, S. aureus, B. subtilis, P.
vulgaris in faaliyetlerini engelledigini belirtmislerdir
(Akgiil ve Kivang, 1989). Sagdi¢ vd., (2002), yedi
adet baharat ekstraktinin [defne, mersin yapragi,
kekik, mercankosk, kimyon] Escherichia coli
gelisimine olan etkisi {izerine yaptiklari ¢alismada,
kekik ve mercankoskiin diger baharat ¢esitlerinden
daha yiiksek antimikrobiyal 6zellik gosterdiginin ve
ayrica O0lmez ¢igeginin ve defnenin de bakterilerin
gelisimini engelledigini tespit edilmislerdir. Calisma
ile Escherichia coli’nin aktivitesinde bu baharat
ekstraktlarinin kullanilabilecegi kanisina
varmiglardir. Toroglu vd., (2006) zencefil ve defne
yapragi  esansiyel  yaglarinin  antimikrobiyal
ozelliklerini  ve  cephalothin, gentamicin  ve
ceftriaxone gibi antibiyotiklerle birlikte
kullanildiklarinda olusan etkileri incelemislerdir.
Defnenin M. smegmatis, B. megaterium, M. luteus, S.
faecalis, B. brevis’e kars1 sinerjistik etkisinin oldugu
ve diger bakterilere karsi da etkinliginin oldugunu
belirlemislerdir. Gergek ve Yanar (2018), %1 defne
eklenmis jelatin ile kaplanmis ¢ipura (S. aurata L.,
1758) filetolarinin soguk muhafazada 15 giin
depolanmasi boyunca kimyasal kalite tizerine olan
etkilerini  arastirmis ve esansiyel yag ile
zenginlestirilen jelatin kaplamanin filetolarin kontrol
grubuna gore raf omriinii daha da uzattig1 kanisina
varmiglardir.

Esansiyel yaglar, hem tek baslarina hem de diger
muhafaza teknikleriyle de birlikte kullanildiklart
zaman, trlnlerin muhafazasint olumlu  yo6nde
etkileyebilen  dogal olarak  elde  edilmis
antimikrobiyallerdir. Konu ile ilgili olarak yapilan
pek c¢ok calismada, degisik Dbitki tlrlerinin
ckstraktlariyla elde edilmis karisim yaglari farkl
gidalara uygulanmistir. Bu c¢alismalar neticesinde
elde edilmis olan esansiyel yaglarin antimikrobiyal
etkisinin, kombine haldeki yaglari teskil eden hangi
spesifik madde ya da maddelerden dolayi oldugu
saptanamamistir. EK olarak bu ekstraktlarda toksik
maddelerde bulunabilmektedir. Dolayisiyla gidalara
kombine haldeki bu ekstraktlarin yerine, spesifik
esansiyel yaglarin da ilavesi ise daha giivenilir olur.
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Bu yaglar insan sagligi bakimindan, kanserojen
etkisinin oldugunu arastiran deneysel c¢alimalar
mevcuttur. Esansiyel yaglarin, ¢ok sayida olumlu
biyolojik etkilere sahip olduklari caligsmalar da
mevcuttur (Farag vd.,1989, Blaszyk ve Holley, 1998;
Emir Coban, ve Patir, 2013; Emir Coban, vd., 2016;).
Bu aragtirmada, esansiyel bir yag olan defne
yapragl yaginin alabalik filetolarina uygulayarak
paketleme ile birlikte kombine etkisinin balik
filetolarinin raf 6mrii {izerine etkisi incelenmistir.

MATERYAL ve METOT

Aragtirmada Salmonidae familyasina dahil olan
Oncorhynchus mykiss (gokkusagi alabaligi) tiri
baliklar kullanilmigtir. Baliklar, Elazig’da faaliyet
gosteren “Keban Alabalik” yetistirme tesisinden elde
edilmistir. Agirliklar1 yaklasik olarak 300 + 10 g
olarak segilerek baliklar, soguk zincirde Firat
Universitesi,  Biyomiihendislik ~ Laboratuvarina
getirilerek aynmi giin fileto haline getirilmistir.
Filetolarin Hazirlanmasi

Laboratuvara soguk =zincir (Buz igerisinde
strafor  kutularla) ile laboratuvara ulastirilan
baliklarin  filetosu, uygun bigaklar ve aletler
vasitasiyla elde edilmistir. Fileto eldesi igin, bas
kesilip ve i¢ organlar ¢ikartilmistir, deri tamamen
alindiktan sonra, filetolar temiz suyla bolca yikanmis
ve isleme hazir bir hale getirilmistir. Arastirmada
kullanilan defne yapragi esansiyel yagi, ticari bir
firmadan (Kalsek) temin edilmistir. Defne yapragi
esansiyel yagi ilaveli gruplarini olusturmak amaciyla,
fileto agirligmin %0,1° i oraninda Defne yapragi
esansiyel yagi, fileto agirhgmin %0,5’1i oraninda
Defne yapragi esansiyel yagi, yine fileto agirhigimin
%1°i oraninda Defne yaprag: esansiyel yagi filetolar
tizerine uygun bir firca yardimiyla siiriilmistiir.
Defne yapragi esansiyel yag: siiriilen %0,1, %0,5 ve
%1 oranindaki gruplar kontrol gruplan ile birlikte
strafor tabak ve stre¢ film ile birlikte ambalajlanip 4
farkli deneysel grup elde edilmistir. Elde edilen
deneysel oOrnekler +4°C’de muhafazaya alinmigtir.
Ornekler, muhafazanin belirli giinlerinde (1., 3., 6.,
9., 12. ve 15. giinler) duyusal, mikrobiyolojik ve
kimyasal analizleri (duyusal yonden tiiketim
niteliklerini yitirinceye kadar) yapilmistir. Calisma ti¢
tekerriirlii olarak gerceklestirilmistir.
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Tablo.1. Deneysel 6rnek gruplarina ait bilgiler

Defne  yaprag
Grup | Uygulama | esansiyel yagi
durumu konsantrasyonu
(%)
A Kontrol 0
B Defne 0.1
© Defne 0.5
D Defne 1.0

Mikrobiyolojik Analizler

Mikrobiyolojik analizlere hazirlik igin, fileto
ornekleri once bir Stomacher parcalayicisinin
(Stomacher 400) 6zel torbasinda steril olacak sekilde
10g tartilmis, tizerine steril %0,1 oraninda daha
onceden hazirlanmis peptonlu sudan 90 ml ilave
edilmis ve pargalayici vasitastyla homojen bir karisim
haline getirilmistir. Bu sayede numunelerin 1/10°lik
diliisyonlar1 olusturulmustur. Bu diliisyondanlardan
ayni seyrelticiyi kullanmak sartiyla 6rnegin 6/10
oranlarina kadar diger seyreltileri yapilmistir.
Omneklerin her seyreltilerinden 1’er ml alinarak ¢ift
seri seklinde plak dokme yontemiyle ekimleri
yapilmis ve inkiibasyon peryodu sonunda 30-300 adet
koloni igeren plaklar degerlendirmeye tabi
tutulmustur (Harrigan, 1998; Varlik vd., 1993a).

Calismadaki aerob bakterilerin sayiminda Plate
Count Agar (LAB) kullanilmis ve inkiibasyona tabi
tutulmustur. Inkiibasyon sonucunda olusan plaklar,
30£1 °C’de 3. giiniin sonunda olusan kolonilerin
sayimi  yapilmistir  (Harrigan,1998).  Psikrofilik
bakteri sayiminda Plate Count Agar besiyeri (PCA)
(LAB) kullanilmustir. Olusan plaklarin 7 °C’de 7 giin
inkiibasyon sonunda sayimlari yapilmistir (Harrigan,
1998). Laktobasillerin sayimi i¢in MRS Agar
kullanilmustir  (LAB). Plaklar 28° C’de 2 giin
bekletilerek olusan kolonilerin sayimi yapilmistir
(Harrigan, 1998). Orneklerdeki maya ve kiif say1siin
belirlenmesi igin % 10’luk hazirlanmig tartarik asit
ilave edilen Potato Dextrose Agar besiyeri (PDA)
(LAB) pH’st  3,5’e  digtrildiikten  sonra
kullanilmistir. Olusan plaklar 25+1 °C sicaklikta 4-5
giin boyunca inkiibe edilmistir ICMSF, 1986).

Kimyasal Analizler

Orneklerin pH degerlerinin 6lgiilmesi igin,
ORION marka pH metre kullanilmistir. Karistirtlan
her bir 6rekten 10 g alinmis ve 100 ml distile su
yardimiyla 1 dakika siire ile homojenizatorde
parcalanmasindan sonra pH metre ile oOlgtimleri
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gerceklestirilmistir (AOAC, 1990). Orneklerdeki
TVB - N degerleri, su buhar1 destilasyon {initesi
(Makro Kjeldahl) vasitasiyla Varlik vd. (1993)’nin
belirttigi yonteme goére yapilmistir. TBA analizi
Tarladgis vd., (1960)’nin belirttigi yonteme gore
belirlenmistir.

Duyusal Analizler

Deneysel 6rnekler muhafazalarinin 1., 3., 6., 9.,
12. ve 15. Muhafaza giinlerinde ki duyusal degeri
bakimindan incelenmistir. Ornekler firmn posetinde
ayr1 ayr1 paketlenerek 10 dk kadar 180 °C de
pisirilmis ve her bir numuneye numara verilerek
panelistlere laboratuvar ortaminda sunulmustur.
Ornekler genel begeni bakimmdan 5 kisilik uzman
panelistler vasitasiyla 9°dan 1’e¢ kadar puanlama
skalas1 ile degerlendirilmistir (Lawless ve Huss,
2010).

Istatistiksel Analizler

Arastirmada elde edilen degerlerin istatistiksel
analizler IBM SPSS®22 (SPSS Inc., Chicago, IL,
USA) bilgisayar istatistik paket programi yardimi ile
yapilmistir. Muhafazanin giinleri ve mevcut gruplar
arasindaki farkliliklarin istatistiksel bakimindan
O6neminin belirlenmesinde ise varyans (ONE WAY
ANOVA, DUNCAN) analizi kullanilmis ve p<0.05
olan degerler dikkate alinmistir.

TARTISMA VE SONUC
Genellikle yeni yakalanmis saglikli bir balikta

kas sterildir. Mikroorganizmalar baligin
solungaclarinda,  derisinde = ve  bagirsaginda
mevcuttur. Mikroorganizmalarin miktari, baligin

derisinde  10%-10° kob/cm? bagirsaklarinda ve
solungaclarma ise 10° -10° kob/g degerlerindedir.
Baliklar av  sonucunda uygulanan  isleme
yontemlerine, depo sicaklik derecesi ve depo siiresi
gibi etkenlere bagli olarak mikroorganizmalar; deri,
solungaclar ve bagirsaklardan balik kasina gecis
yaparlar ve sonucta tiriinde kalite bozulmasina,
dolayisiyla bu balig: tiiketen tiiketiciler toksikasyon
ya da enfeksiyon ile karsilasabilirler. Bu yiizden,
baligin kasinda mevcut olan mikroorganizma tiirii ve
sayis1 baligin muhafazasi ve insan sagligi bakimindan
onem tasimaktadir (Gram ve Huss, 1996; Gram ve
Huss, 2000). Calismada toplam aerob bakteri sayist
2,25+40,29 - 6,67£0,48 log kob/g araliginda
belirlenmistir (Sekil 1). Toplam aerob bakteri
sayisinda muhafaza gilinleri arasindaki farkliligin

109



Int. J. Pure Appl. Sci. 9(1);107-114 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1191629

onemli (p<0,05) oldugu bulunmustur. Can vd. (2007),

aragtirmalarinda; kKkaranfil yagmin aynali sazan
filetolarin ~ muhafazasi  bakimindan  etkisini
aragtirdiklari caligmalarinda aynali sazan

filetolarinda, esansiyel yagin etkisini incelediklerinde
koloni sayisim1 7,11— 7,79 log kob/g olarak tespit
etmislerdir. Bu deger mevcut ¢aligmanin verilerinden
yiiksektir. Ayrica yapmis olduklar1 c¢aligmalarinda
triinii raf Oomriinii 42 giin olarak belirlemiglerdir.
Bunu balik tiiriiniin ve esansiyel yagin farkli olmasina
ayrica  esansiyel  yagmm  uygulamig  sekline
baglayabiliriz.

Psikrofilik bakteriler, buzdolab: kosullarinda
muhafaza edilen baliklarin aerobik sartlarda
bozulmasindan sorumlu ¢ok onemli
mikroorganizmalar grubunu olusturur (Sallam 2007).
Sekil 1°de sunuldugu gibi ¢calismada toplam pisikrofil
bakteri sayis1 2,62+0,48 - 6,49+0,43 log kob/g
araliginda belirlenmistir. Psikrofilik bakteri agisindan
biitiin gruplarda 3. ve 6. muhafaza giinlerinde
istatistiksel bakimdan anlamli farkliliklarin oldugu
(p<0,05) tespit edilmistir. Pek ¢ok yapilmisg
arastirmada kekik esansiyel yagi ve oreganium
esansiyel yaginin psikrofil bakterilerine karsi
faaliyetlerini  yavaslatigimi  ifade  etmislerdir
(Nerantzaki vd., 2005; Mahmoud vd., 2004; Karaton
Kuzgun ve Kirbag, 2020). Ek olarak, psikrofilik ve
mezofilik bakteri baslangi¢ yiikii benzer olmasina
ragmen 15 giin sonra mezofilik aerob bakteri
konsantrasyonu daha yiiksek ¢ikmistir. Defne yapragi
esansiyel yaginin pisikrofil bakteriler iizerinde daha
etkili oldugunu belirtebiliriz.

A grubunda 0. giinde Lactobasillus sayisi
2,89+0,39 log kob/g degerindeyken da sonra artis
gosteren bu deger 6. giinde 5,97+0,62 log kob/g
olarak yiikselme gostermistir. B grubundaki
muhafazanin 0. giiniinde deneysel oOrneklerde ise
Lactobasillus sayisi1 2,55+0,60 log kob/g degerlerinde
iken bu deger muhafazanin 9. giinde yani son
giinlinde yiikselis gostererek 5,58+0,98 log kob/g
olarak belirlenmistir. Deneysel C grubu 6rneklerinin
en az sayidaki Lactobasillus sayist 0. giinde
2,98+0,80 log kob/g oraninda tespit edilmistir. En
yiiksek Lactobasillus sayis1 12. muhafaza giiniinde
5,97+0,58 log kob/g oraninda sayilmistir. D grubu
orneklerde (%1 defne yapragi esansiyel yagi
uygulanmis) Lactobasillus sayis1 muhafazanin ilk
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giinii 2,76+0,62 log kob/g oraninda tespit edilmistir
ve muhafazanin son giinii ise 5,67+0,26 log kob/g
olarak belirlenmistir  (Sekil 1). Lactobasillus
sayisinda muhafazanin 6. giiniinde deneysel gruplar
arasinda ki (A ve C gruplari) artislarin 6nemli oldugu
belirlenmistir (p<0,05). Viuda-Martos vd. (2008),
degisik ugucu yaglarin antimikrobiyal o6zelliklerini
inceledikleri aragtirmalarinda, Lactobacillus
miktarina ¢ok etkisi olan esansiyel yagin biberiye
ucucu yagi oldugunun ve biberiyenin de sonrasinda
sirasiyla  kekik ucucu yagr ve karanfil ugucu
yaglarinin takip ettigini ifade etmisleridir.

Sekil 1 incelendiginde, deneysel filetolarin maya-kif
sayilari, fileto 6rneklerinde 3,27+0,31 log kob/g, A,
B, C ve D gruplarinin muhafazalarinin sonucunda
maya-kiif miktar1 5,84+0,45 (6. giin); 5,47+0,88 (9.
giin), 5,46+0,39 (12. giin) ve 5,49+0,67 (15. giin) log
kob/g olarak sayilmistir. Maya-Kiif miktar1 yiikselisi
muhafaza giinleri igerisinde anlamli farkliliklarin
oldugu belirlenmistir (p<0,05). Farkli tiirlerdeki
esansiyel yaglarin maya ve kif miktarindaki
azalmaya sebep oldugu pek ¢ok calismada
incelenmistir (Rasooli ve Owlia, 2005; Hassoun, ve
Coban, 2017).
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Sekil 1. Deneysel 6rneklerin mikrobiyolojik degisimi

Baliklarda pH tiiketim smir1 6,8 olarak
belirlenmis olup, pH degeri 7 ve iizeri olan baliklar
bayat olarak kabul edilir. Fakat pH degeri 7'nin
iizerinde olan baliklarin diger ozelliklerle birlikte
degerlendirilmesi gerektigi de bilinen bir gercektir
(Demirci ve Orakli, 1999). Sekil 2 de sunuldugu gibi
deneysel fileto 6rneklerinde pH degisimi 6,88+0,02 -
6,34+0,15 arasinda belirlenmistir. Deneysel 6rnekler
pH degeri bakimindan incelendiginde muhafaza
giinleri arasindaki ve gruplar arasindaki farkliligin
onemli oldugu bulunmustur (p<005). Hosseini vd.,
(2016), Kekik (Origanum vulgare L.) ugucu yag
(%1,2 w/v) igeren jelatin kaplamali (%4, w/v)
alabalik ornekleri ile ilgili yaptiklar1 ¢aligmalarinda
pH'da daha disik bir artis gozlemlendigini
belirtmislerdir. Alabalik 6rneklerinde pH degerinin
yavag diismesinin sebebinin sadece kekik ucucu yagi
kullanimindan kaynaklandigimin altin1 ¢izmislerdir.
Karaton Kuzgun ve Giirel Inanli (2018), yapmus
olduklar c¢aligmada balik filetoda pH degisimin

giderek azaldigimi tespit etmislerdir. Bu veriler
mevcut calismanin verilerine benzerlik
gostermektedir.  Proteinler ve protein olmayan
nitrojenli bilesikler mikrobiyal aktivite sonucunda
yikima ugramasi sonucunda ugucu bazlar meydana
gelmektedir (Yerlikaya vd., 2005). Taze balikta TVB-
N miktart 0-25 mg/100g’a kadar olan 6rnekler “gok
iyi”, 30 mg/100g’a kadar olan orekler “iyi”, 35
mg/100g’a kadar olan 6rnekler “pazarlanabilir” ve 35
mg/100g’dan fazla olanlar 6rnekler ise “bozulmus”
olarak nitelendirilirler (Varlik vd., 1993). Mevcut
calismada, TVB-N degeri 9,944+0,90 - 37,20+1,80
mg/100g  araliginda  belirlenmistir. ~ Deneysel
orneklerin TVB-N degeri raf 6mrii boyunca diizenli
artiglar gostermistir (Sekil 2). Muhafaza giinleri
arasindaki (3. giinde) farkliliklar 6nemli bulunmustur
(p<0,05). TVB-N agisindan gruplar arasindaki farkin
istatistiksel olarak anlamli oldugu tespit edilmistir
(p<0,05). Ugak vd. (2011), buzdolab1 kosullarinda
depolanan  uskumru burgerlerinin  +4°C* de
depolamanin basinda TVB-N konsantrasyonu kontrol
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grubu i¢in 15,80 mg /100g, % 0,8 biberiye ekstresi
uygulanan grup i¢in 13,01 mg TVB-N/100g
oldugunu belirlemislerdir. Depolamanin sonunda ise
kontrol grubu i¢in 19,83 mg/100 g, %0,4’lik biberiye
ekstresi uygulanan grup igin ise 18,53 mg/100g
olarak ve raf Omriniini 15 gin alarak
belirlemiglerdir. Bu veri yapilan bu g¢alismada ki
verilerden disiiktiir. Bunu sebebini balik tiirliniin ve
esansiyel yagin farkli olusu ile iligkilendirebiliriz.

Su iriinlerinde acilasma indeksi olan TBA
degeri, yaglarin oksidasyonu sonucu ortaya ¢ikar ve
1-3 mg MDA/kg miktar1 arasindaki degerler “iyi
kalite”, 3—5 mg MDA/Kg miktar1 arasindaki degerler
“orta kalite”, 5—8 mg MDA/Kg miktar1 arasindaki
degerler “dusiik kalite” ve 8 mg MDA/kg degerinden
yiiksek numuneler ise “tiiketilemez” kabul edilmistir
(Sinnhuber ve Yu, 1958; Varlik vd., 2007). Mevcut
calismada Sekil 2 de sunuldugu gibi filetolarda TBA

TVB-N
[N
o1
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araliginda belirlenmistir. TBA degeri bakimindan
muhafaza giinleri arasindaki farkliligin anlaml
oldugu (p<0.05) belirlenmistir. Ayrica TBA degeri
bakimindan deneysel gruplar arasindaki farkliligin da
anlaml1 oldugu belirlenmistir (p<0.05). Dogan ve Izci
(2016), yapmus olduklari ¢caligmada biberiye yagi ile
zenginlestirilmis  kitosan filmleri ile kaplanmig
alabalik filetolarinda belirlemis olduklar1 TBA degeri
mevcut c¢alismanin degerlerine yakin degerlerdir.
Erkan vd. (2011) balik filetolarina %1 oraninda defne
ve kekik esansiyel yagi iceren plastik film
ambalajlarda 13 giin buzdolab1  kosullarinda
depolamiglardir. TBA degerleri kontrol grubunda
1,75 mg MDA/kg olarak, kekik yagi ilaveli
orneklerde 0,90 mg MDAV/Kg olarak ve defne yapragi
esansiyel yagi ilaveli 6rneklerde ise 2,35 mg MDA/kg
olarak belirlemiglerdir. Bu degerler yapilan mevcut
calismadaki TBA bulgularina yakindir.

1. 3. 6. 9. 12. 15.
Muhafaza Giinleri

9. 12. 15.

Muhafaza Giinleri

C =«D

Sekil 2. Deneysel 6rneklerin kimyasal degisimi

degerleri 0,61+0,10 - 3,71+0,70 mg MDA/Kg
75
7
T6,5
o
6
55
1. 3. 6. 9. 12. 15.
Muhafaza Giinleri
5
4
3
<2
I—
1
0
1. 3. 6.
—o—A ——B
Arastirmadaki tiim deneysel gruplar

muhafazanin 0. giiniinde genel begeni bakimindan
incelendiginde 9,00+0,00 ile 2,60+0,49 arasi puanlar
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gruplarinda ise yiikselis gOstererek sirasiyla
7,60+0,49, 9,00+0,00, 9,00+0,00 puana ulagmistir.
Deneysel orneklerin  muhafazasi siiresince bu
degerlerde anlamli azalmalar (p<0,05) meydana
gelmistir.

[y
A O ©00 O

Genel Begeni

N

——A —B—-B C =«D

o

1. 3. 6. 9. 12. 15.
Mubhafaza Giinleri
A: Defne yag’siz, B:“% 0.1,C:%0.5,D: % 1.0
Sekil 3. Deneysel Orneklerin Genel Begeni Puani
Degisimi

SONUCLAR

Sonug olarak, yapilan bu ¢alisma verilerine gore
dogal bir antioksidan ve antimikrobiyal katki maddesi
olan defne yapragi esansiyel yaginin alabalik
filetolarinin raf omriinii uzatmak ve korumak icin
kullanilabilecegini  kanmitlamistir.  Bu  dogal
antimikrobiallerin  koruyucu etkileri iizerine daha
fazla arastirma yaparak, insan gidasini sentetik
maddeler yerine dogal {irlinlerle korumay: tesvik
eden bu calisma, bundan sonraki arastirmalara 1s1k
tutacaktir.
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Abstract

In this article, the residual vibration of a simply supported beam with a moving mass is studied. The mass moves
from a starting point to an end point on the beam with a trapezoidal velocity profile having accelerating, constant velocity
and decelerating time intervals. The residual vibration of the mid-point of the beam after the mass stops is analyzed. The
mathematical model of the system is developed using the finite element (FE) theory. Newmark method is used for the
solution of FE model having time dependent matrices because of the moving mass. The model is verified by comparing
the solution results with the results given in the previous studies in the literature. It is seen that the relationship between
the natural frequency of the system and the velocity profile of the moving mass has an effect on the residual vibration of
the structure. If the natural frequency of the system and the inverse of the deceleration time interval of the moving mass
are equal while the moving mass is at the stopping position, residual vibrations occur at a minimum level. It seen that
with the right speed profile selection, the decrease in vibration levels approaches 70% during the movement and 80%
after stopping.

Keywords: Moving mass, simply supported beam, vibration control, finite element analysis, Newmark method

Trapez Hiz Profilinin Ayarlanmasi Yoluyla Hareketli Bir Kiitle Altindaki
Kirisin Titresim Kontrolii

Oz

Bu makalede, hareketli bir kiitleye sahip basit mesnetli bir kirigin artik titresimi incelenmistir. Kiitle kiris tizerinde
baslangi¢c noktasindan bitis noktasina ivmelenen, sabit hiz ve yavaslayan zaman araliklarina sahip trapez hiz profili ile
hareket etmektedir. Kiitle durduktan sonra kirigin orta noktasinin artik titresimi analiz edilir. Sistemin matematiksel
modeli, sonlu elemanlar (FE) teorisi kullanilarak gelistirilmistir. Hareketli kiitle nedeniyle zamana bagli matrislere sahip
FE modelinin ¢6ziimii i¢in Newmark yontemi kullanilmistir. Model, ¢6ziim sonuglart ile literatiirde daha dnce yapilan
calismalarda verilen sonuglar karsilastirilarak dogrulanmistir. Sistemin dogal frekansi ile hareket eden kiitlenin hiz profili
arasindaki iligkinin yapimn artik titregimi iizerinde etkili oldugu gozlemlenmistir. Hareketli kiitle durma konumunda iken
sistemin dogal frekansi ile hareket eden kiitlenin yavaglama zaman araliimin tersi esit ise artik titresimler minimum
seviyede olusur. Dogru hiz profili se¢imi ile titresim seviyelerindeki diisiisiin hareket sirasinda %70'e, durduktan sonra
ise %80'e yaklastig1 gozlemlenmistir.

Anahtar Kelimeler: Hareketli kiitle, basit mesnetli kiris, titresim kontrolii, sonlu elemanlar analizi, Newmark yontemi.

INTRODUCTION

Reducing vibrations in structures such as cranes
and large-span cartesian robots is important for load
positioning. The trend of lightening such structures
has been increasing in recent years, but residual
vibrations deteriorate the operational performance of
such cranes and cartesian robots (Golovin, 2021).

The dynamic response and vibration control of
structures with moving masses or loads has been an
active research area since 1849 (Ryu and Kong,
2012). It has applications in the engineering systems
like bridges, pipes, cranes, etc. There are a large
number of articles published in this area. Here a
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summary of the review of the literature is given
considering recent years.

Mohanty et al. (2019) proposed a nonlinear
model to consider the coupling of beam and mass
interaction for different boundary conditions.
Ebrahimi-Mamaghani et al. (2020) investigated the
forced and free vibration of axially graded Rayleigh
and Bernoulli-Euler beams under moving load. Their
model considered axial material gradation and rotary
inertia factor. Dyniewicz et al. (2019) studied a
nonlinear Gao beam under a moving mass or a
massless point-force. They suggested that Bernoulli-
Euler beam models may be used when the loads are
small while Gao beam allows for moderate loads.
Hamza et al. (2020) used the modeling language
Modelica to study a simply supported beam under
moving mass excitation. They proposed a vibration
absorber attached to the moving mass to attenuate
excessive vibrations.

Zhang et al. (2020) considered a periodically
supported beam excited by a moving load and
compared the results obtained by Bernoulli-Euler and
Timoshenko beam formulations. They observed large
differences for the analysis of parametric excitation.
Dimitrovova (2017) gave the solution for the moving
mass problem for finite and infinite beams on visco-
elastic two-parameter foundation. They observed that
in systems with damping, mass induced vibrations
stopped over time. Assie et al. (2021) investigated the
dynamic response of thick Timoshenko perforated
beams under a moving load. They used equivalent
bending stiffness depending on number of holes and
the filling ratio which is defined as the ratio of
material thickness between two holes to the period
length. They analyzed the effect of perforation
parameters on the dynamic behavior of beams.

Ryu and Kong (2012) investigated active
vibration control of simply supported beams with a
moving mass numerically and experimentally. They
used Galerkin’s mode summation method and fuzzy
control. Seifoori et al. (2021) presented theoretical
and experimental results on the dynamic response of
thin rectangular plates subjected to moving mass.
They used the classical plate theory and eigenfunction
expansion theory. Rezaei and Porseifi (2018) used
on-line neural network controller for vibration
suppression of a simply supported beam under a
moving mass. Ganjefar et al. (2015) used self-
recurrent wavelet neural networks as an identifier and
as a controller to suppress the vibration of a beam
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under a moving mass excitation. Zrnic et al (2013)
considered the theoretical studies of moving loads on
crane structures and discussed how to convert
theoretical ideas into designing realistic mega
quayside cranes. Foyuazat et al. (2018) studied the
dynamics of a viscoelastic plate on a viscoelastic
Winkler foundation with a moving mass on it.

Kiani (2017) studied the dynamic response of a
functionally graded carbon nanotube reinforced
composite cylindrical panel subjected to moving load
on the panel surface. Frediani and Hosseini (2020)
investigated the dynamic response of a simply
supported relatively thick composite sandwich
curved beam under a moving mass. They considered
the rotary inertia and the transverse shear
deformation.

Golovin and Palis (2020) presented a distributed
parameter model of large gantry cranes. A nonlinear
stabilizing control has been proposed to suppress
horizontal oscillations excited by trolley motion.
Golovin (2021) also studied various control strategies
for vibration control in large gantry cranes. Golovin
and Palis (2019) gave a robust controller design by
the H. loopshaping design procedure for active
damping of gantry crane vibrations. They verified the
procedure on a laboratory gantry crane
experimentally. Xin et al. (2018) studied the
structural vibration of ladle cranes. They considered
cabin quality, position and structural damping of the
main beam. They developed a mathematical model
based on Lagrange’s equation and verified the results
with the results given by Esmailzadeh and Ghorashi
(2007), and by Wu (2008).

There are studies on the passive vibration control
of residual vibration in manipulators by input
shaping. Ankarali and Diken (1997) presented that
the residual vibration of a single link driven by
cycloidal rise motion can be suppressed for certain
rise motion frequencies. Akdag and Sen (2021)
considered shaping of S-curve velocity profiles.
Shaping trapezoidal velocity profiles were considered
theoretically and experimentally in the studies by
Malgaca et al. (2016), Yavuz et al. (2016), and
Karagulle et al. (2017) for a single link manipulator
with a curved beam, for a single link composite
manipulator, and for a two-link manipulator,
respectively. It was observed that the selection of the
deceleration time equals the first natural period
suppresses the residual vibrations. Nguyen and Ngo
(2016) developed three control algorithms based on
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input shaping method to suppress the residual
vibration of a flexible beam. Li et. al.(2009) presented
a low-vibration motion profile generation method to
reduce the residual vibration. In the proposed motion
profile, the acceleration profile is designed by using a
level-shifted sinusoidal waveform to have an s-shape
in order to control its change rate. Liu and Chen
(2018) presented the new S-curve motion profile
which are shaped by the continuous input shaper,
that can greatly lower the vibration and shorten the
settling time.

In this study, a simply supported beam with a
moving mass is considered. The mass has a
trapezoidal velocity profile which has three time
intervals. These parts of the velocity profile are
acceleration, constant velocity and deceleration. As
the position of the moving mass changes, the natural
frequency of the system also changes. The highest
vibrations occur when the moving mass stops at the
midpoint of the beam. Therefore, this position has
been taken up. After the moving mass stopped,
residual vibrations in the system are investigated. The
effect of the relationship between the velocity profile
of the moving mass and the natural frequency of the
mass at stopping position on residual vibrations is
researched in this study. It is seen that vibrations can
be significantly reduced with the right velocity
profile.

MATERIAL AND METHODS

Modelling By Using FE Theory

Obtaining FEM of the system

A MatLab code is developed and for this finite
element analysis theory is based (Karagulle,2017).
The system examined is shown in Fig 1. It is assumed
that this system, located in the X-Y plane, makes
lateral vibrations only in the Y direction. At points A
and B at the ends of the beams, the freedom of
rotation in the Z direction is open, and the freedom of
rotation in the X and Y directions is closed. However,
the effect of the weight of the car traveling in the
system on the natural frequency of the rod is
examined and there is no force component in the Z
direction. Therefore, only lateral vibrations in the Y
direction are considered. The beam is simply
supported with a pin-joint at A and a roller at B. The
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length of the beam is Lag. A moving mass, m, is
located at C at the time t=0. The mass moves from C
to D and it is located at D at the time t=tn. The
distances from A to C, from C to D, and from D to B
are Lac, Lcp, and Lpg, respectively. The origin of the
Cartesian coordinates (x,y,z) is placed at A. The
instantaneous travelling distance of the mass is s(t).
The gravity (9=9.81 m/s?) is in the —y direction. The
beam length, the starting and stopping positions of the
moving mass are defined by the vector ge=[ Lasg, Lac,
Lap] in meters.

le

=
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The finite element model of the system is shown
in Fig. 2.
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Figure 1. The system under study
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Figure 2. Finite element model

The numbers in the circles are the node numbers.
The numbers in the squares are FE identification
numbers. The analysis in the x-y plane is considered
and each node has 3 degrees of freedom. The
identification numbers of 3 displacements for each
node are given in the parentheses. For example, FE-4
has Node-4 at its origin and Node-5 at the far end. The
displacements for Node-5 are dsi1, dsiz, and, dss
respectively. Xs, ys and z, are local Cartesian
coordinates of FE-4. The local origin of FE-4 is at
Node-4 and x4 axis is towards Node-5. The planar
motion is considered, and thus z, axis is always
parallel to z axis. ds11 and dg» are the displacements
in the global x and y directions, respectively.
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ds13=hars13, where hy is the length of FE-4 and rs3 s
the flexural rotation of the cross-section at Node-5.
The number of finite elements is ns, and it is chosen
as 10 in Fig. 2 for explanation. The model can be
expanded with more finite element numbers.

The nodal displacements in the x and y
directions, ds31 and dss», are zero for Node-1, because

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

there is a pin. The nodal displacement in the y
direction, dsss, is zero for Node-11, because there is a
roller. The degree of freedom of the system is 3n¢e-3,
which is 30 for nw=10. The index numbers of the
constrained nodal displacements start with 31 for the
example. Beam Finite Elements and their parameters
are seen in Table 1.

Table 1. Beam finite element model details and their parameters of the system

FE- FE
Node

S

Length

Identification
numbers
for displacements
at nodes

Orien
tation
angle

1,2 h:LAB/].O

31,32,1,2,34

=

2,3

2,34,5,6,7

3,4

5,6,7,8,9,10

4,5

8,9,10,11,12,13

5,6

11,12,13,14,15,16

6,7

14,15,16,17,18,19

7,8

17,18,19,20,21,22

8,9

20,21,22,23,24,25

OO (N |O B WIN|F-

9,10

23,24,25,26,27,28

jun o s s s s s e

=
o

10,11

Oo|lOo(O|O|0|O|O|O|O|O

26,27,28,29,31,30

Finite Element analysis theory is given in many
textbooks. The displacement (dein), stiffness (Kern),
force (fan), and mass (men) matrices in local
coordinates of a finite element (FE-n) are given in

AE ) AE
h h
0 1251 6_]31 0

" h*  h

T.
deln: nn keln:

AE o, AE
an h h
hnrkn 0 -1}12:3EI -EZEI 0
o GEL B

I h h

Equation 1 and 2. The node numbers are j at the local
origin, and k at the far end of FE-n. Flexural bending
is about the z axis.

0 0
12E]  6EI
h® h?
6Bl 2EI
h? h
(1)
0 0
12E1  -6EI
. h?
6Bl 4EI
h? h |
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hn
F]nx +qnx' 2
hl’l — —_
By + oy = 140 0 70 0 0
2 0 156 22h 0 54  -13h
. Tjn+qny'12 _pAh| O 22h  4h* 0 13h  -3n 2
on " 420170 0 140 0 0
Fknx +qnx
0 54 13h 0 156 -22h
_ _ 2 _ 2
Foy +0,, | 0 -13h -3h* 0 -22h  4h’ |
T.+q,.,—
kn qny 12
FE’s with equal sizes and uniform cross-
sectional areas are considered. The beam has Ks(15,14) = Kegs(5,4) + Kegs(2,1) and

homogeneous and isotropic material properties. Lag
is the length, A is the cross sectional area, and 1 is the
cross sectional area moment of inertia of the beam. E
is the modulus of elasticity, p is the density. umn is the
nodal displacement at Node-m in the X, direction,
where m=j or K. van is the nodal displacement in the
yn direction. rmn is the flexural rotation of the cross
section at Node-m. Fune and Finy are the external
load forces at Node-m in the x, and y, directions
respectively. Tmn is the external bending moment at
Node-m. gnx and gny are the distributed external loads
on the FE-n in the x, and y, directions, respectively.

The displacement (degn) and stiffness (Kegn),
force (fegn), and mass (Megn) matrices of FE-n in
global coordinates equal to dein, fein, Kein, and memn,
respectively, because the orientation of all the FE’s
are zero.

The mathematical model of the system is given
below

md, +cd, +kd, =f

Here, mg, Cs, Ks, ds, fs are respectively system
mass matrix, system damping matrix, system stiffness
matrix, system displacement matrix, system force
matrix. The sizes of ds and fs are 30x1, and the sizes
of ms, ¢, and ks are 30x30 for the configuration in
Fig. 2. As examples, ds(18,1)=ds1s, which is the
displacement of Node-7 in the y direction.
fs(15,1)=fss, which is the external force at Node-6 in
the y direction.

6x6 sized global matrices are assembled to create
the system stiffness (ks) and the mass (ms) matrices.
Such as,

Ms(15,14) = Megs(5,4) + Megs(2,1)

The combination of (15,14) exists in FE-5 and
FE-6 as observed in Table-2.1. The combination of
(15,14) is the combination of (5,4) for the FE-5
matrix, and the combination of (2,1) for FE-6 matrix.

The moving mass m, which is located at Node-5
instantaneously, is added to the system mass matrix
as the following considering the kinetic energy.

Ms(11,11)=Mega(4,4)+Megs(1,1)+m
Ms(12,12)=Mega(5,5)+Megs(2,2)+m

This addition is cancelled as the mass moves
from Node-5 to Node-6 and revised as

Ms(14,14)=Megs(4,4)+Megs(1,1)+m
Ms(15,15)=Megs(5,5)+Megs(2,2)+m

It is noted that the global mass matrix, ms,
changes because of the moving mass, so it is time
dependent.

and

and

Damping:
The Rayleigh damping is considered as
c.=nm_+pk,
where, m and B are damping coefficients

(Thomson and Dahleh, 1988).

Motion:

The trapezoidal velocity profile of the mass is
defined by the vector qv=[tm,tatc,ta,t] in seconds as
shown in Fig. 3 (a). The residual vibration occurs at
the time interval t, after the mass stops at t=tn. The
integral of v(t) is the distance travelled by m and it is
found as Lcp=Vo(0.5t,+t:+0.5t4).
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The travelling distance of the moving mass from
one node to the adjacent node equals to the size of
FE’s, and given as As=si+1-Si=h=Las/nr. Here i=1 to
N, N=ng+1, $1=0 and sn=Lcp. The travelling time of

v

. - _ Vol _ 0
ti: at v, = ai—t—
VU ta a
S, —S
t,="—"F+t V=y, a, =0
v,

\.7

. 0
t L

(@)

At, = At,
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the moving mass from one node to the adjacent node
is Ati=tis1-ti. Ati changes in the time intervals t. and tq.
The following equations can be derived and are used
calculate At;.

for 0<t<t,

for t, <t<t, —t,

Volt, —ty +t )+ vty —t,—t,)+0.5v,t,

for t, —t,St<ty

for t, <t<t, +t,

(b)

Figure 3. Velocity profile a) with respect to time, b) with respect to travelling distance

Here, a; is the acceleration of the moving mass at
ti. The FE size, As=h, determines At; for 0<t<tp.
At=At; is assigned freely considering the natural
frequencies to analyze the residual vibration.

Forces:

There are gravity and inertia forces on the
moving mass and distributed gravity forces on the
beam. The distributed gravity force on FE-n is gny= -
pnAng , Where g=9.81 m/s2. For example, nodal forces
for Node-7 are generated due to distributed forces for
FE-6 and FE-7. So, the following can be written for
the elements of the nodal force vector, f
corresponding to Node-7.

fs(18,1)=C]5yh5/2+C]7yh7/2,
fs(lg,1)=Q5yh52/12+Q7yh72/12.

The gravity and inertia forces of the moving
mass are -mg in the y direction and —-ma; in the X

and

direction, respectively. These forces are added to the
system force matrices as

fs(12,1)= qayhs/2+ gsyhs/2-mg, fs(11,1)=-mas,
when the moving mass is located at Node-5.

These additions are cancelled when the moving
mass moves from Node-5 to Node-6 and revised as

fs(15,1)= qgsyhs/2+ qgeyhs/2-mg, fs(14,1)=-mas,
when the moving mass is located at Node-6.

Vibration signals:

Let dsensor=ds(nsensor,1). The vibration in the y
direction at the mid-point or at the stopping point is
considered. Nsensor €quals to 15 for the mid-point in the
configuration in Fig. 2. nensor €quals to 21 for the
stopping-point at D in the configuration in Fig. 2. The
second derivative of dsnsor iS the acceleration signal
and denoted by asensor.
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Modal Analysis
For this analysis, the following eigenvalue equation
is solved.

—o'm, +Kk =0

o is the un-damped natural frequencies of the system
o1 T1=2xn, where T is the period corresponding the
first natural frequency in seconds. f;=1/T; is the first
natural frequency in Hz. ms changes because of the
moving mass. Thus natural frequencies are changing
depending on the position of the moving mass.

Newmark Method for Transient Analysis

The Newmark method (Newmark, 1959) is a
numerical integration method used to solve
differential equations and is used transient analysis. A
time step, At, is chosen for the solution as At<Tmax/20,
where Tmax is the period for the highest natural
frequency considered. Knowing the solution at a time
step, the solution at the subsequent time step is found
by the numerical integration. ti and ti.1 are the

Declare
Lag Lae Lep.m, E,A L p,m, B g
As, At, ty, to, ty t-
+
D= LAB/AS! ns:3(nel_1)'
Nuw=Lep/ As+1, Ny=t./ At,
N=N,,+N,.
5,=0, s;,; =5+ As fori=2 to N,,,.
s;=L¢p for i=Ng,+1 to N.
Calculatet, a, fori=1 to N using the
equations for Fig. 2.3 (b).
At—t, -t fori—= 2to N.
Obtain m,, k_, and f, for beam only
(msb:ms’ ksb:ks’ fsb:fs)'
Obtain m, and f, by adding moving
mass effectto mg, and f, at t=0
(m;=myk =k, f;=L).
Obtain intial static displacement
vector
d,=k,'f,,d,=0,d,=0,i=1.
\
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successive values for the time, and Ati«1=ti+;—t;. Let
mi, Ci, ki, di, and fi be the system mass, damping,
stiffness, nodal displacement and nodal force
matrices (M, Cs, Ks, ds, and fs) at the time step t;.

The Newmark solution is seen as
[aomis1+aiCisi+Kis1]diss=Fi+mi[aodi+ardi+asdi]+

ci[aldi+a4di+asd|
din=ao[di+1-di]-a2di-asdi  ,di+1=di+.6di+ardis+1
where
aO: 12 ’al: 5 ’a2: 1 ,a3:i-1,a4:§-1
oAt aAt;,, aAt;,, 2a o

asz%(s 2) a,=At,,,(1-8),a,=5At,,,,0 (1+y)

1

==+
5 Y

v is the amplitude decay factor, and it is taken as 0.005
in this study.

The flow chart of the MatLAB program which
gives the samples of ds, ds, and d; is shown in Fig. 4.

i
Cancel the moving mass part from
m, and add it to m,,; considering
the location of the moving mass at
the step i+1.

Cancel the moving mass gravity and
inertia part from f; and add it to £ |
considering the location of the
moving mass at the step i+1.
Calculated,,,, diﬂ, and c'l'Hl by
using the Newmark equations.

Mo i -

Yes |
+

Calculated;, , d-lﬂ, and (i-lﬂ by
using the Newmark equations.

Ctop e ion )N

Figure 4. Flow chart of MatLAB program

VERIFYING FE MODEL

Example-1 is considered and simulation results
are compared with the results given by Esmailzadeh
and Ghorashi (1995), Xu et al. (2018), Wu (2008).

The numerical values for the example are given as
Lag=10 m, LAC=|—DB=0, m=70 kg, qv=[3,0,0,0] S.
Beam section dimensions: 0.007646 m x 0.11774 m.
1=1.04 x 10° m® E=206.8 GPa, p=7820 kg/m°.
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Ne=200. =0, p=0. The result is shown in Fig. 5. The
mid-point deflection value for t=0 is -20.9058 mm,
and it is considered in the result. It is observed that
the resulting response is in good agreement with the

results given by Esmailzadeh and Ghorashi (1995), N
Xu et al. (2018), Wu (2008). e
‘\ q,=[10,0,10]
29 Q\.':[S.roro.ro] 1'40 2 4 6 8 10

\ Location of the moving mass (m)
50 Figure 6. First natural frequency versus location of the
moving mass

S

\

Mid-point deflection (mm)

o 08

A /
a0}
\ S~
S0+ A
1 15

2 25 3
Time (s)

Figure 5. Mid-point deflection for Example-1

SIMULATION RESULTS AND DISCUSSIONS
Modal Analysis for Example-1
The change of the first natural frequency of the

It is observed that the first natural frequency
changes as 1.5830- 2.7455 Hz. It is minimum when
the moving mass is located at the mid-point.

Analysis of effect of velocity profile for Example-1

The residual vibration and the effect of the
velocity profile are studied in this section. This
analysis is important for the structures like cranes.
Various results are given in Fig. 7, 8 and 9 for

system for Example-1 depending on the location of  different gp and gy.

the moving mass is shown in Fig. 6.

T o %10,0,10] | ol .[10,0,10] o[ a,=[10,0,10]

£ a,~3,0,0,2] A 4,=[3,0.5,0.5,2]

E 20k, /~— -20 —\] /\/\'. Jh ‘.,U; -20\ ; AAAAAA

‘q‘-’: 40t \ / I P% l,k ~ ol \ X'f

g ) ; \ / | /

2 sof ‘u'_/ il = N\ j ol /
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@) (b) ©

Figure 7. Mid-point deflections for (a) static solution, and (b) and (c) dynamic solutions for various velocity profiles
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q,=[10,0,10]
a,~[3,0.5,0.5,2]
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Figure 8. Mid-point dynamic deflections for solutions for various velocity profiles

a,=[10,0,10]
2} qV=[3!O!O.!2]

1

Mid-point acceleratiin {m,s?)
=

0 1 2 3 4 5
Time (s)

0,=[10,0,10]
? q-[3,05052]

A A

rms,=0.37
~o 1 2 3 4 5
Time (s)

rms,=0.17

Figure 9. Mid-point accelerations for solutions for various velocity profiles

The deflection for the static solution in Fig. 7 (a)
is subtracted from the deflections for the dynamic
solutions in Fig. 7 (b) and (c) and the dynamic
deflections shown in Fig. 8 are obtained. The
midpoint accelerations are shown in Fig. 9. There are
two regions in the results. Region-1 is for 0 <t < ty,
and Region-2 for tm <t <tm + t.. Region-1 is the time
interval when the moving mass is in motion. Region-
2 is the time interval for the residual vibration.
Reducing the residual vibration is important in the
systems like cranes. The vibration levels are

evaluated by calculating the root mean square (rms)
values. Let the rms values are rms; and rms; for the
Region 1 and 2, respectively. The changes in the
vibration levels are evaluated in Table 2.

The acceleration and deceleration times are
changed from 0 to 0.5t with equal values (t:=tq). The
changes of rms; and rms; values with respect to tq are
shown in Fig. 10 and 11 for different cases. The
constant velocity for a case with t;=0 is given as
Vo=Lcp/tm.

Table 2. Vibration levels for the case g,=[10,0,10]

av=[3,0,0,2] | 9v=[3,0.5,0.5,2] | Reduction’
Region-1/deflection 3.32 1.14 %66
Region-1/acceleration 0.62 0.17 % 68
Region-2/deflection 5.41 1.25 %77
Region-2/acceleration 1.64 0.37 %77

! Reduction is calculated as 100(3.32-1.14)/3.32=66 for example
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Figure 10. Change of rms values for different travelling distances with equal vo
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Figure 11. Change of rms values with respect to ty for different travelling velocities

It is observed that the rms values depend on ty.
The vibration level in Region-2 is more sensitive to
tq. It is possible to reduce the residual vibration
independent on the travelling distance and motion
times.

The change of rms; values with respect to ty for
different lengths of beams are shown in Fig. 12. The
moving mass starts from the point-A and stops at the
mid-point. It is observed that the longer beam length
the higher ty at which the vibration levels reduce.

0.35 y - . . -
03 \“IID:2 t =LCD/”VD! 4= tm!td!tdxz] i
oo Lag=10, Lac=0, Lyp=5
N\-o- Lag=7.5, Ly=7.5, Lyp=3. 75
[ — Lag=5, Lpc=0, Lyp=2.5

rms, (m/s?)

Figure 12. Change of rms; values with respect to tq for
different lengths of beams

Let fim be the first natural frequency for the
system when the moving mass stops at the mid-point,
and Tim=1/fim. T1m is the period in second determined
by fim. fim equals to 1.58 Hz for Lag=10 m, 2.55 Hz
for Lag=7.5 m, and 4.9 Hz for Lag=5 m. fim increases
as the length of the beam decreases, because the beam
becomes more rigid. Tim equals to 0.63 s for Lag=10
m, 0.39s for Lag=7.5m, and 0.20 s for Lag=5 m. It is
observed from Fig. 12 that ty values at which the
vibration levels drop approximately equal to Tim.

CONCLUSION

Dynamic analysis of beams with moving masses
has been studied for many years and is still an active
research area. It has applications in engineering
structures such as trains, bridges, and cranes. There is
a trend to design lighter structures with masses with
higher speeds in recent decades. Faster cargo
transportation demand requires less operation times.
A lot of gantry cranes are operated at high velocities
of crane trolleys. All these developments increased
the studies on the vibration control of beams with
moving masses.

There are studies on the passive vibration control
of single links and two-link manipulators. It was
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observed that the shaping of velocity profiles results
in the control of vibrations in these structures. The
residual vibrations are suppressed if the deceleration
time equals to the inverse of the first natural
frequency of the structure. In this work, this approach
is investigated for beams with moving masses. A
finite element (FE) model is developed. The mass
matrix of the FE model is time dependent because the
mass is moving. The transient solutions are obtained
by using Newmark method. Trapezoidal velocity
profiles are considered where the mass strats the
motion with a starting zero velocity, accelerates
linearly in an acceleration time interval, continues its
motion with a constant velocity with a constant
velocity time interval, and then decelerates with a
deceleration time interval and stops. The structure
continues to vibrate after stopping, which is called as
the residual vibration. Residual vibration levels have
been found to be sensitive to deceleration times. The
natural frequencies of the system are time dependent
because of the moving mass. The vibration levels
reduce significantly when inverse of the
deceleration time equals to the first natural
frequency of the system at the stopping position.
According to the simulation results obtained, it is
seen that not only residual vibrations but also
vibration levels during movement decrease.
Especially the decrease in residual vibration level
approaches 80%.

Cranes, large cartesian robots carry variable
loads during operation. The natural frequency of
the system depends on both the size of the
moving mass and its position on the system.
Vibration levels can be kept at a minimum level
if the velocity profile of the moving mass is made
variable according to the defined work. The
results of this study can be used in crane operations
where to suppress the residual vibrations after
stopping.

CONFLICT OF INTEREST
The Authors report no conflict of interest relevant to
this article.

RESEARCH AND PUBLICATION ETHICS
STATEMENT

The authors declare that this study complies with
research and publication ethics.

[JPAS

ypas@munzur.edu.tr

ISSN: 2149-0910

REFERENCES

Akdag M. and Sen H. (2021) S-curve motion profile design
for vibration control of single link flexible
manipulator. Dokuz Eyliil Universitesi Miihendislik
Fakiiltesi Fen ve Miihendislik Dergisi, 23(68), 661-
676.

Ankarali A. and Diken H. (1997) Vibration control of an
elastic manipulator link. Journal of Sound and
Vibration, 204(1), 162-170.

Assie A., Akbas S.D., Bashiri H.B., Abdelrahman A.A.
and Eltaher M.A. (2021) Vibration response of
perforated thick beam under moving load. Eurepean
Physical Journal Plus, 136(283), 15 pages.

Dimitrovova Z. (2017) New semi-analytical solution for a
uniformly moving mass on a beam on a two-
parameter visco-elastic foundation. International
Journal of Mechanical Sciences, 127, 142-162.

Dyniewicz B., Bajer C.A., Kuttler K.A. and Shillor M.
(2019) Vibrations of a Gao beam subjected to a
moving mass. Nonlinear Analysis: Real World
Applications, 50, 342-364.

Ebrahimi-Mamaghani A., Sarparast H. and Masoud R.
(2020) On the vibrations of axially graded Rayleigh
beams under a moving load. Applied Mathematical
Modelling, 84, 554-570.

Esmailzadeh E. and Ghorashi M. (1995) Vibration analysis
of beams traversed by uniform partially distributed
moving masses. Journal of Sound and Vibration, 184
(1), 9-17.

Foyouzat M.A., Estekanchi H.E. and Mofid M. (2018) An
analytical-numerical solution to assess the dynamic
response of viscoelastic plates to a moving mass.
Applied Mathematical Modelling, 54, 670-696.

Freidani M. and Hosseini M. (2020) Elasto-dynamic
response analysis of a curved composite sandwich
beam subjected to the loading of a moving mass.
Mechanics of Advanced Composite Structures, 7,
347-354.

Ganjefar S., Rezaei S. and Pourseifi M. (2015). Self-
adaptive vibration control of simply supported beam
under a moving mass using self-recurrent wavelet
neural networks via adaptive learning rates.
Meccanica, 50(12), 2879-2898.

Golovin I. (2021) Model-based control for active damping
of crane structural vibrations. PhD Thesis, Fakultat
fur Elektrotechnik und Informationstechnik der Otto-
von-Guericke-Universitat, Magdeburg.

Golovin I. and Palis S. (2019) Robust control for active
damping of elastic gantry crane vibrations.
Mechanical Systems and Signal Processing, 121,
264-278

Golovin I. and Palis S. (2020) Modeling and discrepancy
based control of underactuated large gantry cranes.
IFAC PapersOnLine, 53(2),7783-7788

125



Int. J. Pure Appl. Sci. 9(1);115-126 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1172085

Hamza G., Barkallah M., Hammadi M., Choley J. and
Riviere A. (2020) Predesign of a flexible multibody
system excited by moving load using a mechatronic
system approach. Mechanics & Industry, 21(604), 9
pages.

Karagiille H., Malgaca L., Dirilmis M., Akdag M. and
Yavuz S. (2017) Vibration control of a two-link
flexible Manipulator. Journal of Vibration and
Control, 23(12), 2023-2034.

Kiani Y. (2017) Dynamics of FG-CNT reinforced
composite cylindrical panel subjected to moving load.
Thin-Walled Structures, 111, 48-57

Li H., Le M.D., Gong Z.M., Lin W. (2009) Motion profile
design to reduce residual vibration of high-speed
positioning stages. IEEE/ASME Transactions On
Mechatronics, 14(2),264-269

Liu C., Chen Y. (2018) Combined S-curve feedrate
profiling and input shaping for glass substrate transfer
robot vibration suppression. Industrial Robot: An
International Journal 45/4, 549-560

Malgaca L., Yavuz S., Akdag M. and Karagiille H. (2016)
Residual vibration control of a single-link flexible
curved manipulator. Simulation Modelling Practice
and Theory, 67, 155-170.

Mohanty A., Varghese M.P. and Behera R.K. (2019)
Coupled nonlinear behavior of beam with a moving
mass. Applied Acoustics, 156, 367-377.

Newmark NM (1959) A method of computation for
structural dynamics. Journal of Engineering
Mechanics, ASCE 85, 67-94.

Nguyen Q.C., Ngo H.Q.T. (2016) Input shaping control to
reduce residual vibration of a flexible beam. Journal
of Computer Science and Cybernetics, 32(1), 73-88

Rezaei S. and Pourseifi M. (2018) vibration suppression of
simply supported beam under a moving mass using
on-line neural network controller. Journal of Solid
Mechanics, 10(2),387-399.

Ryu B., and Kong Y. (2012) dynamic responses and active
vibration control of beam structures under a travelling
mass. In Advances on Analysis and Control of
Vibrations-Theory and Applications, 231-252.

Seifoori S., Parrany A.H. and Darvishinia S. (2021)
Experimental studies on the dynamic response of thin
rectangular plates subjected to moving mass. Journal
of Vibration and Control 27(5-6), 685-697.

Thomson W.T. and Dahleh M.D. (1988) Theory of
vibration with applications, (3rd edition). Englewood
Cliffs: Prentice-Hall.

Xin Y., Xu G., Su N. and Dong Q. (2018) Nonlinear
vibration of ladle crane due to a moving trolley.
Hindawi Mathematical Problems in Engineering, 4,
1-14 pages.

Wu J.J. (2008) Transverse and longitudinal vibrations of a
frame structure due to a moving trolley and the
hoisted object using moving finite element.

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

International Journal of Mechanical Sciences 50 (4),
613-625.

Yavuz S., Malgaca L. and Karagiille H. (2016) Vibration
control of a single-link flexible composite
manipulator. Composite Structures , 140, 684-691

Zhang X., Thompson D. and Sheng X. (2020) Differences
between Euler-Bernoulli and Timoshenko beam
formulations for calculating the effects of moving
loads on a periodically supported beam. Journal of
Sound and Vibration 481 (115432), 14 pages.

Zrnic N., Gasic V., Bosnjak S. and Dordevic M. (2013).
Moving loads in structural dynamics of cranes:
bridging the gap between theoretical and practical
researches. FME Transactions 41(4), 291-297.

126



Int. J. Pure Appl. Sci. 9(1);127-134 (2023) IJP AS

ijpas@munzur.edu.tr
Research article/Arastirma makalesi ISSN: 2149-0910
DOI:10.29132/ijpas.1173536

Yanal Yiizeylerinden Centik Kanal Acilan Sandvi¢c Kompozitlerin Eksenel
Darbe Sonrasi Mekanik Ozelliklerinin Incelenmesi

Sermet Demir*, Ugur Kemiklioglu
Dogus Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii, Istanbul, Tiirkiye

sdemir@dogus.edu.tr =, ukemiklioglu@dogus.edu.tr
Makale gonderme tarihi:10.09.2022, Makale kabul tarihi:27.02.2023

0Oz

Sandvi¢ kompozitler darbe dayanimlarina karsi yiiksek mekanik performans gostermeleri sebebiyle hafiflik
gerektiren birgok alanda tercih edilmektedir. Sandvi¢ kompozitleri olusturan elyaflar arasindaki g¢ekirdek (kor)
malzemenin hafif olmasinin yani sira darbe soniimleme 6zelliginin fazla olmasi bu tiir malzemelerin kullanimini etkin
hale getirmektedir. Bu caligma kapsaminda centik kanalli sandvi¢ kompozit panellere uygulanan eksenel darbenin
malzeme 6zellikleri tizerine etkisi incelenmistir.

Sandvi¢ kompoziti olusturan yapida; 3D Core Firmasi (Herford, Almanya) tarafindan temin edilen hekzagonal seritli
bal petegi formundaki polietilen tereftalat (PET) malzeme ¢ekirdek malzeme olarak kullanilmistir. Cekirdek malzemenin
alt ve iist ylizeylerine simetrik olacak sekilde cam elyaflar istiflenerek vakum infiizyon yontemi ile kompozit plakalar
olusturulmustur. Bu plakalar test numunesini olusturacak belirli boyutlarda kesildikten sonra, plakalarin elyaflarinin
oldugu yiizeylerden tek tarafli ve ¢ift tarafli olmak iizere, sirasiyla 0.35 ve 0.7 mm derinlikte ¢entik kanallar agilmistir.
Centik kanallarin acildigr numunelere, 6zel olarak tasarlanmis eksenel yonlii darbe test cihazinda 5, 10, 15 ve 20 Joule
enerji seviyelerinde darbe testleri uygulanmistir. Darbe testleri uygulanan tiim numuneler, sonrasinda iiniversal mekanik
test cihazinda ii¢ nokta egme deneyine tabi tutulmustur.

Elde edilen test sonuclar incelendiginde, en yiiksek egilme gerilmesinin tek taraftan 0.7 mm c¢entik agilmis
numunede oldugu gorillmiistiir. En yiiksek sekil degistirmenin ise ¢ift taraftan 0.7 mm ¢entik agilmis numunede meydana
geldigi goriilmiistiir.

Anahtar Kelimeler: Bal petegi, centik, eksenel darbe, sandvi¢ kompozit, i nokta

Investigation of Mechanical Properties of Sandwich Composites with Notched
Grooves on Lateral Surfaces Under Axial Loads

Abstract

Sandwich composites are preferred in many areas that require lightweight due to their high mechanical performance
against impact resistance. The lightness of the core (core) material between the fibers that make up the sandwich
composites and the high-impact damping feature make using such materials effectively. Within the scope of this study,
the effect of axial impact applied to sandwich composite panels with notch channels on material properties was
investigated.

In the sandwich composite structure, Polyethylene terephthalate (PET) material in the form of honeycomb with
hexagonal strips supplied by 3D Core Company (Herford, Germany) was used as the core material. The composite plate
was formed by vacuum infusion method by stacking glass fibers symmetrically to the lower and upper surfaces of the
core material. After this plate was cut in specific dimensions to form the test sample, notched channels were opened at a
depth of 0.35 and 0.7 mm, one-sided and double-sided, respectively, from the surfaces of the fibers of the plates. Impact
tests at 5, 10, 15 and 20 Joule energy levels were applied to the samples in which the notched channels were opened in a
specially designed axial directional impact test device. All specimens subjected to impact tests were then subjected to a
three-point bending test in a universal mechanical testing device.

When the test results were examined, it was seen that the highest bending stress was in the sample with a 0.7 mm
notch on one side. It was observed that the highest deformation occurred in the specimen with a 0.7 mm notch from both
sides.
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GIRIS

Kompozit malzemeler makroskopik o6lgekte
birlestirilen ve birbiri i¢inde ¢6ziinmeyen iki veya
daha fazla bilesenden olusan yapilardan olusmaktadir
(Kaw, 2006). Sandvig yapili kompozitler; iki ince sert
kabugun nispeten hafif ancak kalin bir ana (kor)
malzemeye eklenmesiyle iiretilen 6zel bir kompozit
malzeme smifi olarak agiklanabilmektedir. Ana
malzemenin normalde diisiik mekanik Ozellikte
olmasina ragmen igerisine eklenen ¢ekirdek
malzemenin saglamis oldugu diisiik yogunlukla
birlikte, bu malzemenin kalinlig1 sandvi¢ panele
egilmeye karsti yiiksek mukavemet Ozelligi
kazandirmaktadir (Etli, 2021; Potoglu U., 2012).
Sandvi¢ kompozitlerin katmanlar1 arasindaki elastik
modiil ve agilarin farkliligindan dolay1 yiizey ile
cekirdek arasinda katmanlar arasi gerilmeler olusur.
Burada olusan kesme ve normal gerilmeler ayrilmaya
(delaminasyon) sebebiyet verebilir (Lagunegrand et
al., 2005; Pipes ve Pagano, 1970). Bu nedenle sandvig
yapinin mekanik performans omri
kisitlanabilmektedir. Ayrica, kompozit yapinin
imalat1 sirasinda yanlis veya eksik yapilan kiirlesme,
malzemelerin arasina yabanci cisimlerin girmesi ya
da panel iizerinde olusan deformasyonlara bagl
olarak da ayrilma gerceklesebilir (Chen et al., 2022).
Sandvi¢ panellerin hasara ugramalarina sebep olan
baslica nedenler yiizeyde gerceklesen maksimum
gerinme kriteri ya da ¢ekirdek malzeme ezilme kriteri
olarak belirtilmistir (Atas ve Sevim, 2010; Pihtil1 ve
Tanyol, 2022). Bu nedenle yiizeyde olusan kalict
hasarlarin ¢alisilmasi biiyiik 6nem arz etmektedir.

Atas ve Sevim PVC kopiik ¢ekirdekli ve balsa
ahsap cekirdekli sandvi¢ kompozit panellerin darbe
tepkisi lizerine deneysel bir ¢alisma yapmislardir.
Cesitli darbe enerjileri altinda sandvi¢ panellerin
hasar siireci ve yiik-uzama egrileri analiz edilmistir.
Gozlenen birincil hasar gesitleri alt ve iist yilizeyde
fiber kirilmalari, cam elyaf katmandaki ayrisma,
¢ekirdekte olusan kirilmalar ve fiber malzeme ile
cekirdek malzemenin ayrismasi olarak belirtilmistir.
Yiiksek eneji darbe testi uygulanmis numunelerde her
iki kompozit i¢in de yilik-deformasyon egrisi iki tepeli
dag seklinde ¢cikmistir. Darbe uygulanmamis yiizde
ayrisma yiizeyi kiiciik olmasina karsin, enerji seviyesi
arttikga bu alanin arttig1 gozlenmistir (Atas ve Sevim,
2010).

Berk ve ark. cam ve aramid epoksi plakalarin
diisiik hizli, farkli enerji seviyelerinde darbe tepkisi
tizerine deneysel ve sayisal bir arastirma yapmisglardir
(Berk et al., 2016). Darbe test sonuglarina gore
aramid plaka cam plakadan daha fazla enerji absorbe
etmigstir. Aborbe edilen enerji delaminasyon, matris
catlamasi, fiber kirilmasi vb. formlarda dagildig:
belirtilmigtir. Plakanin kullanim &mriinii dogrudan
etkileyen bu tiir faktorlerin etkisinin arastirilmasin
onemi vurgulanmistir.

Onal ve Temiz balsa cekirdekli sandvig
kompozitlerin darbe davraniglarinin deneysel olarak
incelemistir (Onal ve Temiz, 2020). Vakum infiizyon
yontemi ile balsa c¢ekirdek {izerine cam elyaf
kaplanarak sandvig plaka imalati yapilmustir. Uretilen
numunelere farkli enerji seviyelerinde diisiik hizda
darbe testleri uygulanmustir. Elde edilen neticelere
gore dis yiizey tabaka sayisi arttirildikca, temas
kuvvetinin arttigi absorbe edilen enerjinin azaldigi
belirtilmistir. Bunun yaninda ¢ekirdek kalinligimin
arttirllmas1  aborbe edilen enerjiyi  arttirdigi
gbozlemlenmistir. Bu sebple yiizeyde olusacak
hasarlar ya da ¢ekirdek malzeme ile kabuk arasindaki
baglant1 zayifligi ve bozuklugu malzemenin enerji
absorbe etme kabiliyetini dogrudan etkilemektedir.

Ozen ve Urkmez Taskin, aliiminyum kopiik
malzemelerde takviye oranina bagli darbe davranisini
incelemistir. Darbe enerjisinin, numunenin kirilma
ylizeyindeki gézeneklilik oranina, takviye oranina ve
alastmin  kimyasal birlesimine goére degistigi
gosterilmistir (Ozen ve Urkmez Taskin, 2021).
Sandvi¢ kompozit yapinin i¢ formunu olusturan
malzemenin 6zellikleri kadar kabuk yapinin
ozellikleri ve alabilecegi farkli hasarlara karsi darbe
enerji emisinin nasil degiseceginin incelenmesi
yararli olacaktir. Metin (Metin, 2008) kabuk yapi ile
benzer Ozelliklere sahip cam/epoksi tabakalarin
diisiik hizli darbe hasarinin burkulma 6zelliklerine
etkisini incelemistir. Bu deneyler sonucu elde edilen
bilgilere gore, diisiik hizla darbe uygulanmis
numunelerde delaminasyon igin gerekli olan
enerjinin bir bolimi delinme islemi sirasinda
harcandigi icin toplam delaminasyon miktarinda bir
azalma gozlemlenmistir. Delinme islemi sonrasi
delaminasyon = miktarindaki  azalma  numune
mukavemetindeki disiisii daha kiiciik seviyelerde
etkilemistir.

128



Int. J. Pure Appl. Sci. 9(1);127-134 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1173536

Castanie ve ark. (Castanie et al., 2020) havacilik
uygulamalarinda kullanilan sandvi¢ yapilarla ilgili
calismalarin bir incelemesini sunmuslardir. incelenen
calismalarda panel {izerine uygulanan hasarlarin
etkileri ve toleranslar1 incelenmis ve Onemi
vurgulanmigtir. Ugus sirasinda ylizey hasarlarinin
acrodinamige etkisi ve biyiik, kiiciik hasarlarin
toleranslar1 ile tamir edildikten sonra kullanim
omiirlerinde olusan degisiklikler gdsterilmistir. Bir
sandvi¢ kompozit yapimin tasarimi, karmasik
kompozit yapilarin tasariminin genel zorlugunun bir
pargasi oldugu belirtilmistir. Ozellikle, sadece
malzeme se¢imi degil, aym1 zamanda yapisal
tasariminda ¢ok genis oldugu ve tam Dbir
metodolojinin olmadigr sdylenmistir. Bdylelikle,
farkli tasarim ve uygulamalari c¢aligmanin 6nemi
vurgulanmistir.

Giiven, hasarli kompozit yap1 elemanlarinin
basma kuvveti altindaki mekanik &zelliklerini
incelemistir  (Gliven, 2021). Disiik hizlarda
uygulanan darbeler ile malzemelerde hasar
olusturulmustur. Uygulanan basma  deneyleri
neticesinde hasarin mekanik ozelliklere etkisi ve
yiikleme altindaki davranislari incelenmistir. Elde
edilen neticelere gore tabaka sayisinin artisindan
ziyade sarim agisinin daha etkili bir faktér oldugu
belirtilmistir. Diisiik dereceli agilarda darbe etkisi
gozlense de basma kuvveti altinda hasar farkli
bolgelerde gergeklestigi gézlemlenmistir. 55 ve tizeri
derece acilarda darbe On hasarlarinda, oOzellikle
delaminasyonun etkin oldugu belirtilmistir. Bu
sebeple dik acili kabuk yapinin incelenmesi diger
degerlerden daha 6nemlidir.

Bu calisma kapsaminda, yiiksek oranda enerji
absorbe edebilme Ozelligine sahip bal petegi
formundaki kor malzeme kullanilarak olusturulan
cam elyaf takviyeli sandvi¢ yapilara farkli
kalinliklarda, tek ve ¢ift yonlii olmak iizere, yiizeysel
centik kanallar1 acilmis ve eksenel darbelerin
numunelere etkimesi sonrasinda meydana gelen hasar
durumlar1 karsilagtirilmistir. Burada, farkli enerji
degerlerindeki darbe kuvvetlerinin ¢entik kalinliginin
etkisine bagli olarak irdelenen hasar kuvvetleri, darbe
alan numunelere uygulanan ii¢ nokta egme deneyi ile
tespit edilmistir.

Calismanin ~ bundan  sonraki  kisminda
numunelerin hazirlanmasi i¢in kullanilan malzemeler
ve lretim yontem, malzeme ve yontem boliimiinde
verilmistir. Ayrica darbe test cihazi ve testlerin
uygulanis bigimleri de ayni1 bolimde sunulmustur.
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Yapilan ii¢ nokta egme testleri sonucu elde edilen
neticeler sonuglar boliimiinde verilmistir. Son olarak,
aragtirmanin sonuglari tartigilmistir.

MATERYAL VE METOT

Sandvi¢ Kompozit Malzemelerin Uretimi

Test numunesinin iiretiminde ¢ekirdek malzeme
olarak 3D-Core firmasi tarafindan temin edilen, Sekil
1’de gosterilen 10 mm kalinliga sahip bal petegi
formunda hekzagonal seritli PET malzeme
kullanilmistir. Sandvi¢ yapinin kabuk yiizeylerinin
imalat1 i¢in 200 gr/m? agirhiginda dokuma cam elyaf
tercih edilmistir. Alt ve {ist ylizeye simetrik olarak 4
kath elyaf istiflenmistir ve bu elyaflardan 1 mm
kalinliga sahip kabuk eleman olusturulmustur. Centik
etkisinin en fazla goriilecegi elyaf agisi, daha dnceki
calismalar g6z Oniine alindiginda £ 90° oldugu
goriildiigiinden dokuma agis1 bu degerde segilmistir
(Giiven, 2021). Ozel olarak imal edilmis bir kompozit
iretim masasinda, vakum infiizyon yontemi ile
epoksi regine niifuz ettirilerek sandvi¢ kompozit
panel imal edilmistir. Regine malzemesi olarak
Huntsman Firmasindan (Teksas, ABD) temin edilen
Araldite LY 1564, sertlestirici olarak Aradur 2954
malzemeleri kullanilmistir. Recine ve sertlestirici
karistm  oranlart  agrilik¢a  100:33  olarak
ayarlanmistir. Plakalarin iiretimi sirasinda vakum
inflizyon islemi sonrasinda kiirlesmenin  hizli
olabilmesi i¢in 100°C sicakliginda 2 saat tutulmus,
sonrasinda plakalar vakum altinda tutularak masa
sicakligimin oda sicakligina diismesi beklenmistir.
Plakanin kenar kisimlar tesfiye edilerek her noktada
elde edilebilecek en yiiksek homojenlik saglanmaya
calisilmustir.

Sekil 1. Sandvi¢ yapi1 {iretiminde kullanilan
¢ekirdek malzeme.
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Sulu kesme cihazi ile 135 mm x 35 mm
Olciilerinde 40 adet numune hazirlanmistir. Numune
sayist her bir parametre i¢in 3 tekrar olacak sekilde
Numuneleri test cihazina monte

belirlenmistir.
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edebilmek icin {izerine 4 mm capinda delikler
acilmistir. Ornek bir numune ve dlgiileri Sekil 2 de
gosterilmektedir.

Numunelerde ¢entikli kanallarin olusturulmasi
icin, numunenin yiizeyine 0.35 mm ve 0.70 mm
derinliginde ¢entik kanallar1 agilmistir. Ayrica tek ve
simetrik ¢ift yiizey olmak fizere iki parametre daha
eklenerek 4 farkli numune tipi olusturulmustur.
Centik kanallarin agilmasinda masaiistii hobi CNC
makinasi kullanilmistir. Yiiksek devirli el motoru z-
eksenine paralel bir sekilde sabitlenmistir.
Numuneler CNC tablasina yerlestirildikten sonra iist
ylizeyinden sifirlama islemi yapilmistir. Centik
kanallarini olusturmak i¢in 3 mm ¢apa sahip kiiresel
freze u¢ kullamilmustir. Motor devri 15000
devir/dakikaya ayarlandiktan sonra z-ekseni ilgili
uzunluk  Olgiisiinden  asagiya dogru  hareket
ettirilmistir. Centik kanallar y-ekseni sabit hizda
ilerleme verilerek acilmistir. Yiizeyinde c¢entik
acilmis bir numune 6rnegi Sekil 3 de gosterilmistir.
Bu islem tim numuneler i¢in ayrt ayr tekrar
edilmistir.

Sekil 3. Centik agma sistemi ve ¢entik acilmis
numune

Darbe Testleri

Darbe testini gerceklestirebilmek igin ozel
olarak bir sistem tasarlanip imal edilmistir. Charpy
(ISO 179) ve izod (ISO 180) standart darbe test
metotlarinda numuneler yan ylizeylerinden darbe
almaktadir. Bu ¢aligmada standart test metotlarindan
farkli olarak numuneler dik ¢ekme ekseni boyunca
darbeye maruz birakilmigtir. Yatay yonde hareket
eden diigiikk siirtiinmeli bir araba ile buna karsilik
gelen durdurucular  yerlestirilmisti.  Numune
mekanik baglantt ile bir ucundan arabaya
sabitlenmistir (Sekil 4). Numunenin diger ucuna ise
eksenine dik olacak sekilde aliiminyumdan imal
edilmis bir ¢ubuk mekanik olarak sabitlenmistir.
Araba yatay eksende hareket ederken bu ¢ubugun
desteklere carpmasi ile darbe islemi
gerceklestirilmistir. Boylelikle izod ve charpy test
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sistemlerinden farkli olarak numuneye uzunlamasina
darbe uygulanmistir. Darbe enerjisi arabaya halat ile
baglanan agirlik ile saglanmistir. Farkli enerji
degerlerini olusturabilmek i¢in halat ucuna farkl
kiitlelerde agirliklar asilmig ve bu kiitleler diisey
eksende 2 m yiikseklikten serbest birakilarak
numunenin bagl oldugu arabanin hareketi saglanmig
ve numune durduruculara carptirilarak halattaki

Destek

Kuwvet

Numune

Ray

Darbe testleri tamamlandiktan sonra tiim
numuneler 30 kN yik hiicresine sahip Testmetric
(Rochdale, Ingiltere) iiniversal mekanik test

cihazinda {i¢ nokta egme deneyine tabi tutulmustur.
Uc nokta egme deneylerinde ASTM D790 test
standardi gbz Oniine almmistir. Numune boyutlart
dikkate alinarak alt iki destek agikligi 60 mm olarak
ayarlanmig olup, test sirasinda iist ¢eneye 1 mm/dak
hizinda asag1 yonde ilerleme hareketi tanimlanmastir.
Numunelerde hasar olusana kadar iist ¢ene hareketi
devam ettirilmistir. Béylelikle maksimum kuvvet ve
yer degistirme degerleri tiim numuneler icin elde
edilmistir. Ug nokta egme deneyine iliskin test gorseli
Sekil 5’te verilmektedir.

Sekil 5. Ug nokta egme deneyi

(a) Destek k

Sekil 4. Darbe test diizeneginin (a) sematik gosterimi ve (b) kismi fotografi
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enerji numuneye aktarilmigtir. Testler sirasinda higbir

numunede  hasar  gozlemlenmemistir. ~ Darbe
uygulanan numunelerdeki mekanik 6zelliklerindeki
degisimin gbzlemlenebilmesi icin darbe

uygulanmayan numuneler de li¢ nokta egme testine
tabi tutulmustur.

BULGULAR VE TARTISMA

Uc nokta egme deneyi uygulanan numunelerin
bazilarinda kirllma ve c¢atlamaya baglh hasar
gozlemlenirken, bazilarinda delaminasyon,
bazilarinda ise hasarin meydana gelmeme durumu
(esneme) gozlemlenmistir.

Elde edilen neticelere gore, tek yiizeyine 0.35
mm ¢entik acilmis numunelerde 20 J darbe
uygulanmis ve darbe uygulanmamis Orneklerde
kirillma goézlenmemistir. Orta noktada en yiiksek
gerilme 5 J darbe uygulanmig numunede, 251.60
N/mm? olarak hesaplanmistir. Dis  yiizeyde
maksimum sekil degistirme miktari 5.23 cm olarak 10
J darbe enerjisine maruz kalmig numunede
gbzlenmistir.
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400 Tek tarafli 0.35 mm 0 Joule |
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Tek tarafl 0.35 mm 10 Joule

2004 Tek tarafli 0.35 mm 15 Joule
Tek tarafli 0.35 mm 20 Joule
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Sekil 6. Tek yiizeye 0.35 mm derinlikte kanal
acilan numunelerin Kuvvet — Yer Degistirme grafigi

Tek yilizeyinden 0.70 mm derinlikte ¢entik
eklenmis numunelerde, sadece 10 J darbe enerjisi
uygulanan numunede herhangi bir kirllma
goriilmemistir. Kirilma goriilen diger dért numune
arasinda orta noktada olusan maksimum gerilme, 15
J garpma enerjisine maruz kalan numunede 253.80
N/mm? olarak hesaplanmigtir. Dis yiizeydeki
maksimum sekil degistirme ise 10 J carpma enerjisine
maruz kalan numunede oldugu goriilmiis ve bu
numunenin maksimum sekil degistirmesi 6.26 cm
olarak hesaplanmistir.
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Sekil 7. Tek ylizeye 0.7 mm derinlikte kanal

acilan numunelerin Kuvvet — Yer Degistirme grafigi

Her iki yiizeyinden 0.35 mm derinlikte c¢entik
eklenmis numunelerde, 5 J ve 15 J darbe enerjisi
uygulanan numunelerde herhangi bir kirllma
gorliilmemistir. Kirillma goriilen diger li¢ numune
arasinda orta noktada olusan maksimum gerilme, 20
J darbe enerjisine maruz kalan numunede 184.60
N/mm? olarak hesaplanmigtir. Dis yiizeydeki
maksimum sekil degistirmenin ise yine 20 J ¢carpma
enerjisine maruz kalan numunede oldugu goriilmiis
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ve bu numunenin maksimum sekil degistirmesi 4.55
cm olarak hesaplanmistir.

1000+

800

600 -

Kuvvet - N

400 -

it tarafl 0.35 mm 0 Joule |
e Cift tarafli 0.35 mm 5 Joule

e Cift taraflt 0.35 mm 10 Joule
200 - e Cift taraflt 0.35 mm 15 Joule!
e Gift tarafit 0.35 mm 20 Joule

0 T r r ‘ ‘ )
0 1 2 3 4 5 6
Yer degistirme - mm

Sekil 8. Cift yiizeye 0.35 mm derinlikte kanal
acilan numunelerin Kuvvet — Yer Degistirme grafigi

Her iki ylizeyinden 0.70 mm derinlikte ¢entik
eklenmis numunelerde, sadece 5 J darbe enerjisi
uygulanan numunede kirtlma goriilmemistir. Kirllma
goriilen diger dort numune arasinda orta noktasinda
olusan maksimum gerilme, darbe testi uygulanmamis
numunede oldugu goriilmiistiir. Bu numunenin orta
noktasinda olusan maksimum gerilmesi 194.55
N/mm? olarak hesaplanmigtir. Aymi sekilde dis
ylizeydeki maksimum sekil degistirme darbe testi

uygulanmayan numunede 6.64 cm  olarak
hesaplanmustir.
10001
8001
z
3 600
>
>
§ 400 o Cift tarafll 0.7 mm 0 Joule
= Cift tarafll 0.7 mm 5 Joule
e Cift tarafll 0.7
200 T Gitarat 0.7 m 15 Jote
e Cift tarafll 0.7 mm 20 Joule
0 | | ‘ | ] :
0 1 2 3 4 5 6

Yer degistirme - mm
Sekil 9. Cift yiizeye 0.7 mm derinlikte kanal
acilan numunelerin Kuvvet — Yer Degistirme grafigi

Ug nokta egme deneyinden elde edilen biitiin
sonuclar irdelendiginde, tek taraftan centik agilan
numunelere 15 J darbe enerjisinin uygulanmasi

durumunda ¢entik kalinhigi  fark  etmeksizin
maksimum hasar kuvvetinin meydana geldigi
goriilmektedir.  Cift  taraftan ¢entik  acilan
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numunelerde; 0.35 mm ¢entik kalmhigina sahip
numunelere uygulanan 5 J darbe enerjisinde
maksimum hasar kuvveti olugsmaktayken, centik
kalinligt 0.7 mm’ye cikarildiginda darbe enerjisi
uygulanmayan numunelerde meydana gelen hasar
maksimum seviyededir.

Tek tarafli ve ¢ift tarafli ¢entik acilmig
numuneler ayri ayrt incelendiginde  ¢entik
derinliginin dayanim kuvvetine etkisi belirgin

degildir. Yaklasik olarak ayni maksimum dayanim
kuvvetlerine sahiptir. Ancak, 6zellikle uzama ve
hasar alma degerleri ¢entik derinligi fazla olan
numunelerde daha diisiik noktalarda gergeklesmistir.
Omegin ¢ift tarafli ¢entik acilmis numunelerde
kuvvet-yer degistirme egrisi 0.7 mm derinlik igin
daha diisiiktiir ve 0.35 mm derinlikli numunelere gore
daha fazla test hasar alarak erken sonlanmustir.

Atas arastirmasin darbe enerjisi arttikg¢a gekirdek
ve kabuk arasindaki bagin kopmasi, elyaf biikiilme
kiriklar1 ile baskin hasar modlar1 oldugunu
belirtmistir (Atas ve Sevim, 2010). Ozellikle cift
tarafli ¢entik acilmis test sonuglari incelendiginde,
darbe enerji artisinin, hasar olusum ihtimalini
arttirdig1 goézlemlenmistir.

SONUCLAR

Bu c¢alismada, sandvi¢ kompozitlerin dig
ylizeylerinde meydana gelen ¢entiklerin farkli darbeli
yiklemeler altindaki  sergiledikleri — mekanik
ozellikleri incelenmistir. Calismadan elde edilen
sonuclar asagidaki gibi 6zetlenebilir:

Tek tarafli ¢centik acilmis numunelerde en uzun
esneme darbe testi uygulanmamis Orneklerde
olusurken, c¢ift tarafli ¢entik agilan ve 5 J darbe
uygulanmis  numunelerde en fazla esneme
gorlilmiistiir. Diger tiim enerji degerlerinde hasar
meydana gelmistir. Darbe enerji degerinin artmasi
hasar olugsumuna bagl olarak dayanim azalmalarina
neden olmustur. Tiim c¢entik tiirleri i¢in kompozit
levhalara uygulanan darbe testlerinde benzer sonuglar
baska bir ¢alismada da elde edilmistir (Celik ve
Turan, 2015).

Tek centikli numunelerde ulasilan en yiiksek
egme kuvveti ortalama 950 N iken, bu deger ¢ift
centikli durum i¢in yaklastk 750 N olarak
gerceklesmistir. Bu durum, c¢entik yiizeyinin
artmasinin bir fonksiyonu olarak numuneleri daha da
zayiflatmistir. Centik etkisi, diger referanslarda da
belirtildigi gibi bu numuneler icin de mekanik

[JPAS

ijpas@munzur.edu.tr
ISSN: 2149-0910

dayanimi azaltici bir
cikmaktadir.

Cift tarafli c¢entik acgilan darbe vurulmus
numunelerin ¢okme degerleri digerlerine gore daha
az olmasina karsin, darbe uygulanmamis numunede
bu ¢okme miktari en yiiksek olmustur. Uygulanan
darbe kuvvetleri sandvi¢ kompozitlerin mekanik
dayanimlarint azaltmaktadir. Centik derinliginin
maksimum ¢ekme dayanimina etkisi belirsiz olarak
gozlemlenmistir. Saylik, kenarlarina tek ve cift tarafli
V-¢entik agilmig aliminyum ve kompozit levhalarin
burkulma yiikleri altindaki davranigini sayisal olarak
incelenmistir (Saylik ve Kaman, 2019). Tamir
edilmis levhalarda yapistirici kalinliginin burkulma
yikii  lizerine Onemli  bir etkisi  oldugu
gozlemlenirken, c¢entik derinligi etkisinin islem
sonrasi yok oldugu belirtilmistir. Bu nedenle gentik
hasarlarinin darbe altindaki kompozit malzemelere
etkisinin, burkulmaya gore daha yiliksek oldugu
sOylenebilmektedir.

Centik agma isleminde gerilim yogunlugunun
daha az olugmasi icin kiiresel kesici kullanilmuistir.
Centik geometrisinin hasar yiikleri iizerinde dnemli
oldugu daha onceki c¢alismalarda gosterilmistir
(Dindar ve Agir, 2021). Farkli kesici u¢ formlari ile
yapilacak  bir  ¢alismanin  yararli  olacagi
diistintilmektedir.
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Oz
Caligmada; ortalama 70 gr agirligindaki gokkusagi alabaliklarinin beslenmesinde balik unu yerine findik kiispesi ve
zeolitin kullamim oranlan aragtirilmistir. Bu amagla 9 farkli rasyon igerigi ile 90 giin boyunca beslenme yapilmis ve canl
agirhik artiglary, bliyiime performanslari, sindirim diizeyleri ve balik etinin besin degerleri incelenmistir. Sonuglar
degerlendirildiginde findik kiispesinin %45 ve zeolitin %3 olarak kullamldig1 rasyon grubunun diger gruplara goére daha
etkin degerlendirildigi ve arastirma sonu HSI, RSI ve VSI oranlar arasindaki farkin istatistiksel olarak énemli oldugu
belirlenmistir (p<0,05).

Anahtar Kelimeler: Alabalik, balik unu, findik kiispesi, Oncorhynchus mykiss, protein, zeolit

Investigation of Use Levels of Hazelnut Oil Cake and Zeolite in Rainbow Trout
(Oncorhynchus mykiss) Diets

Abstract
In the study; the use of hazelnut oil cake and zeolite instead of fish meal in the feeding of rainbow trout with an
average weight of 70 grams was investigated. For this purpose, 9 different ration contents were fed for 90 days and live
weight gains, growth performances, digestion levels and nutritional values of fish meat were examined (p<0.05). When
the results were evaluated, it was determined that the ration group in which 45% hazelnut oil cake and 3% zeolite were
used was evaluated more effectively than the other groups (p<0.05) and the difference between HSI, RSI and VSI
measurements at the end of the study was found to be statistically significant (p<0.05).

Keywords: Trout, fish flour, hazelnut pulp, Oncorhynchus mykiss, protein, zeolite

GIiRiS

Hizla artan diinya niifusuna karsin gida
kaynaklarinin simirli  olmasi, besin ihtiyaglarinin
karsilanmasina yonelik su {iriinleri yetistiriciligine
olan ilgiyi  giderek  arttirmaktadir.  Balik
yetistiriciliginde yem ihtiyact ve yem ihtiyacinin
karsilanmasinda ise balik ununa olan talebin
karsilanmasi1  giderek zorlastigi i¢in alternatif
kaynaklarin aragtirilmast olduk¢a Onemlidir. Bu
sebeple beslenme ve rasyon c¢aligmalarinda 6zellikle
bitkisel protein kaynaklarinin aragtirilmasi 6n plana
¢ikmaktadir. Bu ¢alismalarda ulasilmak istenen temel

hedef, bir veya birden fazla bitkisel protein kaynagi
karigiminin, balik ununun %50’sinden fazlasi yerine
kullanimini saglayabilmektir (Boonyaratpalin ve ark.,
1998; Bilgiiven, 2002). Findik kiispesinin iilkemizde
temin sikinti olmamasi, bol miktarda bulunmasi ve
icerik agisindan da kaliteli olmasi gibi nedenlerle
alternatif bir kaynak olarak degerlendirilebilmektedir
(Dogan ve Bircan, 2010; Su ve ark., 2011; Yesilayer ve
ark., 2013). Findik kiispesinin protein degerinin yiiksek
(ham protein %40), seliiloz oranin diisiik (%9) olmast
ayrica balik tiirleri i¢in uygun amino asit igerigine sahip
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olmasi (arjinin, 16sin, iz616sin, aspartik asit, serin, valin,
alanin) gibi ozellikleri ile yem sektorinde belirli
oranlarda kullanilmaktadir (Erener, 1991; Ozer,
2002). Son yillarda pek ¢ok kullanim alanmin
bulunmasi ile dikkat geken bir mineral olan zeolitin de
yem katki maddesi olarak kullanilmas1 oldukca
onemlidir. Nitekim {ilkemizde bol bulunan zeolit
cesitlerinin yakin gec¢miste bitkisel ve hayvansal
tiretimde verimliligi arttirmak igin farkli agamalarda
kullanildig: ve faydali olduklan bildirilmektedir. Bu
faydalarin bazilari; sularda kirlilik kontrolii, azotlu
bilesiklerin ortamdan uzaklagtirilmasi, su ortaminda
oksijen konsantrasyonunun arttirtlmasi, yem katki
maddesi  olarak  kullanilmalar1 ile yemlerin
sindirilebilirliklerinin artirilmasidir (Aybal, 2001;
Bozkurt ve ark., 2001; Kaygisiz ve Corekcei, 2003;
Celebi ve ark., 2004; Tére, 2006; Kanyilmaz, 2008).

Calismamiz da; ortalama 70 gr agirligindaki
alabaliklarin beslenmesinde, alternatif bir yem
kaynag1 olarak diisiiniilen findik kiispesi ve zeolitin
cesitli oranlarda rasyonlara ilavesinin baligin biiytime
performansina, et kalitesine ve sindirim diizeylerine
etkilerinin arastirilmasi hedeflenmistir.
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MATERYAL VE METOT

Elazig ili, Keban Su Uriinleri Sube Miidiirliigii
ve 0zel bir igletmeden temin edilen toplam 675 adet
(ortalama 70+0,04 gr) alabalik ile ¢alisma, Haziran-
Eyliil 2018 tarihleri arasinda Elazig, DSI 9. Bolge
Miidiirliigii, Keban Su Uriinleri Sube Miidiirliigii
tesisinde yiirlitiilmistiir. Aragtirmada, 400 x 80 x 80
cm ebatlarinda toplam 27 adet tanka 25 adet alabalik
stoklanmig ve 3 mm biiyiikliigiinde hazirlanan 9 farkli
rasyon ile 09:00 ve 16:30 saatlerinde giinde iki kez
goriilebilir doygunluk simirina kadar yemleme
yapilarak 90 giinliikk arastirma tamamlanmigtir.
Calisma siiresince tanklar belirli periyodlarda
sifonlanarak temizlenmistir. Hazirlanan rasyon
gruplarina ait agiklamalar Tablo 1’de verilmistir.
Calismada kullanilan yem rasyonlarinin igerigi Tablo
2’de verilmis ve rasyondaki temel besin madde
icerikleri Sar1 ve Cakmak (1996)’in bildirdigi
diizeylere gore hazirlanmistir. Arastirma
rasyonlarinda kullanilan materyaller Izmir Nektar
Yem Fabrikasindan temin edilmis ve rasyonlar bu
tesiste hazirlanmstir.

Findik kiispesi besin madde igerigi; rutubet, %
12, ham protein % 20, ham yag %]1,5, ham seliiloz
%7, kuru madde %92, azotsuz 6z madde ise %92 dir.

Biiylime  hesaplamalarinin  yapilmasinda;
kullanilan parametreler ve referans alinan kaynak
Tablo 3’te verilmistir.

Tablo 1. Calismada olusturulan deneme gruplar

DENEME GRUPLARI
K Kontrol grubu

1.Grup | %3 zeolit iceren yem grubu

2.Grup | o6 zeolit igeren yem grubu

3.Grup | Findik kiispesinin %25 katildig1 grup

4.Grup | Findik kiispesinin %25 ve zeolitin %3 katildigi grup
5. Grup Findik kiispesinin %25 ve zeolitin %6 katildig1 grup
6. Grup Findik kiispesinin %45 katildig1 grup

7.Grup Findik kiispesinin %45 ve zeolitin %3 katildig1 grup
8. Grup Findik kiispesinin %45 ve zeolitin %6 katildig1 grup
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Tablo 2. Deneme yemlerinin formiilasyonlar: (%)

HAM GRUPLAR
MADDELER *éorr:}t:g' 1. 2. 3. a, 5. 6. 7. 8.
Balik Unu 55 56 57 40 41 42 28 29 30
Findik Kiispesi - - - 25 25 25 45 45 45
Bugday Unu 31,9 27,9 23,9 21,9 17,9 13,9 13,9 9,9 59
Zeolit - 3 6 - 3 6 - 3 6
Krom oksit 1 1 1 1 1 1 1 1 1
Balik Yagi 9 9 9 9 9 9 9 9 9
a 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
b 1 1 1 1 1 1 1 1 1
c 1 1 1 1 1 1 1 1 1
C Vitamini 1 1 1 1 1 1 1 1 1
TOPLAM 100 100 100 100 100 100 100 100 100

a) Butilen Hydroxytoluene (BHT); 125.000 mg/kg

b) Vitamin Karmasi (mg/kg); Vitamin Karmasi (IU veya mg/kg yem): Vitamin A 12.000.000 IU, vitamin D3 120 IU, vitamin E 30.000
IU, vitamin K3 0,9 mg, vitamin B1 1,2 mg, vitamin B2 1,5 mg, vitamin B6 1,2 mg, vitamin B12 0,003 mg, niacin 12 mg, cal-D-pant.
2,4 mg, folik asit 1000 IU, D biotin 0,03 mg, inositol 15 mg, vitamin C 15 mg, antioksidant 0,75 mg, choline cloride 72 mg

¢) Mineral Karmasi (mg/kg); Mn 80.000, Fe 35.000, Zn 50.000, Cu 5.000, I 2.000, Co 400, Se 150

Tablo 3. Arastirmada yapilan analizler ve ilgili referanslar

Analizler ilgili Referanslar
Canli agirlik artislar Cetinkaya (1995)
Total boy degerleri Mattson ve Riple (1989)
Spesifik biiyiime ile yem doniisiim oranlari Halver (1989)
Oransal bitytimeleri ve kondisyon faktorleri Halver, 1972 ve Halver, 1989.

Protein etkinlik oranlari, Hepatosomatik indeks | Cetinkaya, 1995 ve Hossu ve ark., 2005.
degerleri (HSI), Renosomatik indeks degeri (RSI),

visserosomatik indeks degeri (VSI)

Besin maddelerinin sindirilebilirligi Windell, 1978 ve NRC, 1993.

Besin kompozisyonlarinin belirlenmesi Protein; AOAC, 2002, vyag; TSE, 1974a ham Kkiil;
TSE, 1974b ve rutubet; Goglis ve Kolsarici, 1992.

Digk1 6rneklerinin toplanmasi Cho ve ark., 1979.

Yemdeki ve diskidaki krom oksit degeri hesaplamalar1 | Furukawa ve Tsukahara, 1966.

Sindirilebilirlik oranlar1 NRC, 1993; Steffens, 1989.
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Tablo 4. Arastirmada kullanilan suya ait fiziksel ve kimyasal parametreler

o Su Coz. Oksijen Coz. Oksijen fletkenlik
Fiziksel Sicakhg Miktan Doygunlugu pH
Olg¢iimler (uS/cm)

°O (mg/L) (%)

1. Ol¢iim 9,4 9,4 88,2 8,5 346,5
2. Ol¢giim 9,6 9,7 90 8,4 336
3. Ol¢iim 10 9,7 90,5 8,45 351
4. Ol¢iim 10,5 9,8 93,5 8,6 344
5. Olciim 10 9,5 92 8,5 340,5
6. Olciim 10,5 9,7 93 8,4 345

Baliklarin bulundugu teknelere gelen suyun
Ozellikleri Tablo 4’ de verilmistir. Bu degerler
caligma siiresince sabah, 6gle ve aksam oksijen metre
(portatif YSI 55 Model 51/12) ile olgiilerek
belirlenmistir. Calisma sonucunda toplanan tiim
verilerin istatistiksel degerlendirmeleri, SPSS 11.00
paket programi kullanilarak yapilmistir. Varyans
homojenlik testleri uygulandiktan sonra varyans
analizi (ANOVA) yapilarak, grup ortalamalari
arasindaki farkliliklar Duncan Coklu Karsilastirma
Testi ile belirlenmistir.

BULGULAR

Arastirma gruplarina ait yavru baliklarin
rasyonlarina ait ham protein, ham yag, ham kiil, kuru
madde ve nem degerleri belirlenmis ve degerler
arasinda istatistiksel olarak anlamli bir fark olmadigi
tespit edilmistir (p>0,05,Tablo 5).

Alabaliklarin canli agirlik, total boy oranlari,
kondisyon faktor, oransal biiylime ve spesifik
biliylime degerleri ile yem degerlendirme oranlari
istatistiksel olarak degerlendirilmis ve Tablo 6’da
verilmistir.

Arastirma gruplar1 arasinda baliklarin boyca
biliylime ve kondiisyon faktor degerleri arasinda
istatistiksel fark olmadigi (p>0,05), 7. grubun canli
agirlik artis;, oransal biiyiime, spesifik biiylime
degerleri diger gruplara gore istatistiksel olarak daha
yiiksek oldugu belirlendi (p<0,05). Diger gruplara
gbre en iyi yem degerlendirme 7. gruptan elde
edilirken diger gruplardan istatistiksel olarak dnemli
oranda farkli bulunmustir (p<0,05).

Arastirmada kullanilan gen¢ alabaliklara ait
baslangic ve deneme sonundaki HSI, RSI ve VSI
sonuclar1 Tablo 7’da verilmistir.
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Parametreler
Gruplar
Kuru Madde Nem Kiil Yag Protein

Kontrol 93,11+ 1,062 6,88 + 0,682 8,570+ 0,692 13,50+ 0,6% | 41,36+1,1%
1. Grup 92,22+ 1,062 6,88 + 0,682 8,570 £0,692 13,50+ 0,6% | 41,36+1,1%
2.Grup 92,33+ 1,062 6,88 + 0,682 8,570+ 0,692 13,50+0,6% | 41,36+1,12
3. Grup 90,62 + 0,932 9,37 0,942 8,880 + 1,032 13,29+0,8% | 41,64+0,9°
4. Grup 91,79+ 0,822 8,21+0,36° 12,0600+ 0,612 | 13,80+0,9% | 40,94+1,4%2
5. Grup 88,36+ 1,462 11,63+ 0,752 12,640+ 1,542 | 1351+1,0% | 40,64+1,6%
6. Grup 88,25 + 1,072 11,74+ 0,122 9,120 + 0,482 13,41+05% | 40,29+1,0°
7. Grup 88,63+ 1,132 11,36+ 0,382 10,714+ 1,25% | 13,56+0,6% | 41,06+0,5%
8. Grup 85,78+ 1,042 14,22 + 1,032 12,179+ 1,092 | 13,71+0,8% | 4121+1,12

Tablo siitiinlarinda ayni harflerle gosterilen rakamlar istatistiksel olarak benzer bulunmustur Anova (p>0,05).

Tablo 6. Baliklarin canli agiriik, total boy, kondisyon faktor ve oransal biiyiime degerleri

Biiyiime Parametreleri
Gruplar Canhi Agirhik Total Kondisyon 1(3) .{’aTsaI
Artisi (g) Boy(cm) Faktorii tyame SBO YDO
(%) (%0) (%)
Kontrol 10,16 +0,32° 1,04£066° | 1,173+0,02° | 87,14=081° | 1,81%0,05° | 1,40+0,12°
1. Grup 9,75+0,41%® 1,00 £0,15% | 1,190+0,052 | 83,57 +0,69° | 1,75+£0,03° | 1,45+0,09°
2.Grup 9,58+0,51* | 0,99+0,66% | 1,189+0,04% | 82,14+0,77° | 1,73+0,02° | 1,50+0,11°
3. Grup 10,33 +0,64° 10620087 | 1,153+0037 | 87,00£0,58° | 1,8120,04° | 1,44+0.13°
4. Grup 10,05 +0,29° 1,05£008% | 1,155-001° | 8628+0,92° | 1,8020,03° | 1,420,08°
5. Grup 9,73 +0,62% 1,01 +£0,092 | 1,174+0,052 | 83,57+0,84° | 1,75+0,02° | 1,43+0,12°
6. Grup 8,03 £ 0,332 0,93+0,122% | 1,160+0,04% | 69,00+ 1,01* | 1,51+0,04° | 1,66+0,14°
7.Grup | 1226+0,62° | 1,07+0,12% | 1,252+0,032 10152317‘}] + | 2,08£0,06° | 1,20£0,11°
8. Grup 10,00+ 0,50° | 1,02+0,13% | 1,187+0,04% | 86,42+ 1,20° | 1,80+0,04° | 1,37+0,07®

&¢ Ayni siitlinda farkli harflerle gosterilen rakamlar istatistiksel olarak birbirinden farkli (Anova, p<0,05), ayni harfle gosterilen
siitiinlar benzer bulunmustur (p>0,05).
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Tablo 7. Baliklarin HSI, RSI ve VSI degerleri

HSI (%) RSI (%) VSI (%)

GRUPLAR Deneme Deneme Deneme Deneme Deneme

Baslangici Sonu Baslangici Sonu Baslangici Deneme Sonu
Kontrol 1,00+ 0,032 0,48 + 0,022 10,80 + 0,052
1. Grup 1,25 + 0,02 0,96 +0,3° 13,75+ 0,06°
2. Grup 1,33+ 0,06° 0,98 +0,05° 14,55+ 0,07°
3. Grup 1,90 + 0,05¢ 1,12 £ 0,05¢ 19,32 + 0,034
4. Grup 0,95+0,35 | 1,55+0,07° | 0,40+0,38 | 1,02+0,04° | 10,1+ 0,67 16,24 £+ 0,02¢
5. Grup 1,88 +0,01° 0,86 + 0,05° 15,82 + 0,01°¢
6. Grup 1,73+0,03° 0,80 + 0,09° 16,21 + 0,05¢
7. Grup 1,50 £ 0,05° 0,75+ 0,020 13,76 + 0,06°
8. Grup 1,15+ 0,082 0,80 + 0,06° 11,95+ 0,012

&C Aymi siitiinda farkli harflerle gosterilen rakamlar istatistiksel olarak birbirinden farkli bulunmustur (Anova, p<0,05).

Alabaliklara ait aragtirma sonu HSI, RSI ve VSI
oranlar1 arasindaki farkin istatistiksel olarak 6nemli
oldugu belirlenmistir (p<0,05). En diisiik HST degeri,
kontrol ve 8. gruptan, en yiiksek HSI degeri ise 3. ve
5. gruplardan elde edildi. En yiiksek RST ve VSI
degeri, 3. gruptan elde edildi. Alabaliklarin ¢alisma
sonundaki balik eti analiz sonuclari Tablo 8’de
verilmistir. Arastirma gruplarina ait kas nem, kuru
madde, ham protein, ham yag ve ham kiil oranlarinin

istatiksel olarak birbirine yakin degerlerde oldugu
belirlenmistir (p=>0,05).

Sindirilme oranlarina ait veriler incelendiginde
(Tablo 9); oranlart arasindaki farkin istatistiksel
olarak onemli olmadigi belirlenmistir (p>0,05).
Denemede kullanilan rasyonlardaki total, protein ve
yaglarin  sindirilme oranlari, gruplar arasinda
birbirlerine yakin deger araliginda yer almistir.

Tablo 8. Calisma sonunda elde edilen balik kaslarina ait kimyasal kompozisyon sonuglar

BESIN MADDE iCERIKLERI

GRUPLAR -

Kuru Madde Nem Kiil Yag Protein
Kontrol 24,08 +4,22 75,2+4.2% 1,1+0,12 725+1,08 18,32+0,52
1. Grup 24,08+ 3,42 75,2+6,2°2 1,1+0,12 721+1,08 18,42+ 1,22
2. Grup 24,08+ 1,22 75,1+8,12 1,1+0,18 7,15+0,9° 18,22+ 0,42
3. Grup 24,07+0,22 75,4+0,22 1,2+0,12 7,36+0,62 18,26+ 0,52
4. Grup 23,6+0,22 76,3+0,2° 1,3+0,12 7,12+0,92 18,21 +0,4%
5. Grup 23,0+0,22 75,0+0,22 1,2+0,08 8,02+1,08 18,05+0,22
6. Grup 23,4+0,4% 75,5+0,42 1,1+0,32 7,49+0,4% 18,25+0,52
7. Grup 24,0+0,22 75,9+0,22 1,2+0,12 7,59+1,1% 18,16+ 0,62
8.Grup 22,9 +0,212 75,0+0,22 1,1+0,52 6,95+0,72 18,49 +0,72

Tablo siitiinlarinda ayni harflerle gosterilen rakamlar istatistiksel olarak benzer bulunmustur Anova (p>0,05).
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lenen alabaliklarda protein, yag ve total sindirilme oranlart

(%)
SINDIRILEBILIRLIK (%)
GRUPLAR
Total Ham Protein Ham Yag
Kontrol 79,0 + 1,082 92,35+0,752 98,37 + 1,042
1. Grup 77,5+0,98 92,30 + 1,152 97,87 1,102
2. Grup 77,0 +0,802 92,32+ 1,052 98,11+ 1,022
3.Grup 74,5+0,932 92,45 +0,982 97,79 + 0,982
4. Grup 75,5+0,822 91,290,802 98,19 + 0,852
5. Grup 76,5+ 1,402 94,53 £ 1,142 98,47 + 0,922
6. Grup 73,5+1,072 94,75+ 1,202 99,17 + 0,652
7. Grup 76,5+0,752 93,88 + 1,152 98,63 £ 1,202
8. Grup 77,5+1,042 95,34 + 1,122 98,45+ 1,102

Tablo siitiinlarinda ayni harflerle gosterilen rakamlar istatistiksel olarak benzer bulunmustur Anova (p>0,05).

TARTISMA VE SONUC

Ticari balik yetistiriciliginde, tim isletme
masraflari igerisinde yem giderleri %60-70 oranla en
o6nemli boliimii olusturmaktadir. Balik yetistiriciligini
ekonomik sekilde yapabilmek i¢in, yem maliyetinin
azaltilmasi, baliklarin besin madde ihtiyaglarin1 tam
olarak iceren ve balik tarafindan kolay sindirilebilen
dengeli rasyonlarin hazirlanmasi gerekmektedir.
Balik yemlerinin hazirlanmasinda, baslica protein
kaynag1 olarak yiiksek besin degeri ve lezzete sahip
olan balik unu tercih edilmektedir. Bununla beraber
balik ununun fiyat dengesizligi ve elde edilmesindeki
belirsizlik, bu konunun uzmanlarmi ve yem
imalat¢ilarinin, balik unu yerine kullanilabilecek
daha ucuz ve kolay elde edilebilen bitkisel protein
kaynaklarini, balik rasyonlarinda kullanimlarini
zorunlu hale getirmistir (Algeste, 2000). Bu
caligmada, balik yeminde protein olarak balik ununun
kullanildigr kontrol grubu, farkli oranlarda findik
kiispesi ve zeolit iceren 9 farkli yem rasyonu ile
gokkusagi alabaliginda (Oncorhynchus mykiss)
bliylime performansi, balik etinin kimyasal
kompozisyonu iizerine etkileri, canli agirlik artist
olarak biiylime, kondisyon faktorii, spesifik biiyiime,
yem degerlendirme orani, hepatosomatik indeks,
viserosomatik  indeks, renosomatik indeks,
sindirilebilirlik ve viicut kompozisyonu gibi
parametreler degerlendirilerek incelenmistir.

Edwards (1978) ve NRC (1993), gokkusagi
alabaliklar1 gelisimlerini saglayabilmesi i¢in %40-50,

Refstie ve ark., (2000), %39-40 ham protein, Cheng
ve Hardy (2002), %44 proteine sahip rasyonlarla
calismalar yapmuglardir. Yaptigimiz ¢alismada,
deneme gruplarinin ham protein oranlar1 %41 olarak
belirlenmistir.  Bu  sonug, diger ¢alismalarin
rasyonlarinda yer alan ham protein degerleriyle
paralellik gostermektedir. Balik yemi rasyonlarinda
kullanilan ham yag oranlar ile ilgili olarak, Kerim
(2011) yaptig1 ¢alismada rasyondaki ham yag oranini
%12-13 arasinda belirlemis, Belen (2009)’un yaptigi
balik yemi rasyonunda ham yag oranini %7 olarak
belirlemistir. Bu ¢alismada yapilan yem rasyonunda
ham yag oran1 %8-9 olarak belirlenmis ve yapilan
aragtirma ile yakin degerlerde oldugu tespit
edilmistir. Yapilan ¢alismalarda balik etindeki ham
protein, ham yag ve ham kiil degerleri ile ilgili olarak;
Dogan (2005) farkli oranlarda findik kiispesi igeren
izonitrojenik rasyonlarin gokkusagi alabaliginin
(Oncorhynchus mykiss) biiyiimesi, kimyasal yapis1 ve
sindirilebilme orani {izerine yaptig1 arastirmada, balik
etinde %18,49 olan ham protein oranin1 deneme
sonunda farkli gruplarda, %18,26, %17,78, %18,42
ve %17,39 olarak saptamis, yine ayni c¢aligmada
deneme basinda %4,89 olan ham yag orani, deneme
sonunda %4,13-6,42, ve ham kiil oranin1 deneme
basinda %1,4 olarak, deneme sonunda ise %1,41-2,17
olarak belirlemistir. Yilmaz (2014) ¢alismasinda ham
protein  oranlarmin  %15,19-18,02, ham yag
oranlarinin  %5,56-6,71 ve ham kil oranmin ise
%2,55-2,80 oldugunu bildirmistir. Calismada balik
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eti besin madde kompozisyonunda; deneme basinda
%16,48 olan ham protein orani deneme sonunda
%18,05-18,49  arasindaki  degerlerde  oldugu
goriilmistir. Ham yag analiz sonuclarinda deneme
basinda %6,62 olan degerler ¢alisma sonunda %6,95
ile %12-8,02 arasinda degisen degerlerde tespit
edilmigtir. Ham kiil analiz sonuglari ise baglangi¢ da
%1,19 iken deneme sonunda en diisiik %1,11 ile en
yiiksek %1,29 belirlenmistir. Calisma sonuglari,
yapilan diger ¢alismalarla yakin degerlerde oldugu
goriilmiistir. Deneme siireleri, su sicakligt ve
rasyonlarin farkli olmasi gibi nedenler farkliliklara
sebep olabilmektedir.

Arastirma da istatistiksel olarak en iyi canlt
agirlik artigt 7. grup olarak belirlenirken, en diisiik
canli agirlik artisinin 6. grupta oldugu tespit edilmistir
(p<0,05). Demir (2004), yaptig1 ¢alismada ortalama
canli agirliklart  140,4+0,42g olan gokkusagi
alabaliklar1 (Oncorhynchus mykiss) %0, %1, %2, %3,
%4, %5 ve %6 oraninda Klinoptilolit igeren yemlerle
60 giin boyunca beslemistir. 15 giinliik periyotlarda
deneme grubu baliklarinin ortalama canli agirlik, boy,
kondisyon faktorii ve yem doniisim oranlarini
hesaplanmistir. Baslangi¢c boy uzunluklar1 23,5 cm
olan gruplar ¢alisma sonunda kontrol grubu 28,9+0,3
cm, 1. grup (%1) 28,5+0,2 cm, 2. grup (%2) 29,1+0,2
cm, 3. grup (%3) 29,1+0,2 cm, 4, grup (%4) 28,1+0,3
cm, 5. grup (%5) 28,3+0,2 cm, 6. grup (%6) 28,2+0,2
cm olarak belirlenmistir. Yaptigimiz deneme
caligmalarindaki sonuglar, Demir (2004)’in tespit
ettigi degerlerle benzerlik gostermektedir. Sanz ve
ark. (1994), baslangi¢ ortalama agirliklar1 40 g olan
gokkusag alabaliklarini, sadece balik unu (%59,33),
balik unu - soya unu (%35,60-%31,60) ve balik unu—
aycigegi unu (%35,60-%42,46) iceren rasyonlarla
besledikleri deneme sonunda, 1., 2. ve 3. rasyonlarla
beslenen gruplarda spesifik biiylime orani sirasiyla
1,97, 2,09 ve 1,90 olarak tespit etmislerdir. Danabasg
(2009), gruplarin  SBO ortalamalari, sirasiyla,
1,544+0,007,  1,785+0,044, 1,647+0,037 ve
1,567+0,037 olarak belirlenmistir. Francesco ve ark.,
(2004), ortalama agirliklart 162 g olan gokkusagi
alabaliklarinda yapmis olduklari ¢alismada bitkisel
karma un (musir gliiteni, bugday gluteni, ektsriidde
bezelye, kolza unu ve ekstriide bugday unu) ile
beslenen grupta spesifik biiylime oranin1 %0,90
olarak tespit etmislerdir. Refstie ve ark. (2000) nin,
deneme baslangig agirhigi 99,2 g olan gokkusagi
alabaliklarinda yeme % 30 oraninda soya unu
ilavesinin etkisini arastirdiklar1 denemede spesifik
bliyime oranm1  %1,07 olarak belirlemislerdir.
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Mourente ve Dick, (2002) levreklerle (90 )
yaptiklar1 ¢alismada tamamen keten tohumu, kanola
ve zeytin yagi iceren yemler ile beslenen bireylerin
kontrol grubu bireyleri ile benzer spesifik biiylime
gosterdigini bildirmislerdir.

Thiessen ve ark. (2003), ekstriide bezelye unu
ve kanola unu igeren yemlerle beslenen ortalama
agirligt 36 g olan gokkusagi alabaliklarmin 12
haftalik besleme siiresi sonunda 172,6-187,8 ¢
agirliga ulastigini tespit etmislerdir. Spesifik biiylime
orant (%1,87-1,94) degerleri ile ilgili olarak gruplar
arasindaki farkin onemsiz oldugunu bulmuslardir.
Refstie ve ark., (2000), ¢esitli oranlarda balik unu ve
soya unu kullanarak hazirladiklar yemlerle ortalama
agirlhigi 99,2 g olan alabaliklar besledikleri ¢alismada
yem degerlendirme sayisini balik unu ile 1,2, soya
unu ile 1,5 olarak tespit etmislerdir. Balik unu ve soya
unu ile elde edilen degerler bu calismada elde edilen
degerlerle benzerlik gostermektedir. Bu calismada
yavru baliklarda (1,17-1,27) ve gen¢ baliklarda
(1,20-1,66). Thiessen ve ark., (2003), baslangig¢
agirliklar 36 g olan gokkusagi alabaliklarini ekstriide
bezelye unu ve kanola unu igeren ve protein oran1 %
51,7-52,9, yag oran1 % 17,8-21,3 arasinda degisen 4
farkli yem ile Dbesledikleri c¢alismada, yem
degerlendirme sayis1 degerlerini 1,06-1,12 arasinda
tespit etmislerdir. Yapilan ¢alismada, yavru baliklar
Thiessen ve ark., (2003) yaptig1 ¢alisma ile benzerlik
gostermektedir. Geng baliklarda ise yaptigimiz
aragtirmada daha yiiksek yem doniisiim oranlari
belirlenmistir. Morris ve ark., (2005), gokkusagi
alabaligi yeminde tam yagh soya kullandiklar
calismada elde ettikleri yem degerlendirme sayisi
degerlerinin 0,78-0,85 arasinda oldugunu
bildirmislerdir. Bu ¢aligmada yavru ve geng
baliklarda bu arastirmada elde ettigimiz yem
degerlendirme sayis1 degerleri, Morris ve ark.
(2005)’nin bulduklar1 degerlerden yiiksek ¢ikmistir.
Bu fark, tam yagli soya kullanilan yemlerin
gokkusagi  alabalign  tarafindan  daha  iyi
degerlendirilmis oldugu soylenebilir. Palmegiano ve
ark., (2006)’nin, gokkusagi alabalig1 yeminde farkli
oranlarda (%0, 20, 35 ve 53) piring protein
konsantresi kullandiklari ¢alismada elde ettikleri yem
degerlendirme sayist degerleri (1,04-1,43), bu
caligmada yavru ve geng baliklarda bu arastirmada
elde edilen yem degerlendirme sayisi degerlerine
gore benzerlik goriilmektedir. Bilgin ve ark., (2007),
ise ortalama agirhigi 36 g olan gokkusagi
alabaliklarinda  findik  kiispesinin  kullanimini
aragtirdiklart ¢alismada yem degerlendirme sayisini
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1,3-1,5 arasinda tespit etmis olup bu ¢alismada yavru
ve geng baliklarda bu arastirmada elde edilen yem
degerlendirme sayis1 degerlerine gore benzerlik
goriilmektedir.

Calismada elde edilen HSI, VSI ve RSI ortalama
degerleri ile ilgili olarak; HSI degeri tiim gruplar i¢in
ortalama 0,95+0,35 olarak saptanirken, deneme
sonunda gruplarda siras1 ile 1,0+0,03, 1,25+0,02,
1,33+£0,06, 1,90+0,05, 1,55+0,07, 1,88+0,01,
1,73+0,03, 1,50+0,05 ve 1,15+0,03 olarak
saptanmistir. RSI degeri tiim gruplar igin ortalama
0,40+0,38 olarak belirlenirken, deneme sonunda
gruplarda sirasi ile 0,48+0,2, 0,96+0,03, 0,98+0,05,
1,1240,5, 1,02+0,04, 0,86+0,05, 0,80+0,09,
0,75+0,02 ve 0,80+0,6 olarak tespit edilmistir. VSI
degeri ise tiim gruplar i¢in ortalama 10,1+0,67 olarak
saptanirken, deneme sonunda gruplarda sirasi ile
10,80+0,05, 13,75+0,06, 14,55+0,07, 19,32+0,3,
16,24+0,02, 15,82+0,01, 16,21+0,05, 13,76+0,06 ve
11,95+0,01 olarak saptanmustir. Celik (2005), yaptigi
calismada, degisik oranlarda yeme katilan E
vitaminin (110,25 mg/kg yem kontrol grubu, 175
mg/kg yem 1. grup, 200 mg/kg yem 2. grup ve 250
mg/kg yem 3. grup Oreochromis niloticus tiiriinde
bliylime parametrelerini incelemis ve 60 giin devam
eden calismanin Oncesinde tespit edilen HSI degeri
1,46+0,02 olarak saptanmistir deneme sonunda HSI
degerleri, birinci donemde HSI ortalamalari, en
yliksekten (2,01+0,40) en diisiige (1,52+0,24) dogru
sirastyla 1., 2., 3. ve kontrol gruplarindan elde
edildigi, gruplarin ortalamalari arasinda istatistiki bir
fark olmadig1 belirtilmis (p>0,05). Ikinci donem en
yiiksek HSI ortalamasi (2,34+0,02), kontrol grubunda
gozlenmis. Ucilinci donemdeki en yiiksek HSI
ortalamast (2,07+0,11), kontrol grubunda
gozlenmistir. Arastirma sonuglar1 ilgili literatiir
verileri ile karsilastirildiginda bazi parametreler
arasinda farkliliklarin oldugu tespit edilmistir.
Farkliliklarin kullanilan balik tiiriine, uygulamadaki
farkliliklara bagli oldugu diisiiniilmektedir.

Yapilan arastirmalar farkli balik tiirlerinde findik
kiispesinin kulanim oranlarinin  %20-40 degerleri
arasinda oldugunu gostermektedir (Biiyiikcapar ve
Kamalak, 2007; Ergun ve ark., 2008; Emre ve ark.,
2008; Bilgin ve ark., 2007). Farkli balik tiirleri
iizerinde yapilan arastirma sonuglarina gore, findik
kiispesinin i¢eriginde bulunan antibesinsel faktorlerin
baligin sindirim sistemini olumsuz etkiledigi ve
biiylimede gerilemeye neden oldugu tespit edilmis ve
her balik tiirii i¢in belirli diizeylerde rasyona katilmasi
gerektigi bildirilmistir (Dogan ve Bircan, 2010).
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Baliklar  bosalttim {irlinlerinin ~ %60’1indan
fazlasim ~ amonyak  olarak  sucul  ortama
birakmaktadirlar (Yigit ve ark. 2005). Amonyak
salinim miktarini azaltmak siirdiiriilebilir ve g¢evre
dostu su rlinleri yetistiriciligi i¢in  Onem
tasimaktadir. Amonyak salinim miktart entansif
yetistiricilik ~ yapilan  o6zellikle kapali  devre
sistemlerde birikerek baliklar igin toksik ortam
olusturmasi ve su kosullarinda bozulmalara sebep
olarak biiyiimeyi engelledigi igin stok yogunlugunu
etkileyen dnemli bir parametredir (Obradovic ve ark.
2006, Yigit ve ark 2005). Zeolit gibi dogal
mineralerin ~ yeme ilave edilmesi, bosaltim
trlinlerindeki  amonyak miktarini  disiirmesini
hedeflemektedir. Bu ¢alismada yeme %3 oraninda
dogal zeolit eklenmesi bliylimeyi olumlu olarak
etkilemistir. Ancak dogal sularda yiiksek oranda
amonyak birikimi 6trofikasyona sebep olabilmektedir
(Wu, 1995). Yeme yiiksek oranda zeolit eklenmesi
biliylimeyi olumsuz yonde etkilediginden yeme
eklenecek zeolit miktarini belirlerken bu etkinin goz
Online alimmas1 gerekmektedir. Balik yemlerine
belirli miktarlarda zeolit katkis1 balik c¢iftliklerinde
ortama birakilan amonyak miktarinin azaltilmasiyla
siirdiirilebilir  yetistiricilige katki  saglayacaktir
(Tekesoglu, 2010).

Sonug olarak; alabaliklarda, findik kiispesinin
%45 ve zeolit ilavesinin %3 kullanildig1 grup, kontrol
grubuna gore canli agirlik artis1 daha fazla olmustur.
Bununla birlikte agirlik artisi en disiikk findik
kiispesinin %25 oraninda kullanildigr 2. grupta
belirlenmistir. Bu nedenle rasyonlara balik unu yerine
findik kiispesinin %45 ve zeolitin ise %3 oraninda
ilave edilmesinin biiylime {lizerine yararli etkilerinin
oldugu ve alabaliklarin beslenmesinde olumsuz bir
etki gostermeksizin kullanilabilecegi belirlenmistir.
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CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catismasi bildirmemektedir.
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ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu calismanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Oz

Bu makalede, degisken bir ¢ikis gerilimi ve kademeli olarak degisen bir ¢ikis frekansi elde etmek igin tek fazli matris
doniistiiriicti ile birlikte Z-kaynak agi kullanilan bir alternatif akim-alternatif akim (AA-AA) doniistiiriici yapist
incelenmistir. Bu doniistiiriicii yapisinda, ¢ikis gerilimi ve frekanst hem diisiiriilebilmekte hem de yiikseltilebilmektedir.
Matris doniistiiriicii, dogrudan AA-AA doniisiim yaparken anahtarlama stratejisi ile ¢ikis frekansimi kademeli olarak
degistirme imkani saglamaktadir. Ayrica, dogrudan AA-AA doniistirme 6zelligi sayesinde, geleneksel doniistiiriiciilerde
kullanilan biiyiik bir DA baglant1 kondansatoriine olan ihtiyaci ortadan kaldirmistir. Boylece sistem hem daha az maliyetli
hem de daha az karmasik bir yapiya sahip olmaktadir. Bu ¢alismada, gesitli uygulamalarda farkli hiz degerlerini elde
etmek igin kullanilan tek fazli asenkron motoru siirmek i¢in tek fazli Z-kaynakli matris doniistiiriicii kullanilmistir. Bu
yap1, asenkron motorun baglatilmasinda veya kademeli bir hiza ihtiya¢ duyan asenkron motorun hiz kontroliinde
kullanilabilmektedir. Tek fazli Z-kaynakli matris donistiiriicii MATLAB/Simulink ortaminda modellenerek simiilasyonu
yapilmis ve farkli frekans degerleri icin simiilasyon sonuglar1 hem direng-bobin (RL) yiikii i¢in hem de tek fazli asenkron
motor igin sunulmustur. Doniistiiriicti akim ve geriliminin harmonik spektrumu da incelenerek, harmonik bozulma
degerleri farkli frekanslar i¢in verilmistir.

Anahtar Kelimeler: Cift yonlii anahtar, dogrudan AA-AA doniistiiriicii, matris doniistiiriicii, Z-kaynak agi

Modelling and Simulation of Single Phase Z-Source Matrix Converter

Abstract

In this article, an alternating current-alternating current (AC-AC) converter structure using a single-phase matrix
converter together with a Z-source network is examined to obtain a variable output voltage and a gradually varying output
frequency. In this converter structure, the output voltage and frequency can be both reduced and increased. The matrix
converter provides the opportunity to gradually change the output frequency with the switching strategy when performing
direct AC-AC conversion. With this direct AC-to-AC conversion feature, it has eliminated the need for a large DC link
capacitor used in conventional converters. Thus, the system is less costly and has a more compact structure. In this study,
a single-phase Z-source matrix converter is used to drive a single-phase asynchronous motor, which is used to obtain
different speed values in various applications. With this structure, it can be used to start an asynchronous motor or to
control the speed of an asynchronous motor that needs a gradual speed. Single-phase Z-source matrix converter is modeled
and simulated in MATLAB/Simulink environment and simulation results are given for different frequency values for
both resistance-induktance (RL) load and single phase induction motor.

Keywords: Bidirectional switch, direct AC-AC converter, matrix converter, Z-source network

GIiRiS
Alternatif akim motorlarimin  kullanmildigir  frekans degistiricinin ¢ikis gerilimi sabit, frekans
endiistriyel uygulamalarda, motor  hizimin  aralig1 dar olup, aynm1 zamanda gii¢ kaynaginda diisiik

degistirilebilmesi igin, motora uygulanan gerilimin
frekansinin degistirilmesi gerekmektedir. Bir fazli,
bir frekans degistirici olusturmak i¢in, anahtar olarak
tristoriin  kullanildigi faz kontrollii bir AA-AA
frekans degistirici kullanilabilmektedir. Bu tiir bir

frekansli harmonikler olusturmakta ve giris giic
faktorii de diisiik olmaktadir. Bu probleme ¢oziim
olarak, AA giictinii bir frekanstan baska bir frekansa
doniistiiren ve ¢ift yonlii akim gegiren yart iletken
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anahtarlarin ~ kullanildigi  matris  doniistiirticiiler
kullanilmaktadir.

Matris doniistliriicii yapis1 ilk olarak 1976
yilinda Gyugyi tarafindan 6nerilmis olup (Pelly, B. R.
ve Gyugyi, L., 1976), tek fazli matris doniistiirticii ise
ilk olarak Zuckerberger (Zuckerberger, A,
Weinstock, D. ve Alexandrovitz, A., 1997) tarafindan
1997 yilinda ortaya konulmustur. Sonrasinda yeni
topolojiler tanitilmig (Hosseini, S. H. ve Babaei, E.,
2001; Khoei, A. ve Yuvarajan, S., 1988) ve gerilim
doniistirme orani iyilestirilmistir (Alesina, A. ve
Venturini, M. G., 1989; Idris, Z., Hamzah, M. K. ve
Saidon, M. F., 2006).

Geleneksel tek fazli matris donistiiriicii
topolojisinde (Pelly, B. R. ve Gyugyi, L., 1976;
Rahman, A., 2019), AA ¢ikis geriliminin genligi AA
giris gerilimi genliginden daha diisiiktiir. Ayrica tek
fazli bir bacagin iki yonlii anahtarinin ayni anda
acilmasi durumunda olusacak akim yiikselmeleri
anahtarlar1 (Flaxer, E., 2022) tahrip edecektir. Z-
kaynak topolojisi (Hasan Babayi Nozadian, M.,
Babaei, E., Hosseini, S. H. ve Shokati Asl, E., 2019;
Aleem, Z., Yang, H. K., Ahmed, H. F., Winberg, S.
L. ve Park, J. W., 2020; Mousavi, S. M. J., Babaei, E.,
Alizadeh, D. ve Komurcugil, H., 2021) kullanilarak
bu sinirlamalarin tistesinden gelinebilmektedir.

Z-kaynaklt AA-AA doniistiiriiciilerin, daha
genis bir ¢ikis gerilimi araligi saglamak gibi bir takim
avantajlar1 vardir. Azaltma-yiikseltme modu ile ani
akimi ve harmonik akimi da azaltir. Matris
doniistiiriicli ve Z-kaynak yapisi ile hem degisken bir
cikis gerilimi hem de kademeli bir frekans degisimi
ile AA-AA gii¢ doniisimii gergeklestirilebilmektedir.

Bu calismada, Z-kaynak matris doniistiiriiciiler
ve anahtarlama durumlari incelenerek,
Matlab/Simulink ortaminda doniistiiriicii  devresi

gergeklestirilmistir.  Tek fazli Z-kaynak matris
doniistiiriiciniin ~ ¢alisma  seklinin  daha  1iyi
anlagilabilmesine  katki  saglayacak  benzetim

calismast yapilmis ve farkli frekans degerleri icgin
benzetim sonuglari verilmistir.

MATERYAL VE METHOD
Z-Kaynak A&

Z-kaynak agi, Sekil 1’ de gosterildigi gibi,
simetrik bir empedans agidir ve bu simetrik empedans
ag1 iki bobin ve iki kondansatér bulundurur.
Bobinlerin ve kondansatorlerin degerleri yiiksek
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anahtarlama frekansi nedeniyle kiiciiktiir ve birbirine
esittir, yani L1=L, ve C,;=C,. Z-kaynak ag1, kisa devre
sifir konumu o6zelligi saglar. Bu durum sistemin
karmagik olmayan yapisina zarar vermeden sisteme
diistiriicii yiikseltici 6zellik kazandirir (Fang, X. ve
Liu, J., 2012).

Z-kaynak empedans agi, ana devreyi gii¢
kaynagina, ylike veya doniistiiriiciiye baglamak igin
kullanilir. Sistemin gerilim degerinin diisiiriilmesi
veya ylkseltilmesi istenilen durumlarda Z-kaynak
empedans ag1 kullanilarak gerilim degeri ayarlanir.

- ——
560
L., L L )
VI -%
R
o A
- =
Gi Kaynagi Empedams &5 Matrix Cevirici Yik

Sekil 1. Z-kaynak empedans ag1

Tek Fazh Matris Doniistiiriicii

Doniistiiriiciiler temelde, sabit genlik ve
frekansli kaynak gerilimini, degisken genlik ve
frekansli ¢ikis gerilimine ¢evirmek i¢in kullanilir.
Doniistiirme islemi ara devre kullanilarak yapilirsa
ara devreli doniistiiriicii, ara devre kullanmadan
dogrudan yapilirsa dogrudan doniistiirlicii olarak
adlandirilir.  Dogrudan  doniistiiriiciilere  matris
donustiiriicti 6rnek olarak verilebilir.

Matris doniistiiriiciilerde ara devre elemani
olmadigindan karmasik olmayan bir yapiya sahiptir
ve siniisoidale yakin giris ve ¢ikis dalga sekilleri ile
iizerinde calismaya imkan tamimistir. Matris
doniistiiriicii tek bir adimda dogrudan AA-DA, DA-
AA, DA-DA ve AA-AA doniisiimii yapabilen esnek
bir doniistiiriicii olup, ¢ift yonlii enerji akisi 6zelligine
sahiptir.

Matris doniistiiriiciilerin reaktif enerji depolama
elemanina ihtiyag duymamasi, c¢ikista istenilen
frekans ve gerilim doniisiimiinii tek adimda
gerceklestirmesi, karmasik yapida olmamasi, dort
bolgeli calisma gerceklestirmesi, ¢ift yonlil gii¢ akisi
saglamasi ve gilic faktorlinlin kontrol edilmesi ilgi
cekici ozelligidir.

Bu calismadaki topolojide, doniistiirme islemi
icin tek fazli matris doniistliriicii kullanilmaktadir.
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Tek fazli matris doniistiiriiciilerde dort adet ¢ift yonlii
anahtar kullanilmaktadir. Kullanilan anahtarlar ters
yonde akimi bloke edebilmekte ve iki yonli akim
iletebilmektedir. Bu anahtar 6zelligi IGBT, MOSFET
gibi yar1 iletken anahtarlar ile diyot birlikte
kullanilarak saglanmaktadir. Bir kisim anahtar grubu,
giris geriliminin pozitif oldugu siirede ileri akim
akisina izin verirken; diger bir grup anahtar, giris
geriliminin negatif oldugu siirede ters yonde akim
akisina izin vermektedir.

Devre yapisinda, tek fazli matris dondstiirticii ile
birlikte Z-kaynak empedans agi kullanir. Boylece,
matris  doniigtiirictinin - ¢ikis  geriliminin,  giris
geriliminin %86,6’s1 ile smirli olma durumu, Z-
kaynak empedans agiin genis gerilim aralig1 sunan
benzersiz 6zelligi ile ortadan kaldirilmis olur.

Devre Yapisi

Tek fazli asenkron motorlar, kiigiik gii¢
gerektiren bulasik ve camasir makinesi, kurutucu gibi
ev aletlerinde, fanlarda, {i¢ fazin olmadig1 endiistriyel
uygulamalarda ve ticari alanlarda yaygin olarak
kullanilirlar. Tek fazli asenkron motorlarin yaygin
kullanim nedenleri, saglam yapiya sahip olmasi,
bakim gerektirmemesi ve sik ariza yapmamasidir
(Belousov, A. S., Meshcheryakov, V. N., Valtchev, S.
ve Kryukov, O. V., 2021).

Tek fazli asenkron motorlar: siirmek icin ¢esitli
donistiiriicti  yapilar1  kullanilabilir.  Geleneksel
siriici ~ sistemlerinin, ¢ikis geriliminin  girig
geriliminin alt seviyesinde kalmasi, gerilim diisiisleri,
diisiik gii¢ faktori, gilivenilirlik gibi sinirlamalar1 ve
sorunlar1 vardir. Geleneksel suriicli sistemlerinde, bu
engel ve sinirlamalar1 ortadan kaldirmaya calismak,
hem sistemin boyutunun biiyiimesine hem de
maliyetinin artmasina neden olur (Endiz, M. S. ve
Akkkaya, R., 2020).

Bu calismada tek fazli asenkron motoru siirmek
icin Z-kaynaklt matris doniistiiriicii kullanilmistir.
Matris doniistiiriiciniin  esnek calisma  6zelligi,
anahtarlarinin darbe genislik modiilasyonu ile kontrol
edilmesiyle kazanilabilir. Z-kaynak empedans agi ise,
cikis gerilimini artirarak yiikseltici olarak caligabilme
imkani1 saglar. Ayrica gii¢ faktoriinil iyilestirir ve
gerilim diisiisleri sirasinda tekrar calismaya devam
etme Ozelligi saglar.

Z-kaynak ag1 ile matris doniistiiriicii birlikte
kullanilarak karmasik olmayan yapida giivenilir ve
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tek bir adimda doniistiirme islemi gergeklestirilmis
olur. Boylece farkli gerilim ve frekans degerlerinde
kademeli degisiklik elde edilebilen yap1 kazanilmis
olur.

Z-kaynak matris doniigtiiriicii, tek fazli AA
kaynaktan beslenir. LC giris filtresi, matris
doniistiriiciiniin =~ giris  gerilimini  etkileyen
harmoniklerini azaltmak i¢in kullanilir. Z-kaynak agi,
cikigta istenilen gerilim degerini tiiretmek igin
kullanilir ve bodylece asenkron motorun ana ve
yardimci sargilarina uygulanan gerilim iyilestirilmis
olur. Z-kaynak aginin ¢ikisi, matris donistiiriiciiye
uygulanir. Tek fazli matris doniistiiriici  ise,
anahtarlama stratejisini degistirerek ¢ikista kademeli
bir sekilde frekansi degistirir. Boylece, kademeli
olarak degisen bir hiza ihtiya¢ duyan asenkron
motorun, hiz kontroliinde kullanilabilir bir yap1
gerceklestirilmis olur.

Anahtarlama Durumlar

Giris besleme frekansi fi i¢in tek fazli matris
donustiiriictiniin  anahtarlar1, c¢ikista /2, f ve 2f
degerlerini gérmek i¢in uygun sirada ¢aligtirilir. Bu
sekilde tek fazli matris dOniistiriicii, frekans
dontstiiriict olarak calistirilmis olur. Tek fazli matris
dondstiiriiciiniin anahtarlarina, basit yapist oldugu ve
iyi sonu¢ verdigi icin darbe genislik modiilasyonu
(DGM) uygulanir.

Bu calismada gergeklestirilmesi istenen sistemin
devre yapisi Sekil 2°de verilmistir. Burada, L; ve C;
giris filtresi elemanlari, Ss Ve Sg ise pozitif ve
negatif yarim periyot igin siiriicii anahtarlaridir.
Li=L> ve C:=C; elemanlan Z-kaynak agini olusturur.
Sij (1=, 2, 3, 4; j= A, B) ise matris doniistiirtictiniin
anahtaridir.

Z-kaynak aginin ek calisma durumu, aymi faz
ayagindaki hem {iist hem de alt anahtarlarinin agik
duruma getirilerek, ytikiin kisa bir siire igin kisa devre
edilmesi seklindedir. Bu durumda Z—kaynak agindaki
bobinler ve kondansatorler sarj edilir ve bu siirenin
uzunluguna bagh olarak c¢ikis geriliminin genligi
artirllmig olur. Z-kaynak agmin ek ¢alisma durumu
ile aktif durumu ve serbest doniis yolu durumu
birlestirilmistir. Boylece ¢ikis gerilimini yiikseltici-
disiiriici durumda kullanma 6zelligi elde edilmis
olur.
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Ci

Sekil 2. Devre topolojisi

Tablo 1’de verildigi gibi, matris
doniistiiriicliniin, 50 Hz ¢ikis frekansi i¢in iki ¢alisma
modu bulunmakta iken, 25 Hz ve 100 Hz ¢ikis
frekanslar igin ise, dort farkli ¢alisma modu vardir.
Aktif ¢alisma durumunda, giris geriliminin pozitif
oldugu siirede A anahtarlari agik durumda iken, giris
geriliminin negatif oldugu siirede iSe B anahtarlari
acik durumdadir. Sabit ¢ikis frekansi ise iki farkli
¢alisma modu ile gerceklestirilir.

Matris doniistirictlerde, geleneksel
doniistiiriictilerde olan anahtarlar iletimden ¢iktiginda
kullanilan serbest doniis yolu bulunmamaktadir.
Serbest doniis yoluna olan ihtiyag indiiktif yiik
kullanildiginda ortaya ¢ikar. Serbest doniis yolu
saglamak igin, snubber devresi kullanmadan, PWM
anahtarlarina 6lii zaman ekleyerek siirekli bir akim
yolu kazandirilir. Bu yapida, komiitasyon i¢in pozitif
yarim periyot sirasinda iist anahtarlar, negatif yarim
periyot sirasinda ise alt anahtarlar kullanilir (Nguyen,
M. K., Jung, Y. G., Lim, Y. C. ve Kim, Y. M., 2009).

Z-kaynakli AA-AA donistiiriicliniin  giris ve
cikis arasindaki iliski su sekilde agiklanabilir. Cikis
frekanst 100 Hz olmasinin istenildigi durumda mod 1
icin, Sia Ve Ssa aktif durumdadir ve akim akisini
stirdiiriir. Burada Ssa’ya darbe genislik modiilasyonu
uygulanir. “T” , anahtarlama periyodu ve “T1” ise Saa
anahtarmin gerceklestirdigi aralik olsun, o zaman
modiilasyon indeksi

M=T,/T 1)

seklinde yazilabilir.

Saa anahtari, Z-kaynak aginin ek kisa devre
durumunun gerceklestirildigi anahtardir ve Ssa
anahtarinin tamamlayicisidir. “To”, Sza anahtarinin
gerceklestirdigi aralik olan gorev orani (D) ifadesi,

D =Ty/T 2)
olarak yazilabilir ve

M+D=1 (3)
dir.

Aktif durum, Z-kaynak agmin ek kisa devre
durumunun ger¢eklesmedigi kisimdir. Tim bu
calisma durumlari ve ifadeler dikkate alinarak giris ve
cikis gerilimi arasindaki baginti,

1-D

Vo = * 1
0 7 1-24p "1

(4)

seklinde ifade edilebilir. Burada Vi ve V,, tek fazli
matris donistiiriictiniin, sirastyla giris ve ¢ikis
gerilimlerinin efektif degerleridir.

Bu yapida, ¢ikis geriliminin genligi gérev orani
D ile kontrol edilirken, ¢ikis geriliminin frekansi
anahtarlama stratejisine baghdir.

Giivenli komiitasyon ile gelistirilmis
anahtarlama stratejisi ve farkli galigma modlar1 Tablo
1’de gosterilmistir. Ayni koldaki anahtarlarin kapali
olup, yiikii kisa devre etme durumlari (shoot-through)
olarak adlandirilmaktadir. Ilgili tabloda hangi anda
yiikii kisa devre yapabilecek anahtarlar da verilmistir.

Tablo 1. Farkli frekans olusturmasmdaki anahtarlama durumlar
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Calisma Durumu
C1k1$(l:|r;)kan81 Mode Aktif Serbest Dolagim Kisa Devre Durumu
(Shoot Through)

25 1 Ssa, S1a, S4a Sab Sia, Sza

2 Ssb, S2b, Sab Saa S1b, S3p

3 Ssa, SZa, Sza Sip SZa, Ssa

4 Ssb, Sib, Sab Saa Sab, Sap

50 1 Ssa, S1a, S4a Sab Sia, Sza

2 Ssb, S1b, Sab Saa Sab, Sap

100 1 Ssa, S1a, S4a Sab Sia, Ssa

2 Ssa, SZa, Sza Sip SZa, Saa

3 Ssb, S2b, Sab Sta Sib, Sab

4 Ssb, S1b, Sab Saa Sab, Sap
100 Hz ¢ikis frekansi igin, dort c¢alisma  komiitasyon anahtari olarak segilmistir. S1a Ve Sog ‘ye
modunda, giivenli komiitasyonlu matris  Kkare dalga, Saa’ya DGM uygulanir. Ssa kesimde ise

donistiiriicliniin ¢ift yonlii anahtarlarinin kullanimi
Sekil 3’ te gosterilmistir.
Sekil 3’ te mod 1 agiklanacak olursa, burada Sia

akim akig1 S1a Ve Spg lizerinden devam eder. Giris ve
cikis gerilimi pozitiftir. Olusturulan anahtarlama
isaretleri ise Sekil 4’ te verilmistir

ve Sia iletimde akim akismni strdirir. S
SN
s1alrJ_|k S1b szﬁ L 513\ bsin o smy /szb
Vi) f\) [Tk } Vily) "‘9 {7k}
—— -—
SBaB 83 s4aV KS% 53aY ks3b B4a |_~k 54h
S e i
Mod 1 Mod 2

bt

Mad 3

g2\ Mz way kszlb

sm\ A s s2a) \ 52

@ v}
-
s3aY ks% g4a\ A sa
Mod4

Sekil 3. Anahtar durumlari pozitif yarim periyot i¢im mod 1, mod 2, negatif yarim periyot i¢in mod 3, mod 4
(Yesiller iletim, maviler ise komiitasyon anahtarlaridir)

151



Int. J. Pure Appl. Sci. 9(1);147-156 (2023) IJP AS

jpas@munzur.edu.tr
Research article/Arastirma makalesi ISSN: 2149-0910
DOI:10.29132/ijpas. 1233654

T I

1
Tos [TETHHETL IMHHIHIIIIIII [1H]
ZN LTI TR R
Q.. (I T
LN LI LA
0 2 4 6 8 10 12 14 16 18 20
Zaman (ms)

Sekil 4. 100 Hz i¢im anahtarlama isaretleri

SIMULASYON SONUCLARI VE TARTISMA Sekil 5° te verilen blok diyagramindaki, ¢ift
Z-kaynak matris donistiiriicii devresi, Sekil 5 te  yonlii anahtar yapisi ile anahtarlama isaretlerinin

verilen simulink blogu ile modellenerek, ii¢ farkli {iretildigi blogun i¢ yapilar ise, sirastyla Sekil 6 ve

frekans degeri 25 Hz, 50 Hz ve 100 Hz igin Sekil 7’ de verilmistir.

performansi incelenmistir.

s3

[SstT_>»{ssb c2,
e T 1 B
Lm
s1 s2
4,G ) 8
[ j
S ‘ | :
w o l l YUK
o @ o c2 [s4b] s
- T T

—
e
e

Anahtarlama Isaretleri

Sekil 5. Z-kaynak matris doniistiiriicii simulink modeli
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Sekil 7. Cift yonlii anahtar yapisi

Devreye ait parametreler Tablo 2’ de verilmistir.

Tablo 2. Doniistiiriicii devre parametreleri

Giris Gerilimi 100 V p-p

Li 0.1mH

Ci 6 mF

Li=L> 1mH

Ci=C> 1mF

Yiik R=100 Q, L=5mH

Anahtarlama Frekansi

20 kHz

Olii zaman

0.5ms

o x
s4b
o X l »(6 )
;] s3a
=g
03]
s2b
D
sta
&
X s2a
STb

Sekil 6. Anahtarlama isaretlerinin tiretildigi Simulink blok diyagrami

Tablo 2’ de belirtilen bobinlerin ve
kondansatorlerin degerleri, (Nguyen, M. K., Jung, Y.
G., Lim, Y. C. ve Kim, Y. M., 2009) tarafindan
yapilan ¢alismadan alinmistir.

Simulasyon sonuclarinda elde edilen dalga
sekilleri sirastyla 25, 50 ve 100 Hz i¢in Sekil 8, Sekil
9 ve Sekil 10’ da verilmistir.

cw A A A /\ ‘/\\‘ ]

r a \ ]

ISSASAVAVAY
0 30 4 50 60 70 50

0 10 2 0 d 90 100
Zaman (ms)

T T T T T T T T T
| | | | | | | | |

0 10 20 30 40 50 60 70 80 90 100

Zaman (ms)

2 T T T T T T T T T
=
£ 0
=
=
| | | | | |

| | |
0 10 20 30 40 50 60 70 80 90 100
Zaman (ms)

Sekil 8. 25Hz i¢in giris ve ¢ikis gerilimleri ile ¢ikis akimi
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Sekil 9. 50 Hz i¢in ¢ikig gerilimi ile ¢ikig akimi
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Sekil 10. 100 Hz i¢in ¢ikis gerilimi ile ¢ikig akimi

Devrede kaynak geriliminin degeri, her g
frekans degeri i¢in de ayni olup, kaynak frekansi ise
50 Hz dir. Simulasyonlarda, Z-kaynak matris
doniistiiriiclinlin, devrenin giris frekansini yariya
diisirme ve iki katina g¢ikarma durumlar dalga
sekillerinden agikca goriilebilmektedir.

Cikis gerilim ve akimmin harmonik spektrumu
incelenmis ve 50 Hz frekans degeri icin Sekil 11°de
verilmistir.

Cikis gerilim ve akiminin, 25 Hz, 50 Hz ve 100
Hz icin toplam harmonik bozulma (THB) degerleri,
Tablo 3°’te verilmis olup harmoniklerin ¢ogu
anahtarlama frekansi etrafinda toplanmistir. Gerilim
THB degerleri yiiksek olsa da RL yiikii ve asenkron
motorun endiiktif yapisi nedeniyle ¢ikis akimi daha
diisik THB’ye sahip olmaktadir. Biiyiik dereceli
harmonikler giris tarafinda kullanilan filtre ile
bastirilarak THB azaltilabilmektedir.
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Sekil 11. Harmonik spektrumu (a) ¢ikis gerilimi (b) ¢ikis
akimi

Tablo 3’ ten gorildiigii iizere, akim THB,
degerleri, IEEE tarafinda izin verilen %5 degerin
tizerindedir. Kapal1 ¢evrim akim kontrolii yapilarak,
THB degerleri daha da diistiriilebilmektedir (Zin, M.
F. M., Idris, A., Seroji, M. N. ve Hamzah, N., 2012).

Tablo 3. Farkl: frekanslar icin THB degerleri

Giris Frekanst | Cikis Frekans1 | THBv (%) | THBi (%)
25 Hz 32.48 15.18
50 Hz 50 Hz 9.42 5.92
100 Hz 27.94 14.26

Sekil 12°de goriildigi gibi, Z-kaynak matris
donistiiriicii tek fazli asenkron motora uygulanmistir.
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Sekil 12. Tek fazli asenkron motora uygulanan Z-kaynak matris doniistiiriicli simulink modeli

25 Hz, 50 Hz ve 100 Hz ¢ikis frekanslar igin,
motor hiz grafikleri elde edilerek, sirastyla Sekil 13
(a), (b) ve (c)’ de verilmistir.

o 0.1 0.2 0.3 0.4 6 0.7 0.8 0.9 1

0.5 0.
Zaman (s)

(@)

g SRS e B

0.3 0.4 0.5 0.6 0.7 08 0.9 1
Zaman (s)

(b)

S Y SN [

Hiz (didk)

0.3 0.4 0.5 0.6 0.7 08 0.9 1
Zaman (s)

(©)

Sekil 13. Asenkron motor hiz grafikleri (a) 25 Hz, (b) 50
Hz, (¢) 100 Hz ¢ikis frekanslari i¢in

Asenkron motorun hiz ifadesi,

_ 60+f
n =% (5)

seklinde olup, frekansla dogru orantili olarak
arttigindan, frekans degistiginde hiz da ayni oranda
degismektedir.

Sekil 13’te verilen hiz grafiklerine bakildiginda,
dondstiiriicti ¢ikis frekansina bagli olarak, motor
hizinin da kademeli olarak arttig1 goriillmektedir.

SONUC

Dogrudan AA-AA doniisiim saglayan tek fazli
Z-kaynak matris doniistiirticti devresi,
Matlab/simulink ortaminda modellenerek
simiilasyonu yapilmistir. Bu dondstiiriicti, kademeli
frekansh cikis gerilimi iiretebilmektedir. Elde edilen
cikis geriliminin frekansi, giris frekansinin bir
tamsayr kati veya bir tamsayi kesri seklinde
olabilmektedir.

Devrede hem RL yiikii hem de tek fazli asenkron
motor kullanilmis olup, 25 Hz, 50 Hz ve 100 Hz
olmak iizere tli¢ farkl frekans icin elde edilen gerilim
ve akim dalga sekilleri ve motor hiz1 grafikleri
verilmistir.

Ayrica, tam sinlizoidal formda olmayan
donistiirticii ¢ikis akimi ve geriliminin harmonik
spektrumlari incelenerek, THB degerleri verilmistir.

Fanlar, buzdolaplari, mikserler gibi tek fazl
asenkron motor uygulamalarinin ¢ogu, hiz degisimi
icin kademeli frekans gerektirmektedir. Bu tiir
uygulamalarda, Z-kaynak matris donistiriict, tek
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fazli asenkron motorun farkli hiz degerlerinde
caligmasini saglamak i¢in kullanilabilmektedir.
Z-kaynak matris doniistiiriicii devresi, DA link
enerji depolama kondansatorii olmamasi nedeniyle,
dolayli bir AA-AA donistiiriici ile
karsilastirildiginda, maliyet ve boyutta 6nemli bir
azalma saglamaktadir. Ancak matris gevirici
devresinde kullanilan ¢ift yonli anahtarlar tek bir
tinite olarak bulunmayip, her biri iki yar1 iletken
anahtar ile olusturuldugundan dolay1, toplam anahtar
sayist  fazladir, Bu  durum, kigik giig
uygulamalarinda ekonomik olmamaktadir.

CIKAR CATISMASI BEYANI
Yazarlar bu ¢alismasinda herhangi bir sekilde ¢ikar
catismasi olmadigini beyan eder.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢aligmasinda arastirma ve yayin etigine
uyuldugunu beyan eder.
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0Oz

Ulkemizde yiiksek rezerve sahip olan pomza agregasi hafif beton iiretiminde kullamlmakta fakat diisiik mekanik
ozelliklerinden dolay1 tasiyici hafif beton olarak pek tercih edilmemektedir. Mekanik o6zellikleri diisiikk olan pomza
agregalar ylizeylerinde kaplama yapilarak mekanik ozellikleri iyilestirilebilmektedir. Bu sayede kaplanmis pomza
agregalari tastyict hafif beton tiretiminde kullanilmasi saglanabilmektedir. Yapilan bu caligmada, Kayseri ve Ahlat pomza
agregalarmnin ¢imento hamuru ile kaplanma potansiyelleri arastirilmistir. Kaplamada kullanilan 0.55-0.50 su/¢cimento
oranina sahip katkisiz ve 0.35-0.30 su/gimento ile %1.5 oraninda akigkanlastirict katki karisimina sahip ¢imento
hamurlarinin taze haldeki yayilma c¢aplari, marsh hunisi akig siireleri ve sonrasinda 28 giinlilk egilme ve basing
dayanimlari tespit edilmistir. Uretilen numuneler {izerinde, optik mikroskop yardimiyla kaplama etkinlikleri arastirilnus,
28 giinliik kiir sonunda agrega darbe dayanimi degerleri, su emme oranlari, birim hacim agirliklan tespit edilmis ve
kaplanmamis agregalarla karsilastirmalari yapilmistir. Kaplama sonrasi Ahlat ve Kayseri pomza agregalarina darbe
dayanimi sonucuna gore sirastyla %11 ve %18 civarinda daha az ufalandig1 ve su emme oranlarinda ise sirasiyla %50.49
ve %78.32 oraninda azalma goriildiigii belirlenmistir. Sonug olarak, kaplanmis pomza agregalarinin su emme oranlarinda
azalmalar meydana gelmis ve darbe direnci degerlerinde ise kaplanmamis pomzalara gére artis gostermistir.

Anahtar Kelimeler: Hafif agregali beton, kaplanmis agrega, pomza

Investigation of Impact Value and Water Absorption Performance on Pumice
Aggregates Coated with Cement Paste

Abstract

Pumice aggregate, which has high reserves in our country, is used in the production of lightweight concrete,
however, it is not preferred as a structural lightweight concrete since its low mechanical properties. The mechanical
properties of pumice aggregates can be improved by coating their surfaces. In this way, the coated pumice aggregates can
be used to produce lightweight concrete. This study investigated the coating potential of Kayseri and Ahlat pumice
aggregates with cement paste. The flow diameter, marsh funnel, and 28-day flexural and compressive strength values of
the cement paste 0.55-0.50 w/b ratio and 0.35-0.30 w/b ratio with 1.5% plasticizer admixture were determined. At the
end of 28-day curing, the Coating effectiveness of the produced samples was investigated via optical microscope,
aggregate impact value, water absorption, and unit weights, and comparisons were made with uncoated aggregates. After
coating, it was determined that Ahlat and Kayseri pumice aggregates were crushed by 11% and 18%, considering the
impact strength result, moreover a decrease in water absorption was obtained by 50.49% and 78.32%, respectively. As a
result, the water absorption values of the coated pumice aggregates decreased, and the aggregate impact values increased
compared to the uncoated pumice aggregates.

Keywords: Pumice, lightweight aggregate concrete, coated aggregate
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GIRIS

Beton bileseninin yaklasik %75 ini olusturan
agregalar beton ozelliklerini dogrudan etkilemektedir
(Erdogan, 2003). Dolayisiyla beton {iretiminde
kullanilacak agregalarin mekanik o6zelliklerinin iyi
olmasi taze ve sertlesmis betonlarin mekanik
oOzelliklerini iyilestirecektir. Hafif agregalar, TS EN
206 ve TS 13055-2016 standartlarina gore, tane
yogunlugu 2000kg/m®ii veya gevsek yiZin
yogunlugu 1200kg/m*ii asmayan mineral kokenli
agregalar olarak tamimlanmistir. Hafif agregalar
yapist itibariyle yliksek poroziteye sahiplerdir ve bu
sebepten normal agregalara gére mekanik 6zellikleri
diisiiktiir. Bu agregalar hafif beton iiretiminde
kullanilirlar. Hafif beton iiretimi {i¢ metotla
gerceklestirilebilir. Bunlar; beton igerisinde ince
agrega alinarak, dogal veya yapay hafif agregayla
veya kimyasal katkilar kullanilarak {iretilebilir.

Volkanik faaliyetler sonucu olusan pomza
silikat esasli, bir birinden bagimsiz bosluklu yapiya
sahip bir kayagctir. Fakat olustugu bolgeye ve iklim
kosullarina gore bazi ozellikleri degisebilmektedir.
Asidik ve bazik olarak dogada bulunan pomzalar
yogunluklart  0.5-2gr/cm® civarinda ve Mohs
cetveline gore 5-6 sertligindedir. Yiiksek miktarda
silisyum bulunan pomzalarda ayrica aliiminyum oksit
(Al;O3), demir oksit (Fez0s3), kalsiyum oksit (CaO)
magnezyum oksit (MgO), sodyum (Na.O) ve
potasyum (K) gibi kimyasal bilesenleri igermektedir
(Maden Tetkik ve Arama Genel Miidiirligi[MTA],
2019). Basta insaat sektorii olmak {izere tekstil, tarim,
kimya gibi sektorlerinde kullanilmaktadir. Tekstil
alaninda genellikle kot kumaslarin agartiimasinda ve
inceltilmesinde, bazik pomzanin tekstil boyalarinin
stizlilmesinde kullanilmigtir. (Yazicioglu vd., 2003;
Kul vd., 2017). Pomzanin gozenekli yapisindan
dolay1 icme sularmin filtrelenmesinde
kullanilmigtir.(Kiling Aksay vd., 2016). Pomzanin
nemi tutmasi ve gézenekli olmasinda dolay1 da bitki
gelisimlerine kakt1 sagladigi goriilmiistiir (Sahin vd.,
2005). Toz haline getirilen pomzalar seramik
yiizeylerin kaplanmasinda kullanilmigtir (Bayer vd.,
2023; Bayer Ozturk vd., 2014). insaat sektoriinde;
hafif beton imalatinda, bims blok yapiminda, siva ve
har¢ kumu olarak, dolgu agregasi olarak ve izolasyon
dolgusu gibi bir¢ok kullanim alan1 bulunmaktadir.

Betonarme bir yapida sabit yiiklerin
azaltilmas1 istenir bu da betonun birim hacim
agirligini digiirmekle miimkiin olabilmektir. Hafif
beton kullanimi ile sabit ylikler azaltilacagindan
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tastyict yapi elemanlarin boyutlarinda kiigiilmeler ve
kullanilacak donatilart azaltilarak ekonomik fayda
saglamaktadir (Cavaleri ve Miraglia, 2003; Akyiincd,
2019).

Diinyada ve iilkemizde c¢ok¢a bulunan pomza
madeni iilkemizde son yillarda birgok sektorde ham
madde ve katki maddesi olarak kullanilmaktadir
(Varol, 2019). Pomza rezervlerinin Dogu Anadolu ve
I¢c Anadolu Bolgelerinde yogun oldugu bilinmektedir
(MTA,2022). Pomza agregasi bosluklu yapiya sahip
olup bulundurdugu bosluk oran1  %70’leri
bulmaktadir(Varol, 2016). Pomza asidik ve bazik
yapiya sahiptir. Asidik yapiya sahip pomza da silis
orani yiiksek olup, insaat sektoriinde, bazik yapiya
sahip pomza agregalarinda ise demir, kalsiyum,
aliminyum ve magnezyum oranlar1 daha fazla oldugu
icin endiistriyel alanlarda daha ¢ok kullanilmaktadir.
Asidik ve bazik yapiya sahip pomza olusum
esnasinda ani soguma ve gazlarin sahip oldugu
yapidan uzaklagsmasi sonucunda ¢ok fazla gézenekli
yapt mevcuttur (Giindiiz, 1998). Bosluklu yapiya
sahip olmasindan dolay1 iyi bir sekilde 1s1 ve ses
yalittimi1 saglamasi ve ayrica tasiyici hafif beton
imalatinda agrega olarak kullanimi nedeniyle pomza
agregalar1 ingaat sektoriinde yaygin bir kullanim
alanina sahiptir (Eroglu ve Sahiner, 2020). Pomza ile
iretilen betonlarin normal betonlara gore yangina
kars1 daha dayanikli oldugu, deprem yiiklerine karsi
elastik davramis gosterdigi ve don olayindan da
etkilenmedigi belirtilmektedir (Elmastas, 2012).
Pomza agregasi ile kendiliginden yerlesen hafif beton
imal edilecegi i¢ kiirlenme yapmasindan dolay1
dayanim ve dayaniklilik kayiplar1 en aza seviyeye
diisiiriilecegi kaydedilmis, ayrica betonun hafifligi ve
kendiliginden yerlesebilme 6zelliginden dolay1
deprem bolgelerindeki yapilarda tercih edilebilecegi
bildirilmistir (Gonen ve Yazicioglu, 2010). Yenilikei
bir uygulama olarak baz1 ¢aligmalarda yiiksek
performans hedefi ile hafif agregalara 6zel bir
kaplama teknigi uygulanarak ince bir c¢imento
tabakasi ile kaplanmistir. Bu sayede agregalar suya
kars1 gecirimsiz hale getirilmis, agrega tanelerinin
mukavemetinde Onemli derecede artis oldugu
gozlenmistir. Kaplamali agregalara yapilan taze ve
sertlesmis hafif betonun iizerinde yapilan deneyler
sonucunda hem islenebilirlik hem de mukavemetinde
onemli ol¢iide iyilesme meydana gelmistir. Kaplama
yapilan hafif betonun birim agirhgr 2000 kg/m?
altinda kalirken, 90 MPa’dan daha yiiksek basing
dayanima sahip beton firetilebilecegi gosterilmistir
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(Salli Bideci, 2016). Nevsehir pomza agregasi
kullanilarak hazirlanan beton oOrnekleri {izerinde
yapilan calismalar neticesinde asidik pomzanin
yiiksek dayanim ve diisiik yogunluktan dolay1 hafif
beton {retiminde agrega olarak kullanilacagi
goriilmistiir. Yapilarda tasiyicilara daha az yiik
uygulayacagt bu nedenle depreme karsi daha
dayanikli olacag: tespit edilmistir (Tolgay, 2004).
Ahlat pomzasi ile yapilan bir ¢aligmada 11 farkli
icerikte beton iiretilmistir. Uretilen betonlar kontrol
betonuyla karsilastirilmis  olumlu  ve olumsuz
sonuglart  ortaya  konulmustur. Pomza ve
genlestirilmis polistren kopiik kullanilarak iiretilen
betonlarin birim agirliklarinda diisiis oldugu basing
dayanimi, su emme ve yiiksek sicaklik karsisinda
olumsuzluklar  oldugu tespit edilmistir. Bu
olumsuzluklart gidermek igin yiiksek dozajli ¢cimento
igeren hafif beton imalatlar1 yapilarak daha olumlu
sonuglar elde edilebilecegi belirtilmistir (Demirtas,
2019). Son zamanlarda yapilan ¢alismalar farkli

malzemeler kullanilarak agregalarin
kaplanabilirligini gostermektedir. Salli Bideci vd.
(2014), yapmus oldugu c¢alismasinda pomza

agregasini polimerlerle kaplamistir ve agregalarin su
emme oranlari, 4-8 mm g6z agikligina sahip
agregalarda kontrol agregalarina goére, %76-%95
oraninda ve 8-16 mm goz acikligina sahip
agregalarda ise %76-%85 oranlarinda azalma
oldugunu tespit etmislerdir. Bideci vd. (2017),
calismasinda kolemanitin ¢imento belirli oranlarda
karigtirilarak pomza agregasini kaplamistir. 8-16 mm
capindaki kaplanmis pomza agregalarin su emme
oranlarinin kaplanmamis agregaya gore %42 ile %50
oraninda azaldigin1 tespit etmislerdir. Ayrica
kaplanmamis ve kaplamis agregalara darbe katsayisi
(impact value) deneyi uygulamis, burada da agrega
darbe katsayis1 ufalanma yiizdelerinde %3 ile %22
arasinda azalmalar oldugu belirlenmistir.

Bu caligmada, Kayseri ve Ahlat bolgesinden
aliman pomzalarin yiizeyleri ¢imento hamuru ile

Tablo 1. Karisuma karsuik gelen oranlar ve kodlamalar
D @
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kaplanmustir. Uretilen kaplanmis pomza agregalarin
su emme ve darbe direnci degerleri tespit edilerek
kaplanmamis pomza agregalari ile karsilagtirilmigtir.

MATERYAL VE METOT
Materyal

Tiim serilerde 8-16 mm boyutundaki Kayseri
ve Ahlat yorelerinden temin edilen asidik pomza
agregast  kullamilmigtir.  Pomza  agregalarin
kaplanmasinda Seza Cimento fabrikasina ait CEM 1|
42.5 R ¢imentosu kullanilmistir. Bazi serilerde
kullanilan yiiksek performansli siiper akigkanlastirict
beton katkisi Sika firmasina ait ViscoCrete Hi-Tech
51 temin edilerek kullanilmigtir. Cimento hamurunda
karigim suyu olarak sehir sebeke suyu kullanilmigtir.

Metot

Yapilan caligmalarda, farkli su/cimento (S/C)
oranlarina sahip g¢imento hamuru kullanilarak
agregalarin  kaplanabilirligi  incelenmistir. Bazi
kaplamalarda ise yiiksek performanslhi
siiperakiskanlastirict  beton katkis1  kullanilarak
¢imento hamurunun akici kivamda olmasi saglanmig
agregalarin kaplanabilirligi artirilmistir. S/C orani
azaltilarak kaplanan agregalarin mekanik
Ozelliklerinin artirilmast ve su emme oranlarinin
azaltilmasi hedeflenmistir.

Pomza agregalarinin  kaplanmasinda farkl
su/¢imento oranlarina sahip ¢imento hamuru ile elde
edilen 0,55-0,50 su/¢imento oranina sahip katkisiz ve
0,35-0,30 su/¢imento orani ile diisikk su/ baglayici
oranlarinda kivamin saglanmasi amaciyla baglayici
kiitlesinin  %1,5 oraninda akigkanlastirict  katki
kullanilarak olusturulan ¢imento hamurlar1 elde
edilmistir. Karigimlara karsilik gelen oranlar ve
kodlamalar Tablo 1’de belirtilmistir. Cimento
hamurlart  Tablo 2’de  belirtilen  oranlarda
hazirlanmigtir. Doner bir tambur i¢ine konulan
agregalarin ylizeylerine c¢imento hamuru fasarit
tabancasi yardimi ile piiskiirterek kaplanmastir.

' )
Ahlat Pomzasi Kayseri Pomzasi

b S /
AR : Kaplanmamis pomza agregast (referans) KR : Kaplanmamis pomza agregas: (referans)
ACA-0.55-0  : 055 5/C oram ~ %0 Siiperalagkanlastirict K-0.55-0 10.55 8/C oram1 + %60 Siiperaluskanlagtmet
ACA-0.50-0 :0.50 S/C orani1 ~ %0 Siiperakiskanlastirica K-0.50-0 - 0.50 S/C orani ~ %0 Siiperakiskanlagtirict
ACA-0.351.5 :0355/C S/C oram1 + %15 Siiperakaskanlagtirict K-0.35-1.5 :0.35 8/C S/C orami + %1.5 Siiperalugkanlastirict
ACA-0.30-1.5 :0305/C S/C oram1 + %15 Siiperakaskanlastirict K-0.30-1.5 10.30 8/C S/C orami + %1.5 Siiperalugkanlastirict
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Tablo 2. Agregalarin kaplanmasinda kullanilan ¢imento hamurlarinin karisim oranlar (1 Litre)

Cimento

Numune kodu miktar: Su Su/¢cimento  Akiskanlastiric
@ (9 Oram (@)
ACA-0.55 1294 711.7 0.55 0
ACA-0.50 1294 647.2 0.50 0
ACA-0.35-1.5 1294 453.0 0.35 19.4
ACA-0.30-1.5 1294 388.3 0.30 19.4
KCA-0.55 1264 711.7 0.55 0
KCA-0.50 1294 647.2 0.50 0
KCA-0.35-1.5 1294 453.0 0.35 19.4
KCA-0.30-1.5 1294 388.3 0.30 19.4

Ahlat ve Kayseri yorelerine ait kaplanmamis ve
kaplanmis pomza agregalarina ait resimler Sekil 1 (a),
(b), (c), (d)’de verilmistir.

Sekil 2. Pomza agregalarinin kaplanmasi

Agrega darbe dayamimi deneyi BS 812-112
(1990) standardina uygun olarak yapilmistir. Agrega
darbe dayanim deneyi, agreganin darbeye karsi
mukavemetini 0grenmek amaciyla agrega darbe
degeri deney cihazi ile tespit edilmistir. 28 giin kiir
tankinda  bekletilen kaplanmis agregalar ve
kaplanmamis pomza agregasi etiiv kurusu haline
getirilmistir ve 14 mm elekten gegip 10 mm elek
iistiinde kalan agregalar alinip deneyde kullanilmistir.
Darbe sonucunda olusan agregalar 2,36 mm elekten
elenerek agrega darbe dayamimi degerleri tespit
edilmistir.

.

oy

-

o e

Sekil 1. a) Kaplanmamis Ahlat pomzasi, b) Kaplanmig
Ahlat pomzasi ¢) Kaplanmamis Kayseri pomzasi,
d)Kaplanmig Kayseri pomzasi

Deneyler

Agregalarm kaplanmasinda kullanilan ¢imento
hamurlarmin akici kivamda olmas1 agregalarin
kaplanabilirligini  artirdigt  goriilmiistiir.  Bu
baglamada  kaplamada  kullamilan  ¢imento
hamurlariin 6zelliklilerini tespit etmek amaciyla
marsh hunisi akig siiresi ve yayilma c¢aplar ile
viskosite dzelliklerini tespit edilmistir.

Pomza agregalari bir tambur ige birakilip fasarit
tabancasiyla ¢imento hamurun piskirtiilmesi ile
kaplama gergeklestirilmistir (Sekil 2).

Agregalarin su emme deneyi TS EN 1097-6
(2016) standardina uygun olarak yapilmistir.
Tamamen kuru hale getirmek i¢in, sabit agirliga
gelinceye kadar, 50°C’lik etiivde bekletilen pomza
agregalar bir miktar aliarak tartilmistir. Etiiv kurusu
halde alinan bir miktar agrega tel sepetlerin icerisine
konularak sirasiyla 10dk., 20dk., 30dk., 60dk., 120dk.
ve 1440dk. siireyle once kiir takinda su igerisinde
bekletilmis daha sonra kuru bez yardimiyla agregalar
izerindeki su tabakalar1 alinarak doygun kuru yiizey
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haline getirilmis ve tartimlarnn yapilarak su emme
oranlari belirlenmistir.

TS EN 196-1 (2016) standardina gére ¢imento
hamuru basing ve egilme dayanimi tayin edilmistir.
Egilme dayanimi tespitinde 40x40x160mm’lik
prizma numuneler ve basing dayanimi i¢in ise egilme
dayanimi sonucu ikiye ayrilan pargalar iizerinden
40x40mm’lik yiizeylerden kullanilmistir.
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BULGULAR

Bu ¢aligmada, pomza agregalarin1 kaplamak
iizere kullanilan ¢imento hamurlarinin bazi fiziksel
oOzellikleri tespit edilmis olup yayilma c¢aplar1 ve
marsh hunisi akig siirelerinin yani sira agrega
kaplamalarinda kullanilan ¢imento hamurlarinin 28
giinliik egilme ve basing dayanimlari Tablo 3’de
verilmistir.

Tablo 3. Kaplamada kullanilan ¢imento hamuruna ait taze ve sertlesmis haldeki ozellikler

Cimento Cimento

Su/Cimento Akigkanlagtirnct ~ Marsh Hunisi Yayilma HEir.nuru Hamuru
orani Orani (%) akis Siiresi (s) cap1 (mm) Egilme Basing

Dayanimi Dayanimi
(MPa) (MPa)
0.55 0.0 43 293 3.56 33.17
0.50 0.0 58 254 3.57 42.48
0.35 15 148 546 3.67 66.33
0.30 15 345 539 4.08 77.46

Cimento hamuruna ait ozelliklerin sunuldugu
Tablo 3 incelendiginde, Dbeklendigi iizere
akigkanlastirici kullanilmayan serilerde su/¢cimento
orani arttikga marsh hunisi akis siirelerinin azaldigi ve
yayillma ¢ap1 degerlerinin ise arttigi goériilmektedir.
Benzer durum %1,5 akiskanlastirici kullanilan
serilerde de g6zlemlenmistir. Agrega kaplamalarinda
kullanilan ¢imento hamurlarinin 28 giinliik egilme
dayanimi ve basing dayanimlart da Tablo 3’de
verilmistir.

Akiskanlastirici kullanilmayan serilerde
su/cimento orani artik¢a basing dayanimlart azalmas,
%1.5 akiskanlagtiric1 kullanilan serilerde ise benzer
sekilde su/¢imento oranin artik¢a basing dayaniminda
azalmalar gozlemlenmistir.

Kaplanan agregalarin 28 giinliik kiir sonunda,
kaplanan Ahlat ve Kayseri pomzalarinin darbe
degerleri ufalanma yiizdeleri ve su emme oranlari
incelenmistir.

8-16 mm kaplanmamis Ahlat pomza agregalarin
kaplanmig Ahlat pomza agregalara gore darbe
degerlerinin ufalanma yiizdeleri incelendiginde
(Sekil 3), kaplanmis pomza agregalarindan ACA-
0.55 numunesinin %7.69, ACA-0.50 numunesinin
%7.54, ACA-0.35-1.5 numunesinin %11.25 ve ACA-
0.30-1.5 numunesinin ise %9.36  oraninda
kaplanmamis pomza agregalarina gore daha az
ufalanma meydana geldigi goriilmiistiir. 8-16 mm
kaplanmamis Kayseri pomza agregalarin kaplanmis

Kayseri pomza agregalara gore darbe degerlerinin
ufalanma yiizdeleri incelendiginde, kaplanmis pomza
agregalarindan KCA-0.55-0 numunesinin 9%09.73,
KCA-0.50-0 numunesinin 9%12.04, KCA-0.35-1.5
numunesinin %18.84 ve KCA-0.30-1.5 numunesinin
ise %14.18 oraninda kaplanmamis Kayseri pomza
agregalarina gore daha az ufalanma meydana geldigi
goriilmustir.  Kaplanmis pomza  agregalarin,
kaplanmamis pomza agregalarina oranla darbe
dayanimlarinin  arttigr tespit edilmistir. Burada
kaplamanin  performansi  ag¢isindan  ¢imento
hamurunun fiziksel ve mekanik Ozellikleri disinda
kaplama metodunun etkinli§ide 6n plana ciktig1
anlasilmaktadir. Ancak tiim sonuglar incelendiginde
pomza  agregalarinin  kaplanmasi  durumunda

performanslarinda iyilesmeler saglandig agiktir.
20
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Sekil 3. Agregalarin Darbe Sonucu Ufalanma
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Sekil 4. 8-16mm Kaplanmis Agrega Su Emme Oranlarinda Azalma (%)

Sekil 4’de belirtilen 8-16 mm’lik ¢apa sahip
kaplanmis ve kaplanmamis pomza agregalarin 10dk
ile 1440dk arasinada su emme oranlar1 incelenmistir.
Buna gore 8/16 mm géz acgikligina sahip
kaplanmamis Ahlat pomzasi agregalarinin su emme
oranlarinin %30.70 oldugu goriilmiistiir. 8-16 mm
kaplanmamis pomza agregalarin kaplanmis pomza
agregalarina gore su emme degerleri incelendiginde;
ACA-0.55 agregalarinda  %31.60, ACA-0.50
agregalarinda %35.08, ACA-0.35-1.5 agregalarinda
%35.08 ve ACA-0.30-1.5 agregalarinda 9%50.49
oraninda daha az su emdigi belirlenmistir. 8/16 mm
g6z acikligina sahip kaplanmamis Kayseri pomzasi
agregalarinin su emme oranlarinin %65.50 oldugu
gOriilmiistiir. 8-16 mm kaplanmamis Kayseri pomza
agregalarin kaplanmis Kayseri pomza agregalarina
gore su emme yiizde degerleri incelendiginde; KCA-
0.55-0  agregalarinda  %62.90,  KCA-0.50-0
agregalarinda %62.29, KCA-0.35-1.5 agregalarinda
%78.32 ve KCA-0.30-1.5 agregalarinda %77.56
oraninda daha az su emdigi belirlenmistir. Sekil 4’da
Ahlat ve Kayseri pomza agregalari ¢gimento hamuru
ile kaplandiklarinda sonra su emme oranlarinin
azaldig1 tespit edilmistir.

Bu sonuglar benzer ¢alismalarla kiyaslandiginda
paralellik gosterdigi goriilmektedir. Bideci vd.
(2017), kolemanitin ¢imento ile belirli oranlarda
ikame edilmesiyle elde edilen ¢imento hamuru ile 8-
16 mm c¢apli pomza agregalarini kaplanmislardir.
Kaplama sonunda, %42 ile %50 su emme oranlarinda
azalmalarin oldugunu, agregalarin darbe sonucu
ufalanma oranlarinda ise %3 ile %22 arasinda
azalmalarin oldugunu tespit etmislerdir. Ayrica, Salli
Bideci, vd. (2014), 8-16 mm ¢apli pomza agregalarini
polimerlerle kaplamiglar ve su emme oranlarinda

%76 ile %85 arasinda azalmalarin oldugunu ifade
etmislerdir.

Uretilen kaplanmis pomza agregalarin kesitleri
almarak, kesitler iizerinde kaplama potansiyelini
incelemek ve kaplama kalinhig: ile agrega-kaplama
arayiizey Ozelliklerinin belirlenmesi amaciyla Nikon
SMZ745T marka optik mikroskop yardimiyla x25 ve
x35 bliylitmelerle mikroyapi analizleri
gerceklestirilmisgtir.
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Sekil 5. Kaplanmis agregalara ait mikro yap1 incelemeleri

Sekil 5’de Kayseri ve Ahlat pomza
agregalarinin  kaplama kalinhigi ve ara yiizey
davranis1 agikca goriilmektedir. Pomza agregasinin
dis ylizeyine acik gozeneklerinin piiskiirtme
esnasinda  ¢imento  hamuru ile  doldugu
anlagilmaktadir. Bu durum bir miktar malzeme
zayiatina neden oldugu goézlemlenmistir. Kaplanmis
agregalar ilizerinden ortalama bir kalinliktan alinan
Ol¢timler Ahlat pomza agregasinin 552 pm, Kayseri
pomza agregasinin 1064 um, civarinda bir kalinlik ile
kaplanabildigi goriilmiistlir. Ahlat ve Kayseri pomza
agregalan ile ¢imento hamuru ara yiizeyinin iyi bir
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aderansa sahip oldugu, bosluk, kusur vb. hatalarin
gbzlemlenmedigi sonucuna varilmustir.

SONUC VE ONERILER

Ahlat ve Kayseri bolgelerine ait 8-16 mm ¢apli,
pomza agregalarinin  katki  kullanilmadan ve
akigkanlastirici katki kullanilarak farkli oranlarda
¢imento hamuru ile kaplanabildigi tespit edilmistir.
Akicr kivamda olan ¢imento hamurlari ile daha iyi bir
kaplama yapildig1 goriilmiistiir. Akiskanlastirici katki
kullanilarak hazirlanan ¢imento hamurlarinda asinma
direncinde iyilesmeler oldugu buna paralel olarak su
emme oranlarinda azalmalar oldugu belirlenmistir.
Kaplama i¢in kullanilan ¢imento hamurlarinin
mekanik 6zellikleri incelendiginde en iyi performansi
s/¢c oran1 0,30 ve ¢imento miktarinin %1,5’1 kadar
akiskanlastirict  kullanildigr seriden elde edildigi
goriilmistiir. Bu serideki ¢imento hamuruna ait
egilme dayanimi degeri 4,08MPa ve basing dayanimi
degeri 77,46MPa olarak tespit edilmistir. Kaplanmis
pomza agregalarinin kaplama kalinliklar1 taramali
elektron mikroskobu yardimiyla incelenmis ve
kaplama kalinliklarinin 550 pm ile 1060 um arasinda
oldugu goriilmiistiir. Agrega darbe katsayist (Impact
value) ufalanma yilizdesinin tespiti ic¢in yapilan
calismada kaplanmis Ahlat ve Kayseri pomza
agregalarinin kaplanmamis Ahlat ve Kayseri pomza
agregalarina gore sirasiyla %16 ve %19 civarinda
daha az ufalandig1 goriilmiistiir. Ufalanma yiizdesinin
azalmasi basing dayanimini olumlu yonde etkiledigi
tespit edilmistir. Kaplama sonras1 Ahlat ve Kayseri
pomza agregalarina 24 saat sonundaki su emme
oranlarinda sirasiyla %50.49 ve %78.32 oraninda
azalma goriilmistiir.

Calismada ¢imento hamurunun optimum
seviyede kullanilmasi gerektigi, aksi durumda fazla
cimento hamuru kullanildiginda agregalar arasi
yapismalarin oldugu tespit edilmistir. Bu sayede
minimum maliyet ile maksimum fayda elde edilmis
olacaktir. Akiskanlastict kullanilarak elde edilmis
kaplanmig pomza agregalarinin agrega asinma
dayanimi  degerlerinde  iyilesme  goriildiigii
belirlenmistir. Agrega kaplamalarinda
akiskanlagtirict  kullanilarak  hazirlanan  ¢imento
hamurundaki su/¢cimento oraninda su miktar
disiiriildigiinde  ¢imento hamurunun kaplama
potansiyelinin  arttigt  gorlilmiistiir. ~ Yapilan
kaplamalar ek bir maliyet getirse bile sagladigi
faydalar diigiiniildiginde katma degeri yiiksek bir
malzeme olacaktir.
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CIKAR CATISMASI BEYANI
Yazarlar bu ¢alismasinda herhangi bir sekilde ¢ikar
catismasi olmadigini beyan eder.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢aligmasinda aragtirma ve yayin etigine
uyuldugunu beyan eder.
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Abstract

Accumulation and health risk assessment of cobalt (Co), antimony (Sb), vanadium (V), and lanthanum (La) in
tomatoes growing in an area contaminated with municipal wastewater were investigated. For this aim, tomatoe samples
were taken and sepertaed into root, stem and leaf parts. Co, Sh, V and La concentrations were detected in plant organs.
The arrangement of the elements in the root, stem, and leaf of ripe and unripe tomatoes was V>Co>La>Sh. According to
total element values in the ripe and unripe tomatoes; the highest values were 23+1.1 mg/kg and 35+1.7 mg/kg for V,
respectively. Co, Sh, V, and La values accumulated by ripe and unripe tomatoes were determined as 24.65 and 25.6 times
for Co, 1.8 and 2.7 times for Sb, 46 and 70 times for V and 4.4 and 6.15 times for La, respectively when compared with
control. Total Co, Sh, V, and La were male<female<child in ripe and unripe tomatoes. Hazard index (HI) values in ripe
and unripe tomatoes were male<female<child. The maximum non-carcinogenic (HQ) values in tomatoes were greater in
child. Total hazard indexes (THISs) in ripe and unripe tomatoes were 74.23 and 110.66, respectively. HIs and THIs were
greater than 1. As a result, tomatoes were found to accumulate Co, Sh, V, and La well, and hence a non-carcinogenic
health risk to tomatoes growing in an area contaminated with municipal wastewater.

Keywords: Accumulation, health risk, non-carcinogenic, tomatoes, wastewater

Kirlenmis Bir Alanda Olgun ve Olgunlasmamis Domateslerdeki Kritik
Hammadde Grubundan Toksik Elementler: Birikim ve Potansiyel Saghk Riski
Degerlendirmesi

Oz

Kentsel atiksulariyla kirlenmis bir alanda yetisen domateslerde kobalt (Co), antimon (Sb), vanadyum (V) ve lantan
(La) birikimi ve saglik riski degerlendirmesi arastirildi. Bu amagla, domates numuneleri alindi ve kok, gévde ve yaprak
kisimlarina ayirt edildi. Bitki organlarinda Co, Sb, V ve La konsantrasyonlar1 tespit edildi. Olgun ve olgunlasmamis
domateslerin kok, govde ve yapragindaki elementlerin dizilisi V>Co>La>Sb seklindeydi. Olgun ve olgunlasmamis
domateslerde toplam element degerlerine gore; en yiiksek degerler V igin sirastyla 23+1,1 mg/kg ve 35£1,7 mg/kg idi.
Olgun ve olgunlagmamis domateslerin biriktirdigi Co, Sb, V ve La degerleri kontrolle mukayese edildiginde sirasiyla Co
i¢in 24,65 ve 25,6, Sbi¢in 1,8 ve 2,7, V igin 46 ve 70 ve La i¢in 4,4 ve 6,15 kat olarak belirlendi. Olgun ve olgunlagsmamis
domateslerde toplam Co, Sb, V ve La erkek<kadin<gocuk olmustur. Olgun ve olgunlasmamis domateslerde HI degerleri
erkek<kadin<gocuk idi. Domateslerde maksimum kanserojen olmayan (HQ) degerler cocuklarda daha fazlaydi. Olgun ve
olgunlasmamis domateslerde toplam tehlike indeksleri (THI'ler) sirasiyla 74,23 ve 110.66 idi. HI'ler ve THI'ler 1'den
biiytiktii. Sonug olarak, domateslerin Co, Sb, V ve La’ y1 iyi sekilde biriktirdigi ve dolayisiyla kentsel atiksu ile kirlenmis
bir alanda biiyliyen domatesler i¢in kanserojen olmayan bir saglik riski olusturdugu bulundu.

Anahtar Kelimeler: Birikim, saglik riski, kanserojen olmayan, domates, atiksu
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INTRODUCTION

Raw materials are essential for the development
of economies and quality of life (Martins and Castro,
2019). Criticality of many raw materials increases
with increasing demand because of growing market
of consumer goods (Auerbach et al., 2019). Within
EU, raw materials initiative ensures that Europe
secures and sustains an affordable supply of critical
raw materials (CRMSs) which are identified as being
of high economic importance and having a risk to
their supply (Cusack et al., 2019). European
Commission has given the list of CRMs for the EU
(Topal et al., 2020). EU published last list on CRMs
in 2020. Some of these CRMs have toxic
characteristics. Depending on the development of
technology, as a result of the widespread use of
critical raw materials in many areas recently, their
concentrations in the environment have gradually
increased. Therefore, they are likely to begin to pose
as many or even more threats to human health as
many other pollutants. In order to detect potential
threats to human health, it is important to investigate
the health risk of vegetables grown in areas exposed
to wastewater. Wastewater may contain various
pollutants such as toxic pollutants that are
nonbiodegradable in the ecosystem and can
accumulate in the food chain (Ahmad et al., 2015;
Topal and Arslan Topal, 2017; Arslan Topal and
Elitok, 2018). In the present study, antimony (Sb),
cobalt (Co), lanthanum (La), and vanadium (V) that
are given in the list of CRMs are investigated because
of their toxicity.

Sb occurs in the environment as a result of
natural processes and human activity (mining,
smelting, and use as a fire retardant) (Guo et al., 2009;
Pierart et al., 2015). It is similar to as in toxicity. It is
a pollutant of priority interest to the EU and the
USEPA. Furthermore, it is a toxic environmental
pollutant and has implications for cancer
development (Guo et al., 2009). Cobalt, which is
considered a CRM, is used in many various industries
(Cobalt Institute, 2019; van den Brinck et al., 2020).
Global demand for Co is expected to quadruple over
the next two decades, particularly because of the
demand for lithium-ion batteries and electric vehicles
(van den Brinck et al., 2020). Co is toxic in large
doses, and Co ions and Co metal are cytotoxic.
Furthermore, cobalt metals and salts are genotoxic.
Co is accumulated in kidney, heart, pancreas, and
liver (Simonsen et al., 2012). La, a member of the
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element group called rare earth elements or
lanthanides, is relatively common in the earth's crust
(D’Haese et al., 2019). La is used in industrial
applications (agricultural, iron, ceramics, catalysts,
etc.) (Hong et al., 2014; Chevinli et al., 2019;
D’Haese et al., 2019). Presence of lanthanum in water
brings danger to humans and other species due to the
toxicity of it (Chevinli et al., 2019). Vanadium is used
in many industries (paint, photographic, glass,
electrochemical, chemical, and refining industries)
(Scibiora et al., 2020). It is toxic in excess amounts.
Its excessive concentrations may lead to a range of
pathologies and cause irreversible damage to
different organs and tissues (Scibior et al., 2020).

Global production of tomatoes exceeds 100
million tons/year. In terms of health of humans,
tomatoes are source of nutrients and secondary
metabolites, minerals, etc. (Dyshlyuk et al., 2020).
Consumption of vegetables and fruits, especially
tomatoes, reduces risk of cardiovascular diseases and
cancer and hence, has become important component
in a healthy diet (Lu et al., 2020). Therefore, both ripe
and unripe tomatoes are widely preferred and used by
humans as food. Unripe tomatoes are mainly
consumed as pickles while pipe ones consumed in
dishes as tomato paste, sauce as well as consumed as
raw vegetable.

There is no study dealing with accumulations
and health risk assessment of cobalt, antimony,
vanadium, and lanthanum in the tomatoes growing in
an area contaminated with municipal wastewater. The
main purpose of this study is; (i) accumulation and
health risk assessment of cobalt, antimony, vanadium
and lanthanum in the tomatoes growing in an area
contaminated with municipal wastewater were
investigated. Because tomatoes are consumed by
humans and it is not known whether they pose a
health risk (ii) The concentrations of cobalt,
antimony, vanadium, and lanthanum in municipal
wastewater determined (iii) It was determined
whether or not these elements accumulate in the
tomatoes (root, stem, leaf). Therefore, our study
contains fairly new information that will contribute to
the literature.

MATERIAL AND METHODS
Study Area and Analysis
Discharge area of a treatment plant collecting

and treating the domestic and industrial wastewater of
Elazig province (Turkey) was selected as the study
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area. This area was chosen because tomatoes are
exposed to municipal wastewater. The tomatoes
samples (TSs) growing in an area contaminated with
municipal wastewater (MW) and MWs were taken
from 4 points (n=12). Tomatoes were cleaned with
pure water in the laboratory. Then, the organs (root,
leaf, and stem) of tomatoes were dried and powdered.
The samples are cold-leached with HNOs; before
digested in a hot water bath. Aqua Regia solution of
equal parts concentrated HCI (hydrochloric acid),
HNOg (nitric acid) and DI H>O (deionized water) are
added. Sample is made up to volume with dilute HCI
before filtration. Samples were analyzed by ICP/MS
(ICP/MS-Perkin-Elmer ELAN 9000) in a laboratory
with 1SO 9001:2008 accreditation. pH value was
measured by pH Orion SA 720 while EC value was
measured by EC Delta OHM. Tomatoes are
consumed as food by humans and non-carcinogenic
(HQ) effects should be determined since
contaminants in tomato pose a risk to human health.
Therefore, HQ risks were evaluated by determination
of Co, Sh, V, and La in tomatoes. Non-carcinogenic
risk (HQ) values were determined as given (Lian et
al., 2019):

_ ot (1)
HQ=2rp
o\ DIk )
C= 2. RFDk
k=1
RFD = reference dose (mg/kg.day). Daily

exposure dose (CDI) can be determined as given
(USEPA, 2001, 2011).

IintakeXEFXED
BWxAT

CDlgietary = Cripe x 1073 3

IintakeXEFXED
BWxAT

CDIdietary = Cunripe x 1073 (4)

where CDlgietary: €Xpression for dietary. Crige: Value in
ripe tomatoes (mg/kg), Cunripe: Value in unripe
tomatoes  (mg/kg), EF: exposure frequency
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(day/year), linake: intake of tomato (g/day), ED:
exposure duration (year), AT: averaged time (day),
BW: body weight (kg)

Hazard index (HI) and total hazard index (THI)
is calculated as given in equation 5 and 6, respectively
(USEPA, 1989):

HI = Z HQ ®)
THI = Z HI (6)

BCF is ratio of value in tomato and Co, Sbh, V,
and La values in municipal wastewater. The BCF was
follow as:

Cr

BCF = (7)

Cmw

where Cris Co, Sh, V, and La value in tomatoes
and Cumw is Co, Sh, V, and La value in municipal
wastewater. BCFs were follow as (Arnot and Gobas,
2006; Pinto et al., 2019):

BCF1 = CTroot/Csoil (8)
BCF2 = Crstem/ Csour ©)
BCF3 = Crstem/Cuw (10)
BCF4 = CTroot/CMW (11)
BCF5 = Crfruit/ Csour (12)

where Crroot, Csoit; Crstem, Crfruit, Cmw are Co, Sbh,
V, and La values in root, soil, stem, fruit, and
municipal wastewater, respectively.

TF (translocation factor): It is the ratio between
Co, Sh, V, and La detected in organs (Bonanno et al.,
2018).

TF1 = CTleaf/CTroot (13)
TF2 = CTstem/CTroot (14)
TF3 = CTleaf/CTstem (15)

where Crsem, Crieat, Ctroot and are Co, Sh, V, and
La value in tomato stems, leaves, and roots,
respectively.
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RESULTS AND DISCUSSION
Determination of Co, Sb, V, and La in wastewaters

In this study, pH, electrical conductivity (EC),
Co, Sh, V, and La values were determined in
municipal wastewaters. pH was 7.1-8.2, EC was 1.13-
1.19 mS/cm. Co, Sh, La, and V concentrations in
municipal wastewater were 0.26+0.02, 0.38+0.02,
0.02+0.01, and 7.240.4 pg/L, respectively. The
pharmacologic amounts of V are 10 to 100 times
greater than normal intake in human beings (Scibior
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et al., 2020). V in urine is estimated to be around 12
% of intake (Sitprija and Eiam-Ong, 1998; Scibior et
al., 2020).

Assessment of ripe tomatoes

Co, Sh, V, and La values determined in ripe
tomatoes growing in an area contaminated with
municipal wastewater are shown in Figure 1.
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Figure 1. Co, Sh, V, and La values in ripe tomatoes

When Co values were examined, highest Co
value was 3.19+0.16 mg/kg in root and minimum Co
value was 0.86+0.04 mg/kg in leaf. Co value in stem
was 0.88+0.04 mg/kg. Co values for ripe tomatoes
were leaf<stem<root. Co ratios for root, stem, and
leaf in ripe tomatoes were 65%, 18%, and 17%,
respectively. The highest Sb was 0.084+0.004 mg/kg
in leaf and root, lowest Sb was 0.02+0.001 mg/kg in
stem. Sb values for ripe tomatoes were
stem<root=Ileaf. Sb ratios for root, stem, and leaf in

ripe tomatoes were 45%, 10%, and 45%, respectively.
The highest V value was 17+0.8 mg/kg in root, lowest
V value was 2.0+0.1 mg/kg in stem. V value in leaf
was 4.0+£0.2 mg/kg. V values for ripe tomatoes were
stem<leaf<root. V ratios for root, stem, and leaf in
ripe tomatoes were 74%, 17%, and 9%, respectively.
The highest La was 0.63+0.03 mg/kg in root, lowest
La value was 0.04+0.002 mg/kg in stem. La value in
leaf was 0.214+0.001 mg/kg. La values for ripe
tomatoes were stem<leaf<root. Similarly, Topal et al.
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(2022) reported that values for La were
stem<leaf<root in grapevines contaminated with
mining effluents. La ratios for root, stem, and leaf in
ripe tomatoes were 72%, 4%, and 24%, respectively.
The arrangement of the elements in the root, stem,
and leaf of ripe tomatoes was V>Co>La>Sh.
Different arrangement of the elements was reported
by Topal et al. (2022) for grapevines. CRMs values
in grapevine roots were Co >V > La > Sb while V >
Co > Sb > La in grapevine stems and leaves.
According to total element values in the ripe
tomatoes; the highest value was 23+1.1 mg/kg for V,
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the lowest was 0.18+0.01 mg/kg for Sh. Co, Sb, V,
and La in ripe tomatoes were compared with
reference  values  (cobalt:0.2,  antimony:0.1,
vanadium:0.5 and lanthanum:0.2 mg/kg) given by
Markert (1992). Co, Sh, V, and La value accumulated
by ripe tomatoes was determined as 24.65 times for
Co, 1.8 times for antimony, 46 times for vanadium
and 4.4 times for La, respectively. BCF and TF values
of Co, Sb, V, and La for ripe tomatoes are given in
Table 1.

Table 1. BCF and TF values of in ripe tomatoes

BCF1 BCF2 BCF3 BCF4 BCF5 TF1 TF2 TF3
(root/soil)  (stem/soil)  (stem/water)  (root/water)  (fruit/soil) (leaf/root) (stem/root) (leaf/stem)
Co 0.20 0.06 3.38 12.27 0.02 0.27 0.28 0.98
Sb  0.32 0.08 0.05 0.21 0.08 1.00 0.25 4.00
VvV 014 0.02 0.28 2.36 0.02 0.24 0.12 2.00
La 0.14 0.01 2.00 31.50 0.00 0.33 0.06 5.25

BCFs and TFs are used for determination of
hyperaccumulator property of tomato for Co, Sb, V,
and La. BCF>1: accumulator and BCF=1:
translocation effective (Ma et al., 2001; Gonzaga et
al., 2006; Hegazy et al., 2011). BCF1, BCF2, and
BCF5 of ripe tomatoes were < 1. This indicates that
Co, Sb, V, and La do not accumulate well from the
soil to the roots, stems and fruits. BCF3 was >1 for
Co and La. This indicates that Co and La accumulate
well from wastewater to the stems. BCF4 was >1 for
Co, V, and La. This indicates that Co, V, and La
accumulate well from wastewater to the roots. The
highest TF value was 5.25 for La, while lowest TF

value was 0.06 for La. TF1 values were between 0.24
and 0.21. TF2s were between 0.06 and 0.28. TF3s
were between 0.98 and 5.25. Co, V, and La values
were <1 for TF1 and Co, Sb, V, and La values were
<1 for TF2. Co value was<1 for TF3. Sb, V, and La
values were>1 for TF3. TF values greater than 1
indicate a good translocation of Sb, V, and La in ripe
tomato organs (stem, leaf, and root). Estimated daily
exposure doses (ED) of Co, Sh, V, and La in ripe
tomatoes are shown in Table 2.

Table 2. Estimated daily exposure doses in ripe tomatoes (mg/kg.day)

Ripe tomatoes

Co Sh
Male 2.88E-03 4.80E-04
Female 3.26E-03 5.44E-04
Children 7.27E-03 1.21E-03
Total 1.34E-02 2.23E-03

\Y La

3.60E-02 2.40E-04
4.08E-02 2.72E-04
9.09E-02 6.06E-04
1.68E-01 1.12E-03

The max. total ED (TED) for humans in ripe
tomatoes were calculated as 1.68E-01 mg/kg.day for

V, minimum TED were 1.12E-03 mg/kg.day for La.
TED values for humans in ripe tomatoes were
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La<Sh<Cox<V, respectively. Max. ED for male (M),
female (F) and child (C) in ripe tomatoes were 3.60E-
02, 4.08E-02 and 9.09E-02 mg/kg.day for V,
minimum EDs were 2.40E-04, 2.72E-04 and 6.06E-
04 mg/kg.day for La, respectively. Total Co, Sh, V,
and La values for M, F, and C were as calculated as
3.96E-02, 4.49E-02 and 1.00E-01 mg/kg.day,
respectively. Total Co, Sb, V, and La in ripe tomatoes
were M<F<C. Non-carcinogenic (HQ) risks for ripe
tomatoes are shown in Figure 2.

Ripe tomatoes
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Figure 2. HQ values in ripe tomatoes

The maximum HQuic for male in ripe tomatoes
was observed as 9.59 for Co, while minimum HQuie
was 1.20 for Sb. When the HQgie for female in ripe
tomatoes were examined, maximum HQgje was 10.87
for Co, while minimum HQgie was 1.36 for Sb. When
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the HQge for children in ripe tomatoes were
examined, maximum HQg. was 10.88 for Co and
minimum HQgie was 1.37 for Sb. HQui. values for C,
F, and M for ripe tomatoes were Sh<La<V<Co. HQgje
values for M, F, and C in ripe tomatoes were>10.0 for
Co, V and La showing chronic toxic effect by dietary
(Wei and Cen, 2020). HQqie values of Co, Sb, V, and
Lawere > 1 for M, F, and C (except M and F for Sh).
Non-carcinogenic  value greater than 1 is
demonstration of potential negative impacts (Lian et
al., 2019; Wei and Cen, 2020). The maximum HQuie
values in ripe tomatoes were greater in children. HQuie
risks of Co, Sh, V, and La in ripe tomatoes were
M<F<C. The maximum HI risk value in terms of ripe
tomatoes was 31.33 for Co while minimum HI risk
value was 3.92 for Sbh. HI values in ripe tomatoes
were Sh<V<La<Co. HI values in ripe tomatoes were
M<F<C. Maximum HlI risk value in terms of unripe
tomatoes was 52.16 for Co while minimum HI risk
value was 2.79 for Sb. THI for ripe tomatoes was
74.23.

Assessment of unripe tomatoes
Co, Sh, V, and La values determined in unripe

tomatoes growing in an area contaminated with
municipal wastewater are shown in Figure 3.

os - 41% ‘ 4%
04 \_/
15%
03 r = Root = Stem = Leaf
02 r
0.1 =
0 1 1 J
Root Stem Leaf

170



Int. J. Pure Appl. Sci. 9(1);165-174 (2023)

Research article/Arastirma makalesi

DOI:10.29132/ijpas.1260249

20%

g 69%
S5 | r v
g I
=20 ¢
§ =Root = Stem = Leaf
§15 F
10 r
> s L =
0 1 1 J

Root Stem Leaf

La concentration (mg/kg)

[JPAS

ypas@munzur.edu.tr
ISSN: 2149-0910

27%

o D
: v

08 . 67%

06 r s Root = Stem = Leaf

04 r .

02 r

0 1 1 ]
Root Stem Leaf

Figure 3. Co, Sb, V, and La values in unripe tomatoes

When Co values were examined, highest Co
value was 3.2840.16 mg/kg in root, minimum Co
value was 0.91+0.04 mg/kg in leaf. Co value in stem
was 0.93+0.04 mg/kg. Co values for unripe tomatoes
were leaf<stem<root. Similarly, Topal et al. (2022)
reported that values for Co were leaf< stem< root in
grapevines. Co ratios for root, stem, and leaf in unripe
tomatoes were 64%, 19%, and 17%, respectively. The
highest Sb was 0.12+0.006 mg/kg in root, lowest Sb
value was 0.04+0.002 mg/kg in stem. Sb value in leaf
was 0.11£0.005 mg/kg. Sb values for unripe tomatoes
were stem<leaf<root. Different arrangement was
reported by Topal et al. (2022) for grapevines. The
values for Sb were stem<root<leaf in grapevines. Sb
ratios for root, stem, and leaf in unripe tomatoes were
44%, 15%, and 41%, respectively. The highest V
value was 24+1.2 mg/kg in root, lowest V value was
4.0+0.2 mg/kg in stem. V value in leaf was 7.0+0.3
mg/kg. V values for unripe tomatoes were
stem<leaf<root. Different arrangement was reported
by Topal et al. (2022) for grapevines. The values for
V were leaf< stem< root in grapevines. V ratios for
root, stem, and leaf in ripe tomatoes were 69%, 11%,

and 20%, respectively. The highest La was 0.82+0.04
mg/kg in root, lowest La value was 0.07+£0.003 mg/kg
in stem. La value in leaf was 0.34+0.002 mg/kg. La
values for unripe tomatoes were stem<leaf<root.
Similarly, Topal et al. (2022) reported that values for
La were stem<leaf<root in grapevines. La ratios for
root, stem, and leaf in ripe tomatoes were 67%, 6%,
and 27%, respectively. The arrangement of the
elements in the root, stem, and leaf of unripe tomatoes
was V>Co>La>Sh. According to total element values
in the unripe tomatoes; the highest value was 35+1.7
mg/kg for V, the lowest was 0.27+0.01 mg/kg for Sb.
Co, Sh, V, and La in unripe tomatoes were compared
with  references  (cobalt:0.2, antimony:0.1,
vanadium:0.5 and lanthanum:0.2 mg/kg) given by
Markert (1992). Co, Sh, V, and La value accumulated
by ripe tomatoes was determined as 25.6 times for Co,
2.7 times for antimony, 70 times for V and 6.15 times
for La, respectively. BCF and TF values of Co, Sh,
V, and La for ripe tomatoes are given in Table 3.

Table 3. BCF and TF values of in unripe tomatoes

BCF1 BCF2 BCF3 BCF4 BCF5 TF1 TF2 TF3
(root/soil)  (stem/soil) (stem/water)  (root/water) (fruit/soil) (leaf/root) (stem/root) (leaf/stem)
Co 0.21 0.06 3.58 12.62 0.02 0.28 0.28 0.98
Sb 0.48 0.16 0.11 0.32 0.16 0.92 0.33 2.75
vV 020 0.03 0.56 3.33 0.03 0.29 0.17 1.75
La 0.18 0.02 3.50 41.00 0.01 0.41 0.09 4.86
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BCF1, BCF2, and BCF5 in ripe tomatoes were <
1. This indicates that Co, Sb, V, and La do not
accumulate well from the soil to the roots, stems and
fruits. BCF3 was >1 for Co and La. This indicates that
Co and La accumulate well from wastewater to the
stems. BCF4 was >1 for Co, V, and La. This indicates
that Co, V, and La accumulate well from wastewater
to the roots. The highest TF value was 4.86 for La,
minimum TF was 0.09 for lanthanum. TF1s were
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between 0.28 and 0.92. TF2s were between 0.09 and
0.33. TF3s were between 0.98 and 4.86. Co, Sb, V,
and La values were <1 for TF1 and TF2. Co value
was<1 for TF3. Sh, V, and La values were>1 for TF3.
TF values greater than 1 indicate a good translocation
of Sb, V, and La in unripe tomato organs (stem, leaf,
and root). EDs of Co, Sh, V, and La in unripe
tomatoes are shown in Table 4.

Table 4. Estimated daily exposure doses in unripe tomatoes (mg/kg.day)

Unripe tomatoes

Co Sh
Male 3.36E-03 2.40E-04
Female 3.80E-03 2.72E-04
Children 8.48E-03 6.06E-04
Total 1.56E-02 1.12E-03

\Y La

2.40E-02 3.60E-04
2.72E-02 4.08E-04
6.06E-02 9.09E-04
1.12E-01 1.68E-03

Maximum TED for humans in unripe tomatoes
were 1.12E-01 mg/kg.day for V, minimum TED were
1.12E-03 mg/kg.day for Sb. TED values for humans
in unripe tomatoes were Sh<La<Co<V, respectively.
Max. ED for M, F, and C in unripe tomatoes were
determined as 2.40E-02, 2.72E-02 and 6.06E-02
mg/kg.day for V, minimum EDs were 2.40E-04,
2.72E-04 and 6.06E-04 mg/kg.day for Sh,
respectively. Total Co, Sb, V, and La values for C, M,
and F, were 7.06E-02, 2.80E-02, and 3.17E-02
mg/kg.day, respectively. Total Co, Sb, V, and La in
unripe tomatoes were male<female<children. The
highest ED and TED values were calculated for
vanadium. Vanadium causes various symptoms as
reported by Scibior et al. (2020). Important symptoms
of vanadium exposure via the oral route include
abdominal pain, gastrointestinal disorders, nausea,
diarrhea, vomiting, loss of appetite, green-black
tongue, and weight reduction (Scibior et al., 2020).
HQ risks for unripe tomatoes are shown in Fig 4.

Unripe tomatoes
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Figure 4. HQ values in unripe tomatoes

Maximum HQgi. for M in unripe tomatoes was
observed as 11.19 for Co, while minimum HQgie was
0.59 for Sh. When the HQuic for F in unripe tomatoes
were examined, maximum HQgi. was 12.68 for Co,
while minimum HQge was 0.68 for Sh. When the
HQuie for C in unripe tomatoes were examined,
maximum HQge was 28.28 for Co and minimum
HQuie was 1.51 for Sb. HQuie values for C, M, and F
for unripe tomatoes were Sh<La<V<Co. HQqic values
for C, M, and F in unripe tomatoes were>10.0 for Co,
V and La showing chronic toxic effect via dietary
(Wei and Cen, 2020). HQgic values of CRMs were >
1 for M, F, and C (except male and female for Sb).
Non-carcinogenic  value greater than 1 is
demonstration of potential negative impacts (Lian et
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al., 2019; Wei and Cen, 2020). The maximum HQugie
values in unripe tomatoes were greater in children.
HQuie risks of Co, Sh, V, and La in unripe tomatoes
were M<F<C. The maximum HI risk value in terms
of unripe tomatoes was 52.16 for Co while minimum
HI risk value was 2.79 for Sh. HI values of Co, Sb, V,
and La in unripe tomatoes were Sh<V<La<Co. Also,
HI values of Co, Sh, V, and La in unripe tomatoes
were M<F<C. THIs in unripe tomatoes were 110.66.

CONCLUSION

Tomatoes are among the foods consumed by
people. Especially unripe tomatoes are used in
pickling. Ripe tomatoes are consumed by people such
as breakfast, tomato paste, and etc. Some health risks
arise as a result of tomato consumption exposed to
contaminants. Hence, identification of pollutants that
can cause any health risks in the content of tomatoes
consumed by humans is important. Accumulations
and health risks were investigated due to the Co, Sb,
V, and La in tomatoes growing in an area
contaminated with municipal wastewater. The Co,
Sb, V, and La concentrations were determined in each
organ (stem, root and leaf) of ripe and unripe
tomatoes. Maximum TED for humans in ripe and
unripe tomatoes were determined as 1.68E-01 and
1.12E-01 mg/kg.day for V, respectively. Total Co,
Sh, V, and La in ripe and unripe tomatoes were
C>F>M. The maximum HQ values in ripe and unripe
tomatoes were greather in C. The HQ and HI values
of Co, Sh, V, and Lain ripe and unripe tomatoes were
M<F<C. HI values of Co and La were observed as
unripe>ripe. HIs of Sb and V were observed as
ripe>unripe. HQ values for F and C in ripe tomatoes
were>10.0 for Co. HQ values for C, M, and F in
unripe tomatoes were>10.0 for Co, V and La. This
situation showed chronic toxic effect via dietary.
When total hazard index (THI) values were exaimed,
THI values in ripe and unripe tomatoes were 74.23
and 110.66, respectively. Hls and THIs were > 1 for
cobalt, vanadium, antimony and lanthanum
concentrations in tomatoes. Therefore, tomatoes were
found to accumulate Co, Sh, V, and La well, and
hence a non-carcinogenic health risk to tomatoes
growing in an area contaminated with municipal
wastewater.
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Dijital haberlerin artan miktarlari, istenilen tiirdeki haberlere dogru ve hizli bir sekilde erigim i¢gin haber metinlerinin
kategorilere ayrilmasim gerektirmektedir. Bu ¢alismada, 6n-egitimli kelime gémiilmelerinin, Uzun Omiirlii Kisa Dénem
Bellek Ag1 (Long-Short Term Memory, LSTM) ve Evrisimsel Sinir Aglar1 (Convolutional Neural Network, CNN) gibi
derin 6grenme modelleri tizerindeki etkisi arastirilmaktadir. Global Vektor (GloVe) kelime gomiilmelerinden alinan
baglamsal temsilleri girdi olarak alan LSTM ve CNN aglari kullanilarak haber metinleri siniflandirilmistir. Kapsaml ve
karsilagtirmali arastirmalarin eksikligi nedeniyle GloVe gémme katmam tarafindan saglanan baglamsal temsiller farkli
smiflandiricilar ve veri setleri lizerinde test edilmektedir. Deneysel siiregler boyunca Tiirk¢e Haber bagliklarindan olusan
Turkish Headlines veri seti ve BBC News Classification veri setleri kullanilmistir. Kelime gémiilmelerinin aglar
tizerindeki etkisini ortaya koymak i¢in deneysel siiregler ayn1 parametreler ile tekrarlanmistir. LSTM modelinde Glove
kelime gomiilme yontemi kullanildiginda modelin bagsarisinin %81°den %91°e ¢iktig1 gozlemlenmektedir. CNN
modelinde ise Glove kelime gomiilmelerinin modelin basarisinin olumlu yansimadigi goriilmektedir.

Anahtar Kelimeler: Yapay sinir aglari, derin 6grenme, Evrisimsel Sinir Aglari(CNN), GloVe.

Classification of News Texts with GloVe Word Embeddings and Neural
Networks

Abstract

Increasing amounts of digital news require categorization of news texts for accurate and fast access to the desired
type of news. This study investigates the effect of pre-trained word embeddings on deep learning models such as Long-
Short Term Memory Networks (LSTM) and Convolutional Neural Networks (CNN). News texts were classified using
LSTM and CNN networks, which received contextual representations from Global Vector (GloVe) word embeddings.
The Turkish Headlines dataset, consisting of Turkish News headlines, was used during the experimental processes.
Experimental processes were repeated with the same parameters to reveal the effect of word embeddings on networks.
When the Glove word embedding method is used in the LSTM model, it is observed that the model's success increases
from 81% to 91%. In the CNN model, on the other hand, it is seen that the Glove word embeddings do not positively
reflect the model's success.

Keywords: Artificial neural networks, deep learning, Convolutional Neural Networks (CNN), GloVe.

GIRIS

Dil, insanlik tarihinde ¢ok Onemli bir yere beraber internet izerinden bilgi paylasimi artmakta
sahiptir. Insanlarin iletisim kurmasi, bilgilerin  ve bu bilgileri cesitli amaglarla islemek igin birgok
nesilden nesile aktarilmasi ve bilimin ilerlemesi dilile yapay zeka ve makine Ogrenmesi yOntemi
mimkiin olmaktadir. Bilgisayar teknolojilerinin  gelistirilmektedir. Yapay zeka, canlilarin 6grenme
artmast ve internetin yayginca kullanilmasiyla siirecini matematiksel olarak ifade etmeyi amaglayan
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bir bilim dalidir. Makine 6grenmesi, makinelerin
insan beyni gibi Ogrenebilmesi ve insan gibi
davranabilmesini amaglayan bir yapay zeka
kavramidir. Insan beyninde 6grenme islemi, néron
adi  verilen sinir  hiicrelerinin  islevleriyle
gergeklesmektedir. Makinelerde biyolojik néronlar
gibi iglem elemanlar1 olarak yapay noéronlar
kullanilmaktadir (Karakurt vd, 2022). Yapay sinir
hiicrelerinin 6grenme siirecini tamamlayip karar
verme islemlerini gerceklestirdigi yapinin tiimiine de
Yapay Sinir Aglar1 (YSA) denilmektedir.

Dogal Dil Isleme (DDI), bir dilde kullanilan
yazili veya sozlii ifadelerin, bilgisayarlar tarafindan
islenme siirecidir (Seker, 2015). Bilgisayarlarin
insanlarla etkilesimini saglayan DDI yontemleriyle
tasarlanan teknolojik ftriinler daha c¢ok tercih
edilmektedir. DDI c¢alismalari, son ddnemlerde
metin  verilerinin  artmasiyla olduk¢a popiler
olmustur.  YSA’lar, metin {retme, metin
siniflandirma, duygu analizi, otomatik ceviri,
konugsma  tanima,  soru-cevap  sistemlerinin
gelistirilmesi,  yazim  yanliglarinin ~ otomatik
diizeltilmesi ve daha  bircok goérev igin
kullanilmaktadir (Adali, 2016),(Aydogan ve Karci,
2019a),(Aydogan ve Karci, 2019b).

Yapay sinir hiicrelerini modelleyen ilk ¢alisma
McCulloch ve Pitts tarafindan 1943 yilinda
yapilmistir (McCulloch ve Pitts, 1943). 1958 yilinda
Rosenblatt, tek katmanli bir sinir hiicresi
tasarlamistir. Algilayici (perceptron) adini verdigi bu
sinir hiicresinin 6grenmesini bir “esikten gecirme”
yontemiyle gerceklestirmistir (Rosenblatt, 1958).
1980’11 yillara kadar sunulan calismalar sadece iki
secenekli sonuclar1 olan dogrusal problemleri
cozebilmislerdir. Ancak gercek hayattaki c¢ogu
problem dogrusal olmadigindan yapay zeka
caligmalart popilerlik kazanamamistir. Dogrusal
olmayan problemleri ¢6zmek igin birden fazla
noéronun kullanildig1 ¢cok katmanli yapay sinir aglart
1980’11 yillarda ortaya atilmistir. 1989 yilinda Yann
LeCun vd, yapay sinir aglarinin 6grenme siirecinde
geri yayilim algoritmasini kullanmislardir. Bir gercek
diinya problemini ¢ézen ilk basarili derin 6grenme
yontemi olarak bilinen calismalarinda, el yazisi
rakam tanima islemini gergeklestirmiglerdir (LeCun
vd, 1989). 2000’1i yillara kadar gerekli yazilim ve
donanimsal alt yapimin yetersiz olmasi nedeniyle
yapay zeka caligsmalar1 popiilerlik kazanamamastir.

2010’lu yillarda derin 6grenme kavramiyla
tanimlanan ve ham veriler kullanilarak yapilan yapay
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sinir ag1 calismalar1 yaygmlasmustir. Onceki yillarda
sunulan klasik YSA c¢aligmalarinda verilere ait
Ozellikler (Oznitelikler) tanimlandiktan sonra aga
verilirken derin 6grenme yontemlerinde verilere ait
Ozellik ¢ikarma islemi bizzat ag tarafindan
yapilmaktadir. Tasarimlarinda klasik YSA’larin da
kullanildigr karmasik yapiya sahip birgok derin
ogrenme yontemi gelistirilmektedir.

Metin siniflandirma probleminin ¢ézimii igin
basta Ingilizce olmak iizere bir¢ok diinya dilinde
metin  verileri kullanilmaktadir. Tiirkge metin
verilerinin sayisi istenilen yeterlilikte degildir. Diri ve
Amasyali tarafindan 2003 yilinda sunulan ve Tiirkce
bir gazetede yer alan metinlerin yazarlarmi ve
tiirlerini  belirleyen ¢aligmalari, Tiirkce metin
verilerinin kullanildigr ilk ¢aligmalardan biridir (Diri
ve Amasyali, 2003). Yapay sinir aglarina girdi olarak
verilen metin verileri yerine bu verilerin temsillerini
kullanarak aglarin performans ve hizlarin arttirmada
onemli bir yere sahip olan ve word2vec olarak
adlandirilan kelime gomiilmesi (word embedding)
yontemi, Google’de ¢alisan Mikolov vd tarafindan
2013 yilinda ortaya atilmistir (Mikolov vd,2013).

Bu calismada, CNN, LSTM, GloVe CNN ve
GloVe LSTM yontemleri kullanilarak Tiirkge Haber
basliklarindan olusan Turkish Headlines Dataset veri
seti ile BBC-text siniflandirilmastir.

ILGILI CALISMALAR

LeCun vd (1998), gradyan tabanli &grenme
gergeklestiren geri  yayilimli  bir CNN modeli
sunmuslardir. LeNet-5 olarak adlandirdiklart model
ile MNIST wveri setini kullanarak el yazisi1 karakter
tanima iglemi yapmisglardir (LeCun vd, 1998).

Asliyan ve Giinel (2010), 5 smfli Tiirkce
dokiimanlar1 smiflandirmak i¢in En Yakin Komsu
(EYK) ve K-En Yakin Komsu (KYK) yontemlerini
kullanarak yaptiklar1 calismada, %388.4 dogruluk
degeriyle EYK metodunun daha basarili oldugunu
gostermislerdir (Asliyan ve Giinel, 2010).

Amasyali, Diri ve Tiirkoglu (2006), yazarlari
bilinmeyen dokiimanlarin, yazarlik o6zellikleri
onceden ¢ikarilmis 18 yazardan hangisine ait
oldugunu belirlemek amaciyla N-gramlar kullanarak
olusturduklart o6zellik vektorlerini Naive Bayes,
Rastgele Orman (RO), Destek Vektor Makinesi
(DVM) ve C 4.5 yontemleriyle siniflandirmislardir.
Naive Bayes ve DVM yontemlerinin basarilt
oldugunu ve ayrica N-gramlarin basariy1 arttirdigini
gostermislerdir (Amasyali, Diri ve Tiirkoglu, 2006).
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N-gramlar kullanilarak yapilan bir diger ¢alismada,
Dogan ve Diri (2010), ti¢ farkli Tiirkge veri setini Ng-
ind adim1 verdikleri yeni bir N-gram yontemi ile
yazarlarina, tiirline ve yazarin cinsiyetine gore
smiflandirmiglardir. 2-, 3- ve 4-gramlar kullanarak
yaptiklari calismay1 Destek Vektor Makinesi (DVM),
K-En Yakin Komsu (KYK) ve Rastgele Orman (RO)
yontemleriyle kiyaslamiglardir. Sonug olarak cinsiyet
ve tir belirlemede Ng-ind yontemi, diger
yontemlerden daha basarili olmustur (Dogan ve Diri,
2010).

Levent ve Diri (2014), Tirkce gazete kose
yazarlarina  ait Onceden ¢ikarilan  yazarlik
Ozelliklerini kullanarak tasarladiklar1 Yapay Sinir
Agt (YSA) ile yazar tamima islemini
gerceklestirmislerdir (Levent ve Diri, 2014).

Stizen (2019), {niversitelere giris sinavinda
matematik boliimiindeki sorulart konularina gore
LSTM kullanarak siniflandirmistir. Tiirkiye’de 1981-
2018 yillart arasinda yapilan iiniversite giris
sinavlarinda 16 konudan olusan matematik boliimiine
ait 931 sorudan olusan veri seti ile yaptigi ¢alisma
sonunda test kiimesinde ortalama %96.82 dogruluk
elde etmistir. Aynmi veri seti tizerinde farkli makine
O0grenmesi  yontemleri de kullanarak yaptigi
kiyaslamada LSTM’ nin daha basarili oldugunu
gOstermistir (Stizen, 2019).

Ac1 ve Cirak (2019), Tiirkge haber metinlerini
Word2Vec metodu ile birlikte CNN kullanarak
siniflandirmiglardir. Turkish Text Classification 3600
(TTC-3600) wveri setini kullanarak yaptiklari
calismada 9%93.3 dogruluk degeri elde etmislerdir.
Sunduklart modelin basarimin1 kiyaslamak ig¢in
Word2Vec metodu kullanmadan ham verilerle ag1
egittiklerinde  basar1  degerini  %90.1  olarak
Olemiislerdir. Boylece, Word2Vec yonteminin agin
basarisini arttirdigir goriilmektedir (Act ve Cirak,
2019).
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Ugkan vd. (2019), KUSH (Karci-Ugkan-
Seyyarer-Hark) adim1 verdikleri 6n igsleme araciyla
metinleri bir 6n islemden gegirdikten sonra graf
tabanli bir yontemle metin siniflandirma yapmislardir
(Ugkan vd, 2019). Darbag ve Karct (2020), metin
benzerliklerini 6lgmek amaciyla graflarin yapisal
ozelliklerinin kiyaslanmasiyla Olgiilen yeni bir graf
benzerligi yontemi onermislerdir. Bu yontemle, bir
climlede yer alan bir kelimenin, diger ciimlelerde yer
alip almamasina gore bir benzerlik oOlglimii
yapmiglardir (Darbas ve Karci, 2020).

Hark (2022), sahte haber tespiti yapmak
amactyla Covid-19 sahte haber tespiti veri seti
tizerinde Global Vektorler (GloVe) adi verilen 6n
egitimli kelime gomiilme katmanimin sagladigi metin
temsilleri ile birlikte Uzun Omiirlii Kisa Dénem
Bellek Ag1 (LSTM), Tekrarlayan Sinir Aglar1 (RNN),
Evrigimsel Sinir Aglari (CNN) ve Cok Katmanl
Algilayict (MLP) yéntemlerini kullanmustir. Ilgili
calismanin sonunda elde ettigi %91 F-skoru ile
LSTM’nin en basarili model oldugunu gostermistir
(Hark, 2022).

YAPAY SINiR AGLARI

Biyolojik sinir hiicreleri ve bu hiicrelerin
birbiriyle olan iliskilerini bilgisayar ortaminda
matematiksel olarak modelleyen yontemler biitiiniine
YSA denir. Bir YSA, tek bir ndrondan
olusturulmugsa Tek Katmanli YSA veya algilayici,
birden fazla nérondan ve katmandan olusturulmussa
da Cok Katmanli YSA olarak tanimlanir. Temel bir
Cok Katmanli YSA, Sekil 1’de gosterildigi gibi girdi
katmani, ara (gizli) katman ve c¢ikti katmanindan
olusmaktadir.

A
-

Giris Katmam

— N
©§@
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O

Cikis Katmani

Gizli Katman
Sekil 1. Cok Katmanli YSA’da temel katmanlar
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Bu katmanlarda noronlar, agirliklar, bias,
aktivasyon fonksiyonlar1 kullanilarak 6grenme islemi
gerceklestirilmektedir. Sekil 2 ile gosterilen bir
norona giren girdi degerleri ile agirliklarinin
carpilmasi, devaminda bu ¢arpimlarin bias degeri de
eklenerek toplanmasi ve elde edilen bu toplam
sonucunun  bir  aktivasyon  fonksiyonundan
gecirilmesiyle elde edilen sonu¢ o ndronun sayisal
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olarak c¢ikt1 bilgisidir. Aktivasyon fonksiyonu, bir
ndronun ¢ikt1 degeri lretip iiretmeyecegini (néronun
aktif ya da pasif olacagini) belirleyen bir
fonksiyondur (Karakurt ve Iseri, 2022). Ornegin;
Sigmoid,  Lineer, Softmax, Hiperbolik Tanjant,
ReLU, Leaky ReLU, PReLU, Swish ve daha birgok
aktivasyon fonksiyonu kullanilmaktadir.

(o)

Aktivasyon
Fonksiyonu

Sekil 2. Tek hiicreli YSA

Biyolojik noronlardaki sinyal bilgisine karsilik
gelen yapay noronlarin sayisal ¢ikt1 bilgisi Cok
Katmanli YSA’larda bir sonraki katman néronlarina
girdi olarak verilir. Boylece, girdi katmanindan ¢ikti
katmanina dogru yapilan bu islemlere ileri yayilim
(besleme) denir. ileri yayilim sonucunda elde edilen
ciktinin beklenen cikti degeri ile farki alinarak bir
hata degeri hesaplanir. Eger bu deger tolere
edilemeyecek biiyiikliikte ise hata ¢ikti katmanindan
ara katmana dogru gonderilerek her ndronun
giincellenmesi saglanir. Agin ¢iktisini beklenen ¢ikti
degerine yaklastirmak icin yapilan bu isleme geri

e
Evrisim

L [ ) ] ';h___ - .__..\r'
. | S . N

s

AU&\ ' %4 Z Y/

Hawuzlama

yayilim denir. Geri yayilim islemi sonunda hatanin en
aza dilslirlilmesi ve agin basarili bir &grenme
gercgeklestirmesi beklenir.

Evrisimsel Sinir Aglar1 (CNN):

CNN’ler, dogrusal degildir ve dogrusal olmayan
problemlerin ¢Ozlimiinde  basarili sonuclar
vermektedir. Ozellikle goriintii analizinde en sik
kullanilan yontemdir. Bir CNN temelde, Sekil 3’te
gosterildigi gibi girdi katmani, tam baglh katman, bir
veya daha fazla evrisim katmani, havuzlama katmani
ve aktivasyon katmanindan olusmaktadir.

_ £ <

—
Diizlestirme

Tam Bagli Katmanlar

Sekil 3. Ornek bir CNN mimarisi (https://medium.com/@tuncerergin/convolutional-neural-network-convnet-yada-cnn-nedir-nasil-
calisir-97a0f5d34cad)
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Uzun Omiirlii Kisa Dénem Bellek A1 (Long Short
Term Memory — LSTM):

Literatiirde Uzun Kisa Siireli Bellek, Uzun Kisa
Vadeli bellek gibi isimlerle de anilan LSTM’ler,
RNN’lerde olusan bellek yetersizligi problemini
¢ozmek amaciyla ortaya atilan bir RNN modelidir.

[JPAS
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RNN’lerde  bir birim  oncesi  hatirlanirken
LSTM’lerde daha uzun donemlere ait bilgiler
hatirlanmakta ve dolayistyla LSTM’ler daha basarili
olmaktadir. Bir LSTM modeli temelde Sekil 4’te
gosterildigi gibi giris kapisi, ¢ikis kapisi, unutma
kapis1 ve hafiza (hatirlama) kapisindan olusmaktadir.

Cikis
P(dog)=0.2
P(wolf)=0.8
. Uzun Dénem Hafiza
Uzun Donem Hafiza (Long Term Memory)
(Long Term Memory) - Hatirlama
faws, o Giincellenmis Dog(LTM)
Dog(LTM) Gato) Gate
Kisa Dénem Hafiza Sgrenme Forget Kisa Donem Hafiza

Kapisi
(Learn
Gate)

(Short Term Memory)

Cat(STM)

Gate
Unutma
Kapist

(Short Term Memory)

Guncellenmis Cat(STM)

Olay
Wolf

Sekil 4. LSTM modeli (Kaynak: Udacity)

Global Vektorler (GloVe):

Metin verileri, dogrudan (ham veriler olarak) bir
yapay sinir aginin girdisi olamaz. Bu verilerle
calisabilmek i¢in  Oncelikle  verilerin, agin
isleyebilecegi sayisal bilgilere doniistiiriilmesi
gerekmektedir. Ham metin verileri yerine bu verilerin
anlamsal yakinliklarina gore temsillerinin elde
edildigi yontemlere kelime gomiilmesi (word
embedding) denmektedir. Kelime goémiilmesi
yontemlerinde, bir aga girdi olarak verilen metin
verilerinin temsillerinin elde edildigi bir 6n isleme
(6n egitim) adm gergeklestirilmektedir. Bu
yontemler ile dile ait sozciikler veya cilimleler
sayisallastirilip birer vektor haline getirilmektedir.
Boylelikle metin verileri, sayisal olarak vektor
uzayinda temsil edilmektedir.

Kelime gomiilmesi yontemleriyle c¢ok biiyiik
veri setlerinden (1.6 milyar kelimeden olusan bir veri
seti gibi), herhangi bir veri kayb1 olmadan, daha
kiigiik boyutta temsiller elde edilerek hem hesaplama
maliyeti diisiiriilmekte hem de bu temsillerin girdi
olarak verildigi aglarin performansi, temsillerin
kullanilmadig1 aglarin performansindan daha iyi
olmaktadir (Mikolov vd, 2013).

Kelime gomiilmesi siirecinde sinir agi, rastgele
degerlerin atandig1 vektorlerden temsilleri 6grenerek
girdi degerleri olarak kullanilacak olan temsil
vektorlerini elde etmektedir. Ogrenme adiminda geri
besleme yontemiyle vektorleri giincelleyerek egitim
verisine en uygun kelime gomiilme uzayini
olusturacaktir (Hark, 2022).

Bu calismada, literatiirde var olan bir GloVe
kelime gomiilme yontemi kullanilarak 6n islemeden
gecen metin verilerine ait temsiller CNN ve LSTM
modellerine girdi olarak verilerek siniflandirma
islemi gerceklestirilmistir. Karsilastirma yapmak i¢in
GloVe yontemi kullanilmayan metin vektorlerini
girdi olarak alan CNN ve LSTM modelleriyle de
siniflandirma yapilmistir.

DENEYSEL SONUCLAR

Bu c¢alismada, Tiirk¢e haber basliklarini
kategorilerine gore siniflandirmak igin literatiirde var
olan 6n egitimli GloVe kelime gomiilmelerinin farkli
derin 6grenme aglar tizerindeki performansina etkisi
incelenmistir. Caligma kapsamindaki tiim deneyler,
acik kaynak kodlu bir tlimlesik dagitim olan
Anaconda IDE’sinin Jupyter notebook programinda
Python dili kullanilarak gergeklestirilmistir. Ayrica,
deneylerde Keras, TensorFlow, sklearn, numpy
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kiitliphaneleri ile 6n egitimli kelime gomiilmesi
modeli olarak GloVe 100 boyutlu gémiilme vektorii
kullanilmigtir.

Veri Seti

Bu c¢alismada, Tirrkce Haber bagsliklarindan
olusan Turkish Headlines Dataset (UCI Machine
Learning Repository: Turkish Headlines Dataset Data
Set, 2021) wveri seti (VeriSeti_1l) ile BBC
News Classification (Bose, 2019) wveri seti
(Veri_Seti2) kullanilmigtir. VeriSeti_1 Tablo 1’ de
gosterildigi gibi 7 sinifli ve VeriSeti 2 Tablo 2’ de
gosterildigi  gibi 5 smifli  haber metinlerinden
olusmaktadir.

Tablo 1. VeriSeti_1 ozellikleri
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Tablo 2. Veri_Seti2 zellikleri

Simif Bilgisi icerik Sayis1
Sport 511
Business 510
Politics 417
Tech 401
Entertainment 386

Egitim Siireci

Calismada kullanilan veri setleri, egitim igin
%80 ve test igin %20 olarak ayrilmistir. Egitim
verilerinin de %20’si veri dogrulama islemi igin
kullanilmistir. Her veri kiimesinin miktar1 otomatik
veri bolme ile rastgele olarak boliinmiistiir.

Simif Bilgisi icerik Sayisi Performans Metrigi
Ekonomi 600 Siniflandirma  algoritmalarinin ~ performans
Siyaset 600 degerlendirmesi, nesnel bir 6lgiit olarak karmagiklik
Yasam 600 matrisi kullanilarak ifade edilebilir. Karmagiklik
Teknoloji 600 matrisindeki stitunlar gercek degerleri, satirlar ise
Magazin 600 tahmin degerlerini gostermektedir. Karmasiklik
Saglik 600 matrisinden elde edilen ve sistemin performansini
Spor 600 degerlendirmek i¢in kullanilan gesitli 6l¢iitler vardir.
Bu calismada, performans metrigi olarak Accuracy
(Dogruluk), Precision (Kesinlik), Recall (Duyarlilik)
ve F1-Score (F1-Puani) kullanilmustir.
Tablo 3. Karmag:klik matrisi
Gercek Siifi
Pozitif Negatif
= . Dogru Pozitif Yanlis Pozitif
=
2 Pozitif (TP) (FP)
wn
=
k= .. DogruNegatif  Yanlig Negatif
E Negatif (FN) (FN)
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Tablo 4. Performans degeriendirme dlciitleri

Degerlendirme Olgiitii Hesaplama Formiilii Tanmm

Dogruluk (Accurarcy) TP +TN Biitiin 6rnekler i¢indeki dogruluk oranidir.
FP+FN+TP+TN

Kesinlik (Precision) TP Sadece pozitif tahminleriiginde dogru pozitif

FP+TP oranidir.

Duyarhlik (Recall) TP Sadece pozitif érnekler iginde dogru pozitif
FN +TP tahmin oranidir.

F1-Puam ) Precision * Recall Kesinlik ve duyarlihig: birlikte degerlendirmek i¢in
Precision + Recall oOnerilen bir puandir.

Egitim Modeli néron sayisi, Ogrenme orani, kayip fonksiyon,

Yapilan ¢alismada onerilen modeller tizerinde aktiVaSY_On fonks_iyonu, o.ptimize _ediCi fonksiyon
kullanilmus olan egitim tur sayist (iterasyon - epoch), ~ degerleri Tablo 5 ile gosterilmektedir.

Tablo 5. CNN, LSTM, RNN ve GLOVE-LSTM, GLOVE-CNN, GLOVE-RNN egitim modelleri

Verilerin Model Egitim Noéron Ogrenme Kayip Gizli Cikis Vektor Optimizasyon
Aga Tur Sayisi  Oram Fonksiyonu = Katmam Katmam Boyutu = fonksiyonu
Sunulma Sayisi Aktivasyon = Aktivasyon
Bi¢imi Fonksiyon Fonksiyon
LSTM 30 128 0,001 Categorical Relu Softmax - Adam
N Cross
- Zz Entropy
= RNN 30 128 0,001 Categorical Relu Softmax - Adam
- IS Cross
§ = Entropy
Q CNN 30 128 0,001 Categorical Relu Softmax - Adam
© Cross
Entropy
LSTM 30 128 0,001 Categorical Relu Softmax 300 Adam
= Cross
% z Entropy
== RNN 30 128 0,001 Categorical Relu Softmax 300 Adam
M = Cross
w2
S = Entropy
3 ’8 CNN 30 128 0,001 Categorical Relu Softmax 300 Adam
o Cross
Entropy
LSTM modeli %87, VeriSeti 2 i¢in %82 olarak hesaplanmistir.

LSTM smiflandirma modeli Tablo 5°te belirtilen LSTM modeline ait egitim ve test verileri igin
hiper parametreler ile 4 katmanli olarak tasarlanan dogruluk ve Kkayip grafikleri Sekil 5 ile
agdan elde edilen egitim dogrulugu VeriSeti 1 icin  gosterilmektedir. Tablo 6’ da her iki veri seti i¢in
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Kesinlik , Duyarlik ve F1-Puani degerleri ve Sekil 6
da ise her iki veri setine ait LSTM modeli karmasiklik
matrisi gosterilmektedir.

Dogruluk Kayip
2.00
1.0 — \Veri_Setil
1.75 1 — Veri_Seti2
0.91
1.50
0.8
1.259
0.7 1
1.00 1
0.6
0.75
0.51
0.50 A
0.4
0.25 4
0.34 —— \eri_setil_Egitim
—— \eri_seti2_Egitim 0.00
0241 : T T T T
0 2 4 6 8 0 2 4 6 8
Sekil 5. Modele ait dogruluk ve kayip grafikleri
Tablo 6. Simflandirma raporu
Veri Seti Dogruluk Kesinlik Duyarlihk F1-Puam
Veri_Setil 0.87 0.99 0.96 0.93
Veri_Seti2 0.82 0.86 0.91 0.89
VeriSeti_1 VeriSeti_2
E 2
$ e 2 0 6
2 £
= £- 1 0 2 9
g 5
@
o S 2 i 9 8 49 2 20
2 8%
>
[
E 5 - 0 17 0
N &
I G- 4 2 0 0 48
E
o - 11 3 7, | | | ' 0
£ business entertainment politics sport tech
| i ' i i ' Tahmin
Ekonomi Magazin Saglik Siyaset Spor Teknoloji Yasam
Tahmin
Sekil 6. Karmasiklik matrisi
CNN modeline ait dogruluk ve kayip grafikleri Sekil 7 ile

Tablo 5°te belirtilen hiper-parametreler ile 4 katmanli  gosterilmektedir. Tablo 7° de her iki veri seti i¢in
olarak tasarlanan CNN modelinin egitilmesi sonucu  Kesinlik , Duyarlik ve F1-Puam degerleri ve Sekil
elde edilen dogruluk degeri; VeriSeti 1 igin %96, 8’de ise her iki veri setine ait CNN modeli
VeriSeti 2 i¢in 0.97 olarak hesaplanmistir. CNN  karmasiklik matrisi gosterilmektedir.
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Dogruluk Kayip
2.00
1.0 — \eri_setil
175 4 —— Veri_seti2

0.9 1

081 1.50 4

074 1254

05 1.00 4

0.5 1 0.75 -

0.4 0.50

0.3 1 0.25 A

—— \Veri_setil
0.2 1 —— Veri_seti2 0.00 -
0 5 10 15 20 25 30 0 5 10 15 20 2 30
SeKil 7. Veri setleri i¢in tasarlanan modele ait dogruluk ve kayip grafikleri
Tablo7. Simflandirma raporu
Veri Seti Dogruluk Kesinlik Duyarhhk F1-Puam
Veri_Setil 0.96 0.98 0.98 0.98
Veri_Seti2 0.97 0.97 0.99 0.98
VeriSeti_2

VeriSeti_1

| '
= o

Siyaset Saglik Magazin Ekonomi
'
-

Gergek
'
o

'
-

1 0

Yasam Teknoloji Spor

Yasam

i i i
Siyaset Spor Teknoloji

Tahmin

! ! i
Ekonomi Magazin Saglik

Gergek

'
o

politics ~ entertainment business
|
0

sport

tech
!

i !
politics sport tech

Tahmin

| |
business entertainment

Sekil 8. Karmagiklik matrisi

GloVe-LSTM

Tablo 5°te belirtilen hiper-parametreler ile 4 katmanli
olarak tasarlanan GloVe-LSTM modelinde 300
boyutlu GloVe kelime yerlestirmesiyle siniflandirma
testi degerlendirmesinin sonunda elde edilen
dogruluk degeri VeriSeti 1 i¢in %88 ve VeriSeti_2
icin %93 olarak hesaplanmistir. Modelin dogruluk ve
kayip grafikleri Sekil 9 ile gosterilmektedir. Tablo 8’

de her iki veri seti i¢in Kesinlik, Duyarlik ve F1-Puan1
degerleri ve Sekil 10’da ise her iki veri setine ait
GloVe-LSTM modeli karmagiklik  matrisi
gosterilmektedir. Tablo 8 incelendiginde GloVe
kelime yerlestirme ile sistemin performansinin arttig1
goriilmektedir.
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Dogruluk Kayip
1.0 1.6 —— \eri_setil_Egitim
—— Meri_seti2_Egitim
0.9 1 147
1.2
0.8 A
1.0
0.7 1
0.8 A
0.6 1
0.6
0.5
0.4
0.4 1
0.2 A
0.3 —— Veri_setil_Egitim
—— \Meri_seti2_Egitim 0.0 1
0 5 l‘l) 1‘5 ZID 2‘5 SL) a 5 1‘0 15 2b 25 3‘0
Sekil 9. GloVe-LSTM dogruluk ve kayip grafikleri
Tablo 8. Siflandirma raporu
Veri Seti Dogruluk Kesinlik Duyarhihk F1-Puam
Veri_Setil 0.93 0.95 0.97 0.94
Veri_Seti2 0.86 0.91 0.91 0.91
VeriSeti_1 VeriSeti_2
g 2
$ 2 8 1 6
= B
H £
38 38
] =g 6
8z 83

Spor

Yasam Teknoloji

i I I i i i
Ekonomi Magazin Saglik Siyaset Spor Teknoloji Yasam

Tahmin

sport

- 3

1 3 0

tech

tech

i I I i
business entertainment politics sport

Tahmin

Sekil 10. GloVe-LSTM karmasiklik matrisi

GloVe-CNN

Tablo 5’te belirtilen hiper parametreler ile 4 katmanl
olarak tasarlanan GloVe-CNN modelinde 300
boyutlu GloVe kelime yerlestirmesiyle siniflandirma
testi degerlendirmesinin performans sonuglar1 Tablo
9 ile gosterilmektedir. Glove-CNN modelinin egitimi
sonunda elde edilen dogruluk degeri VeriSeti 1 icin
%89, VeriSeti 2 icin %84 olarak hesaplanmistir.

GloVe kelime yerlestirmesi ile kullanilan CNN
modelinin klasik CNN modelinden daha diisiik
sonuglar verdigini gostermektedir. Ancak Sekil 11 ile
gosterilen dogruluk ve Kayip egrileri incelendiginde
Glove-CNN modelinin CNN modeline gore daha iyi
sonuglar verdigi goriilmektedir. Sekil 12’ de modelin
karmasiklik matrisi gosterilmektedir.
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Dogruluk Kayip
1.0{ — train 169 — tain
validation validation
1.4+
0.9
/ 124
0.8
10
%07
2 2 08
g os ¢
0.6
0.5 0.4
0.4 0.2
0.3 0.0
0 5 10 15 20 25 0 0 5 10 15 20 25 30
epoch epoch
Sekil 11. GloVe-CNN dogruluk ve kayip grafikleri
Tablo 9. Simflandirma raporu
Veri Seti Dogruluk Kesinlik Duyarhhk F1-Puam
Veri_Setil 0.89 0.94 0.99 0.92
Veri_Seti2 0.84 0.81 0.84 0.82
VeriSeti_1 VeriSeti_2

Siyaset Saglik Magazin Ekonomi
I | !

Gergek

3

Yasam Teknoloji  Spor
' | |

Yasam

\ \ '
Siyaset Spor Teknoloji

Tahmin

! ! !
Ekonomi Magazin Saglik

Gergek
politics  entertainment business.
' |

sport
'

tech
!

7

tech

| ' i '
business entertainment politics sport

Tahmin

Sekil 12. GloVe-CNN dogruluk ve kayip grafikleri

SONUCLAR

Icinde bulundugumuz bilgi caginda, istenilen
bilgiye erisim hizli ve dogru bir bicimde olmalidir.
Biiyiik miktardaki bilgilerin islenerek anlamli ve
istenilen hale doniistiiriilmesi i¢in  metinlerin
kategorilerine gore siniflandirilmast gerekmektedir.
Haber metinlerinin  kategorilerine ayrilmasina
yonelik olan bu ¢alismada, derin 6grenme aglarindan
faydalanilmaktadir. Yapilan c¢aligma, on egitimli
kelime gomiilmelerinin sistemin performansina ne tiir

bir katki sagladigini gostermesi acisindan biiylik
Onem tagimaktadir.

Bu calismada, Tiirkge haber basliklarindan
olugan veri setinin 7 farkli kategori olarak
siiflandirilmasi igin LSTM, CNN ve GloVe kelime
yerlestirmeyle tasarlanan GloVe-LSTM ve GloVe-
CNN  modelleri gelistirilmis ve performans
karsilagtirmalar1  yapilmistir. GloVe yOnteminin
eklenmesiyle LSTM modelinin performansinin kayda
deger bir sekilde yiikseldigi gozlemlenmektedir.
Fakat CNN modelinde, Glove yOnteminin
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eklenmesiyle sistemin bagarisinin diismesine ragmen
GLOVE-CNN modelinin dogruluk ve kayip
egrilerinin CNN modelinden daha iyi oldugu
gozlemlenmektedir. Gelistirilen tiim modellerde
ndron sayisi, iterasyon sayist ve yigin degeri,
O0grenme paremetresi ve aktivasyon fonksiyonlar
ayni segilerek her model ayni sartlarda ¢aligtirilmistir.
Yapilan deneylerle CNN ve GloVe-CNN modelinin

CIKAR CATISMASI
Yazarlar bu makaleyle ilgili herhangi bir ¢ikar
catigsmasi bildirmedi.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢aligmanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Abstract

The interaction of the intense laser pulse, which forms the basis of the strong laser field and non-linear optical
physics, with atoms, molecules, and solids leads to the High Order Harmonic Generation (HHG). There are many
theoretical and experimental research related to this process defined by the Semi-Classic Model which is called the Three
Step Model. In this article, the dipole and non-dipole effects specified in the theoretical Lewenstein model to be used in
the Argon atom interacting with the strong circular laser field (800nm) and the resulting higher order harmonic spectrum
will be investigated. We compared the results obtained using the non-collinear beams with opposite circular polarizations
with those obtained using a single circularly polarized beam or a linearly polarized beam. It could be said that the circular
polarization can significantly affect the HHG process in an argon atom exposed to a laser field with 800 nm wavelength
and 1015 W/cm2 intensity.

Keywords: Argon, high harmonic generation, dipole, non-dipole

Argonda Dairesel Polarize Yiiksek Harmonikler: Dipol ve Dipol Olmayan Etki

Oz

Giiclii lazer alaninin ve dogrusal olmayan optik fizigin temelini olusturan yogun lazer darbesinin atomlar, molekiiller
ve katilarla etkilesimi, Yiiksek Dereceli Harmonik Uretime (HHG) yol acar. Ug Adim Modeli olarak adlandirilan Yari
Klasik Model ile tanimlanan bu siirecle ilgili birgok teorik ve deneysel arastirma mevcuttur. Bu makalede, gii¢lii dairesel
lazer alan1 (800nm) ile etkilesen Argon atomunda kullanilacak teorik Lewenstein modelinde belirtilen dipol ve dipol
olmayan etkiler ve bunun sonucunda ortaya ¢ikan yiiksek dereceli harmonik spektrum incelenecektir. Zit dairesel
polarizasyonlara sahip dogrusal olmayan isinlar kullanilarak elde edilen sonuglari, tek bir dairesel polarize 151n veya
dogrusal polarize bir 13m kullanilarak elde edilen sonuglarla karsilastirdik. 800 nm dalga boyunda ve 10'° W/cm?
yogunlukta bir lazer alanina maruz birakilan bir argon atomunda dairesel polarizasyonun HHG siirecini 6nemli 6lgiide
etkileyebilecegi soylenebilir.

Anahtar Kelimeler: Argon, yiiksek harmonik tiretimi, dipol, dipol olmayan

INTRODUCTION

The most recent advances in ultrafast understanding the origin of high-order harmonics is

spectroscopy technology used in various applications
over the last 25 years are sources of high harmonic
production and high-resolution imaging of molecules,
atoms, and nanostructures (Alp, 2017; Cavalieri et al.,
2007; Goulielmakis et al., 2010; Itatani et al., 2004;
Li et al., 2008; Marangos et al., 2008).

Higher Order Harmonic Generation (HHG), one
of the subjects of nonlinear optical science is one of
the fastest-developing research areas in atom-intense
laser interaction. In various experimental and
theoretical studies, the most basic principle of

defined as a semi-classical three-step model. This
model has been a particularly useful description for
the ‘cut-off and plateau region’ in the HHG spectrum
(Krause, Schafer, and Kulander, 1992). This process
is called photoionization. During the process, the
electron gets the energy and momentum via the laser
field. Initially, the electron gets out atom and is
excited into the continuum states, where the electron
is free to move and gain energy and momentum from
the laser field. The second motion is considered
classically and consists primarily of free charge
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oscillation which may return near the core and come
back to the ground state in the laser field. Once it

yields the photon energy that is defined asg, +1,

where Egn is kinetic energy, and Ip is ionization

potential which may be released.

The harmonic photon energy, Ec =3.2U_+1_,is

p )
given by the cut-off law where U, is ponderomotive
energy (U, [eV]=E?/4e?) (Krauseetal., 1992). The

cut-off region occurs in the harmonic spectrum at
harmonics  order which is expressed as

N, =(3.2U, +1,)/ne. Inthe third step, the electron

is finally ejected from the atom. This photoionization
process plays an important role in many areas of
physics, including laser-matter interaction, atomic
and molecular physics, and quantum optics. It is also
used to study the interaction between atoms and light,
as well as the structure and dynamics of atoms.

As a result of intense research using linear
polarization, it has been observed that the electron’s
classical trajectories pass through periodically the
nucleus, therefore  permitting  recombination
radiatively and harmonics generation. Although great
progress has been done in the use of linearly polarized
beams that have been made in the high harmonic
generation, it was very challenging to directly obtain
HHG circularly polarized pulses. In contrast,
elliptically polarized pump lasers (or circularly
polarized lasers) are strongly suppressed by the
possibility of electron collision and therefore do not
emit harmonics (Dietrich, Burnett, Ivanov, and
Corkum, 1994; Weihe et al., 1995). Recent studies
have indicated the production of a high harmonic
circular polarized attosecond pulse train which is
modified by the deeper physical insight of HHG with
the combining of collinear counter-rotating light of
different degrees and macroscopic phase matching
(Fan et al., 2015; Fleischer, Kfir, Diskin, Sidorenko,
and Cohen, 2014; Kfir et al., 2015; MediSauskas,
Wragg, Van Der Hart, and Ivanov, 2015). In addition
to circular polarization, the HHG process can be
influenced by the linear polarized laser field. The
polarization state of a laser field influences the
electron dynamics and, therefore, the HHG yield and
spectral characteristics. This is because the laser
field's polarization distresses the tunneling rate of the
electrons, which determines the ionization rate and,
ultimately, the HHG vyield. Polarization is a
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fundamental feature of electromagnetic waves and
often acts as a significant role in the interaction of
light with matter. It is particularly investigated that
using circularly polarized short EUV pulses for
generating harmonics which are ultra-fast spin
dynamics, circular dichroism, chirality allocation
magnetic microscopy, and so forth. Various
theoretical approaches have been proposed for
generating circularly polarized harmonics (Husakou,
Kelkensberg, Herrmann, and Vrakking, 2011; D. B.
Milosevi¢, Becker, and Kopold, 2000; Yuan and
Bandrauk, 2011). For instance, recent studies on the
very strong dependence on polarization ellipticity in
high harmonic generation require that numerical
approximation to intense field ionization to go
beyond the current models based on linear
polarization (Budil, Saliéres, L’Huillier, Ditmire, and
Perry, 1993; Liang, Angst, Ammosov, and Lazarescu,
1995).

The polarization is not only important to study
light-matter interactions over basic optical views, but
also a time-varying polarization state, which forms
the basis of numerous spectroscopic and harmonics
control techniques related to HHG in soft X-ray and
XUV spectrum in Attoscience (Brixner et al., 2004;
Kerbstadt, Englert, Bayer, and Wollenhaupt, 2017).
There are many experimental and theoretical
scientific studies used in the generation of harmonics
obtained by circular polarization laser field
interacting with the matter, for instance, non-
adiabatic tunneling by spin-polarized electrons,
producing vortex-shaped photoelectron momentum
distributions, attosecond control by spin-dissolved
recoil dynamics, and examining atto-clock techniques
via angular streaking using cold target recoil ion
momentum spectroscopy form (Ayuso, Jiménez-
Galan, Morales, Ivanov, and Smirnova, 2017; Barth
and Smirnova, 2011; Hartung et al., 2016; Herath,
Yan, Lee, and Li, 2012; D. Milosevi¢, 2016).

In this study, consequently, the event of
interacted circularly polarized beam with an atom that
is defined cut-off region in the conventional harmonic
spectrum will be shown by reference (Emilio Pisanty
et al., 2018) to a different numerical method for
generating harmonics.

Here, a proposed simple method will be used to
obtain forward ellipticity in the magnetic fields
presence that can move along with Lorentz force in
the same direction, so that the harmonic emission is
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allowed to equal intensity and wavelength using two
non-collinear opposite circular polarized beams.
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Fig 1. Scheme for two co-linear circular polarized beams generating high harmonics (Hernandez-Garcia et al., 2016).

MATERIAL AND METHODS

To analyze the HHG process in the circularly
polarized laser field’s presence, it is essential to use a
model which accounts for the time-dependent nature
of the Lorentz force. One such model is the strong
field approximation (SFA), which is built on the
assumption that the ionized electron experiences a
constant acceleration in the laser field and can be
defined by a classical trajectory. The SFA has
successfully reproduced the experimental HHG
spectra for a wide range of atomic and molecular
systems.

Circular polarization is a type of polarization in
which the electric field of the electromagnetic wave
rotates around the direction of propagation with a
constant angular frequency. In this case, the Lorentz
force will also rotate around the direction of
propagation with a constant angular frequency. This
will result in an HHG spectrum that is more complex,
with contributions from both dipole and non-dipole
transitions. Non-dipole transitions occur when the
ionized electron recollides with the atomic core at an
angle relative to the direction of the electric field. In
HHG, a strong laser field is used to ionize an atom
and generate high-energy photons through the
recombination of the ionized electron with the atomic
core. In the laser field, the circular polarization can
affect the HHG process by modifying the Lorentz
force experienced by the ionized electron.

Here we take into account the harmonics
produced in Argon gas by two opposite circular
polarization beams within propagating plane.

RESULTS AND DISCUSSION
Using Strong Field Approximation
Lewenstein Model

In this paper, we use a non-dipole and non-
relativistic Strong Field Approximation (SFA) model
within Lorentz force F =V/cx B which is reduced

photon emission (Brennecke and Lein, 2018; D. B.
Milosevi¢, Hu, and Becker, 2000). Firstly, we noted
that the Hamiltonian is

( [-iv+A(F.t)] +V0) (1)

with

Considering the HHG in noble gas by two opposite
circular polarized propagation wave vectors are

k = k(sin(a),o, cos(@)) 2

Then, defined vector potential and determined initial
conditions (z=0, kxsin(¢)=z/2) (Emilio Pisanty et al.,
2018).

cos(0)cos(k -F - at)
A(f,t):%:w +sin(k -7 - ot)
sin(¢)cos(K - T - wt)

cos(&)cos(kzcos(@)—wt)cos(kxsin(@))
=Z cos(kzcos )sm(kxsm ) (3)
—sin( )sm(kzcos( ) wt)sm(kxsm(&))
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i cos(kxsin(e))
A(F,t)z; sin(kxsin(@)) cos(t) (4)
0
0
A(F,t)zsz cos(at) (5)

sin(6)sin(at)

Transforming length gauge and here define

Hamiltonian

H = [-iv e A0)] ke[ +A0]F (1) ©)
1 . 2 .

H :E[f)Jr(fV)A(O,t)] +8-F(t)+Y, @)

Then neglected[ (7 -V) A(0,t) ] terms in Equation (7)
yield final Hamiltonian (Emilio Pisanty et al., 2018)

H:L+r.ﬁ(t).ﬁ+f.ﬁ(t)+vo (8)

>

The harmonic emission calculation due to the above
Hamiltonian is as conventional as in the case of dipole
and the continuous wave function must be changed to
express the non-dipole term. The Equation (9)
solution can be stated as a time-dependent Lippmann-
Schwinger equation containing the Green function

related to H(t)(Cohen, DuMond, Bethe, and

Salpeter, 1957; Reiss, 1980). Lewenstein and co-
workers using the SFA approach neglecting dipole
moment and the full Green function is replaced by the
non-dipole and non-relativistic Volkov state with the
Hamiltonian which is described that free electron
laser field interacted with ionic core (Lewenstein,
Balcou, Ivanov, L’huillier, and Corkum, 1994;
Salieres, L'huillier, Antoine, and Lewenstein, 1997).

The SFA approach definition of dipole moment
in the strong laser field is

d(t)0 _} dt’jdrdr’qﬁg(r,t)rG\}L(r,t;r’,t’)H (tp(r.t)+cc 9)
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where the ¢(r,t) =4, (r)exp(1,t) isinitial eigenstate
of Hamiltonian, (1,)is ionization potential and

G, (rt;r,t')is green function. In the dipole

approximation Equation (9) has been neglected the
ground state depletion (Salieres et al., 1997; Tempea,
Geissler, and Brabec, 1999) to account for the
component of magnetic field generalized easily by
Volkov state is expressed as:

1 2
1 7)d
zjiz(ﬁr) z'|7[

v, (1) =e (.1))

where 7r( B, t) momentum at the plane-wave

(10)

ﬁ(p,t):p+A(t)+1[p.A(t)+;A2(t)}g_ (1)

c

Equation (11) modified monochromatic field and
using
[VAdr ~ 24 =>4,

c

z(pt)= p+A(t)+I?A(1)-(K5+A(r))dr. (12)

Then harmonic emission can be calculated with the
SFA approach by using a non-dipole Volkov state
wave function that states dipole in the form of:

d(t) = f; dt' [ dpd(n(p,t))eSPLOF(t) d (n(p, t')) +ec.c.

(13)
where S(p,t,t')is
1t 2
S(p,t,t’):Ip(t—t’)+EJ7z(p,t) dr . (14)
tl
In practical terms from the theoretical

perspective, the non-dipole Volkov states we employ
the basis of Schrodinger equation solution by
choosing circular polarization which tends to act in
the opposite direction intense laser field. Calculating
the harmonic generation by this method is known as
a ‘bicircular’ laser field that is superposed of two
opposite circular polarization (Long, Becker, and
Mclver, 1995; D. B. Milosevi¢, Becker, et al., 2000;
Emilio Pisanty et al., 2018). This is a general outline
of how to model the circular polarization effect on
HHG in the SFA using the Lewenstein model and a
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mathematical approach. There are many details and
subtleties that would need to be accounted for a more
comprehensive treatment, such as the specific form of
the atomic potential, the choice of boundary
conditions, and the method used to resolve the time-
dependent Schrédinger equation (TDSE).

Argon is a heavier atom with a more complex
electronic structure compared to lighter atoms such as
hydrogen or helium. As a result, argon atoms are
more likely to exhibit stronger non-dipole effects in
strong laser fields.

The dipole and non-dipole effects for argon
atoms can also vary depending on the laser
wavelength and intensity. For example, at longer
wavelengths or lower intensities, the dipole
approximation may be more accurate, whereas at
shorter wavelengths or higher intensities, the non-
dipole effects can become more pronounced.

In addition, the argon’s ionization potential is
relatively high (15.76 eV), meaning that it requires a
high energy input to ionize an argon atom. This can
result in a complex ionization dynamics for argon in
strong laser fields, which can further contribute to the
non-dipole effects (Wiehle, 2005).

Overall, the non-dipole and dipole effects for
argon atoms can be significant in intense laser fields,
especially at shorter wavelengths or higher
intensities. Understanding these effects is important
for accurately modeling and predicting the actions of
argon atoms in intense laser fields.

To further analyze the effect of circular
polarization on the HHG process in an argon atom
illuminated by a laser field with an intensity of 10*°
W/cm? and wavelength of 800 nm, it is useful to
compare the HHG spectra obtained for different
circular polarizations. This can be done using a
mathematical ~ software  program  such  as
Mathematica.

To visualize the HHG spectrum for an argon
atom irradiated by non-collinear beams with opposite
circular polarizations at 800 nm, we could employ
Mathematica to plot the harmonic spectrum as the n"
harmonic order function. The non-dipole and dipole
regimes can be identified by comparing the results for
different values of n.

Primally, we demonstrated how to function non-
collinear beams with reverse circular polarization
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with Mathematica program codes. The program run
into non-dipole approximation in the non-collinear
strong magnetic field that its implementation is
available at references 40 and 41. Fig. 2 shows that
harmonic spectrum in non-dipole regime at 800 nm

drivers for Argon atom and proposed L 10°W/cm’

(Hernandez-Garcia et al., 2016) intensities with
ionization potential 15.7ev (D. B. MiloSevi¢, Becker,

et al., 2000) using @ = 4° half-angle beam. Finally, z-
polarized harmonics eliminated because the region is
arbitrary.

For characterizing the several solutions of saddle
point approximation to calculate the momentum
integral harmonic emission from arbitrary linear
beam (D. MiloSevi¢ and Becker, 2002; E Pisanty,
2016; Emilio Pisanty et al., 2018), in the present
paper, we will calculating the harmonic emission rate
attained by the saddle-point approximation that are
showed in Fig.3. This is of crucial importance of
classification of quantum orbit where explained the
cut-off and plateau region from our analysis. This
numerical analysis data is based on of HHG and ATI
(Above Threshold lonization) processes. In the high
intensity show that Fig. 3, the attendance of non-
dipole effects origins the intensity to a decrease so re-
enables most of the harmonic emission with the effect
of circular polarization (at 6 = 2°) that causes
changing cut-off region.

The concepts of saddle points and turning points
are related to the discussion of dipole and non-dipole
effects in circularly polarized light and above-
threshold ionization (ATI) spectra but in slightly
different ways.

In the context of ATI spectra, the dipole and non-
dipole effects refer to the different mechanisms by
which high-energy photoelectrons are generated in
circularly polarized light. The dipole effect stems
from the interaction of the laser field with the electric
dipole moment of the atom or molecule, while the
non-dipole effect arises from higher-order multipole
moments, such as the electric quadrupole moment.
These effects can give rise to different patterns in the
distribution of high-energy photoelectrons in the ATI
spectrum.
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Fig 2. Harmonic spectrum (the black dot is odd, and blue is even harmonics) produced in Argon atom at 800 nm in the
non-dipole regime for monochromatic laser field.
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On the other hand, saddle points are critical
points for the system’s potential energy surface. In the
context of ATI spectra, saddle points can be important
for understanding the behavior of the system near the
ionization threshold. Specifically, near the ionization
threshold, the potential energy surface has a saddle
point where the system is in a state of unstable
equilibrium. At this point, the system can either
ionize or return to the ground state, depending on the
dynamics of the system.

The non-dipole and dipole effects can influence
the behavior of the system near the saddle point by
affecting the shape of the potential energy surface. In
particular, the dipole effect tends to lower the energy
of the saddle point, making it easier for the system to
ionize, while the non-dipole effect tends to increase
the energy of the saddle point, making it harder for
the system to ionize.

Overall, the interplay between dipole and non-
dipole effects, and the influence of these effects on
the potential energy surface and the behavior of the
system near the saddle point, can be vital for
considering the dynamics of ionization in circularly
polarized light and ATI spectra (E Pisanty, 2016;
Emilio Pisanty et al., 2018).

By changing the laser beams’ intensity and
analyzing the ellipticity effect, it is probable to gain a
better understanding of how the laser intensity affects
the HHG process in an argon atom. This can provide
insight into the optimal intensity for producing high-
energy harmonics with a specific degree of circular
polarization. In the saddle point trajectory, the dipole
approximation assumes that the electron trajectory is
in the same direction as the electric field. However,
in reality, the electron trajectory can deviate from the
direction of the electric field due to the presence of
the Coulomb potential of the ion. This deviation
results in a shift in the cutoff energy of the spectrum
towards higher energies, known as the non-dipole
effect.

The non-dipole effect is more pronounced for
higher laser intensities, and at shorter laser
wavelengths. For an 800 nm laser field with an
intensity of 10 W/cm?, the non-dipole effect would
result in a shift of the cutoff energy towards higher
energies, and a broadening of the spectrum. This
effect can be accounted for using the modified saddle
point approximation, which accounts for the
deviation of the electron trajectory from the direction
of the electric field.
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At an intensity of 10" W/cm? and 800 nm
wavelength, the non-dipole effects in the spectrum’s
cut-off region for an argon atom are expected to be
significant. The laser field’s circular polarization can
affect the non-dipole effects by altering the electric
field direction and the phase of the laser field. If the
circular polarizations of the beams are opposite and
the phase angle is 2, the non-dipole effects may be
reduced, leading to a decrease in the spectrum in the
cut-off region. However, it is important to note that
the dipole effects, which are proportional to the laser
field’s intensity, may also contribute to the spectrum
at these intensities. The effect of circular polarization
on the spectrum in the cut-off region will be based on
the relative strengths of the dipole and non-dipole
effects, which can vary depending on the angle
between the beams and other factors. Furthermore, in
the dipole approximation, the spectrum exhibits a
strong angular dependence, with a narrow angular
distribution of emitted electrons along the laser field’s
polarization direction. However, in the non-dipole
approximation, the angular distribution of emitted
electrons becomes broader, with a significant
contribution from electrons emitted at angles away
from the laser’s field polarization direction
(Duesterer et al., 2013).

CONCLUSION

It is also useful to analyze the cut-off region of
the HHG spectrum, which corresponds to the
maximum energy that can be reached by the ionized
electron during the collisional process. The cut-off
energy can be calculated using the SFA by evaluating
the ionized electron’s kinetic energy at the moment of
recollision. To do this, it is necessary to solve the
classical equation of motion for the ionized electron
in the laser field and determine the maximum Kinetic
energy that can be reached. This can be done using
Mathematica by defining the classical equations of
motion and solving them numerically. The cut-off
energy can then be indicated on the HHG spectrum
plot using a vertical line. In summary, circular
polarization can significantly affect the HHG process
in an argon atom exposed to a laser field with 800 nm
wavelength and 10" W/cm? intensity.

We compared the results obtained using the non-
collinear beams with opposite circular polarizations
with those obtained using a single circularly polarized
beam or a linearly polarized beam. This can help to
assess the beam configuration’s influence on the
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HHG process. By performing these analyses, you can
gain a deeper understanding of the role of opposite
circularly polarized non-collinear beams in HHG and
the underlying physical mechanisms at play in the
process. By exploring these and other factors, we can
gain a better understanding of the HHG process and
the influencing factors when using opposite circularly
polarized non-collinear beams.

In recent breakthroughs, HHG techniques offer a
lot of methods containing that are most commonly
used non-collinear beams which are opposite
circularly polarized extreme ultraviolet driving laser
light. Furthermore, all techniques proposed in the
literature for the production of HHG are based on
Attosecond science. We summarize the mechanisms
of non-collinear HHG and evaluate the HHG
spectrum for Argon atom interacted with 800 nm
circular intense laser field. The plateau and cut-off
regions change dependence on the non-dipole effect.
In the plateau regions, polarization calculation
remains more smoothly connected to the field
intensity of the harmonic phase, while the cut-off
region maintains perfectly in the HHG spectrum. To
conclude, we note that the results of numerical
calculation propose and analyze different schemes of
HHG.
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Tamamen ikili degerlendirmeye dayanan bir matematiksel modelleme olan klasik mantikta her deger i¢in sadece iki
durum vardir, 1 semboliiniin verildigi ve dogru anlamina gelen ilk durum ile 0 semboliiniin verildigi ve yanlis anlamina
gelen ikinci durum. Ancak ger¢ek bundan daha genistir ve yalnizca 0 ve 1 olmak {izere iki duruma bagli olmayabilir. Bu
nedenle, yaklagik veya spesifik olmayan bilgileri temsil etme problemini ¢ézmek igin genel gergeveyi saglayan yeni bir
mantiga ihtiya¢ duyulmustur. Bulanik mantik ad1 verilen bu mantik ilk olarak 1965 y1linda Iranli bilim adami Lutfi Zadeh,
tarafindan ortaya atilmistir. Bulanik mantik, sicak, soguk, 1lik, az, ¢ok, gibi deyimler ve belirsiz ifadeler araciligiyla
tiimdengelim iizerine kuruludur. Caligma boyunca, bulanik mantigin klasik mantign bir genislemesi oldugu sonucuna
varilmistir. Klasik mantik, iiyelik derecesi {0,1} kiimesi oldugunda, bulanik mantigin 6zel bir durumudur. Bulanik mantik
sadece kiimeler teorisinde degil, yapay zekada, gelismis elektronik cihazlarda, endiistriyel kontrolérlerde ve hatta giinliik
hayatimizda biiyiik 6neme sahiptir. Bu ¢alismada baslangic olarak bulanik kiime, bulanik kiime tiirleri ve bunlarla ilgili
onemli cebirsel islemler ile bulanik topolojik uzaylarin tanitilmasi ve 6zelliklerinin incelenmesi konu basliklarina yer
verilmistir. Sonrasinda bulanik topolojik uzaylarin toplamlan iizerinde, acik kiimeler, kapl kiimeler, i¢, kapanis, taban,
komsuluklar ve siireklilik gibi ifadeler tanimlanmistir. Tanimlanan bu topolojik toplamlar i¢in elde edilen bazi
sonuglardan bahsedilmistir. Bu ¢alismadan sonra incelenmesi planlanan arastirma alani hakkinda okuyucu sonuglar
baslig1 altinda bilgilendirilmistir.

Anahtar Kelimeler: Bulanik kiimeler, bulanik topoloji, topolojik toplam

On Sum of Fuzzy Topological Spaces

Abstract

In classical logic, which is purely a mathematical modeling based on binary evaluation, there are only two cases for
each value, the first case where the symbol 1 is given and means true, and the second case where the symbol 0 is given
and means false. But the truth is broader than that and may not depend solely on two states 0 and 1. Therefore, a new
logic was needed that provides the general framework to solve the problem of representing approximate or nonspecific
information. This logic, called fuzzy logic, was first put forward by Iranian scientist Lutfi Zadeh in 1965. Fuzzy logic is
based on deduction through idioms such as hot, cold, warm, less, more, and indefinite expressions. Throughout the study,
it is concluded that fuzzy logic is an extension of classical logic. Classical logic is a special case of fuzzy logic, when the
membership degree is {0,1} set, Fuzzy logic has great importance not only in set theory, but also in artificial intelligence,
advanced electronic devices, industrial controllers and even in our daily life. In this study, initially fuzzy set, fuzzy set
types and important algebraic operations related to them, introducing fuzzy topological spaces and examining their
properties are given. Then, on the sums of fuzzy topological spaces, expressions such as open sets, covered sets, interior,
closure, base, neighborhoods and continuity are defined. Some results obtained for these defined topological sums are
mentioned. After this study, the reader was informed about the research area planned to be examined under the heading
of conclusions.

Keywords: Fuzzy sets, fuzzy topology, topological sum.

GIRIS

Klasik mantikla ifade edilemeyen bazi problemlerin  matematikg¢ileri yeni matematiksel modeller ve
varligt ve aym1 zamanda bilimsel gelismeler, araglar kullanmaya yoneltmistir. Bu tiir problemlere
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¢Oziim bulmak i¢in matematik alaninda birgok teori
sunulmustur. Bu nedenle matematikgiler siirekli
olarak yeni teoriler iiretme ihtiyaci duymuslardir. Bu
teorilerden biri, 1965 yilinda Zadeh (Zadeh, 1965)
tarafindan ortaya atilan bulanik kiime kavramidir.
Bulanik kiime teorisi, uzman sistemler, karar verme,
modelleme, sosyal bilimler, tibbi teshis vb. alanlarda
yaygin olarak kullanilmaktadir. Birgok farkli alanda
kullanilmasmin yam1 sira COVID-19 hastalarinin
belirlenmesinde de uygulama alanlarina sahiptir. Son
donemde tiim insanhigin yakindan takip ettigi bulanik
kiime teorisi lizerine matematik alaninda da pek ¢ok
calisma bulunmaktadir ve bu bir¢ok aragtirmacinin
ilgisini cekmektedir.

Bulanik kiime teorisine dayanarak, 1968'de Chang
(Chang, 1968) tarafindan bir bulanik topoloji tanimi
verildi. Ancak bu tanimla sabit fonksiyonlar siirekli
olamamaktadir. Bu nedenle, Chang'in tanimindan
farkli olarak, sabit fonksiyonlar1 da siirekli kilacak
daha dogal bir bulanik topoloji tanim1 1976'da Lowen
(Lowen, 1976) tarafindan verildi. Chang, bulanik
kiime teorisini topolojiye uyguladigindan beri, birgok
topolojik kavram bulanik bir ortamda tanitildi (Ming
ve Ming 1980, Ying-ming ve Mao-kang (1998),
Shostak, (1996), Shostak, (1989), Palaniappan,
(2002)).  Bulamik  kiimelerle ilgili  giincel
calismalardan biri (Al-shami ve Mhemdi, 2023) adli
bir makaledir. Bu makalede, "(m, n)-Fuzzy kiimeler"
ad1 verilen ortogiftler (ayrik kiime ciftleri) bulanik
kiimeler i¢in  genellestirilmis  bir  ¢erceve
sunulmaktadir. (m,n)-Fuzzy kiimeler igin baz
islemler verilmis ve karakterize edilmistir. Daha
sonra esnek hesaplamada genis bir ¢alisma alanina
sahip olan toplama operatorleri yontemi (m,n)-
Fuzzy kiimeler yardimiyla genisletilmistir.

Bu calismada, 6n bilgi olarak, bulanik kiime
teorisindeki bazi temel tanimlar1 ve sonuclar
veriyoruz. Bu 06n bilgileri verdikten sonra bulanik
topolojinin taniminm veriyoruz. 2010 yilinda A. Atay
(Atay, 2010) tarafindan topolojik uzaylarin toplami,
2020 yilinda ise Al-shami ve digerleri (Al-shami vd.,
2020) tarafindan esnek (soft) topolojik uzaylarin
toplam1 ve bulanik esnek topolojik uzaylarin toplami1
A. Atay (Atay, 2023) tarafindan ¢alisilmis ve Kerre
ve digerleri 1984 yilinda (Kerre vd., 1984) bulanik
topolojik toplamlara bir giris yapmustir. Ancak
bulanik topolojik uzaylarin toplamu ile ilgili ayrintil
bir ¢alisma yapilmamustir.

Kerre ve digerleri 1984 yilinda (Kerre vd., 1984)
yayinladiklar1 makalede bulanik topolojik uzaylarin
toplamlarinin tanimin1  vererek alt uzaylar ile
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iligkisinden bahsetmis ve kompaktlik, sayilabilirlik
gibi bazi topolojik 06zelliklerin topolojik toplami
olusturan uzaylardan toplam uzayina korunarak gecip
geemedigini arastirllmigtir.  Ayrica bu makalede
topolojik toplam uzayinda ayirma aksiyomlari
incelenmistir.

Biz bu caligma ile oncelikle, bulanik topolojik
uzaylarin serbest bilesimini ve ardindan bulanik
topolojik uzaylarin  toplamin1  vererek  bunlar
arsindaki iligkiden bahsettik. Amacimiz ikiser ikiser
ayrik  bulanik  topolojik uzaylar  kullanilarak
olusturulan bulanik topolojik uzaylarn toplami
kavramini tanitmak ve bu toplamin sagladig
ozellikleri  kesfetmektir. Sonuglarimiz, bulanik
topolojik uzaylarda bulanik komsuluk, bulanik agik-
kapali kiime, bulanik taban gibi topolojik kavramlarin

bulanik topolojik uzaylarin toplaminda nasil
tanimlandigimi  ve ilgili Onerme ve teoremleri
icermektedir. Ayrica agiklayici  birgok  6rnek

verilmistir. Ek olarak, bulanik topolojik uzaylarin
toplam uzayinda bulanik i¢ ve bulanik kapanig
operatorleri ele alinmistir. Ayrica, hangi durumda bir
bulanik topolojik uzaym baz1 bulanik topolojik
uzaylarin toplamini temsil ettigi agiklanmugtir.

MATERYAL VE METOT

Bu boliimde bulanik kiime teorisinde yer alan
kavramlar tamimlanacaktir. Bu kavramlar genel
olarak klasik kiimelerde bildigimiz kavramlarin birer
genellestirmesidir.

Tanmm: X # @, A € X kiimeleri ve F;: X — [0,1]
fonksiyonu igin Sirali ikililerinin bir kiimesi olarak
gosterilen Fy = { (x,Fy(x)):x € X} seklindeki F,
kiimesine X'in bulanik alt kiimesi ve F4(x) degerine
x elemeninina ait tiyelik derecesi denir (Zadeh, 1965).
Bulanik kiimeler kisaca F4,Gg veya a, 3,7V, ... gibi
semboller ile gosterilecektir. X kiimesinin biitiin
bulanik alt kiimelerinin ailesi ise I = [0,1] olmak
lizere I ile gdsterilecektir.

Tanmm: Sabit bulanik kiime, Vx €A ve 0<a <1
igin € ={(x,F4(x)): F;(x) =a,x €A} seklinde
tamimlanan bulamik kiimedir ve kisaca F, ile
gosterilecektir (Dobois ve Prade, 1980).

Ornek 1: X = {1,2,3,4,5,6} evrensel kiime ve 4 =
{4,5,6} < X verilsin. O zaman 6 elemam A’ya tam
iiyedir ve 2 eleman1 A’nin iiyesi degildir. Bu durumda
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FA=
ifade

A kimesi  bulamik  kiime olarak

{(1,0),(2,0),(3,0),(4,1),(51),(6,1)} ile
edilir.

Tanmm: F, ve G, bulanik kiimeleri esittir ancak ve
ancak vV x € X i¢in F4(x) = G4(x) saglanir (Zadeh,
1965).

Bundan sonra V x € X igin F4(x) = G,(x) yazmak
yerine daha ¢ok, benzer sey olan F4 =Gy
yazilacaktir.

Tamm: Bir F4 bulanik kiimesinin tiimleyeni F,’ ile
gosterilir ve {lyelik fonksiyonu Vx €A igin:
F4'(x) = 1 — F,(x) ile verilir (Zadeh, 1965).

Tanim: F, nin G4 da kapsanmasi (veya denk oklarak
, F4 nin G4 nin bir alt kiimesi olmasi) i¢in gerek ve
yeter sart V x € A igin, F,(x) < G4(x) olmasidir . Bu
durum sembollerle F; € G4 & F, < G, seklinde
gosterilir (Zadeh, 1965).

Tamm: Sirasiyla ,  F;(x) ve Gg(x) iiyelik
fonksiyonlarina sahip olan F, ve Gg bulanik
kiimelerinin birlesimi, C = A U B olmak f{izere
tyelik fonksiyonu H.(x) = max {F4(x), Gg(x)},
x € X olarak tanimlanan bir H, bulanik kiimesidir ve
kisaca H = F4 v Gg seklinde yazilir (Zadeh, 1965).
F, ve Gg nin birlesimi , hem F, hem de Gg vi
kapsayan en kii¢lik bulanik kiimedir.

Tammm: Sirasiyla  F,(x) ve Gg(x) tyelik
fonksiyonlarina sahip olan F, ve Gp bulanik
kiimesinin arakesiti, iiyelik fonksiyonu H; (x) = min
{F4(x),Gg(x)}, x € X ile bir H; bulanik kiimesidir
ve kisaca Ho = F4 A G olarak yazilir (Zadeh, 1965).
F, ve Gg bulanik kiimelerinin arakesiti F, ile Gz’ de
kapsanan en biiyiik bulanik kiimedir. Eger F4 A G =
@ ise F4 ve Gg bulanik kiimeleri ayriktir denir .

Tanmim: F, bir bulanik kiime ve @ € [0,1] S R olsun.
F, nin a—kesiti F,“ seklinde ifade edilir ve F,* =
{x€X:Fy(x) = a}iletammlidir (Zadeh, 1965).

Ornek 2: X ={1,2,3,4,5} kiimesi iizerinde F, =
((1,0.5), (2,1), (5,0.7)} ve Gp =
{(1,0.6), (4,1),(5,0.4)} bulanik kiimeleri verilsin.
Buna gore,

Fyv Gg = {(1,0.6), (2,1), (4,1), (5,0.7)}

[JPAS

ijpas@munzur.edu. tr
ISSN: 2149-0010
Fy A Gg = {(1,0.5),(5,0.4)}
F,, = {(1,0.5),(2,0),(3,1), (4,1),(5,0.3)}
Gg ={(1,04),(2,1),(3,1),(4,0),(5,0.6)}
bulunur.

Teorem: F,, G ve H. bulanik kiimeler olmak iizere
asagidaki ifadeler saglanir.

i [(F)']" = Fa,
“ (FAVGB)' = FA,/\GB, ve

F, v Gg',

(FaNGg) =

iii. F,vGg=GgVFEsVveF,NGg = GgAFy,

iv. ~(F4VvGg)VH;=F,Vv(GgVH;) ve (FyA
Gg) NHe = F4 A (Gg ANHE),

V.  FiA(GgVH:) = (FsAGg)V (Fq AHZ)
Vi. F4V(GgANH;) = (FyVGg)N(F4V He)
Vii.  FyV(F4AGg) =F4veFyA(F4V Gg) =F,
viii. FyANFy=FyVveF,VF,=F,

iX. F,VQ=F,

Ispat: Bulamk kiime ve iiyelik fonksiyonunu
tanimlart kullanilarak bu ifadelaerin dogrulugu
rahatlikla gosterilir.

Uyari: Kalsik kiimelerde saglanan AN A" =
@veAUA =X Ozellikleri bulanik kiimelerde
saglanmaz. Yani Fy # @ icin FA AF, = @ ve F,V
Fy # X dir. Gergekten F; # @ oldugundan 3x € A
i¢in F4(x) # 0 olur. Buradan 3x € A igin,

(Fa ANFy)(x) = min{F,4(x),1 — F4(x)} # 0
(Fa vV E2) () (x) = max{F4(x),1 — F4(x)} # 1
elde edilir (Dobois ve Prade, 1980).

Bulanik Topolojik Uzaylar:

X bostan farkli bir kiime, I = [0,1] kapli aralig1 ve
Fy ={(xFs(x)):x € X} = I¥ bulanik alt kiimesi
verilsin. Vx € X i¢in bulanik bos kiime ve bulanik
evrensel kiime sirasiyla,
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0x: X > I,x > 0,(x) =0
1y: X —>Lx—1,(x) =1
ile tanimhdir.

Tanm: X #@, 1<I1X ve F, Gz €1* olarak
verilsin.

i. Oy 1ly€ert
ii. FA,GBE‘EﬁFA/\GBET

ii. Vie]Fy,€t=VF €t

kosullarini saglayan t ailesine X tizerinde bir bulanik
topoloji denir. Boylece (X,7) ikilisine bulanik
topolojik uzay ve t ailesinin elemanlarina da bulanik
acik kiimeler denir. Tiimleyeni bulanik agik olan
kiimeye ise bulanik kapali kiime denir (Chang, 1968).

X in biitlin bulanik alt kiimelerini igeren aile bir
bulanik topolojidir ve ayrik bulanik topoloji adini alir.
Ayrica sadece Oy, 1y bulanik kiimelerini i¢eren aile
de bir bulanik topolojidir ve ayrik olmayan bulanik
topoloji adin1 alir (Lowen, 1976).

Tamm: 7 ve 7’ bulanik topolojiler olmak {izere eger
<7 oluyorsa 7 ya 7' den daha kaba ve 7’
topolojisine de t dan daha incedir denir (Lowen,
1976).

Onerme: X kiimesinde tanimli bulanik topolojilerin
her hangi arakesiti de X iizerinde bir bulanik
topolojidir ama birlesim genel olarak olmaz.

Ornek 4: X iizerinde herhangi bir F, bulanik kiimesi
icin T = {0y, 1x, F4} ailesi bir bulanik topolojidir ve
(X, ) bulanik topolojik uzayidir.

Tanm: (X,7) bulanik topolojik uzay ve F, € I¥
olsun. Bu durumda (F4)° =V{U:U S F,,U € 1}
seklinde tanimlanan (F,)° bulanik kiimesine, F,
bulanik kiimesinin i¢i denir (Lowen, 1976).

Teorem: (X,7) bulanik topolojik uzay ve F, € I¥
olsun. Bu durumda F4 € t & F4; = (F4)° saglanur.

Ispat: F, bulanik acik olsun. F, bulanik kiimesinin
her bir elemani igin, F4 bulanik agik oldugundan x €
F, € F, yazilabilir. Yani F4 bulanik kiimesinin her
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bir elemani i¢ nokta olur. Bu da
oldugunu gosterir.

Fy = (Fy)°

Tersine F, = (F4)° olsun. (F,)°
oldugundan F, bulanik agik olur.

bulanik agik
Ornek 5: X ={a,b,c} evrensel kiimesi iizerinde
taniml1 bulanik kiimeler

a = {(a,0.8),(b,0.9),(c,0.7)},

B =1{(a,0.6),(b,0.5),(c,04)}

vy =1{(a,0.3),(b,0.3), (c,0.2)}

ile verilsin. Bu durumda t = {0y, 1x, @, B, v} ailesi
bulanik topoloji olur. Gergekten,

aAp ={(a0.6)(b05),(04)}=p€r1

aAy = {(a,0.3),(b,03),(,02)}=y€T
BAy={(a0.3),(03),(02)}=y€eT

aVvp = {(a0.8),(,09),(07N}=a€t

aVvy = {(a,08),(,09),(c,07)}=a€T
BVy=1{(a0.6),(b0.5),(c04)}=p€rT

olur. Ayrica,

aVvpVvy = {(a0.8),(b09),(07N}=a€ET
bulunur.

Bu nedenle, (X, ) bulanik topolojik uzaydir.

Ornek 6: A = {a, b} kiimesi tizerinde taniml1 bulanik
alt  kiimeleri, F} ={(a,0,4),(b,0,6)}, F}=
{(al 0); (bl 0I4)}1 Fj = {(a; 0;4); (bﬂ 0;4)}; F: =
{(a,0.4), (b,0)}, F7 = {(a,0),(b,0,2)}, Ff =
{(al 0I4)I (bl Olz)}l F,Z = {(a) 0); (b; 0;5)}; Fj =
{(a,0,4), (b,0,5)} seklinde verilsin. Bu durumda 7 =
{0y, 15, Fi, F} F3, Fi FR FR F{,F8}  ailesi  bir

bulanik topoloji olur.

Sonug: (X,7) bulanik topolojik uzay ve F,, G4 € I*
icin agagidaki 6zellikler saglanir:

i (1x)° =1y ve (0x)° = 0y,
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ii. (Fp° S Fy,
i, ((Fp)° = (Fp°,
iv. F,SG,=> (F°c(Gye.

Tanmmm: (X, 7) Bulanik topolojik uzayinda ve F, €
I* olsun. F,’ y1 kapsayan en kiiciik kapali bulanik
kiimeye F, nin kapanisi denir ve F, ile gosterilir.
Fi=A{G4|F,€V, (G))' et} seklinde ifade
edilir (Lowen, 1976).

Teorem: (X,7) Bulanik topolojik uzay ve F, € I¥
olsun. F4 bulanik kiimesinin kapali olmasi i¢in, gerek
ve yeter sart F, = F, olmasidir (Lowen, 1976).

Sonug: (X, 7) bulanik topolojik uzay ve Fy, G, € IX
i¢in asagidaki 6zellikler saglanir:

i. E:]‘X VE@ZOX,

ii. F, € Fy,
iii. F,= F4
iv. F,CSG,>F,SG,.

Ornek 7: X bostan farkli bir kiime ve Fy, G4 € I*
bulanik kiimelerine ait iiyelik fonksiyonlari sirasiyla
asagidaki gibi tanimlansin.

F(x)={ 0 ; 0<x<1/2
A 2x—1 ; 1/2<x<1
1 ; 0<x<1/4
GA(x)={—4x+2 ; 1/4<x<1/2
0 ; 1/2<x<1

T={01,F;,G4,F,V Gy} X' de bir bulanik topoloji
olur. Ayrica kolayca gorebilirizki, Fy = (G4)', G4 =

(Fg)'s (FaVGy) =1y, ((FA),)O = Gy, ((GA)’)O =
Fa, ((Fav G2))° = 0y olur.

Ornek 8: X = {a, b, c,d, e} olarak tanimlansin.

F} = {(a,06),(b,0.2),(c,05),(d,1),(e,0)}

=5
[

{(a,0),(b,0.3),(c,0.5),(d,0.7),(e, 1)}

F? = {(a,06),(,03),(c,05),(d,1),(e, 1)}
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F{ = {(a,0),(,0.2),(c,0.5),(d,0.7),(e,0)}

T ={0y,1y,Fi, FZ,F3,Ff} smifi bulanik topoloji
olur. Ayrica X in bulanik kapali alt kiimeleri; Oy , 1x

(F)' = {(a,0.4),(»,0.8),(c,0.5) ,(d,0),(e, 1)}
(F?) ={(a,1),(»,0.7),(c,0.5),(d,0.3), (e, 0)}
(F3) ={(a,04),(,0.7),(c,0.5),(d,0),(e,0)}
(FH)' ={(a,1),(b,08),(c,0.5),(d,0.3),(e, 1)}
bulanik kiimeleridir.

GA = {(a ) 05)1 (b ) 04) ) (Cl 07): (dl 1): (e ) 1)}
bulanik kiimesi i¢in G,° = F? ve G, = 1 olarak
bulunur.

Tanim: (X, 7) bulanik topolojik uzay ve F4, Ug,V; €
1% olsun. V, F,’nin komsulugudur ancak ve ancak
F, € Ug €V olacak sekilde bir Ug bulanik agik
kiimesi vardir (Lowen, 1976). Ozel olarak bulanik
acik olan komsuluga bulanik ac¢ik komsuluk denir.

Teorem: F, bulanik kiimesi agiktir ancak ve ancak
her bir Gg € F, bulanik kiimesi igin F4, Gg nin bir
bulanik komsulugu olur.

Ispat: (=): Asikardir.

(<): Her bir Gg € F, bulanik kiimesi i¢in F,, Gg nin
bir bulanik komsulugu olsun. F, € F, oldugundan Fy4
kendisinin bir komsulugu olur. O halde, F, € Uy €
F, olacak sekilde bir Ug bulanik agik kiimesi vardir.
F, = Ug alirsak F, bulanik agik olur.

Bir bulanik kiimenin komsuluk sistemi, bulanik
kiimenin tiim komsuluklarinin ailesidir ve N ile
gosterilir.

Teorem: NV bir bulanik kiimenin komsuluk sistemi
olsun. V' nin elemanlarinin sonlu arakesitleri N ye
aittir ve V" nin bir elemanini kapsayan her bir bulanik
kiime V" ye aittir.

fspat: F, bulamk kiimesinin, N; ve N,
komsuluklarini alalim. Bu durumda N;" € N; ve
N," © N, olacak sekilde N,’,N," acik komsuluklari
mevcuttur. Boylece N;" AN," € N; A N, olur ki bu
da N; AN, ‘nin F; nin bir komsulugu oldugunu
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gosterir. Boylece V' nin iki elemaninin arakesiti V'
ye aittir.

Diger taraftan bir N bulanik kiimesi F; nin bir
komsulugunu kapsarsa F4 nin bir agik komsulugunu
kapsar ve dolayisiyla kendisi komsuluktur.

Ornek 9: X = {x,y, z} kiimesi iizerinde a, 8,7, €
I* bulanik alt kiimeleri asagidaki gibi tanimlansin.

a = {(x,0.5), (y,0.8),(z,0.2)},
B = {(x,0.4),(y,0.8), (z,0.5)},
¥ ={(x,0.5),(y,0.8), (z,0.5)},
§ ={(x,0.3),(,0.7),(z,0.1)},

ile tamimlansin. Bu durumda 7 = {0y, 1x, @, B, ¥} bir
bulanik topoloji ve (X, T) bulanik topolojik uzay olur.
Boylece a, 8,y € T &'min agik komgulugudur.

Tanmm: (X,7) bulanik topolojik uzayr ve B Ct
bulanik alt ailesi verilsin. Eger X in her bulanik agik
kiimesi B nin baz1 elemanlarmin birlesimi seklinde
yazilabiliyorsa ,B ailesine t topolojisin bir bulanik
taban1 denir (Chang, 1968).

Tammm: (X,7) bulanik topolojik uzay ve A Ct
olsun, B =A{F;:F, € Ave Asonlu} ailesini
bulanik taban kabul eden t topolojisi i¢in A, T i¢in
bir alt tabandir denir (Chang, 1968).

Ornek 10: X = {x,y} ve a,B,y € I¥,bulanik alt
kiimeleri a ={(x,0.3),(y,0.6)} B =
{(x,0.7),(y,0.5)},y = {(x,0.7), (¥,0.6)} ile
verilsin. 6 = a AB ={(x,0.3),(y,0.5)} olmak
tizere T ={0y,1y,a,B,y,6} ailesi bir bulanik
topolojidir ve (X, 1) bir bulanik topolojik uzay olur.
Bu durumda B = {0y, 1x,a,B,6 } ailesi 7 bulanik
topolojisi i¢in bir taban olur.

Ornek 11: X = {x,y} ve a,B,¥,6 € I¥ bulanik alt
kiimeler  olsun. a = {(x,0.2),(y,0.6)}, B =
{(£,03),1,05)}, y=1{(02),(»05)}, &=
{(x,0.3),(y,0.6)}. Boylece T ={0x,1x,a,8,7,6}
bir bulanik topoloji ve (X,7) bir bulanik topolojik
uzay olur. Ayrica § = {@, f} 7 igin bir alt taban ve
B = {0y, 1x, @, B,y } ailesi 7 igin bir taban olur.
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Tamm: (X.7) bulanik topolojik uzay ve F, € I¥
olsun. g, = {9 AFy: 9 e T} ailesi, Fy iizerinde bir
bulanik topolojidir ve 75, ya F, lizerine indirgenmis
bulanik topoloji denir. (F4 , g, ) ikilisine ise (X, 1)
bulanik topolojik uzaymin bir bulanik alt uzayi denir.

Tamm: Fg, Fg(y) lyelik fonksiyonuyla Y de bir
bulanik kiime, BCY ve f:X =Y bir fonksiyon
olsun. Buradan Fg bulanik kiimesinin ters resmi X
iizerinde bir bulanmik kiimedir. f~1(Fz) bulamk
kiimesine ait liyelik fonksiyonu, Vx € X igin
F (f~1(Fg)) = Fg(f(x)) ile tanimlanr.

Diger taraftan, F4, F4(X) tiyelik fonksiyonuyla X de
bir bulanik kiime, A € X olsun. F, nin goriintiisii
flF4], Y de bir bulanik kiimedir. f[F4] ya ait tiyelik
fonksiyonu Vy € Y igin,

sup{Fr, (@)} ,f'(y)#0
0 S =9

ile tanimlidir (Chang, 1968).

Fripn) = {

Teorem: f:X — Y bir fonksiyon olsun. a € I* ve
B € I olmak iizere asagidaki kosullar saglanir.

L B = (TR

i. (f@) cf@)

iii.  BicB=>f B cf (B BB ET
iv. a, Cay = flay) C fay),ag,a; € 1F

v. fUTB B

vii  ac )

Ornek 12: X = {1,2,3,4},Y = {a,,a,, a3} sirasiyla
parametre kiimesi ve evlerden olusan kiime ve iki
kisilik evlerin sahip olduklar1 ozellikleri belirten
bulanik kime F, = {(1,0.8),(2,1),(3,0.6), (4,
0.2)} olsun. f: X — Y fonksiyonu f(1) = f(3) =
ai, f(2) = a,, f(4) = a; ile tammlansin.

f~1(ay) = {1,3}, Fra)(ay) = sup{0.8,0.6} = 0.8
fH(az) = {2}, Fray(az) = 1

fHaz) = {4}, Freay(az) = 0.2
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bulunur. Béylece,

fED ={Y,F(f(F))} = {(a,,0.8), (ay 1), (as,0.2)}
olur.

Ornek 13: X = {-1,01},/: X >V, f(x) = x?
olsun. Y nin bulamik alt kiimesini Fp =
{(0,1),(1,0.6)} seklinde tanimlayalim. O zaman
f~1(Fg) bulanik kiimesine ait iiyelik fonksiyonu
F(f~1(Fg)) = F5(f(x)) ile tanimh oldugundan,

x=—-1x=1igin f(x) = 1ve Fz(1) = 0.6
x = 0 igin £(0) = 0 ve F5(0) = 1 degerleri ile
F(f~1(Fg)) = {(-1, 0.6),(0,1),(1,0.6)}
bulunur.

Tanm: (X,7;) ve (Y,7,) Iki bulanik topolojik
uzay olsun. f:(X,7;) — (Y,t,) fonksiyonu bir
bulanik siirekli fonksiyondur ancak ve ancak Y de her
bir bulanik ac¢ik kiimenin ters resmi X de bir bulanik
acik kiimedir (Chang, 1968).

Not: Klasik topolojide sabit fonksiyonlarin siirekli
oldugunu biliyoruz. Ancak bulanik topolojik
uzaylarda bu gegerli degildir. Yani bulanik topolojide
sabit fonksiyonlar bulanik siirekli olmayabilir.

Teorem: f: X — Y ve g:Y — Z bulanik siirekli
fonksiyonlar olsun. Bu durumda:

(gof): X — Z bileske fonksiyon da bulanik siirekli
fonksiyon olur.

Ispat: f:X —>Y ve g:Y — Z bulanik siirekli
fonksiyonlar olsun. vv € Z icin = (gof)(v)™! =
f~Y(g~t(v)) olur. f ve g nin bulanik siirekliligini
kullanarak (gof)~1(v) nin bulamk agik oldugunu
goruriz.

Teorem: X ve Y bulanik topolojik uzaylar
verilsin.  f X —= Y bir fonksiyon olmak {izere
asagidaki ozellikler denktir.

i.  Her bulanik kapali kiimenin tersi bulanik

kapalidir.

ii. f fonksiyonu bulanik stireklidir.
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iii. Her bir F,elIX icin f(F,) niin her

komsulugunun ters resmi F,nin  bir

komsulugudur.

iv. Her bir F, € X  i¢in f(F,;) nin her U

komsulugu i¢in f(T) € U  olacak bigimde

F,'nm bir T komsulugu vardir.

Teorem: (X,7;) ve (Y,7,) iki bulanik topolojik
uzay olsun. Buna gore, f:(X,7;) — (Y,7)
siireklidir ancak ve ancak her F, € I%,f(F,) €
f(F,) saglanir.

Ispat: (X,7,) ve (Y,t,) iki bulanik topolojik uzay
olmak tizere f: (X,7;) — (Y, 7,) siirekli olsun. Her
kiime kapaniginin alt kiimesi oldugundan f(F,) €
f(Fy) elde edilir. Boylece, F, S f~1(f(Fy)) S
fY(f(Fy)) yazmlir. f siirekli ve f(F;) kapali
oldugundan f~1(f(F,)) da kapalidir. Ancak F,’y1

kapsayan en dar kiimenin F, oldugunu biliyoruz. O
halde,

FacFcf Y (fF0) = f(F) <
fEFED)) = f(FD)

bulunur.

Tersine, her F, € IX icin f(F,) € f(F,) olsun. G5' €
7, Ve f~1(Gg) = H, olacak sekilde Gz € I' bulanik
kapal1 alt kiimesini ve H, € I* bulanik alt kiimesini
diisiinelim. Hipotezden,

fHD € FHD = f(f(Gs)) € Gp = G = Hy
c fHf(Hy) < f1(Gp) = Hy

yani H, € H, bulunur. Ayrica Hy € H, oldugunu

biliyoruz. Béylece H, = H, bulunur. Buradan
f~Y(Gg) = H, kapalidir. Yani f siireklidir.
Tanm: f:(X,7;) — (Y,7,) bulanik topolojik

uzaylar arasinda tanimli bir fonksiyon olsun. £y, Hy €
1% ve Gg € I' olmak iizere,

i. f bulanik siireklidir & V Gy € T,
fH(Gp) € 14
ii. fbulanikagik © V F; € 14 igin f(F,) € 1,

i¢in
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iii.  f bulank kapali © V Hy € 77 igin f(Hy) €

72

Ayrica eger f bijektif (yani bire- bir ve orten) ve
file f~1 siirekli ise f fonksiyonuna bir bulanmk
homeomorfizma denir (Nasrin ve Zahan, 2021).

Tanm: F, € I* bir bulanik kiime olsun. F, = 14
oluyorsa F4 bulanik yogun veya her yerde yogundur
denir (Nasrin ve Zahan, 2021).

Tanmm: F, € I bir bulanik kiime olsun. (F;)° = 0y
oluyorsa F,’ ya higbir yerde yogun degildir denir
(Nasrin ve Zahan, 2021).

Sonug: F,, Gg € I* bulanik kiimeler olsunlar. Buna
gore asagidakiler saglanir.

i. F, S Gg ve Gg bulanik yogun ise F, da
bulanik yogun olur.
ii.  F4 hicbir yerde yogun degil ise F, da higbir
yerde yogun degildir.
iii.  F, bulanik yogun ise (1 — F4)° = 0y olur.

Tamm: (X, t) bulanik topolojik uzay olsun. V x,y €
X,x #yicinx € F;,y € G4 ve F4 A G4 = 0y olacak
sekilde F,, G4 € T bulanik agik alt kiimeleri var ise
(X, 1) bulanik topolojik uzayina Hausdorff bulanik
uzay denir.

Teorem: f:(X,t;) — (Y,7,) bulanik  agik
fonksiyon olmak tizere (X,7;) Hausdorff bulanik
topolojik uzay ise (Y,7,) bulanik uzayir da bir
Hausdorff bulanik topolojik uzaydir.

Ispat: y,,y, €Y ve y, #y, olsun. y, =
f(xy) ve y, = f(x,) alahm. Hipotezden (X,74)
Hausdorff bulanik topolojik uzay1 oldugundan x; €
F4,x, € G4 Ve F4 A G4 = Oy olacak sekilde Fy, G4 €
7; bulanik agik alt kiimeleri vardir. f:(X,7,) —
(Y,7,) bulanikk agik  fonksiyon oldugundan
f(Fa), f(Ga) € 7 olur. 'y, € f(Fa),y, € f(Ga) Ve
ayrica f(FaNGy) = f(F4) A f(Gy) =0y
oldugundan (Y, t,) bir Hausdorff bulanik topolojik
uzayidir.

TARTISMA VE SONUC
Bulanik Topolojik Uzaylarin Toplamlar
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Tanim (X,7) bulanik topolojik uzayinin alt
topolojik uzaylarmin bir ailesi {(X;,7;)}, i € A ve
X =V X; olsun. Bulanik alt uzay topolojisi tanima
gore her i € A ve her F, € T bulanik agik (bulanitk
kapali) kiimesi i¢in F4 A X; bulanik kiimesi X; de
bulanik agik (bulanik kapali) olur. Buna gore :

Foet (veya F,/€T) © VieEAN, FANX €1
(veya (Fa AX ) €1;)

oluyorsa (X,7) bulanik topolojik uzayna (X;,t;)
bulanik topolojik uzaylariin serbest bilesimi denir.

Sonu¢: F, €1 bulanmk alt kiime olsun.
(FA, ‘L'FA) bulanik alt uzayi (FA AXi,tp, NX i)
bulanik alt uzaylarinin serbest birlesimi olur.

Bulanik topolojik uzaylarinin {(X;,7;)} ;i €
A ailesi igin X = V X; olsun. X {izerinde s6z konusu
bulanik topoloji ,

FAET @VlEA, FA/\XiETi

ile verilsin. Eger her bir (X;,7;) bulanik topolojik
uzayi (X, 7) bulanik topolojik uzayinin birer alt uzay
ve her bir X; bulanik kiimesi (X, ) bulanik topolojik
uzayinda acik oluyorsa (X,7), (X;,7;) ailesinin
serbest birlesimi olacaktir. Ancak (X,7) bulanmk
topolojik uzaymin (X;, ;) ailesinin serbest bilesimi
olmasi i¢in (X;,7;) bulanik topolojik uzaylarinin alt
uzay olmasi gerekmez. Serbest bilesim icin alt uzay
olma zorunlulugunu ortadan kaldiran 6nerme asagida
verilmistir.

Onerme : Bulanik topolojik uzaylardan olusan
{(X;,7:)} ;i € Aailesi ayrik ve X =V X; olsun.

Foetoheri€e Aicin F,AX; €T
seklinde tanimlanan t ailesi bir bulanik topolojidir.
ispat :

i. Her i € Aigin 0xyAX; = 0y
1X/\Xi =Xi ET; ﬁlx ET

= 0y €T Ve

ii.  Her sonlu {F,",F,? ..,F,"} St alt ailesi

i¢in,
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Vi€EA, (N1 FAD NX; =
ifadesinde F,” € 7 oldugundan

r=1(Fa" A X))

VieAiginF,” AX; €1;

olur. Her i€A igin (X;7;) topolojik uzay
oldugundan A™_,(F," A X;) € 7; bulunur. Béylece,

A?:l(FAT /\Xi) = (/\;l=1 FAT) ANX; ET; =
(/\;lleAT) ET

cikar.

iii.  Her {FAl, F4%, } C 7 alt ailesi igin :
VieAh , (VAEDAX,=V,.(FS AX)ET =
V. F, €T

elde edilir. Boylece topoloji aksiyomlar1 saglanmig
olur. Boylece (X,7) bir bulanik topolojik uzay olur.
Ozellikle bu (X,7) uzay, {(X;,7;)}ica ailesinin
serbest bilesimi olacaktir.

Tammm : Yukandaki énermede tanimlanan (X,7)
bulanik topolojik uzayina ikiser ikiser ayrik (X;, ;)
bulanik topolojik uzaylarmin bulanik topolojik
toplami denir. Bu bulanik toplam (WX;,1;) ile
gosterilir. Daha net bir anlamda X; bulanik kiimeleri
ikiser ikiser ayrik olmak iizere, X; bulamik
kiimelerinin birlesimi X bulanik kiimesini veriyorsa
X = WX; olur. X = X; topolojik toplamina ait
T topolojisine ise ayrik bilesim topolojisi ad1 verilir.

Onerme: Bulanik topolojik uzaylardan olusan
{(X;, 1)} ;i € Aailesiigin X = VX;olsun, yani X =
WX;, {(X;,7;)} bulanik uzaylarinin bulanik topolojik
toplam1 olsun. F4, € X bulanik alt kiimesi bulanik
kapalidir ancak ve ancak her bir i € A igin Fy A X;
(X;,7;) bulanik uzayinda bulanik kapalidir.

Ispat: F, € X bulanik alt kiimesi X bulanik toplam
uzayinda bulanik kapali ise her bir i € A i¢in F4 A X;
bulanik kiimesinin (X;, ;) bulanik uzayinda bulanik
kapali olacagi agiktir. Diger taraftan her bir i € A igin
FyAX;, (X;,7;) bulanik uzayinda bulanik kapali
olsun. (X\F)AX; =X \(F4AX;) ve F4AX;
bulanik  kapali  oldugundan X;\(F;AX;) ve
dolayisiyla (X\F4) A X; bulanik agiktir. Yani X\Fy,
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WX; uzayinda bulanik agiktir. Buradan F; , WX;
topalm uzayinda bulanik kapali olur.

Teorem: {(X;,7;)}; i € Abulanik topolojik uzaylarin
ayrik ailesi veX = WJX; olmak iizere (X,7), X;
uzaylarinin bulanik topolojik toplami olsun. Vi € A
icin ;- bulanik agik olan her kiime t-bulanik agik
olur.

Ispat: Vi € A icin 7; € 7 oldugunu gostermeliyiz.
F, € 7; olsun. Eger F, C X; ise

FAAXi:FAETiﬁFAAXiETif
li]lglnFA/\X]ZOXETl:FA/\XJETl,

bulunur. Yani Vi €A i¢in FyAX; €T, = F, €T
olur.

Ornek 14: X ={1,2,3,45} , X; ={1,2}, X, =
{3,4,5} olsun. X; kiimesi Uzerinde tanimli bulanik
kiimeler F,}l = {(1,0.2),(2,0.5)} e F,?l =
{(1,0),(2,0.3)} olarak verilsin .Bu durumda 7, =
{0x , 1x, F%, , F§ }, X1 iizerinde bulanik topoloji olur.

X, kiimesi iizerinde tanimli bulanik kiimeler :
G}, = {3,0),(4,05),(5,0.6)})

Gz, = {(3,0.1),(4,0.8),(5,0.2)}

Gx, A G, = Gz, = {(3,0),(4,0.5),(5,0.2)}
Gx,V G§, = Gy, = {(3,0.1),(4,0.8),(5,0.6)}

olsun. O halde 7, = {0y, ,1x,,Gx, ,G%,,G%, ,Gx,}
, X5 lizerinde bulanik topoloji olur.

X = WX; bulanik topolojik toplami {izerindeki
bulanik topoloji ise asagidaki gibidir.

Ox,1x, 1y, 1x, , F,F2G', G*, G*,G* F' v G,
Fv@G? F'vGi F'vGHFPvGLF? v G?,
F?VG,F*VvG' 1y, Vv F'1y, v F!
1y, V G 14 vV G 1x, V G 1y, VG

T =

Sonuglar:
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i. X=UWX;, {(X;,7,)} bulanik uzaylarinin
bulanik topolojik toplami olsun. Her X;
bulanik kiimesi X = WX; bulanik uzayinda
hem bulanik agik hem de bulanik kapalidir.

ii.  Her bulanik topolojik toplam uzay1 bulanik
baglantisizdir.

Teorem : X = lJX; bulanik topolojik toplamlari
olsun. O halde her X; bulanik topolojik uzay1 X in bir
bulanik alt uzayidir.

Ispat: X = V;ca X; veX; ayrik kiimeler oldugundan
X; € X oldugu agiktir . Ayrica her i € A igin 7' =
{X;ANG;G €t} olmak tlizere 7; = 7' oldugunu
gostermeliyiz.

FAETliaGAET:FA: Xi/\GA =>XinGA€Ti
iFAETi

HAETiVeTigT = HAE TVEHA gXl = HA:
HAAXi;HAE T :HA ET,

O halde 7; = ' olur.

Tanmm: Bulanik topolojik uzaylardan olusan
{(X;,7:)} ;i € A ailesi ayrik ve X = V X; olsun, yam
WX; bulanik topolojik toplam olsun. F,, G, € IX
bulanik alt kiimeleri verilsin. Eger F, € Hy C
Gy:Hy €T varsa G, kiimesine F, kiimeye bir
komsulugu denir. F, 'min tim  bulamk
komsuluklarinin ailesi Ny (F,) ile gosterilir.

Nx(Fa) ={ NaVGa:Ny € Ny,(Fa) Gy € 1% }
olur. Burada Ny, (F), F40gesinin  (X;,7;)
uzayindaki komsuluklar ailesidir.

Teorem: F, € 1X¥ kiimesi bulanik aciktir & F,
bulanik kiimesi her bir bulanik alt kiimesinin bir
komsulugudur.

ispat:

=: F, bulanik agik , yan1 F, € T ve G4 S F, olsun.
F\'cF,CF, yazilabildiginden Fj, F,* bulanik
kiimesinin bir komsulugu olur.

&: Tersine F, her alt kiimesinin bir komsulugu ise
F,' € G, S F, olacak sekilde G, bulamk acik
kiimesi mevcudtur. Buradan,
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Gy =VF' SG,CS VFy ={Fs:F,' CFy)

olur. Bu nedenle F, kiimesi G, bulanik agik
kiimelerinin bir birlesimi ve bodylece F, bulanik
aciktir.

Ornek 15:

X={a,b,c,d} , X, ={a, b}, X, ={c,d} olsun . X;
kiimesi {izerinde tanimli bulanik kiimeler, R}, =
{(a,0.1), (b,0.6)} ve RZ, = {(a,0), (b,0.4)} olarak
verilsin. Bu durumda, t; = { Oy, 1x1,Ry1,R%.},
X, luzerinde bir bulanik topoloji olur. X, kiimesi
tizerinde tanimli bulanik kiimeler :

Ty, = {(C,0),(d, 1)}

TZ, = {(c,0.3),(d,0.5) }

Te, ANTZ, = {(c,0),(d,0.5)} = T3,

T, VT, = {(c,0.3),(d, D} = Ty

olsun. O halde,

T, ={ Ox2, 1x2, Txz , T2 Titz , Tx2 }, Xo lizerinde
bir bulanik topoloji olur. X = WX; toplamu tizerindeki

bulanik topoloji ise

T =
1 p2 1 2 m3 s
Ox,1x ,1x2 ,1x1,Rx1,Rx1 . Tx2, T2, Tx2 » Tx2 s
R¥1V Tyz , Rx1 VTis , Rx1 VT2 Ry VTxa,
2 1 2 2 p2 3 p2 4
Ry1 VTx, , Rx1 VTxy,Rx1 VTxz, R V Ty,

ve

N (Rx1)

Ri1 »R%1 VTiz , Rx1 V Ta, Ry V Titp, Ryy V Tx2
{(a,0.2),(b,0.6)},{(a,0.3),(b,0.6)}, ...
{(a,0.2),(b,0.7)},{(a, 0.3),(b,0.7)},...

olarak bulunur.

Tamm: X = WX; bulanik topolojik toplamin1 alalim.
(X,7) bulanik uzaymm bir F, € IX bulanik alt
kiimesi diisiinelim. F; kiimesinin kapanigi Fy4
kiimesini kapsayan biitiin bulanik kapali kiimelerin
arakesitidir ve F, ile gosterilir. Sonug olarak F, , Fy
kiimesini barindiran en kiigiik bulanik kapali
kiimedir. Diger bir ifade ile
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Fy={AKy:Fysc KyveK, €1}
bulanik kiimesidir.

Tanmmm: {(X;,T;},i € A ailesinin bulanik topolojik
toplami olan (X, t) bulanik topolojik uzay1 i¢in, F, <
I* ve p € F, olsun. Eger p ‘nin, F,” nin icinde kalan
uygun bir komsulugu varsa p ‘ye F4 nin bulanik ig¢
noktast denir. f; nin tiim bulanik i¢ noktalarmin
kiimesine F, nin i¢i denir ve F,° ile gosterilir. F,° =
V{G, c F,: G4 € 1} oldugu agiktir.

Ornek 16: X={a,b,c} ,X; ={a}, X, ={b,c}
olsun . X; kiimesi lizerinde tanimli bulanik kiimeler
T, = {(a,0.5)} ve T2, = {(a, 0.3)} olarak verilsin .
Bu durumda 7, = { Oxy, %1, TZ,} olur. X, kiimesi
tizerinde taniml1 bulanik kiimeler :

DL, = {(b,0.1), (c, 0.5)}
Dg, = {(b,04),(c,1)}

olmak iizere T, = { Oxz, 1x2, Dy, , D, } X, iizerinde
topoloji olur ve X = lJX; Bulanik topolojik toplami
iizerindeki bulanik topoloji

1 2 1 2
T = 0X']-X '1X2 '1X1 'TXl 'TXl 'DXZ'DXZI
T uDE,,TE, UDZ,, T2, UDL, T2, U D2
X1 X21X1 X21X1 X2 1X1 X2

{ Ox,1x ,1xy 151, T , T , D}, D2, }
=1 {(a,0.5), (b,0.1), (¢, 0.5)},{(a,0.5), (b, 0.4), (c, 1)}
{(a,0.3),(b,0.1), (c,0.5)},{(a, 0.3),(b,0.4), (c, 1)}

seklinde bulunur ve bulanik kapli kiimeler ailesi

F
( Ox,1x ,1xz ,1x1,{(a, 0.5)}{(a, 0.7)},
_ {(b,0.9),(c,0.5)},{(a,0.5), (b, 0.6), (c, 0)}
- i {(b,0.6),(c,0)},{(a, 0.5), (b,0.9), (c,0.5)}, }
{(a,0.7), (b,0.9),(c,0.5)},{(a,0.7), (b,0.6), (c, 0)}

seklindedir. E = {(a,0.5),(b,0.6),(c,1)} bulanmk
kiimesi i¢in E° = {(a,0.5), (b,0.4), (c,1)} ve E =
1 bulunur.

Tamm: {(X;,7;)} ; i € A ailesinin bulanik topolojik
toplami (X.7) olmak iizere, (X.t) bulanik topolojik
uzaymda § C 7 alt ailesi i¢in eger X'in her bulanik
acik kiimesi §8 nin bazi elemanlarinin birlesimi olarak
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yazilabiliyorsa, 8 ailesine T bulanik topolojisinin bir
taban1 diyecegiz.

Ornek 17: X={mn,r},X; ={m} X, =
{n},X; ={r} olsun. X; kiimesi iizerinde taniml
bulanik kiimeler M}(l ={(m,0.1)} vely, = {(m, 1)}
olmak iizere 7, ={1x,0x, Mg, } bir bulanik
topolojidir. X, kiimesi tizerinde tanimli bulanik
kiimeler N}}Z ={(n,0.2)} ve 1y, = {(n,1)} olmak
iizere T, = {1x,,0x, Ng, } de X, iizerinde bir
bulanik topoloji olur. X3 kiimesi {izerinde ayrik
olmayan bulanik topoloji ise 3 ={1X3,0X3} ile
verilsin. X = WX; bulanik topolojik toplami
tizerindeki bulanik topoloji:

1XI OX ’ 1X11 1X21 1X3 )] M}1(1; N)%zp M}l(l \ N}%zp
T =
My Vg, Mg V1 X3,N,}2 Vi, Ng, V1,

olarak elde edilir. Boylece B =
{0x,1x,, 1x,, 1x, , My , N } ailesi 7 icin bir taban
olur.

Teorem: (X,7) bulanik topolojik uzay1 ve B ST
ailesi verilsin.

B,T i¢in bir taban olur & VF,E€tveGy S
FAI(;II’IHBAQB'GAQ BAQFA

ispat:
= f3, T icin bir taban, F, € T Ve G, € F4 olsun .

Bu durumda varsayimdan dyle bir takim B; € 8
Ogeleri bulunabilirki : Fy =V B;  yazanz. G, € F,
dan G4, € VB; ve buradan G4 € B; € Fy seklinde
bir B; €  elemaninin var oldugu agikca goriiniir.

& Diger taraftan, her F, € T ve her G4 S F, i¢in
3 BA c ﬁ : GA c BA c FA yaZ&blldlgllel
varsayalim. Buna gore,

Fy = V{G,4} VB, €F, ve bu nedenle F, =
{V B, : G4 S F,} yazabiliriz ve buna gore 8 ailesi
i¢in bir tabandir.

SONUCLAR

Bu calismada bulanik topoloji ve topolojik kavramlar
baz alinarak bulanik topolojik toplamlar tanimi
verildi ve Orneklendirildi. Bulanik topolojik
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toplamlar i¢in bazi sonuglar elde edildi. Bulanik
topolojik toplamlar icin elde edilen ifadelerin aslinda
topolojik toplamlarda elde edilen sonuglarin bir
genislemesi oldugu sonucuna varildi. Dolayisiyla
klasik topolojiyi, elemanlara ait olma derecesi 0 veya
1 oldugunda, bulanik topolojinin 6zel bir durumu
olarak diisiiniilebilir.

Bu c¢alismanin devami olarak bulanik topolojik
uzaylarin  toplaminda  aymrma  aksiyomlari,
baglantililik ve kompaktlik gibi kavramlar da
incelenebilir.

CIKAR CATISMASI BEYANI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar
catismasi bildirmemektedir.

ARASTIRMA VE YAYIN ETiGi BEYANI
Yazarlar bu ¢aligmanin arastirma ve yayin etigine
uygun oldugunu beyan eder.
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Abstract

Supervised machine learning techniques are commonly used in many areas like finance, education, healthcare,
engineering, etc., because of their ability to learn from past data. However, such techniques can be prolonged if the dataset
is high-dimensional, and irrelevant features may reduce classification performance. Therefore, feature selection or feature
reduction techniques are commonly used to overcome the mentioned issues. Hence, feature selection approaches are
needed to make the algorithms faster without reducing the classification performance. On the other hand, information
security for both people and networks is crucial and must be secured without wasting time. In this study, we compare the
classification and run-time performances of state-of-the-art classification algorithms using standard deviation-based
feature selection in security datasets. For this purpose, we applied standard deviation-based feature selection to KDD Cup
99 (KDD) and Phishing Legitimate datasets for selecting the most relevant features. Then we ran the selected
classification algorithms on the datasets to compare the results. According to the obtained results, while the classification
performances of all algorithms were satisfying, Decision Tree (DT) was the best among others. On the other hand, while
DT, k Nearest Neighbors (KNN), and Naive Bayes (NB) were sufficiently fast, Support Vector Machine (SVM) and
Artificial Neural Networks (ANN) were too slow.

Keywords: Classification, cyber security, feature selection, information security, machine learning.

Siber Saldir1 Veri Kiimelerinde Standart Sapmaya Dayah Oznitelik Secimi
Kullanan Simiflandirma Algoritmalarinin Performanslarimin Karsilastirmasi

Oz

Denetimli makine 6grenimi teknikleri, gecmis verilerden 6grenme yetenekleri nedeniyle finans, egitim, saglik,
miihendislik vb. pek ¢ok alanda yaygin olarak kullanilmaktadir. Ancak, veri kiimesi ¢ok boyutlu ise bu tiir teknikler ¢ok
yavas olabilir ve alakasiz 6zellikler nedeniyle de simiflandirma basarist diigebilir. Bu nedenle, bahsedilen sorunlarin
iistesinden gelmek icin dznitelik segme veya nitelik azaltma teknikleri yaygin olarak kullanilmaktadir. Ote yandan, bilgi
giivenligi hem insanlar hem de aglar i¢in ¢ok 6nemlidir ve zaman kKaybetmeksizin giivence altina alinmasi gerekir. Bu
nedenle, siniflandirma basarisin1 diisiirmeden algoritmalar1 hizlandirabilen 6znitelik se¢im yaklasimlarina ihtiyag
duyulmaktadir. Bu ¢alismada, giivenlik veri kiimeleri acisindan standart sapmaya dayali 6znitelik se¢imi kullanan en
temel smiflandirma algoritmalarinin hem siniflandirma basarilarimi hem de c¢alisma zamani performanslarini
kargilastirdik. Bu amagla KDD Cup 99 (KDD) ve Phishing Legitimate veri setlerine standart sapma tabanli dznitelik
secimi uygulayarak en ilgili nitelikleri sectik ve se¢ilen siniflandirma algoritmalarini veri setlerine uygulayarak sonuglari
karsilastirdik. Elde edilen sonuglara gore, tiim algoritmalarin siniflandirma basarilari tatmin edici iken, Karar Agaci (DT)
digerleri algoritmalara gore en iyisi olarak dikkat gekmistir. Bununla birlikte, DT, k En Yakin Komsu (KNN) ve Naive
Bayes (NB) tatmin edici diizeyde hizliyken, Destek Vektor Makinesi (SVM) ve Yapay Sinir Aglari’nin (ANN) ¢ok yavas
olduklan tespit edilmistir.

Anahtar Kelimeler: Bilgi giivenligi, makine 6grenmesi, dznitelik se¢imi, siniflandirma, siber giivenlik.
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INTRODUCTION

Machine learning approaches are commonly used
in many areas like bioinformatics, image processing,
financial applications, science applications, healthcare
systems, information security, etc. (Deiana et al.,
2022; Heidari, Jafari Navimipour, Unal, Toumaj and
Applications, 2022; Khaire, Dhanalakshmi and
Sciences, 2022; Senol, Canbay and Mahmut; Zhou,
Wang and Zhu, 2022). One of these approaches is
classification techniques. In classification
applications, algorithms learn information from past
data and use this information to predict new arrival
data (Senol et al.)). NB (Russell, 2010), DT
(Fiirnkranz, 2017), SVM (Manevitz and Yousef,
2001), KNN (Ali, Neagu and Trundle, 2019), and ANN
(Jain, Mao and Mohiuddin, 1996) can be given as
primary examples of classification algorithms.

Although classification algorithms are very
successful, they may be too slow on high-dimensional
datasets (Cheng, Cui, Wang and Zhang, 2023).
Various feature selection and feature reduction
methods have been proposed to overcome this issue.
In the feature reduction approaches, proposed
techniques project the dimensions to reduce the
dimensionality (Di Mauro, Galatro, Fortino and
Liotta, 2021). Linear Discriminant Analysis (LDA)
and Principal Component Analysis (PCA) can be basic
examples of these methods. On the other hand, in
feature selection techniques, a subset of features is
selected instead of using all features according to
relativity to the actual classes. Correlation-based
feature selection (CFS), Mutual Information (M),
Information Gain (IG), Chi-square test (Chi2), and
Variance Threshold-based (VT) feature selection
methods can be said as examples of them (Senol,
2022a).

When cyber-attacks against the right of society
are considered, the value of any approach that might
support people against these kinds of attacks can be
understood  better. Machine  learning-based
approaches are one of them. Machine learning-based
techniques could successfully detect any attack in real-
time (Almaiah, Al-Zahrani, Almomani and Alhwaitat,
2021; Bahaa, Abdelaziz, Sayed, Elfangary and Fahmy,
2021; Uma and Padmavathi, 2013). Therefore, they
are commonly used in information security and cyber
attack areas (Abdullahi et al., 2022; Ansari, Sharma
and Dash, 2022). This study compares state-of-the-art
classification algorithms with standard deviation-
based feature selection on cyber attack datasets. This

[JPAS

ijpas@munzur.edu.tr

ISSN: 2149-0910

study aims to reveal the efficiency of classification
performances of state-of-the-art algorithms with a
standard deviation-based feature selection approach
on cyber attack datasets. For this purpose, we used two
cyber attack datasets in the experimental study.

The rest of the paper is organized as follows. The
next section provides background information about
used techniques and algorithms. The proposed model
is described in detail in the third section, while the
experimental study is shared in the fourth section. We
discuss obtained results in the fifth section, while the
study is concluded in the last section.

RELATED WORKS

In parallel with technological developments, the
number of cyber-attacks is increasing. So, the need for
methods to protect people from such attacks is also
increasing. Additionally, since the speed of data
growth is enormous, these methods require various
feature selection or reduction methods to increase the
run-time performance of the models (Lyu, Feng, and
Sakurai, 2023). Therefore, there are many studies have
been conducted in this area.

One of these studies is proposed by Li et al. (Li,
Fang, Chen and Guo, 2006). They used Maximum
Entropy Model (ME) with 1G and Chi2 feature
selection methods to classify the KDD dataset.
According to the results, their model’s accuracy was
99.82%. Moreover, since the computational
complexity of their method was low, it could be used
for real-time applications. Similarly, Niguyen et al.
(Niguyan, Franke and Petrovic, 2010) used DT and
NB classifiers with hybrid versions of CFS to classify
the KDD dataset. The DT's accuracy was better than
that of NB, which were 99.41% and 98.82%,
respectively.

In another study, Eid et al. (Eid, Hassanien, Kim
and Banerfee, 2013) used Pearson Correlation with
DT to classify the NSL-KDD dataset. According to the
experimental results, the accuracy of their model was
99.1%. In addition, their model reduced the number of
features from 41 to 17. However, the run-time of their
model was high a little bit. Another proposed model
to classify KDD-NLS dataset was proposed by Wahba
et al. (Wahba, ElSalamouny and ElTaweel, 2015).
Their model used CFS and IG as feature selection
methods and NB as classifier. According to the results,
their classsifier's performance was better than Eid et
al's model. The accuracy of their model was 99.3% in
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accuracy. Similarly, Shahbaz et al. (Shahbaz, Wang,
Behnad, Samarabandu, 2016) used DT with CFS and
tested it on NSL-KDD. However, the accuracy of their
model was too low. Because, the number of selected
features in their model was only 4. In addition to the
NSL-KDD dataset, Ullah and Mahmoud (Ullah and
Mahmoud, 2017) tested their model on the ISCX
dataset, which is also an intrusion detection dataset.
They integrated 1G into J48 classifier. The accuracy of
their model on ISCX was 99.70%, while it was
99.90% on NSL-KDD.

Kushwaha et al. (Kushwaha, Buckchash, Raman,
2017) ensembled SVM with IG feature selection
method. Then, they tested the model on KDD dataset.
According to obtained results, the accuracy of their
model was very high, which was 99.91%, although the
number of selected features was 5. Another model that
used SVM as classifier was proposed by Mohammadi
et al. (Mohammadi, Desai and Karimipour, 2018). To
improve the accuracy of their model, they used Least
Squared SVM (LSSVM). In addition to KDD and
NSL-KDD, they tested their model on Kyoto+ 2006
dataset. The accuracies of their model on these
datasets were 94.31%, 98.31%, and 99.11%,
respectively. Similarly, Wang et al. (Wang, Du and
Wang, 2019) applied SVM to KDD and NSL-KDD
datasets. However, they used a feature selection
method called Efficient CFS which was based on
symmetric uncertainty. The accuracy performance of
their model was sufficient on both datasets.

On the other hand, Shabudin et al. (Shabudin,
Arrifin, Sani and Aliff, 2020) proposed a study
combining various feature selection methods with
Random Forest (RF), Multi-Layered Perceptrons
(MLP), and NB classifiers. Then, they tested their
model on the Phishing Website dataset of UCI data
repository. According to the experimental study, RF
was the most successful classifier. On the other hand,
Aljabri and Mirza (Aljabri and Mirza, 2022) proposed
Machine Learning and Deep Learning with
correlation-based feature selection for phishing attack
detection. They used RF, Logistic Regression,
Convolutional Neural Network, ANN, and SVM as
classifiers while using two phishing datasets from UCI
and Kaggle websites. According to the experimental
comparisons, the RF was the most successful
classifier.
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METHODOLOGY

In this section, we provide details about the
method and algorithms used in this study.
Classification Algorithms

This study compares some of the most known
classification algorithms with standard deviation-
based feature selection on two cyber-attack datasets.
We used DT, SVM, kNN, NB, and ANN as
classification algorithms. Because these algorithms
are some of the most renowned classifiers.

DT is a supervised machine-learning algorithm
for classification and regression tasks (Lee, Cheang
and Moslehpour, 2022; Rivera-Lopez, Canul-Reich,
Mezura-Montes, Cruz-Chavez and Computation,
2022). It is a tree-like structure where each internal
node represents a feature or attribute, each branch
represents a decision rule, and each leaf node
represents a class label or a numerical value
(Fiirnkranz, 2017). It is easy to use, speedy to train and
test, and also easy to understand. Furthermore, the
resultant tree can be visualized easily.

On the other hand, SVM is a supervised machine-
learning algorithm that can be used for classification
and regression tasks. In SVM, the algorithm finds a
hyperplane that best separates the different classes or
predicts the continuous output values based on the
input features. The hyperplane is chosen to maximize
the margin between the closest points from other
classes. SVM can handle linear and non-linearly
separable datasets by transforming the input features
into a higher-dimensional space where the classes
become linearly separable. This is done using a kernel
function that calculates the similarity between two
instances in the higher-dimensional space. Some
popular kernel functions are linear, polynomial,
Gaussian (RBF), and sigmoid.

Come to KNN, it is based on the idea that assumes
similar things exist nearby, which means that similar
things are close to each other (Ali et al., 2019). In
addition to being used in many areas, it is commonly
used in pattern recognition (Maheswari, Aluvalu and
Mudrakola, 2022; Malik, Abu Bakar and Sheikh,
2022; Patil and Patil, 2022). Its most crucial advantage
is that it does not require the datasets to be linearly
separable.

As for NB, it is a statistical classification
algorithm based on the Bayes theorem. The NB
algorithm statistically learns from the training dataset.
It is a strong classifier in terms of accuracy and speed.
NB assumes that the input features are conditionally
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independent given the class label, which means that
the probability of observing a set of features given a
class label can be calculated by multiplying the
probabilities of each feature given that class label. This
assumption makes the algorithm computationally
efficient and reduces the need for large training data.

Finally, ANN is a bio-inspired classification
algorithm that models the neural nervous system of
humans. ANN is a machine learning algorithm based
on modeling the structure and function of the human
brain. They are composed of interconnected nodes, or
neurons, organized into layers. Each neuron takes in
one or more input signals, performs a computation,
and outputs a signal to the next layer of neurons. It
uses a mathematical weighting system to modulate the
effect of the associated input signal. ANN can be used
for classification and regression tasks and can handle
structured and unstructured data such as images and
text. They are often used in applications such as
computer vision, natural language processing, and
speech recognition, where they have achieved state-
of-the-art performance. However, they can be
computationally expensive to train and require large
amounts of data.

Feature Selection Methods

In general, feature selection techniques are
approaches that reduce the dataset's number of
features. The main aim is to reduce the number of
features without reducing the dataset's quality.
Furthermore, this process reduces the time complexity
and uses less storage while obtain satisfactory results.
Mainly, feature selection techniques are divided into
three types. These approaches are filters, wrappers,
and embedded methods (Cetin and Yildiz, 2022;
Khaire et al., 2022).

Filter methods: Unless using all the features,
they pick up instinct features through univariate
statistics. They are efficient methods in terms of speed.
These methods are faster and less computationally
when compared with wrapper methods. IG, Chi2 test,
Fisher's score, CFS, VT, Mean Absolute Difference
(MAD), and Dispersion ratio are some of filter-based
feature selection methods (Khaire et al., 2022).

Wrapper methods: In wrapper methods,
possible all subsets of features are assessed, and then
the subset which produces the best results is assigned
as the selected features (Kira and Rendell, 1992;
Kohavi and John, 1997). These techniques use
classifiers and assessment techniques to find the best
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subset. In terms of dataset quality, they are better than
filtering techniques. But the required time and space
complexity of wrapper methods is greater than filter
methods. These methods include forward feature
selection, backward feature elimination, exhaustive
feature selection, and recursive feature selection.

Embedded methods: These methods combine
filter and wrapper methods' benefits by including
features' interactions while maintaining reasonable
computational costs. Embedded methods use an
iterative method to determine the best features
contributing the most to training for a given iteration.
LASSO Regularization (L1) (Tibshirani, 1996) and
Random Forest Importance (Breiman, 2001) can be
given as examples.

Proposed Method

This study aims to reveal the effect of using a
standard deviation-based feature selection method
with state-of-the-art classification algorithms on
security datasets. First, we used a standard deviation-
based feature selection explained in the following
subsection to find the best features. Then, we ran the
algorithms on selected features. Finally, we compared
the performances of the models.
Standard Deviation-Based Feature Selection
Method

The standard deviation of any dataset shows how
the data is gathered around the center. The larger the
standard deviation of a feature, the greater its effect on
the result (Senol, 2022b). Therefore, if a feature has a
large standard deviation, it also has more
distinguishability on the results, as shown in Fig. 1
(Yousefpour, Ibrahim, Abdull Hamed and
Hajmohammadi, 2014). In this example, the Y feature
has more distinguishability. So, we try to select
features with a large standard deviation as much as
possible in standard deviation-based feature methods.
In this study, we use a user-defined variable, ratio,
calculated by dividing the standard deviation value of
the selected one by the summation of the standard
deviation of all features. Standard deviation is

o= Zi:l(xi_f) (1)

n-1

where ¢ is the standard deviation, n is the data size, x;
is each feature's value, and x is the mean of i feature.
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After calculating the standard deviation for each
feature, all features are sorted in descending order. The
feature selection progress is continued until the ratio
of the sum of the standard deviations of the selected
features to the sum of the standard deviations of all the
features is greater than the ratio. When the process is
finished, the selected features are the final features that
will be processed. Therefore, the algorithm we use for
the standard deviation-based feature selection method
is given in Algorithm 1.

Y
A
Class A
|
|
[ |
|
||
Class B .
®
]
®
> X

Figure 1. An example of standard deviation with two
features and two classes.
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Algorithm 1: Standard Deviation based FS
Input: Data X = z,, 2y, 73,...,2, C RY;
ratio;

Output: SF;
foreach o; € o do
it (zi—T)

n—1

Dstd percentage

>the List of Selected Features

.-
end
Features + DesOrder(o); tDescending
foreach f € Features do

if sum < ratio then
sum=sum-+f;
SF+ f:

end

S
oruet

end
return SF;

EXPERIMENTAL STUDY
Experimental Environment

We used Python programming language in the
experimental study in Anaconda Spyder environment
and required libraries. All the experimental works
were performed on a computer that has i7 processor,
16 GB RAM, and on which Microsoft Windows 11
was installed.

Used Datasets

We used two cyber-attack datasets to compare the
efficiency of classification algorithms on security
datasets. One is the KDD dataset, and the other is the
Phishing Legitimate dataset.

KDD Cup 99 dataset

KDD dataset is one of the commonly used
datasets in machine learning applications. It is the
dataset related to the intrusion detection system.
Intrusion detection systems aim to detect any attack
carried out via network systems. In its original form, it
consists of 5 million records, each consisting of 39
features, and one of these features is the class label that
could be one of 24 classes (Dua and Graff, 2023). This
study uses a subset of the KDD dataset with 50000
records to speed up the experimental process.

Phishing Legitimate dataset

Phishing is one of the cyber attacks against
human information security. These attacks aim to steal
people's valuable information like bank account
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information, account information on any social media,

Select Algorithm,
Loop=1,maxAcc=0,
maxFscore=0,
maxPrecision=0,

\ maxRecall=0 J

select ratio randomly

v

Select features
according to rafio

v

Run algorithm on
selected dataset

h 4

h 4

maxAcc=Accuracy
maxFScore=FScore
Mo L= i i -
ves | MaxPrecision=Frecision
maxRecall=Recall

Mo
¥

Loop=Loop+1 qu

Loop==100

No

Are the
algorithms
finished?

or any other information that could be valuable for the
attacker (Ojewumi et al., 2022). Phishing Legitimate
dataset contains records related to phishing attacks
(Tan, 2018). According to features, it is decided if it
was distrustful or malicious. It has 48 features and one
for the class label. It has 10 thousand records, 5
thousand are reliable, and 5 thousand are malicious.

Test Procedure

We performed all selected classification
algorithms on both datasets in the experimental study
and compared the results. Firstly, we split the datasets
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as 66% as the train and %34 as the test dataset. Then,
to evaluate the results, we run each algorithm on each
dataset 100 times with a randomly selected ratio value
and parameters. The procedure's objective is to reach
the highest value for each algorithm. The highest value
of obtained accuracy means the best feature selection
ratio is the used one. The procedure that was used to
compare algorithms is shared in Fig. 2.

Figure 2. Used procedure to compare the algorithms.

RESULTS AND DISCUSSION
5.1. Comparison of Classifiers in Terms of
Classification Performance

All selected algorithms are executed on each
dataset according to the procedure in Fig. 2. While
obtained, visual results with the DT algorithm are
given in Fig. 3, 4, 5, and 6, respectively; all the
obtained results are given in Table (1). DT is the most
successful one in classification manner on both
datasets. According to obtained results, the number of
the selected features as the best was 25 for DT in the
KDD dataset, while it was 25, 29, 29, and 23 for NB,
SVM, kNN, and ANN, respectively. As for the
Phishing Legitimate dataset's selected features were
20, 42, 42, 40, and 40 for DT, NB, SVM, kNN, and
ANN, respectively. When the results are analyzed, it
can be said that the feature selection operation makes
DT, NB, and kNN faster. On the other hand, it is not
an advantageous way for SVM and ANN.

5.2. Comparison of Classifiers in Terms of
Run-time Complexity

As shown in Fig. 7, in terms of execution time,
kNN was the fastest one among them. But DT and NB
were also sufficiently fast in both datasets. On the
other hand, SVM and ANN were very slow when
compared to the others. Besides, because of using the
feature selection process, the times consumed by SVM
and ANN with the feature selection method were even
more significant than the times in the methods without
the feature selection method in some cases. Therefore,
regarding execution time, we can say that DT, NB, and
kNN were sufficiently fast, but SVM and ANN were
too slow on cyber-attack datasets.

CONCLUSION
Machine learning approaches are commonly
used to protect people against cyber-attacks that
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threaten people's rights. Because machine learning can
be used in detecting cyber attacks by training models
on large datasets of network traffic and system logs to
learn patterns of normal behaviors and abnormal
behaviors. This can be done using machine learning
techniques such as supervised, unsupervised, and
reinforcement learning. Classification algorithms are
one of the supervised approaches. On the other hand,
feature selection/reduction techniques that are used to
select more related features to reduce the execution
time of algorithms are also widespread in the machine
learning area.

This  study compared state-of-the-art
classification algorithms with a standard deviation-
based feature selection method on cyber-attacks in
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both run-time complexities and classification
performance. According to obtained results, DT is the
most  successful  algorithm in  classification
performance. Its accuracy on the KDD dataset was
0.9992, and on the Phishing Legitimate dataset was
0.9721, while the accuracy of SVM on the KDD
dataset was 0.9982, and the accuracy of ANN on the
Phishing Legitimate dataset was 0.9497 that were the
second-best results. Besides, the run-time Complexity
of DT is also sufficient with kNN and NB algorithms.
Therefore, we can say that DT using standard
deviation-based feature selection is the most suitable
classification algorithm for cyber-attack datasets.
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Classification Results of Decision Tree Based on Ratio Value
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Figure 3. Classification results via ratio value using DT on KDD dataset.
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Classification Results of Decision Tree Based on the Number of Selected Features
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Figure 4. Classification results via # of selected features using DT on KDD dataset.
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Classification Results of Decision Tree Based on Ratio Value
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Figure 5. Classification results via ratio value using DT on Phishing Legitimate dataset.

218




Int. J. Pure Appl. Sci. 9(1);209-222 (2023) IJP AS

ijpas@munzur.edu.tr
Research article/Arastirma makalesi ISSN: 2149-0910
DOI:10.29132/ijpas. 1278880

Classification Results of Decision Tree Based on the Number of Selected Features
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Figure 6. Classification results via # of selected features using DT on Phishing Legitimate.
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Table 1. The best results of classifiers according to selected ratio values.
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Datasets Classifiers | ratio # of Selected Features | Accuracy| F1-Score| Precision| Recall
DT 0.9800 25 0.9992 0.6614 0.7022 | 0.6750

NB 0.9800 25 0.9016 0.5194 0.6965 | 0.5389

KDD SVM 0.9900 29 0.9982 0.5672 0.5577 | 0.5622
kNN 0.9900 29 0.6305 0.3616 0.6369 | 0.3647

ANN 0.9700 23 0.9979 0.5218 0.5426 | 0.5315

DT 0.7400 20 0.9721 0.9722 0.9721 | 0.9721

NB 0.9800 42 0.8385 0.8519 0.8401 | 0.8374

Phishing Legitimate | SVM 0.9800 42 0.9485 0.9484 0.9486 | 0.9485
kNN 0.9700 40 0.8136 0.8291 0.8155 | 0.8120

ANN 0.9700 40 0.9624 0.9624 0.9625 | 0.9624

Table 2. The best results of classifiers without feature selection

Datasets Classifiers | # of Selected Features Accuracy | F1-Score Precision | Recall
DT 38 0.9992 0.7293 0.7210 0.7250

NB 38 0.8737 0.5060 0.6808 0.5199

KDD SVM 38 0.9982 0.5672 0.5577 0.5622
kNN 38 0.6407 0.3501 0.6385 0.349

ANN 38 0.9882 0.2140 0.2382 0.2243

DT 48 0.9694 0.9694 0.9694 0.9694

NB 48 0.8412 0.8563 0.8430 0.8400

Phishing Legitimate SVM 48 0.9482 0.9481 0.9482 0.9482
kNN 48 0.8130 0.8281 0.8148 0.8114

ANN 48 0.9497 0.9497 0.9497 0.9497

time (s)

Comparison of Execution Time of Algorithms

mm with feature selection SF=235F=42

74 W without feature selection

SF: # of Selected Features

SF=255F=42  gF_355F=42 SF=29SF=42

kNN

DT

NB SVM

KDD dataset

ANN

Figure 7. Comparison of algorithms in the aspect of execution time on KDD Dataset. Here, the value of the ratio which

produces the highest Accuracy value was selected for each algorithm.
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