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MECHANICAL PROPERTIES OF BORON-DOPED-ZINC OXIDE THIN FILMS
USING SPRAY PYROLYSIS TECHNIQUE

Kehinde M. Adeleke!, Taiwo G. Fadara?, Abiodun A. Ojetoye®”, Anthony Y. Oyerinde' and Ayowumi R. Soji-

Adekunlel

!Department of Mechanical Engineering, Adeleke University, Ede, Nigeria
2Department of Mechanical Engineering and Engineering Technology, The Federal Polytechnic Ede, Nigeria

Keywords Abstract

Mechanical, This study aims to establish the mechanical properties of boron-doped Zinc Oxide (ZnO)
Properties, thin film. Mechanical properties are important for engineering applications and are a
Boron, focus of engineering materials. Using the spray pyrolysis process, a thin coating of boron-
Doped, doped (ZnO) is created on a soda lime glass substrate at a variable percentage. An iron-
Zinc, constantan thermocouple was used to monitor the substrate's temperature while the film
Oxide, was being deposited at different temperatures. Metallurgical microscopy was used to
Pyrolysis. determine the mechanical characteristics of the doped and undoped samples, including

hardness, impact, and tensile strength. The results indicated that when zinc oxide is
doped, variations in impact and hardness values are detected, and maximum stress
increases with dopant concentration. However, when zinc oxide is undoped, stress and
hardness increase with temperature.

SPREY PiROLiZ TEKNiIGiYLE BOR KATKILI CiNKO OKSIiT iNCE FILMLERIN MEKANIK

OZELLIiKLERI

Anahtar Kelimeler 0z

Mekanik, Bu ¢alisma, bor katkili Cinko Oksit (ZnO) ince filmin mekanik 6zelliklerini belirlemeyi
Ozellikler, amaglamaktadir. Mekanik 6zellikler miihendislik uygulamalart i¢in 6nemlidir ve
Bor, miihendislik malzemelerinin odak noktasidir. Sprey piroliz islemi kullanilarak, soda kireg
Dopingli, cami alt tabaka iizerinde degisken bir oranda ince bir bor katkili (ZnO) kaplama
Cinko, olusturulmustur. Film farkli sicakliklarda biriktirilirken alt tabakanin sicakligini izlemek
Oksit, icin bir demir-konstantan termokupl kullanilmistir. Katkili ve katkisiz numunelerin
Piroliz. sertlik, darbe ve gerilme mukavemeti gibi mekanik 6zelliklerini belirlemek igin

metalurjik mikroskopi kullanilmistir. Sonuglar, ¢inko oksit katkilandiginda, darbe ve
sertlik degerlerinde degisimler tespit edildigini ve maksimum gerilimin katki
konsantrasyonu ile arttigini gostermistir. Bununla birlikte, ¢inko oksit katkisiz
oldugunda, gerilme ve sertlik sicaklikla artmaktadir.
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Highlights (At least 3 and maxium 4 sentences)

Effect of dopant solution on ZnO thin films was studied
Boron was proposed as a suitable dopant solution
Additon of the dopant solution resulted in an improved grain size

[ ]
[ ]
[ ]
e The improved grain size enhanced the mechanical characteristics of the ZnO thin films

Purpose and Scope

The purpose of carrying out a study on Boron-doped Zinc Oxide thin fillms is to characterise thin films and determine
the effect of dopant solution on their mechanical properties. The scope is to investigate if boron will improve the
mechanical properties of ZnO thin films.

Design/methodology/approach

To determine the effect of dopant solution on ZnO thin films, a metallurgical microscope was used and the mechanical
properties were determined by using x-ray diffractometer. The dopant solution, and temperature was varied respectively.

Findings
The study findings reveal that dopant solution can be added to ZnO thin films in order to improve the properties, but

the addition should be at an appropriate proportion. The dopant solution increases the size of thin films and improves
the mecanical properties.

Social Implications
Thin films have potential applications in heterojunction solar cell devices, flexible electronics, and other
optoelectronic devices. Doping of thin films improve their characteristics.

Originality

The novelty of this study is the varied app;ication of dopant solution on ZnO thin films by using spray pyrolysis
technique and increased temperature. The research will aid solar techniques for homes, business and industries. This
study can assist in enhancing researchers understanding on behavior of thin films and contibute to the development of
innovative materials.

T Corresponding author: aojetoye@gmail.com, +234-806-084-7672

266


mailto:aojetoye@gmail.com

ADELEKE et al. 10.21923/jesd.1304303

1. Introduction

Due to its unique physical and chemical properties, zinc oxide (Zn0O), a chemical molecule that is naturally occurring in
the mineral zincite, has a broad band gap semiconducting substance with numerous applications (Choi et al., 2001,
Mohammed Nahhas, 2018). With a large excitation binding energy of 60 meV, it is one of the semiconductor materials
that optoelectronic applications are looking at the most. Single crystals, powders, thin films, and nanostructures are some
of its structural forms. According to Asif et al. (2018) and Naqvi et al. (2018), it is a significant metal-oxide based
semiconductor with good, non-toxic, and processable features appropriate for opto-electronics, sensor/transducer, data
storage, batteries, personal care goods, and bio-chemical sensor applications. In addition, it can be utilised as a photo
detector, solar cell, light-emitting diode, and solid-state lighting source (Kim et al., 2007, Berginski et al., 2007).
Ecologically friendly and plentiful (Tumbul et al., 2018), its broad and straight band gap of around ~3.37 eV is one of its
physical properties (Willander et al., 2009). It can be utilized in photodetectors, solar cells, and light-emitting diode
displays (Kim et al., 2007). ZnO possesses significant thermal conductivity, which is advantageous in additive
manufacturing applications like tyre production (Ozgiir et al., 2006; Paulthangam et al., 2022). Additionally, its
temperature allows for the creation of photoelectronic and highly optically efficient ZnO-based devices. Furthermore,
ZnO0 thin-film applications for short wavelength optoelectronic devices are stress-free due to their large bandgap (Znaidi,
2010). ZnO provides appropriate electrical characteristics when combined with other materials (Khan et al., 2013).
Similarly, its extremely piezoelectric nature results from its non-central configuration, also referred to as its wurtzite
structure. This is a crucial attribute when building electromechanically coupled sensors and transducers (Desai and Haque,
2007).

Doping thin film with an appropriate dopant can improve the mechanical properties of this somewhat soft material, which
has a low Mohs hardness of approximately 4.5 (Huzni et al., 2021, Badreddine et al., 2020). Thus, ZnO can be produced
using the following methods: Sol gel (Berestok et al., 2012), chemical spray pyrolysis (Animasahun, 2019), RF thermal-
plasma evaporation (Khun et al., 2021), and electron beam evaporation (Dwivedi et al., 2013).

According to Hong et al. (2011), a thin film is a layer of material that ranges in thickness from nanometer to micrometre.
One may say that substrates are coated with a thin layer, and typical appliances have thin films—that is, nanostructures
on sturdy substrates—(Cordill et al., 2022, Xiao and Dorey, 2008). Deposition, the controlled synthesis of materials like
thin films, is a crucial stage in a number of applications (Jilani et al., 2017). A common illustration is the home mirror,
which often has a small layer of metal applied to the rear to provide a reflective interface (Stefanov et al., 2020). Because
ZnO is a good material for solar cells, UV light emitters, gas sensors, surface acoustic wave devices, transparent high-
power electronics, etc., it has been receiving a lot of attention (Pearton and Ren, 2014). A substrate is a surface that is
covered in layers of material. It is a supporting substance that gives thin films mechanical support, sufficient adhesion,
and an atomic arrangement template. Nonetheless, the thin films that are formed on a substrate have a significant impact
on the features of the film (Phillips, 2013). Substrates include things like glassware, quarts, semiconductor wafers,
ceramics, and stainless steel. Surfaces of substrates need to be clean, polished, and free of holes, chips, and fractures that
could result from machining or polishing (Yilbas, 2014). Substrates are a crucial component in thin-film device design
and construction (Catania et al., 2022). In order to perform spray pyrolysis, a chemical solution must be atomized into
tiny droplets and then applied to a heated substrate by means of a gas that forms thin films. Spray pyrolysis is a low-cost,
straightforward process that uses basic equipment, can produce films of any composition, and doesn't require expensive
or complex chemicals (Tahir et al., 2020).

According to Jana et al. (2011), boron doping entails utilising boric acid as the boron source. When cavities are discernible
in a thin layer, the concentration of boron will rise. By doping ZnO with boron at different temperatures, one may ascertain
the semiconducting characteristics of thin films (Dash et al., 2018). Due to its high electron mobility, luminescence, direct
band gap energy, and suitable temperature, doping ZnO results in modifications to its optical, electrical, electronic,
mechanical, magnetic, and structural properties, which in turn lead to enhancements in various applications (Sharma et
al., 2022). Therefore, the modification of ZnO properties by addition of impurity/dopant is of interest. According to
Skorenko et al. (2016) and Chiba et al. (2014), ZnO exhibits enhanced electrical and chemical stability together with a
high surface-to-volume ratio. In this work, spray pyrolysis is used to dope ZnO thin films with boron. The low temperature
need, cost-effectiveness, and non-toxicity of the chemical spray pyrolysis process make it a viable option.

2. Material and Method

2.1. Materials

Substrate, zinc acetate dehydrate, tri-methylborate, methanol, and acetic acid are among the materials used in this
investigation. Soda lime glass substrate is the substrate that is used. One precursor solution that was utilised was zinc
acetate dehydrate. Tri-methylborate is employed as a dopant solution. Acetate and methanol are combined in a 3:1 ratio
to act as a solvent. To create a transparent and clear solution, acetic acid, also a dopant solution, was added.
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2.2. Equipment used
Substrate cutter, beaker, grinding machine, metallurgical microscope, Charpy impact tester, Brinell hardness tester, and
X-ray diffractometer are among the tools utilised.

2.3. Sample Preparation
2.3.1. Chemical Composition

The required mass, m, of the Zinc Acetate was determined by using Equation (1) derived from basic equations of number
of moles.

m=CxXVXM (€3]
Where C is the molar concentraion mol/dm3
V is the molar volume in dm?
M is molar mass in g/mol

In order to obtain molar concentration of Zinc Acetate of 0.2 mol/dm3 by dissolving a calculated mass of sample in
0.1 dm3 (100 ml) of solvent, the molar mass of Zinc Acetate is 219 g/mol and by substitution, the required mass
becomes,

m=0.2x0.1x219
m= 438g

2.3.2. Preparation of the solution
4.38 g of Zinc Acetate is weighed and dissolved in 100 ml solvent of Acetone and Methanol. The ratio for the solution
is 3:1, that is, 3% of Methanol and 1% of Acetone, the respective volume becomes,

Zx 100 ml = 75 ml of methanol

1
7 X 100 = 25 ml of methanol

After adding three drops of acetic acid to the mixture, a transparent and clear solution was produced. To obtain a 2%
dopant of tri-methylborate, 2 ml of the 100 ml solution was withdrawn and replaced with 2 ml of tri-methylborate. After
that, the solution was shaken in the beaker using a magnetic stirrer that was powered by electricity for nearly two hours.
For the 3% and 4% solutions, this procedure was repeated.

2.3.3. Chemical Spray Pyrolysis Setup

The iron-constantan thermocouple wire, hot plate, flow metre, air atomizer nozzle, air compressor, receptacle, and
temperature controller assembled in a flame chamber make up the chemical spray pyrolysis system components. The film
was applied by spraying certain prepared precursors—0%, 2%, 3%, and 4% doped, respectively—onto a heated substrate
that was set on a hot plate using an air brush atomizer with a 0.2 mm spray nozzle and compressed air at a pressure of
roughly 10° Pa as the carrier gas. A temperature controller was utilised to monitor the temperature of the substrate through
the use of an iron-constantan thermocouple. Three specific temperatures of (300£5) °C, (350+5) °C, and (375+5) °C were
used to deposit the film. To achieve optimal deposition in the spray system, it was necessary to clean the system
components and place them in a manner that would guarantee experimental uniformity. To rid the tube and nozzle of any
other solutions sprayed earlier, at least 3 ml of solvent were sprayed. To reduce contamination, it is usually best to use
the same solvent that was used to prepare the precursor. To ensure experimental consistency and minimise the deposition
area, a substrate reference point was established on the system base. This approach avoids the need for additional stress
during the spraying of system components. As a result, the substrate's distance from the spraying nozzle's tip was
maintained at 27 cm. For this investigation, a stepwise multi-pass spraying technique was used. A maximum volume of
2 millilitres of the precursor was applied via spraying in each of the procedural stages. This is required to have a thin film
that is largely uniform, free of pinholes and cracks.

2.4. Mechanical properties
Mechanical properties examined in this study include hardness, impact and tensile properties.
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2.4.1. Hardness test

After grinding, samples were completely cleaned and polished to provide a better indentation. In addition, a Brinell
Hardness testing equipment was used to measure the samples' hardness, and the results were documented in accordance
with ASTM E10.

2.4.2. Impact test
An impact testing machine operating in Charpy mode was used to test the impact toughness of the produced samples. As
per the ASTM E23 test standard, test samples were created. Every sample's impact strength was computed and noted.

2.4.3. Tensile test
Tensile test was conducted on samples in order to reveal their tensile properties, by using X ray diffractometer according
to ASTM D638.

3. Result and Discussion
3.1. Undoped ZnO film
3.1.1. Metallurgical Analysis

ZnO films were placed on a substrate made of soda lime glass, and metallurgical microscopy observations were made.
Figure 1 illustrates how the grain size is affected by undoped ZnO. The ZnO films are devoid of dopant solution, and
metallurgical microscopy shows that the grain size of the ZnO film does not grow when temperature is raised for A1, A2,
and A3 from 300 to 350 and 375°C, respectively.

(@ Al (b) A2 (c) A3
Figure 1: Metallurgical microscope image of undoped ZnO thin films
3.1.2. X-Ray Diffractometry Analysis
3.1.2.1. Mechanical Properties

The mechanical characteristics of undoped ZnO thin films produced by spraying at higher temperatures were ascertained.
Table 1 displays the impact and hardness values of the undoped ZnO derived from the X-ray diffractometry investigation.
The hardness and impact values are 35.17 and 19.48 at 300°C, 36.72 and 19.50 at 350°C, and 37.39 and 19.58 at 375°C.
Temperature affects both the impact and hardness ratings.

Table 1. Mechanical properties of 0% solution

Sample | Temperature (°C) Hardness Value Impact Value
Al 300 35.17 19.48
A2 350 36.72 19.50
A3 375 37.39 19.58

3.1.2.2. Tensile Properties
The tensile properties of undoped ZnO film are determined by use of x-ray diffraction patterns. The tensile properties of
the undoped ZnO under study show that the maximum tensile stress increases with temperature, as seen in Figure 2, which
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plots tensile stress (MPa) versus tensile strain (mm/mm). At 300°C, the maximum tensile strain and stress are 0.00357
(mm/mm) and 0.22096 MPa, respectively. The percentage elongation is 3.57%, the percentage reduction is 0.00359%,
and the Young's modulus is 6.189 MPa. At 350°C, the maximum tensile stress and strain are 0.01489 (mm/mm) and
0.43988 MPa, respectively. 29.54 MPa is the Young's modulus, 1.489% is the percentage of elongation, and 0.0003592
is the percentage of reduction. At 375°C, the maximum tensile stress and strain are 0.000637 (mm/mm) and 0.77804
MPa, respectively. The percentage reduction is 0.003593%, the percentage elongation is 0.448, and the Young's modulus
is 189.71 MPa. Although the tensile strain fluctuates with temperature, the tensile stress increases.
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Figure 2: Graph of tensile stress against tensile strain of Al, A2, A3 at 0% dopant composition
3.2. 2% boron-doped ZnO film

3.2.1. Metallurgical Analysis

ZnO films were placed on a substrate made of soda lime glass, and metallurgical microscopy observations were made.
Figure 3 illustrates how the grain size of the ZnO films rises with temperature when deposited in a 2% dopant solution at
300, 350, and 375°C. This is in agreement with literature (Saadeldin et al., 2019, Temiz et al., 2020).

(a) B1 (b) B2 (c) B3
Figure 3: Metallurgical microscope image of ZnO films for 2% dopant solution
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3.2.2. X-ray Diffraction Analysis

3.2.2.1. Mechanical Properties

The mechanical characteristics of 2% boron-doped ZnO thin films produced by spraying technique under varied
temperature conditions were ascertained. Table 2 displays the undoped ZnQ's impact and hardness values. The values of
hardness and impact are 35.17 and 19.48 J at 300°C, 36.72 and 19.50 J at 350°C, and 37.39 and 19.58 J at 375°C. In
contrast to the undoped ZnO thin film, the hardness values for the 2% boron-doped ZnO thin film drop with temperature,
which is inconsistent with previous research (Senol et al., 2019). However, the impact and hardness values increase with

temperature.
Table 2. Mechanical properties of 2% solution

Temperature (°C) | Hardness (BHN) Impact (J)
Sample
B1 300 23.30 19.86
B2 350 24.08 19.86
B3 375 23.62 19.93

3.2.2.2. Tensile Properties

The x-ray diffraction pattern of a 2% boron-doped ZnO thin film is used to further determine the tensile properties of
doped ZnO films. Figure 4 shows a graph of tensile stress (MPa) against tensile strain (mm/mm) at 2% concentration.
The mean maximum stress is 0.96006 MPa, the mean strain is 0.10912 (mm/mm), the percentage elongation is 10.918%,
and the percentage reduction is 0.027833%. Young's modulus is 31.659 MPa. The observed doped ZnO's tensile
characteristics show that when strain increases, the mean maximum tensile stress does as well.
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Figure 4: Graph of tensile stress against tensile strain of B1, B2, B3 at 2% dopant composition

3.3. 3% boron-doped ZnO film
3.3.1. Metallurgical Analysis

ZnO films were placed on a substrate made of soda lime glass, and metallurgical microscopy observations were made.
Figure 5 illustrates how the grain size of the ZnO films rises with temperature when deposited in a 3% dopant solution at
300, 350, and 375°C. This is consistent with literature (Saadeldin et al., 2019, Temiz et al., 2020).
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(a) C1 (b) C2 (c)C3
Figure 5: Metallurgical microscope image of ZnO films for 3% dopant

3.3.2. X-ray Diffraction Analysis
3.3.2.1. Mechanical Properties

Using an X-ray diffractometer, the mechanical characteristics of 3% boron-doped ZnO thin films produced by spraying
technique under varied temperature conditions were ascertained. Table 3 displays the 3% doped ZnO's impact and
hardness values. At 300°C, the impact value is 19.72 J, the hardness value is 15.13, and at 350°C, the hardness and impact
values are 14.82 and 20.30 J. Finally, at 375°C, the values are 15.50 and 19.86 J for both hardness and impact. Both the
impact and hardness levels are not constant when the dopant concentration is raised to 3%. But in contrast to previous
study, the hardness values for the 3% dopant solution are lower than those of the undoped solution (Senol et al., 2019)
and lower than values obtained for 2% dopant solution.

Table 3. Mechanical properties of 3% solution
Sample Temperature (°C) | Hardness Value | Impact Value (J)

C1 300 15.13 19.72
C2 350 14.82 20.30
C3 375 15.50 19.86

3.3.2.2. Tensile Properties

The x-ray diffraction pattern of a 3% boron-doped ZnO thin film is used to further determine the tensile properties of
doped ZnO films. The mean maximum tensile stress rises with an increase in dopant concentration, according to the
tensile characteristics of doped ZnO measured using an X-ray diffractometer. Figure 6 shows a graph of tensile stress
(MPa) against tensile strain (mm/mm) at 3% concentration. The mean maximum stress is 1.23543 MPa, the mean strain
is 0.02179 (mm/mm), the Young's modulus is 67.014 MPa, the percentage elongation is 2.1796%, and the percentage
decrease is 0.027833%. When the dopant additive is raised to 3%, the mean maximum tensile stress rises.
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Figure 6: Graph of tensile stress against tensile strain of C1, C2, C3 at 3% dopant composition

3.4. 4% Dopant Solution

3.4.1. Metallurgical Analysis

ZnO films were placed on a substrate made of soda lime glass, and metallurgical microscopy observations were made.
Figure 7 illustrates how the grain size of the ZnO films rises with temperature when deposited in a 4% dopant solution at
300, 350, and 375°C. This is consistent with previous research (Saadeldin et al., 2019, Temiz et al., 2020).

(a) D1 (b) D2 (c) D3

Figure 7: Metallurgical microscope image of ZnO films for 4% dopant solution

3.4.2. X-ray Diffraction Analysis

3.4.2.1. Mechanical Properties

Using an X-ray diffractometer, the mechanical characteristics of 4% boron-doped ZnO thin films produced by spraying
technique under varied temperature conditions were ascertained. Table 4 displays the undoped ZnQO's impact and hardness
values. Hardness and impact values are as follows: at 300°C, 12.80 BHN and 19.99 J; at 350°C, 12.02 BHN and 20.50 J;
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and at 375°C, 12.48 BHN and 20.40 J are the values. In comparison to data obtained from a 3% dopant solution, the
hardness values are lower and the impact values are higher. In contrast to previous research, the hardness values for the
4% dopant solution are lower than those of the undoped solution (Senol et al., 2019).

Table 4. D1 — D4 4% dopant solution
Sample | Hardness Value | Impact Value (J)

D1 12.80 19.99
D2 12.02 20.50
D3 12.48 20.40

3.4.2.2. Tensile Properties
X-ray analysis was used to assess the mechanical characteristics of 4% boron-doped ZnO thin films that were created by

spraying technique at varied temperatures. The x-ray diffraction pattern of a 4% boron-doped ZnO thin film is used to
further determine the tensile properties of doped ZnO films. The X-ray diffractometer's analysis of the tensile
characteristics of 4% doped ZnO shows that an increase in dopant concentration results in a rise in the mean maximum
tensile stress. Tensile stress (MPa) vs tensile strain (mm/mm) is plotted in Figure 4 at 4% D concentration. The mean
maximum stress is 144405 MPa, the mean strain is 0.01487 (mm/mm), the Young's modulus is 137.009 MPa, the
percentage elongation is 1.2197%, and the percentage reduction is 0.001174%.

3.00

2.50 +

w200 -

o

=

ﬁ D1
ﬁ 1.50 - 02
o D3
&

G

@ 1.00 -

0.50
0.000 0.020 0.040 0.060 0.080 0.100 0.120
Tensile Strain (mm/mm)
Figure 8: Graph of tensile stress against tensile strain of D1, D2, D3 at 4% dopant composition

4. Conclusion

According to the study's findings, the addition of dopant solution causes the grain size of thin films to grow. As glass
experiences plastic deformation, its impact, hardness, and tensile strength all increase. Temperature influences the
maximum stress of undoped ZnO and boosts its hardness and impact. With increasing dopant concentration, doped ZnO's
maximum stress and impact value continued to rise while its hardness decreases. The investigation's conclusions
suggested that doping ZnO thin films with boron in the right ratio will improve their mechanical properties, and that spray
pyrolysis is an affordable method for producing them. Other optoelectronic devices and heterojunction solar cell
technology may find applications for these films.
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Anahtar Kelimeler Ozet

Yapay Zeka Sonlu Elemanlar Yontemi (Finite Element Method, SEY), tren tekerlekleri gibi
Optimizasyon karmasik yapilarin analiz edilmesi ve tasarlanmasi icin miihendislikte hayati bir
Vekil modelleme aractir. Tren tekerlekleri, isletme 6miirleri boyunca karsilastiklar1 asir1 ve degisken

Sonlu elemanlar yéntemi  yiikler nedeniyle yorulmaya maruz kalmaktadir ve bu durum, émiir siiresi ve giivenlik
tizerindeki etkileri nedeniyle tren tekerlegi tasariminda kritik bir endise kaynagidir.
Ancak, o6zellikle tren tekerlekleri gibi karmasik geometrilere sahip biiyiik 6lcekli
yapilarin modellenmesinde SEY'in genis hesaplama ihtiya¢lar1 6nemli zorluklar
sunmaktadir. Dogru yorgunluk analizi i¢cin gereken detayli modelleme, genellikle
biiyiik hesaplama yiikleri ve uzun zaman dilimleri ile sonuglanmakta ve bu durum,
hizli karar verilmesi gereken durumlarda daha az uygulanabilir bir segcenek haline
gelmektedir. Bu sinirlamalari ele almak i¢in, Yapay Zeka (Artificial Intelligence, YZ),
yenilikei bir ¢6ziim olarak ortaya ¢ikmistir. SEY simiilasyonlarindan elde edilen veri
setleri lizerinde egitilen YZ modelleri, geleneksel hesaplama maliyeti ve zamaninin bir
kisminda yorgunluk 6mriinii tahmin ederek etkin bir alternatif sunmaktadir. Bu vekil
modeller, mithendislik tasarim optimizasyonu siirecleri i¢in gerekli olan hizli ve dogru
tahmini saglamaktadir. Bu ¢alismada YZ tabanli vekil modelleme yaklasimi ile tren
tekerlekleri optimizasyon problemini geleneksel SEY yaklasimina kiyas ile nerdeyse
%90 oraninda hizlandirma basarisina erisilmistir.

SURROGATE MODELLING OF TRAIN WHEELS FATIGUE CHARACTERISTICS
USING ARTIFICIAL INTELLIGENCE

Keywords Abstract

Artificial intelligence, The finite element method (FEM) is a vital tool in engineering for analyzing and
Optimization, designing complex structures such as train wheels. Train wheels are subject to fatigue
Surrogate modeling, due to the extreme and variable loads they encounter throughout their operating life,
Finite element method. and this is a critical concern in train wheel design due to its effects on lifespan and

safety. However, the large computational needs of FEM present significant challenges,
especially in modeling large-scale structures with complex geometries such as train
wheels. The detailed modeling required for accurate fatigue analysis often results in
large computational loads and long time periods, making it a less feasible option in
situations where rapid decisions must be made. To address these limitations, Artificial
Intelligence (Al) has emerged as an innovative solution. Al models trained on data sets
obtained from FEM simulations offer an effective alternative by predicting fatigue life
at a fraction of the traditional computational cost and time. These surrogate models
provide the fast and accurate prediction required for engineering design optimization
processes. In this study, the Al-based surrogate modeling approach succeeded in
accelerating the train wheels optimization problem by almost 90% compared to the
traditional FEM approach.
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Highlights

e Addressing computational challenges in FEM for train wheel design,
e Enhancing efficiency in structural design processes
e Bridging the gap between simulation detail and computational efficiency

Purpose and Scope

The paper aims to tackle the significant computational demands and challenges associated with using the Finite
Element Method (FEM) for the structural design of train wheels. These challenges include high computational
costs, extended time frames for simulation, and the need for detailed modelling to accurately capture fatigue
characteristics under diverse loading conditions. Also, herein it is aimed to operationalize Al in enhancing the
computational efficiency of structural design processes, particularly in the context of train wheel design. By
developing a comprehensive 3D model of a train wheel using ANSYS and generating a robust dataset for training
Al models, the research seeks to expedite the design optimization process.

Design/methodology/approach

This study initiates with the development of a comprehensive 3D model of a train wheel using ANSYS. The
primary objective is to utilize this detailed 3D model as the basis for generating a robust dataset, encompassing
both training and test samples, which will be instrumental in developing and validating a data-driven surrogate
model for capturing the intricate behaviours of train wheel fatigue characteristics under various operational
conditions. The ultimate aim of this approach is to streamline and expedite the design optimization process for
train wheels. By employing the Al based surrogate model, we anticipate a significant reduction in the
computational time and resources typically required in FEM analyses. This approach not only promises to be
considerably faster than the direct usage of FEM but also opens avenues for exploring a wider range of design
variables and conditions, potentially leading to more innovative and optimized train wheel designs.

Findings

The work found that the application of Al in the form of surrogate models, has the potential to revolutionize the
way fatigue analysis and design optimization of train wheels are conducted. This approach bridges the gap
between the need for detailed simulation in FEM and the demand for computational efficiency, marking a
significant advancement in the field of structural engineering and design.

Research limitations/implications

Due to the limited computer hardware capabilities, the 3D model is designed in static form for a wheel at
instantaneous time point.

Originality

The proposed novelty of the work lies in its approach to combining Al with traditional FEM techniques, leading
to significant advancements in computational efficiency, design process acceleration, and innovation in train
wheel design. This research is valuable to professionals in structural engineering, particularly those focused on
railway systems, offering novel methodologies and insights that could substantially improve design and analysis
processes in the field.
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1. Giris (Introduction)

Sonlu Elemanlar Yontemi (SEY), cesitli yiikleme kosullar1 altinda karmasik yapisal davranislar1 ve malzeme
ozelliklerini modelleme yetenegi sayesinde tren tekerleklerinin yorulma analizlerinde vazgecilmez bir arag olarak
ortaya ¢ikmaktadir [1-2]. SEY, tekerlek malzemesi igindeki gerilim ve deformasyon dagilimini detayli ve hassas bir
sekilde simiile etmeyi saglar ki bu da yorulma basarisizligina egilimli kritik bolgeleri tanimlamak icin hayati 6neme
sahiptir [3]. Karmasik geometrileri ve ¢esitli malzeme 6zelliklerini, anizotropi ve dogrusal olmayan 6zellikler dahil,
ele alabilme yetenegi, SEY'i tren tekerlegi tasariminda gereken ¢ok yonlii analiz icin benzersiz bir sekilde uygun
kilar. SEY'nin tren tekerleklerinin yorulma analizlerinde kullanilmasinin gerekliligi, gercek diinya kosullarini
yuksek sadakatle simiile edebilme yeteneginden kaynaklanir. Tren tekerlekleri, yorulma émriinii 6nemli 6l¢tide
etkileyebilecek cesitli yiikler ve cevresel kosullarla karsilasir [4-5]. SEY bu kosullari, tekerlek-ray temasini, termal
etkileri ve imalat siireclerinden kaynaklanan artik gerilmeleri dahil olmak iizere dogru bir sekilde modelleyebilir.
Bu detayli modelleme, yorulma ¢atlaklarinin baslangicini ve yayilimini tahmin etmek icin temel olup, sonuc¢ olarak
daha giivenilir ve giivenli tekerlek tasarimlarina yol agar [6]. Ayrica, SEY'nin diger simiilasyon araglariyla
entegrasyonundaki esnekligi ve malzeme bilimi ile yorulma teorisi alanlarindaki ilerlemeleri dikkate alma
yetenegi, tren tekerleklerinin yapisal tasariminda kullanilmasi gereken bir ara¢ olarak konumunu daha da
saglamlastirir [7-8]. Mithendislere cesitli tasarim senaryolarini ve malzeme se¢eneklerini simiile etme ve analiz
etme imkani taniyarak, SEY demiryolu sektoriinde yenilik ve verimliligi tesvik eden kritik bir role sahiptir [9-10].

SEY, karmasik miithendislik sistemlerindeki yapisal tasarimda uzun siiredir temel tas olarak kabul edilmektedir
[11-13], 6rnegin tren tekerlekleri gibi [1]. SEY, ¢esitli yiikleme kosullar1 altinda gerilim [14], deformasyon [15] ve
yorulma 6zelliklerini modellemede essiz detay ve hassasiyet sunar [16]. Ancak, sayisiz avantajlarina ragmen, SEY,
ozellikle karmasik ve biiyiik 6l¢ekli yapilar uygulandiginda 6nemli hesaplama zorluklariyla birlikte gelir [17].
SEY'nin yapisal tasarimda kullanilmasinin temel zorluklarindan biri yiiksek hesaplama maliyetidir. Tren
tekerlekleri karmasik geometrilere sahiptir ve genis bir dinamik yiik ve ¢cevresel kosullar yelpazesi altinda ¢alisir
[18]. Bu faktorleri SEY modellerinde dogru bir sekilde yakalamak, ince bir ag ve yiiksek detay seviyesi gerektirir,
bu da biiyiik sayida eleman ve diigiimle sonuclanir [19-20]. Bu tiir detayli modellerin hesaplanmasi 6nemli islem
giicii ve bellek talep eder, siklikla yiliksek performansh bilgisayar kaynaklarinin kullanimini zorunlu kilar. Bu,
analizle iliskili dogrudan maliyetleri artirmakla kalmaz, ayni zamanda simiilasyonlarin tamamlanmasi igin
gereken siireyi uzatir ve potansiyel olarak tiim tasarim ve optimizasyon siirecini yavaslatabilir. Bir baska zorluk,
SEY simiilasyonlarinin 6l¢eklenebilirligidir, bu da model karmasiklig1 ve boyutu ile ilgilidir [21]. Modelin sadakati,
fiziksel olaylarin daha dogru ve detayli temsillerini yakalamak i¢in arttikc¢a, hesaplama ytikii iissel olarak artar. Bu
Olgekleme sorunu, uzun siireler boyunca periyodik yiiklemeyi simiile etmenin gerektigi yorulma analizinde daha
da belirginlesir, bu da hesaplama taleplerini daha da artirir. Tasarim siireglerinin tekrarlayici dogasi, azami
kullanilabilir yiik miktarini, modelin maliyetini ve 6mriinii bulabilmek ve uygulanabilirligini degerlendirmek i¢in
birden fazla simiilasyon gerektirir, bu da hesaplama ytkiinii daha da artirir [22]. Ayrica, SEY modellerinin
karmasikligi, gereken uzmanlik ve hata potansiyeli agisindan zorluklar olusturur. SEY kullaniminda modelin
yapimi, SEY icin diizenlenmesi, yazilimda modelin hazirlanmasi icin yontemlerin 6zellestirilmesi, olusturulan
orgiiniin (mesh) kalitesinin belirlenmesi, yiiklerin, destek noktalarinin ve eklemlerin dogru sekilde belirlenmesi
ve kurulum eger hareketli ise hareketin dogru tanimlanmasi icin konuya dair miihendislik bilgisinin yeterli olmasi,
yazilima yeterli hakimiyetinin olmasi ve sonucun dogruluguna yakinligini muhakeme edebilmesi gerekir. Model
kurulumunda yapilan yanlis yorumlamalar veya hatalar, sadece hesaplama yogunlugu agisindan degil, ayni
zamanda insan hatasina karsi hassasiyet agisindan da yanlis sonuglara yol agabilir [17].

Yapisal tasarimlarda, 6rnegin tren tekerleklerinde, SEY ile iliskili hesaplama zorluklarini ele almakta, Yapay Zeka
(YZ) uygulamasi, doniistiiriicii bir ¢dziim olarak ortaya ¢ikmistir. YZ tabanl vekil modeller, bu yenilikte 6ncii
konumda yer almakta, karmasik simiilasyon genisleyen problemlerin dogrulugunu ve giivenilirligini korurken,
onemli dl¢iide daha diisiik hesaplama maliyetleri sunmaktadir [23-24]. Yapisal tasarimda vekil modelleme,
SEY'nin karmasik ve yogun hesaplamali simiilasyonlarini yaklasik olarak modellemek i¢in YZ algoritmalarinin
kullanilmasini igerir [25]. Bu YZ modelleri, detayli SEY simiilasyonlarindan tiiretilen bir veri seti {izerinde
egitildikten sonra, stres dagilimlari, deformasyon desenleri ve yorulma 6mrii gibi ¢esitli sonuglari olaganiistii hiz
ve verimlilikle tahmin edebilir. Temel avantaj, vekil modelin her seferinde tam simiilasyonu ¢alistirmaya gerek
kalmadan SEY ¢iktilarinin hizli tahminlerini saglama yeteneginde yatmaktadir, boylece hesaplama siiresi ve
kaynak kullanimini énemli 6l¢iide azaltmaktadir [26-27].

YZ tabanl vekil modelleme ile elde edilen hesaplama iyilestirmeleri énemlidir. Ilk olarak, vekil modeller, tasarim
ve analiz siirecini 6nemli 6lciide hizlandirir. Tren tekerlekleri baglaminda, bu hizlanma, birden fazla tasarim
iterasyonunun ve yorulma analizlerinin geleneksel olarak gerekli olan siirenin bir kisminda
gerceklestirilebilmesini saglar, bu da daha hizli optimizasyon ve karar verme siire¢lerini miimkiin kilar. Bu hizh
analiz yetenegi, 6zellikle tasarimin erken asamalarinda, en umut verici yonleri belirlemek i¢in bir¢ok tasarim
alternatifinin degerlendirilmesi gerektiginde olduk¢a faydahdir [28-30]. ikinci olarak, vekil modellemenin icsel
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olarak diisiik hesaplama ytikii, dogrudan SEY simiilasyonlari ile siklikla yliksek maliyetlerinden dolay1 yasaklayici
olan kapsamli parametrik calismalar1 ve hassasiyet analizlerini yapilabilir hale getirir [31-32]. Bu tiir ¢alismalar,
tren tekerleklerinin degisken isletim kosullar1 altinda davranislarini anlamak ve yorulma émriint etkileyen kritik
tasarim parametrelerini belirlemek icin gereklidir [33-34]. Dahasi, vekil modeller, analize daha karmasik
fenomenleri ve daha ince detaylari, karsilik gelen bir hesaplama maliyeti artis1 olmadan entegre etme yetenegine
sahiptir. Bu entegrasyon, model karmasiklig1 arttiginda dogrudan SEY simiilasyonlari ile oldugu gibi, vekil model
calistirmanin hesaplama karmasikliginin ayni sekilde artmamasi sayesinde miimkiindiir.

Yapisal tasarim siireclerinin verimliligini artirmada YZ potansiyelini operasyonel hale getirmek i¢in bu ¢alisma,
mithendislik simiilasyonlarinda yaygin olarak taninan bir arag¢ olan ANSYS [35] kullanilarak kapsamli bir 3D tren
tekerlegi modeli gelistirmekle baslar. Temel amag, bu detayli 3D modeli, hem egitim hem de test 6rneklerini
kapsayan giiclii bir veri seti olusturmak icin bir temel olarak kullanmak ve bu veri seti, YZ tekniklerine dayanan
veri odakli bir vekil model gelistirmek ve dogrulamak i¢in 6nemli olacaktir. Bu vekil model, SEY tarafindan iiretilen
verilerde yer alan karmasik desenlerden ve iligskilerden 6grenmek iizere tasarlanmistir ve ¢esitli isletim kosullari
altinda tren tekerleginin yorulma karakteristiklerinin karmasik davranislarini yakalamaktadir. Modeli, 3D ANSYS
simiilasyonlarindan tiiretilen cesitli senaryolar lzerinde egiterek, her tasarim iterasyonunda kapsamli SEY
hesaplamalarina gerek kalmadan hizla yorulma 6mriinii ve stres dagilimlarini tahmin edebilme yetenegi
gelistirecektir. Bu yaklasimin nihai amacy, tren tekerlekleri i¢in tasarim optimizasyon siirecini akicilagtirmak ve
hizlandirmaktir. YZ'ye dayali vekil modeli kullanarak, tipik olarak SEY analizlerinde gerekli olan hesaplama siiresi
ve kaynaklarinda 6nemli bir azalma bekliyoruz. Modelin, yorulma 6zelliklerinin hizli ancak son derece dogru
tahminlerini saglayarak daha dinamik ve yinelemeli bir tasarim siirecini miimkiin kilmasi beklenmektedir. Bu
yaklasim, sadece dogrudan SEY kullanimindan dnemli dl¢iide daha hizli olmakla kalmayacak, ayn1 zamanda daha
yenilikei ve optimize edilmis tren tekerlegi tasarimlarina yol agabilecek genis bir tasarim degiskenleri ve kosullari
yelpazesi kesfetme firsatlar1 da sunacaktir. Oziinde, bu aragtirma, geleneksel SEY yaklasimlarinin hesaplama
sinirlarini asmada YZ'nin giiclinii kullanmay1 amaglamaktadir. Detayli simiilasyon ile hesaplama verimliligi
arasindaki boslugu kapatmak suretiyle onerilen vekil model, tren tekerleklerinin yorulma analizi ve tasarim
optimizasyonu seklini devrim niteliginde degistirmeyi vaat etmekte ve yapisal mithendislik ve tasarim alaninda
o6nemli bir ilerleme isaret etmektedir.

2. Problem Tanim

Calismanin bu bélimiinde, Sekil 1'de sunulmus olan drnek bir tren tekerinin 3B ve sematik gorselidir. Tekere 2
kuvvet etki etmektedir. Milden tekere yatak kuvveti ve tekerle ray arasinda siirtiitnme kuvvetidir. Teker ile rayin
temas ettigim yiizey tekerin dis yiiziine dik degil yaklasik 87.5 derece tayin edilmistir. Teker tasariminda
kullanilan parametreler: (i) Teker yaricap:r TekerR, (ii) Tekerin kalinlik MilW, (iii) Mil yaricap1 MilR, (iv) Yatak
kuvveti F. Bu parametrelerin degisimine gore alinan sonug ise En diisiik Glivenlik Katsayis1 (GK).

(C¥

0000 000 1,000 ) " b
1

(b)
Sekil 1. Ele alinan tren tekerinin (a) 3B ANSYS modeli, (b) sematik gorseli. ((a) 3D ANSYS model, (b) schematic image of the
considered train wheel.)
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Sekilde verilen degiskenlerin (geometrik, uygulanan gii¢ vs.) Tablo 1'de verilen araliklar igerisindeki limitler
icerisinde YZ modelleri i¢in gerekli olan egitim verileri olusturulacaktir analizleri yapilmistir. Bu egitim verilerinin
her birinin yaklasik aldig siire ise tasarimin mesh ve kullanilan bilgisayar sistemine ciddi anlamda baghdir. Bu
calismada kullanilan bilgisayar altyapisina ve tasarimin mesh ayarina gore simiilasyon maliyeti Tablo 2 de
sunulmustur.

Tablo 1. Tasarimda ele alinacak olan degiskenler ve araliklar1 (Variables and their ranges to be considered in design)

Parametre Alt deger Ust Deger
TekerR [cm] 400 500
MilR [cm] 70 100
MilW [cm] 100 150
F [KN] 400 500

Tablo 2. Ele alinan problemin simiilasyon siire maliyet tablosu (Simulation time cost table of the considered problem)

o . . Simiilasyon siiresi
Bilgisayar Sistemi Model Ayari [dakika]
Mesh element sayis1 60 [mm)], 46.6
varsa baska bilgiler )
Mesh element boyutu 50 [mm], 551
AMD R)gzgg Z;gzoa)é g‘BC %r:r:rocessor varsa baska bilgiler )
Windows 10 64 bit Mesh element. bgyutu 35 [mm], 915
varsa bagka bilgiler
Mesh element boyutu 15 [mm],
o 736.6
varsa bagka bilgiler

Tablo 2’'den de goriilecegi iizere, ele alinan problemde yiliksek sayidaki degiskenlerinden dolay1 ve her bir
degiskenin incelenen karakteristige olan lineer olmayan etkisinden kaynakly, ele alinacak bir tasarim optimizasyon
problemi i¢in en basit yontemlerde bile en az 1500-2000 fonksiyon degerlendirmesi gerektiren (6rnegin, 50 niifus
biiytikligi ve 40 iterasyonlu Parcacik Siirti Optimizasyonu gibi) bir stirece ihtiyac uyulmaktadir. Bu tipte olan bir
problemin genel optimizasyonunun her bir ¢calisma durumu i¢cin dogrudan SEY’e dayali bir optimizasyon yaklasimi
kullanilarak neredeyse 90000 dakika (2000x45 (toplam fonksiyon degerlendirmesix ortalama simiilasyon
stiresi)) siirdiigi anlamina gelir. Burada ti¢ farkli tasarim durumuna ihtiyaciniz oldugunu varsayalim, boylece 3
farkli durum i¢in toplam siire yaklasik 270000 dakika (3x90000) olur. Bu ¢alisma kapsaminda optimizasyon
stirecinin olabildigince kisaltma ve hesaplama verimliligini aritmak i¢in direk SEY tabanli bir optimizasyon yerine
YZ tabanli bir vekil model gelistirilmesi ve optimizasyonun bu vekil model araciligi ile yapilmasi hedeflenmistir.

Bu amac i¢in 6ncelik ile vekil modele gelistirecek egitim ve test verilerinin olusturulmasi gerekmektedir. Ele alinan
problem icin, 4 tasarim degiskeniyle veriye dayali bir vekil model olusturulmasi, egitim ve test 6rneklerinin
dikkatlice diisiiniilmesini gerektirir. Bu 6rneklerin 6nemi, vekil modeli gelistirmede, dogrulamada ve modelin
dogrulugunu saglamada yattig1 icin énemlidir. Egitim drnekleri vekil modeli olusturmak icin kullanilir. Modelin
girdi degiskenleri (tasarim degiskenleri) ile ¢ikti arasindaki iliskileri 6grenmesi icin gerekli verileri saglarlar. Bu
orneklerin cesitliligi ve temsilciligi ciddi 6neme sahiptir. Modelin genellestirebilmesini ve yeni, gériillmemis veriler
icin dogru tahminler yapabilmesini saglamak icin tasarim alani icinde olasi senaryolar1 genis bir yelpazede
kapsamalidirlar. Test oOrnekleri ise modeli dogrulamak igin hayati 6neme sahiptir. Egitim asamasinda
kullanilmazlar ve bagimsiz bir sekilde modelin tahmin dogrulugunu degerlendirmek icin hizmet ederler. Modelin
bu test drneklerindeki tahminlerini gercek sonuglarla karsilastirarak, modelin altta yatan desenleri etkin bir
sekilde 6grenip 6grenmedigini veya sadece egitim verilerini ezberleyip ezberlemedigini (asir1 uyum) anlayabiliriz.
Dolayisti ile egitim ve test 6rnekleri modelin gelistirilmesinde ciddi bir rol almaktadirlar. Yalniz, detayl bir egitim
veri seti olusturmak icin, her bir degiskenden lineer érnekleme yontemi ile 10 adet érnek alinmasi toplamda 1
milyon (106) adet veri drnegine denk gelecektir. Boylesine biiyiik bir veri setini hazirlamak ciddi anlamda bir
slireye ve maliyete ihtiyac1 vardir ki bircok problemde bu denli bir kaynagin kullanimi verimlilik agisindan uygun
bir ¢6ziim degildir, 6zelliklede SEY gibi veri iiretim siiresinin ciddi zaman aldig1 uygulamalarda.

Bu tarz yiliksek sayida degiskene sahip problemlerde, pratik ve verimli model egitimi i¢in, Latin Hiperkiip
Ornekleme (LHO), Deney Tasarimi veya adaptif 6rnekleme yontemleri gibi alternatif érnekleme yéntemleri tercih
edilir. Bu yontemler, iissel olarak biiyiik bir veri setine ihtiyac duymadan tasarim alani hakkinda en fazla bilgiyi
yakalamay1 amaglar ve her degiskenin araligini etkili bir sekilde kapsamaya odaklanir. Bu ¢alisma kapsaminda ise,
LHO [36] yontemi kullanilarak 800 adet egitim ve 50 adet test verisi ANSYS modeli yardimi ile olusturulmustur.
Bu sayede gelistirecek olan modelin genelleme yeteneginin dogru bir sekilde incelenmesi hedeflenmistir.
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3. Yapay Zeka Tabanh Vekil Modelleme (Artificial Intelligence Based Surrogate Modelling)

Veriye dayali vekil modelleme, geleneksel ve genellikle yogun hesaplama gerektiren simiilasyon yontemlerine
pratik ve etkin bir alternatif olarak ortaya ¢ikan ileri diizey bir hesaplama teknigidir. Miihendislik ve bilimsel
arastirmalarda, vekil modeller, ampirik verilere dayanarak karmasik sistemlerin davranisini taklit etmek icin
tasarlanmistir. Bir vekil modelin temel amaci, yapisal analizdeki SEY simiilasyonlar1 gibi daha karmasik veya
zaman alicl bir siirecin yaklasik ancak yiiksek derecede dogru bir temsilini saglamaktir. Veriye dayal vekil
modellemenin 6z, var olan veri kiimelerinden 68renme ve yeni giris verileri setleri icin sonuglar tahmin etme
yetenegindedir. Bu yaklasim, tam 6l¢ekli simiilasyonlarin maliyetli veya zaman alici oldugu senaryolarda 6zellikle
faydalidir. Tren tekerleklerinin yorgunluk analizinde, vekil modeller, 6nceki simiilasyon sonuglarina dayanarak
stres, gerilme ve yorgunluk 6mriinii tahmin edebilir, bu da ayrintili simiilasyonlarin tekrarlanmasinin gerekliligini
Oonemli 6lciide azaltur.

Tren tekerleklerinin yorgunluk o&zelliklerinin vekil modellemesinde, YZ, dogrusal olmayan stres-gerinme
iliskilerini ve ¢esitli yorgunluga neden olan faktorleri dogru bir sekilde yakalayabilir. Bu aglar, farkli yiikleme
ve/veya tasarim degiskenlerinin kosullar1 altinda tren tekerleklerinin kapsamli SEY simiilasyonlarindan elde
edilen veri kiimeleri tizerinde egitilebilir. Bir kez egitildiklerinde, YZ'ler tren tekerleklerinin yorgunluk émriinii ve
giivenlik katsayisini hizla tahmin edebilir, bu da her yeni tasarim veya senaryo i¢in yogun hesaplama gerektiren
SEY simiilasyonlarini etkili bir sekilde atlatabilir. Bu baglamda YZ'lerin kullanimi, sadece tahmin siirecini
hizlandirmakla kalmaz, ayni zamanda yiiksek dogruluk ve giivenilirlik saglar, tren tekerlekleri gibi giivenlik kritik
bilesenler i¢in hayati 6neme sahiptir. Bu boliimde, tasarimin girdi ve ¢iktilar1 arasindaki eslesmeyi saglayacak bir
vekil model olusturmak icin cesitli ileri diizey ve yaygin kullanilan regresyon teknikleri kullanilmistir. Vekil
modelleri gelistirmek i¢cin asagidaki yontemler potansiyel adaylar olarak secilmistir: (i) Cok Katmanl Algilayici
(CKA) [37], (ii) Destek Vektér Regresyon Makinesi (DVRM) [38], (iii) Topluluk Ogrenmesi (TO) [39],(iv) Gauss
Siireci Regresyonu (GSR) [40-41]. Her modelin hiper-parametreleri, Ortalama Mutlak Hata (OMH) metrigi
(Denklem 1) kullanilarak k-katlamali (k=3) ¢apraz dogrulama (K-CD) yontemi ile 1zgara-arama optimizasyon
yontemi kullanilarak elde edilmistir. Bu vekil modellerin karsilastirmali performansi Tablo 3'te ayrintili olarak
verilmistir. Bulgular, YZ algoritmalarindan en bilineni olan GSR yonteminin diger algoritmalarla kiyasla verimlilik
acisindan daha iyi performans gosterdigini gostermektedir. Bu nedenle, tekerlegin tasarim optimizasyon siireci
icin birincil vekil model olarak GSR modeli benimsenecektir.

N
OMH :%Z|Hi -7 (1)
i=1
1&H =T
ROMH =— L 2
P2y @)

Burada, Tj, i'inci 6rnegin vekil model tarafindan tahmin edilen deger, Hj, ise i'inci 6rnegin hedeflenen degeridir, N
ise toplam test kiimesindeki veri sayisini ifade eder.

Tablo 3. Cesitli yapay zeka modellerinin OMH performans sonuglar: (MAE performance results of various Al models)

Model Hiper-Parametreler OMH ROMH [%]
CKA Tki katmanli, 5 ve 10 néron; tansig 0.29 124
DVRM Box Constraint 66.3, Kernel Gaussian, Kernel Scale 1.97 0.42 17.9
TO Max split 366, type Tree, # learner 249 Method type Bag 0.33 14.5
GSR Rational Quadratic, fit method Exact 0.11 5.9

GSR tabanli vekil modeli asagida verilen maliyet fonksiyonu ve Bal Arisi ciftlesme optimizasyonu [42] algoritmasi
kullanilarak bir tren tekerinin istenilen kuvvet (F) altinda gilivenlik faktdriini saglayacak optimum degiskenleri

X = [TekerR, MilR, |\/|i|W] elde etmesi hedeflenmistir. Tablo 4 de 4 farkli senaryo i¢in optimizasyon sonuglari

sunulmustur.
Maliyet(x) = max {F =istenilen : GK(x)} (3)
Tablo 4. Optimum elde edilmis degisken degerleri (Optimally obtained design values)
Senaryo ;?f\?\fgt Parametre GSR+BCO ile elde edilen / ANSYS
# [KN] [TekerR, MilR, MilW] ile elde edilen GK degeri
1 -410 492.18 ; 89.89 ; 148.0 6.03/5.85
2 -430 496.80 ; 80.52 ; 144.5 5.64/5.37
3 -450 480.29 ; 80.95; 133.1 5.74/5.36
4 -480 479.85;77.24 ; 148.7 571/5.84
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Burada dikkat edilmesi gereken husus oOnerilen GSR tabanli vekil model yaklasimi ile, sadece 850 6rnek
kullanilarak (800 (egitim) + 50 (test)) model olusturmak icin gereken toplam siire yaklasik 38250 dakika
(850x45) olacaktir. Ancak model olusturulduktan sonra vekil modelin yanit siiresi 0.001 saniyeden kisadir (Tablo
2de kullanilan bilgisayar ile). Ele alinan problem ic¢in elde edilen hizlandirmay1 kisaca 6zetlemek gerekirse,
incelenen tekerin 4 farkli tasarim durumu i¢in tasarim optimizasyonu, dnerilen yaklasim kullanilarak toplam
gerekli stire, veri liretimine egitim (637.5 saat = 38250 dakika) ve optimizasyon siireci (4 saniye = 4x1000x0.001
saniye) dahil olmak iizere 638 saatten fazla degildir, oysa dogrudan SEY optimizasyon yaklasimi 40 iterasyon ve
50 popiilasyonu 4 farkli problem icin 6000 (2000x4x45) saat gerektirir. Boylece tasarimin genel hesaplama
maliyeti neredeyse %90 azaltilmis olur.

4. Sonug ve Tartisma (Result and Discussion)

Bu calismada, geometrik tasarim degiskenleri, uygulanan kuvvet ve tasarimin yorulma o6zellikleri arasinda bir
haritalama olusturmak i¢in yiiksek dogrulukta, hizli ve giivenilir bir veri tabanli vekil model elde etmek i¢cin CKA,
DVRM, TO, GSR gibi yaygin kullanilan ve son teknoloji yapay zeka algoritmalari kullanilarak bir tren tekerleginin
tasarim optimizasyonu verimli bir sekilde incelenmistir. Veri tabanl vekil modelin olusturulmasi i¢in veri setinin
boyutunun miimkiin oldugunca diisiik olmasi gerektiginden, hesaplamali olarak verimli bir yaklasim i¢in 850
farkli tasarim 6rnegi vekil modellerin egitimi ve performans dogrulamasi i¢in kullanilmis ve sonu¢ olarak GSR
modelinin seg¢ilen problem i¢in en umut verici ¢6ziim oldugu bulunmustur. Bundan sonra, dort farkli ¢alisma
durumu tasarimi optimizasyon problemi olarak ele alinmis ve bu ¢alisma durumlari icin HBMO ve GSR tabanh
vekil model kullanilmistir. Bu dért ¢alisma durumundan elde edilen simiile sonuclara dayanarak, dnerilen Vekil
Modelleme yaklasimi yorulma 6zellikleri analizleri i¢in son derece dogru bir tahmin basarisi gostermistir. Tekrar
belirtmek gerekirse, calismanin ana amaci, yiiksek performansh bir tekerlek tasarimi dnermek yerine, tren
tekerlek tasarimlarinin yorulma 6zellikleri gibi Sonlu Eleman Yoéntemi ile simiilasyon gerektiren problemler i¢cin
diisiik hesaplamali maliyetli, hizli ve dogru tasarim optimizasyonu ¢6ziimii olarak kullanilabilecek yeni bir veri
tabanli vekil modelleme yaklasimini tanitmakti. Gelecekteki ¢alismalarda, yazarlar ¢alistiklar: problemin tasarim
degiskenlerini dinamik 3D modeller ve daha karmasik tasarimlar i¢in ek tasarim degiskenleri ile genisletmeyi
hedeflemektedirler.
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Anahtar Kelimeler 0z

Duygu analizi, Son zamanlarda veri miktarina baglh olarak saglik, egitim, pazarlama gibi bircok
Duygu tanima, alanda analizlere ihtiya¢ duyulmaktadir. Duygu analizi ise bu alanlarda kisilerin
Ses analizi, yorumlarini analiz etme, duygularini ¢ikarma i¢in oldukga popiiler bir alandir. Bu
Makine é6grenmesi, calismada kizgin, mutlu, sakin ve iizglin duygu etiketleri iceren Tiirk¢e konusma veri
Derin dgrenme modelleri. seti lizerinde, ses karakteristik ozellikleri ve spektrogramlardan yararlanarak

duygularin tespit edilmesi amacglanmaktadir. Analiz asamasinda Librosa
kitiiphanesi ile ¢ikarilan sayisal 6zellikler ile makine 6grenme yontemleri ve derin
sinir aglar egitilerek basarilari 6l¢iilmistiir. Ayrica disiik varyans filtreleme, geri
yonli ozellik eleme, ki-kare ve temel bilesen analizi yontemleri ile 6zellik azaltim
islemi uygulanarak elde edilen yeni 6zellikler ile makine 6grenme yontemlerinin
basarisindaki degisiklikler de arastirilmistir. Gorsel veri olan spektrogramlar ise
CNN, RNN, LSTM, EfficientNet, ResNet, MobileNet ve DenseNet derin 6g8renme
tabanli modellerin egitilmesi i¢in kullanilmistir. Modellerin egitim asamasinda veri
seti ile beraber modellere ince ayar islemi uygulanmistir. Deneysel ¢alismalarin
sonucunda makine 6grenme yontemlerinden Ekstrem Gradient Artirma %87.03
dogruluk degeri verirken, ResNet modeli ise %79.23 dogruluk degeri vermistir.

COMPARISON OF MACHINE LEARNING METHODS AND DEEP LEARNING-BASED MODELS
FOR EMOTION RECOGNITION IN TURKISH SPEECH

Keywords Abstract

Sentiment analysis, Recently, depending on the amount of data, analyzes are needed in many areas such
Emotion recognition, as health, education and marketing. Sentiment analysis is a very popular area for
Voice analysis, analyzing people's comments and extracting their emotions in these areas. This
Machine learning, study aims to determine the emotions by using voice characteristics and
Deep learning models. spectrograms on the Turkish speech dataset containing angry, happy, calm and sad

emotion labels. In the analysis phase, machine learning methods and deep neural
networks were trained, and their success was measured with the numerical features
extracted from Librosa library. In addition, feature reduction was applied with low
variance filtering, backward feature elimination, chi-square and principal
component analysis methods, and the changes in the success of machine learning
methods were also investigated with the new features obtained. The spectrograms,
which are visual data, were used to train CNN, RNN, LSTM, EfficientNet, ResNet,
MobileNet and DenseNet deep learning-based models. During the training phase of
these models, fine-tuning process was applied to these models together with the
dataset. As a result of the experimental studies, Extreme Gradient Boosting, one of
the machine learning methods, gave an accuracy value of 87.03%, while the ResNet
model gave an accuracy value of 79.23%.
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Highlights

e Itfills the gap in the literature on voice analysis in terms of Turkish language.

e Byusing the current deep learning-based models in the training-test phase, it is provided to compare with
traditional models for Turkish.

e The effect of applying feature reduction methods on the methods was investigated.
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Sekil./Figure. Calismanin metodolojisi (The methodology of this study)

Purpose and Scope

Due to the scarcity of studies on the Turkish language, this study aims to determine the emotions with methods
and models by using sound characteristics and spectrograms on the Turkish speech dataset containing angry,
happy, calm and sad emotion labels.

Design/methodology/approach

When the methodology is examined, in the first stage, sound characteristics are extracted by reading the sound
files through the Librosa library. Extracted features are trained and tested by applying machine learning methods
to deep neural networks. Models, on the other hand, are trained with extracted spectogram image features specific
to audio recordings. Then, the system is re-trained and re-tested with methods as a result of the selection of more
relevant features by using feature reduction methods. As a result of these processes, a structure that can extract
the emotion of the audio recording for Turkish is presented.

Findings

Two different feature extractions were used during the training phase, namely the numerical features obtained
with the Librosa library and the spectrogram image features. In the first stage, the numerical features obtained
with Librosa were trained with machine learning methods and deep neural networks, and the success of the
methods was measured. As a result of this analysis, an accuracy value of approximately 87.03% was obtained with
the Extreme Gradient Boosting (XGB) method. Since many features are used in the training phase, the effect of
these methods on success was analyzed by using feature reduction methods in the next step. As a result of the
analysis, as a result of the decrease in the features with the Low Variance Filtering method, the XGB method gave
an accuracy value of 86.74%, while there was a decrease of approximately 0.3% in success. The reason for this
decrease can be stated as the deletion of the features that have a positive effect on success.

The spectrogram features, in which the frequency spectrum of the audio recordings is displayed visually, were
used in the training of deep learning-based models. As a result of the use of normalized spectrograms, ResNet
among the models reached an accuracy of 79.23%. Here, the reason for the low success of the model compared to
machine learning methods can be shown as the insufficient dataset to fine-tune the model with millions of
parameters. The most unsuccessful among the models was MobileNetV2.

Originality

This study fills the gap in the literature on emotion analysis with the voice in terms of the Turkish language. It
also uses the current deep learning-based models in the training-test phase and provides to comparison with
traditional models for Turkish.
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1. Giris (Introduction)

Glnlimiizde veri sayisinin olduk¢a artmasindan dolay1 bir¢ok alanda konuya 6zgti analiz yapilmaktadir. Bilgisayar
bilimleri alaninda dogal dil isleme, goriintii isleme, ses ve sinyal isleme alanlarina 6zgii analizler ile cevreye fayda
saglanmaktadir. Bir iirline 6zgli yorumlari igeren duygu analizi, kameradan belli nesneyi tanimayi saglayan nesne
tespiti, konusan kisinin aksanini tespit etme gibi konular bu faydalara 6rnek olarak verilebilmektedir.

Ses analizi alani saglik, ticaret gibi bir¢ok sektérde yararlanilan alanlardandir. Canlilara ait ses karakteristik
ozellikleri ile yapilan analizler ses analizi olarak bilinmektedir. Kisilerin hasta olup olmadigini, kuslarin 6tme
sesine gore tiiriini, kisilerin aksanini veya duygusunu, miizik tiirlerini, vs. tespit ederken kullanilmaktadir. Ses
karakteristik 6zellikleri, canliya 6zgi olan o6zelliklerdir. Tempo, shimmer, jitter, spektrogram, chromogram,
spektral flux gibi frekans veya zaman domaini icin 6zellikler bulunmaktadir. Bu 6zelliklerden bazilar1 (tempo,
shimmer, vs.) sayisal veri olarak analiz edilirken, bazilar1 (spektrogram, vs.) ise gorsel olarak ile analiz
edilmektedir. Bu dzellikler kullanilacak yontemlere veya modellere egitim i¢in verildikten sonra test islemiyle
sistemin basarisi 6l¢iilmektedir.

Duygu analizi veya tanima, kisilerin verilerden duygusunun ¢ikarildigi analiz tiiriidiir. Olumlu, olumsuz, nétr gibi
duygu analizine ek olarak kizgin, mutlu, tizglin gibi duyguya 6zgii analizler de yapilmaktadir. Ses analizi ile de
kisinin duygusu tespit edilebilmektedir. Kisinin sesindeki vurgudan, tempodan yararlanarak elde edilen kisinin
sesine 6zgii karakteristik 6zellikler duyguyu belirleyebilmektedir. Genel olarak bu tiir calismalar ingilizce dili
lizerine yapilmaktadir. Literatiirde Tiirkge diline katki saglamak amaciyla ¢alismada Tiirkce konusma ses kayitlari
kullanilarak ses karakteristik 6zellikleri ile kisinin duygu ¢ikarimi yapilmasi amaglanmaktadir. Bunun i¢in kizgin,
sakin, mutlu ve iizgiin olmak tizere 4 duygu iceren TurEv-DB# veri seti kullanilmistir. Veri setine ait ¢ikarilan
sayisal 6zellikler makine 6grenme yontemleri, derin sinir aglar ile egitim-test asamasina verilirken, spektrogram
iceren gorsel o6zellikler ise CNN, LSTM, RNN, EfficientNet, Resnet gibi derin 6grenme tabanli modellere egitim-test
icin verilmistir. Boylece hem sayisal ve gorsel 6zelliklerin hem de yontemler ve modellerin siniflandirmaya etkisi
arastirilmistir. Ayrica sayisal ozellikler i¢in 6zellik azaltim yontemleri kullanilarak sistemin basarisina etkisi de
analiz edilmistir.

Calismanin katkisi incelendiginde;
e Tirkee dili acisindan ses analizi izerine literatiirdeki eksikligi gidermektedir.
e Giincel derin 6grenme tabanli modellerin egitim-test asamasinda kullanilmasiyla geleneksel modeller ile
karsilastirilmasi saglanmistir.
e Ozellik azaltim yontemleri uygulamanin yontemler iizerindeki etkisi aragtirllmistir.
e Gegmis calismalara ek olarak Tiirkce konusmada duygu tanima icin derin 6grenme tabanli modeller
kullanilmasina éncti olmustur.

Calismanin akisi diisiiniildiigiinde; “Kaynak Arastirmasi” baslig1 altinda ses ile duygu analizine 6zgii literatiirde
yer alan calismalar anlatilmaktadir. Veri seti, kullanilan makine 6grenme yontemleri ve derin 6§renme tabanl
modeller, 6zellik azaltim teknikleri gibi kullanilan tiim materyal ve metotlar liglincii baslik altinda anlatilmaktadir.
“Deneysel Sonuglar” baslig1 altinda ise uygulanan tiim analizler tablo ve sekiller ile aciklanmaktadir. Calismanin
sonuclarinin degerlendirilip tartisilmasi ise besinci baglik altinda gercgeklestirilmektedir.

2. Kaynak Arastirmasi (Literature Survey)

Singh (2021), duygu tespiti yapabilmek i¢in kullanicinin sesi iizerinde Librosa kiitiiphanesinden yararlanarak bir
analiz gerceklestirmistir. Analiz asamasinda Ingilizce veri seti kullamlmis ve sistem makine &grenme
yontemleriyle test edilmistir. Murwati ve Aldianto (2022), tiiketicilerin Twitter'da kullanici tarafindan olusturulan
icerige dayali olarak miisteri hizmetleri i¢in sohbet robotlarina yonelik duygularini belirleyen s6zliik tabanh
TextBlob ve lojistik regresyon tekniklerini iceren hibrit bir yontem kullanmislardir. Sonugclar, insanlarin genel
olarak chatbotlar1 olumlu karsiladigini gostermislerdir. Oflazoglu ve Yildirim (2013), Tiirk filmlerinden konusma
duygu veri seti olusturmuslar ve akustik 6zellikler kullanilarak nétr, iizgiin, mutlu, korkung¢ duygular1 tespit
etmislerdir. Koren ve Stipancic (2021), konusmanin akustik ve dilbilimsel 6zelliklerine dayanan bir duygu tanima
yontemi onermislerdir. Ses, akustik alt yonteme bagliyken, dilbilimsel alt yontem, 6zel bir dogal dil isleme
modelinin kullanildig1 metin mesajlariyla iliskilendirilmistir. Ren vd. (2014), biiyiik 6l¢ekli ag baglantili ses
verilerinden duygu tahmini belirlemeyi amaclamislardir. i1k olarak insan-mobil sesli iletisimdeki veri gézlemlerini
ve altta yatan duygu kaliplarini arastirmislardir. Sonraki asamada duygular1 otomatik olarak tahmin etmek i¢in
akustik o6zellikleri, igerik bilgilerini ve cografi bilgileri birlestirmek icin derin bir s1g sinir ag1 (DSNN) modeli
onermislerdir. Canpolat vd. (2020), Tiirkce icin ses kayitlarindan duygu veri seti olusturmuslardir. Veri setini

* https://github.com/Xeonen/TurEV-DB
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frekans araliklarinda analiz ederek Konvoliisyonel Sinir Ag1 (CNN) ve DVM ydntemleri {lizerinde egitim
gerceklestirmislerdir. Ozsénmez vd. (2021), akustik 6zellik ¢ikarim yéntemleri ile elde edilen 6zelliklere Temel
Bilesenler Analizi yontemini uygulayarak 6zellik azaltimini saglamislar ve yapay sinir ag1 modellerinin mimarisini
duygu siniflandirma i¢in Tiirkce konusma veri setleri tizerinde uygulamislardir. Anand ve Patra (2022), ses tabanlh
duygu analiz sistemini iki farkli yaklasim ile degerlendirmislerdir. i1k olarak, sesi metne déniistiirerek metni analiz
etmislerdir. Diger yaklasimda ise sesi girdi olarak kullanip ses 6zellikleriyle duygu analizi yapmislardir. Alu vd.
(2017), ses orneklerini isleyen ve siniflandiran derin bir CNN mimarisi ile sesten duygu algilamanin uygulanmasini
sunmugslardir. Satyanarayana vd. (2020), Amazon Comprehend hizmetini kullanarak, goriintii, ses vb.
yapilandirilmamis verileri ¢ikarmislar ve konusmanin olumlu, olumsuz, nétr veya karisik duygu olup olmadigi
konusunda ¢ikt1 elde etmislerdir.

Duygu analizi haricinde ses analizi bir¢ok konu i¢in kullanilmaktadir. Aksan siniflandirma (Wu vd., 2019; Najafian
ve Russell, 2020), kisinin hasta olup olmadigini tespit etme (Tracy vd. 2020; Ali vd., 2019), miizik tirlerini
belirleme (Pelchat ve Gelowitz, 2020; Elbir ve Aydin, 2020) bu konulara érnek olarak verilebilir.

Literatiir incelendiginde hem Tirkge dili, hem de giliniimiizde popiiler olan derin 6grenme tabanli modellerin
geleneksel yontemlerle kiyaslanmasi acisindan ¢alismalar sinirlidir. Ayrica sayisal 6zellikler ile gorsel 6zelliklerin
siniflandirmaya etkisini arastiran ¢alismalar da olduke¢a azdir. Bundan dolayi, bu ¢alisma belirtilen bosluklari
literatiir i¢cin doldurmaktadir.

3. Materyal ve Yontem (Material and Method)

Calismada kullanilan Tiirk¢e konusma iceren duygu veri seti, makine 6grenme yontemleri, derin sinir aglari, derin
O6grenme tabanli Keras uygulama modelleri$ ve 6zellik azaltim yontemleri bu baslik altinda anlatilmaktadir.

Metodoloji incelendiginde, ilk asamada ses dosyalar1 Librosa™ kiitiiphanesi araciligiyla okunarak ses karakteristik
ozellikleri ¢ikarilmaktadir. Cikarilan sayisal 6zellikler makine 6grenme yontemleri, derin sinir aglarina verilerek
egitilip test edilmektedir. Modeller ise ses kayitlarina 6zgi cikarilan gorsel spektrogram ozellikleri ile
egitilmektedir. Ardindan sadece sayisal 6zellikler i¢in 6zellik azaltim yontemleri kullanilarak dahailgili 6zelliklerin
secilmesi sonucunda sistem yeniden makine 6grenme yontemleri ile egitilip test edilmektedir. Bu islemler
sonucunda Tirkge i¢cin ses kaydina ait duyguyu cikarabilen bir yapi sunulmaktadir. Olusturulan yapiya ait
metodoloji Sekil 1’de gosterilmektedir.

Makine Ogrenme Yéntemleri

(2 Naive Bayes
; Ozellik Azaltim >
> Ozellider  —— 00 1ama

J Rastgele Orman, vs.

Librosa Derin Sinir Adlan

e — A Y
— T Alég:]t;;ng —>/» Analiz <,
Veri Seti —— N p—

A —

Derin Ogrenme Tabanli
Modeller

EfficientNet

—» Spektogramlar

v

Resnet

MobileNet, vs.

Sekil 1. Calismanin metodolojisi (The methodology of this study)
3.1. TurEV-DB Veri Seti (TurEV-DB Dataset)

Veri seti, belirli insanlarin dort farkli duyguda (kizgin, sakin, mutly, lizgiin) soyledigi 82 kelimeye dayanan 1735
tane ses kaydi icermektedir. 82 kelime, kelimelerin fonolojik 6zellikleri dikkate alinarak Tiirk¢enin Ses Dizgesi'n
den (Ergeng ve Uzun, 2017) secilmistir. Secilen kelimelerde, kelimelerin cesitli konumlarinda kullanilan hem sesli
hem de sessiz harflerden olusan bir dizi fonem bulunmaktadir (Canpolat vd., 2020). Tiim ses kayitlarinda bir

§ https://keras.io/api/applications/
* https://librosa.org/doc/main/index.html
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kelime iizerinde duyguya ait soylem ile kayit gerceklestirilmistir. Tablo 1 korpustaki ses kayitlarinin kayit alinan
kullanicilara gére sayisini gostermektedir.

Tablo 1. Ses kayitlarinin kullaniciya gore istatistikleri (Canpolat vd., 2020) (Statistics of audio recordings by user)

Kullanic1 Id
Etiket
7895 1984 1234 1358 1157 6783 Toplam

Kizgin 82 82 82 82 77 82 487
Sakin 80 82 82 82 0 82 408
Mutlu 29 82 82 82 0 82 357
Uzgiin 82 82 82 82 73 82 483
Toplam | 273 328 328 328 150 328 1735

3.2. Ozellik Cikarim Kiitiiphanesi (Feature Extraction Library)

Librosa kiitiiphanesi, ses kayitlarinin okunmasi ve ses Kkarakteristik oOzelliklerinin c¢ikarilmas1 igin
kullanilmaktadir. Librosa, miizik ve ses analizi i¢in bir python paketidir. Miizik bilgisine ait getirim sistemleri elde
etmek icin gerekli ozellikleri saglamaktadir (McFee vd., 2015). Bu kiitiiphane araciligiyla zaman ve frekans
domainine ait bir¢cok ses karakteristik o6zellikleri ¢ikarilmaktadir. Cikarilan 6zellikler Tablo 2’de verilmistir.
Tabloda yer alan frekans domainine ait spektral 6zelliklerin maksimum, minimum, ortalama, standart sapma,
basiklik (kurtosis), carpiklik (skew) degerleri ek 6zellik olarak elde edilmektedir. Mel-Frekans Kepstral Katsayilari
(MFCC) ozelligi ise ses frekanslarindaki degisimi belirlenen sayida c¢ikarmaktadir. Ayrica MFCC'nin birinci
tliirevinin degerleri alinarak yine minimum, maksimum, vs. degerleri ¢ikarilmaktadir. Tiim ¢ikarilan 6zellikler goz
Oniline alindiginda toplam 6zellik sayis1 her bir ses kaydi i¢in 175’tir. Tiim 6zellikler izerinde yontemler ile egitim-
test islemi gerceklestirildikten sonra, sonraki asamalar i¢in 6zellik segme yontemleri uygulanarak 6zellik sayisi
azaltilmaktadir.

Tablo 2. Librosa kiitiiphanesi araciligiyla ¢ikarilan 6zellikler (Extracting features via the Librosa library)

Kiitiiphane Cikarilan Ozellik Ozellik Sayis1

Librosa Spectral centroid
Spectral flux
Spectral bandwidth
Spectral flatness
Spectral rolloff
Spectral contrast
Zero crossing rate

Root mean squared error
Chromagram

Tempo

Mel-Frekans Kepstral Katsayilari 120

sl *)W©)Ne ) NiNe)Wie) Ne)Ne) W) W)

Egitim ve test asamasinda kullanilacak derin 6grenme tabanl modeller i¢in ise ses kayitlarinin normalize edilmis
gorsel spektrogram ozellikleri kullanilmistir. Spektrogram, zamana gore degistigi icin bir sinyalin frekans
spektrumunu gorsel olarak gdstermektedir. Modellerde bu 6zellik ile egitilerek frekans lizerindeki gorselden ses
kayitlarini duyguya gore siniflandirmaya calismaktadir. Spektrogramlarin elde edilmesi siirecinde Hamming
pencereli kisa siireli Fourier doniisiimiinden (STFT) yararlanilmistir. STFT algoritmasinda %95 ortiisme ile 50
milisaniyeye tekabiil eden 2205 6rneklik uzun pencere boyutu kullanilmistir (Canpolat vd., 2020). Veri setindeki
her sinifa ait spektrogram ornekleri Sekil 2’de verilmistir.
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Kizgin Sakin

Mutlu Uzgiin
Sekil 2. Her sinifa ait normaliz spektrogram érnekleri (Examples of normalized spectrograms for each class)

3.3. Ozellik Azaltum Teknikleri (Feature Reduction Techniques)

Cikarilan 6zellikler arasinda en uygunlari segebilmek ve 6zellik sayisini azaltabilmek icin 6zellik azaltim teknikleri
kullanilmaktadir. Geri Yonlii Eleme (Backward Feature Elimination - BFE), Diistik Varyans Filtresi (Low Variance
Filtering - LVF), Ki-kare (Chi Square - CS) yontemler var olan 6zellikler arasinda se¢im yaparak ozellikleri
azaltirken, Temel Bilesen Analizi (Principal Component Analysis — PCA) istenen 06zellik sayisi1 kadar var olan
ozelliklerden yararlanarak yeni dzellikler elde etmektedir. Teknikleri agiklamak gerekirse;

Geri Yonlii Eleme (BFE): Tim aday ozelliklerini iceren tam bir modelle baslamaktadir. Onceden
belirlenmis bir durdurma kurali karsilanana kadar 6zellikler sistematik olarak modelden kaldirilmasi
saglanmaktadir. Eleme siirecinin belirli bir asamasinda, 6zet 6l¢iimde en az diisiise neden olan degisken
elenmektedir (Yilmaz ve Kuvat, 2023).

Diisiik Varyans Filtresi (LVF): Her bir siituna ait varyans degeri hesaplanarak varyans degeri belirli bir
esikten diisiik olan 6zellikleri kaldirmaktadir. Sadece sayisal siitunlar i¢in bu yéntem kullanilmaktadir
(Filter ve Filter, 2014).

Ki-kare (CS): Simiflandirma modellerinin performansini artiran ozellikleri se¢gmek icin “Ki-kare”
istatistiklerini kullanmaktadir. Yontem 6zelliklerin hedef sinifa bagimlilig1 veya bagimsizlig1 kavramina
dayanmaktadir (Sikri vd., 2023).

Temel Bilesen Analizi (PCA): PCA, potansiyel olarak baglantili degiskenlerin bir koleksiyonunu, temel
bilesen olarak bilinen bir dizi dogrusal olarak iliskisiz degiskene doniistiirmek i¢in ortogonal bir doniisiim
kullanan bir boyut azaltma islemidir. Karsilik gelen her 6ge, 6nceki bilesenin dik olmasi kosuluyla
miimkiin olan en yiiksek varyasyona sahiptir, yani miimkiin oldugu kadar fazla veri belirsizligi hesaba
katilmaktadir (Mulla vd., 2021).

3.4. Makine Ogrenme Yontemleri (Machine Learning Methods)

Egitim ve test asamasinda makine 6grenme yontemleri kullanilmaktadir. Kullanilan makine 6grenme yontemleri:

Naive Bayes (NB): Istatistik tabanli algoritmalardan biridir. Bu algoritmada veri setinde daha 6énce
siniflandirilmis veriler kullanilarak mevcut siniflardan hangisinin yeni veriye ait oldugu bulma imkani
bulunmaktadir. Bayes siniflandiricisi nitelik verilerinin olasilik degerlerini dikkate almaktadir (Celik,
2022).

Rastgele Orman (RO): Egitim asamasinda ¢ok sayida rastgele olusturulmus karar agacinin ¢iktisini
birlestirerek regresyon ve siniflandirma problemlerini ¢6zmek icin kullanilmaktadir (Cavus ve Sancaktar,
2022).

k-En Yakin Komsu: Siniflar1 belirli olan bir 6rnek kiimedeki degerler araciligiyla, kullanici tarafindan
tanimlanan kadar komsuya bakarak yeni bir verinin hangi sinif kiimesine atanacagini tespit etmektedir
(Sagbas vd., 2022).

Lojistik Regresyon (LR): Derlemin her Kkategorisindeki ornekler, lojistik fonksiyona gore
siniflandirilmaktadir. Lojistik regresyon, verileri tanimlamak ve bir derlemdeki bagiml ikili degisken ile
bagimsiz degiskenler arasindaki iliskiyi agiklamak icin kullanilmaktadir (Altinel, 2021).
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Ekstrem Gradient Artirma (XGB): Gradient Artirma algoritmasinin optimize edilmis versiyonudur. XGB,
agac yapisini olustururken maksimum derinlik degerinden yararlanmaktadir. Olusturulan aga¢ asagi
yonde asiri ilerleme gosterirse, aga¢ lizerinde budama gercgeklestirilmektedir. Boylece asir1 6grenme
onlenmektedir (Kelle ve Yiice, 2022).

Destek Vektér Makineleri (DVM): Oriintii tanima ve regresyon problemlerinin ¢6ziimii icin temelleri
istatistiksel 6grenme teorisine dayanarak énerilmis bir makine 6grenme algoritmasidir. Yontem, verileri
optimal olarak kategoriye ayirip n-boyutlu bir hiperdiizlem olusturmaya calismaktadir (Cevik ve
Kayakus, 2020).

Derin Sinir Aglar1 (DNN): Bir DNN, néronlarin 6nceki katmandan néron aktivasyonlarini girdi olarak
aldig1 ve basit bir hesaplama gerceklestirdigi birden ¢ok katman dizisinde diizenlenmis bir néron
koleksiyonudur. Agin néronlari, girdiden g¢iktiya karmasik dogrusal olmayan bir eslemeyi (mapping)
ortaklasa uygulamaktadir. Bu esleme, hata geri yayilimi yontemi kullanilarak her bir néronun
agirliklariin uyarlanmasiyla verilerden 6grenilmektedir (Montavon vd., 2018).

3.5. Derin Ogrenme Tabanh Modeller (Deep Learning Based Models)

CNN, RNN, LSTM, EfficientNet, ResNet, DenseNet, MobileNet modelleri gorsel 6zellikleri ses analizi i¢in egitim-test
asamasinda kullanan modellerdendir. Bu modeller evrisimsel sinir aglarindan yararlanarak gelistirildiginden
yapisal olarak derin 6grenme tabanlidir. Calismada kullanilan tiim modeller Keras’taki uygulamalardan alinmistir.
Modellere deginmek gerekirse:

CNN: Farkli konumlardaki bilgileri basarili dogrulukla algilayabilen bir yapay sinir ag1 bi¢imidir. Bu
model, gériintii isleme ve dogal dil islemedeki cesitli sorunlar1 ¢6zmiistiir. Ogrenmeyi kolaylastiran 6zel
bir mimariyle karakterize edilmektedir. CNN ¢ok katmanl bir agdir, dolayisiyla bir katmanin ¢iktis1 bir
sonraki katmanin girdisi olmaktadir. Genellikle bir girdi, bir veya birka¢ gizli katman ve bir ¢ciktidan
olusmaktadir (Rhanoui vd., 2019).

RNN: Tekrarlayan sinir ag1 (RNN), néronlarin w agirligindaki yaylarla baglandigi, birbirine bagh ve
etkilesimli bir néron agidir. Bu tiir bir ag, degisken boyutlardaki girdilerin yani sira zaman serileri, yani
otomatik konusma tanima ve otomatik kalip tanima gibi durumlarda ¢ok kullanishdir. Bu tiir yapay sinir
aglarinda bilginin yayilma yoni ¢ift yonliidiir; veri sirasini korur; ve dahili hafizasi sayesinde bir dongiiye
dayandigi i¢in uzun dizilerden olusan bir giris arasinda baglanti kurabilmektedir (Rhanoui vd., 2019).
LSTM: Hafizas1 sayesinde gradient kaybolmasi sorununu cézebilen RNN'nin bir uzantisidir. Ug kapi
araciligiyla verilerin okunmasini, yazilmasini ve silinmesini miimkiin kilmaktadir. Giris kapisi,
glincellemelere izin verirken veya engellerken, unutma kapisi algoritma tarafindan 6grenilen agirliklara
gore dnemli degilse bir noéronu devre dis1 birakmaktadir. Cikis kapisinda ise ¢iktidaki néron durumu
kontrol edilmektedir (Rhanoui vd., 2019).

EfficientNet: EfficientNet Modelleri, basit ve oldukga etkili bilesik 6lgeklendirme yontemlerine dayalidir.
Bu yontem, transfer 6grenme veri kiimeleri i¢cin kullanilan model verimliligini korurken temel bir CNN'i
herhangi bir hedef kaynak kisitlamasina dlgeklendirmeyi saglamaktadir (Tan ve Lee, 2019). EfficientNet,
bilgisayarla gorme gorevleri i¢in yeni bir yaklasim getirmektedir. EfficientNet, BO'dan B7'ye modelleri
icerir ve her birinin 5.3 milyondan 66 milyona kadar farkli parametreleri vardir (Marques vd., 2020).
Calismada B7 modeli kullanilmistir. Ayrica bu zamana kadar literatiir incelendiginde Tiirkce ses
kayitlarindan duygu tespitine iliskin 6grenmeyi aktarmak icin EfficientNet'i kullanan benzer bir ¢alisma
yoktur.

ResNet: ResNet, Artik (Residual) Ag'in kisa bi¢imidir. Derin evrisimli sinir aglari, yillar icinde goriintii
tanima ve siniflandirma alaninda oldukea fazla kullanilmaktadir. Ancak, kaybolan gradyan ve bozulma
problemleri nedeniyle daha derin sinir aglarini egitmek zor olmustur. ResNet, bu iki sorunu da ¢6zmeye
odaklanmaktadir. Sinir aglarinda her katman, eldeki gorev icin egitilirken diisiik veya yliksek seviyeli
ozellikleri 6grenirken, ResNet modeli baz1 artiklar1 6grenmeye calismaktadir. ResNet modelinde Relu
aktivasyonlar1 kullanilmaktadir (Reddy ve Juliet, 2019). ResNet50, 50 katmanl bir artik agdir ve
calismada bu modelin iki versiyonu kullanilmistir.

DenseNet: Her katmani diger tiim katmanlara ileri beslemeli bir sekilde baglayan Yogun Konvoliisyon Agi
(DenseNet) olarak bilinmektedir. L katmanli geleneksel evrisimli aglar L baglantilarina sahipken, her
katman ve onu takip eden katman arasinda L*(L+1)/2 dogrudan baglantiya sahiptir. Her katman igin,
onceki tiim katmanlarin 6zellik haritalar1 girdi olarak kullanilmaktadir. Ayrica kendi 6zellik haritalari,
sonraki tiim katmanlarda girdi olarak kullanilmaktadir. DenseNet'ler yok olan gradyan problemini
hafifletirler, ézellik yayilimim giiclendirmektedir. Ozelliklerin yeniden kullanimini saglarken, kullanilan
parametre sayisini 6nemli dl¢iide azaltmaktadir (Huang vd., 2017). Calismada DenseNet121 modeli
kullanilmistir.

MobileNet: MobileNet'ler, hafif, derin sinir aglar1 olusturmak icin derinlemesine ayrilabilir evrisimler
kullanan modern bir mimariye dayanmaktadir. Gecikme ve dogruluk arasinda verimli bir sekilde denge
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kuran iki basit kiiresel hiper parametre sunmaktadir. Bu hiper parametreler, model olusturucunun,
problemin kisitlamalarina dayali olarak uygulamalar: i¢in dogru boyutlu modeli segmesine olanak
tanimaktadir (Howard vd., 2017). Calismada MobileNet'in iki versiyonundan yararlanilmistir.

4. Deneysel Sonuclar (Experimental Results)

Veri setine ait calismalar, yontemler ve modellere ait analizler ve duygu etiketlerine ait ¢ikarimlar bu boliimdeki
alt bagliklar altinda detayli bicimde anlatilmaktadir. Siniflandirma 6l¢iitii olarak F1-skor, dogruluk, geri ¢agirma
ve kesinlik degerleri kullanilmistir. Siniflandirma dogrulugu, dogru smiflandirilmis 6rnek sayisinin toplam 6rnek
sayisina oranidir. Gergek Pozitifler (True Positive-TP) i¢cin gozlem olumludur ve olumlu oldugu tahmin edilirken,
gercek negatifler (True Negative-TN) i¢in gézlem olumsuz olup olumsuz olarak tahmin edilmistir. Yanlis Pozitifler
(False Positive-FP)'de ise gézlem olumsuz olmasina ragmen olumlu tahmin edilirken, yanls negatifler (False
Negative-FN) icin gozlem olumlu olup olumsuz tahmin yapilmaktadir (Karcioglu ve Bulut, 2021). Geri ¢agirma,
kesinlik ve F1-skor degerleri bu degerler araciligl ile hesaplanmaktadir. Geri ¢agirma TP’in TP+FN degerine
oraniyla elde edilirken; kesinlik ise TP’in TP+FP degerine oranidir. F1-skor ise geri ¢agirma ve kesinlik degerinin
harmonik ortalamasidir (Karcioglu ve Yasa, 2020).

4.1. Veri Seti Analizi (Analysis of Dataset)

Calismada TurEV-DB veri seti icin bir¢ok analiz uygulanmustir. ilk asamada veri setindeki ses kayitlari librosa
kiitliphanesi araciligiyla okunarak 6zellik ¢ikarim islemi gergeklestirilmistir. Toplam 175 tane ¢ikarilan 6zelliklere
ait 6rnek Tablo 3’te gosterilmistir. Tabloda goriildiigii lizere veriler sayisal deger icermektedir ve her biri sesin

karakteristiklerini yansitmaktadir.

Tablo 3. Librosa kiitiiphanesi ile ¢cikarilan bazi 6zellikler (Some features extracted with the Librosa library)

id | centroid_max centroid_min centroid_mean centroid_std centroid_kurtosis centroid_skew ... tempo
0 4469.312 685.198 2129.420 1007.268 -0.380 0.538 .. 215.332
1 3612.809 546.315 1505.730 742.842 0.870 1117 .. 234907
2 4544.681 1155.373 2848.935 1092.199 -1.436 -0.128 .. 151.999
3 5716.467 707.610 2153.877 1366.089 0.395 1.143 .. 234908
4 5372.452 1204.042 3379.245 1208.404 -0.988 -0.202 .. 184.570

Veri setine ait tim 6zelliklere ait ¢ikarilan istatistikler ise Tablo 4’te verilmistir. Her 6zellige ait miktar (count),
ortalama (mean), standart sapma (std), minimum (min), maksimum (max) ve yiizdelik dilimler (25%, 50% ve
75%) istatistikler elde edilmistir.

Tablo 4. Cikarilan bazi 6zelliklerin istatistikleri (Statistics of some extracted features)

centroid_max centroid_min centroid_mean centroid_std mfcc_dl_?_ mfecc d1.9_ tempo
Kurtosis skew

Miktar 1735 1735 1735 1735 .. 1735 1735 1735
(count)

Ortalama 5142.721 570.066 2267.097 1318238 .. -0.480 20.060 186.601
(mean)
Standart

sapma 1489.205 350.368 719.092 434259 .. 0.717 0576  45.645
(std)

Minimum 1173.855 0 603.804 165.848 .. -1.739 -1.903  73.828
(min)

25% 4410.100 373.520 1730.448 1039.286 .. -1.001 0446 151.999

50% 5051.705 552.518 2245.288 1315450 .. -0.608 20.061 184.570

75% 5838.0165 768.125 2774.925 1585.062 .. -0.098 0330 215332

Makszmg}‘(’]‘ 10449.296 2244.712 4459.542 2847.500 .. 3.496 1743  287.109

4.2. Yontemler ve Modellerin Analizi (Analysis of Methods and Models)

Librosa kiitliphanesi araciligiyla c¢ikarilan sayisal ozellikler ile Tiirkce ses kayitlarina ait duygu analizi
gerceklestirimi icin makine 6grenme yontemleri ve derin sinir aglar1 egitilmistir. Egitim asamasinda verilerin
%80'1, test asamasinda ise %20 kullanilmistir. Egitilen bu ydontemlere ait sistemin basaris1 Tablo 5’te verilmistir.
Tablo incelendiginde en basarili XGB yontemi olurken, en basarisiz DVM y6ntemi olmustur. XGB’nin en basarili
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olma nedeni olarak optimize edilerek gelistirilmis, aga¢ budama yodntemiyle asir1 6grenmeyi engelleyen bir
algoritma olmasi belirtilebilir. Yontemler arasinda K-NN icin k degeri sinif sayisi olan 4 olarak belirlenirken, DNN
yonteminde, 4 tane Dense ve 4 tane asir1 6grenmeyi engelleyen Dropout katmani ve softmax aktivasyon
fonskiyonu kullanilmistir.

Tablo 5. Cikarilan 6zellikler ile ydntemlerin basarisi (%) (Success of methods with extracted features)

Yontem Geri Cagirma F1-skor Dogruluk
NB 60.23 60.22 60.23
K-NN 49.86 49.57 49.86
RO 83.00 82.97 83.00
DVM 39.48 34.35 39.48
LR 58.50 57.85 58.50
XGB 87.03 87.02 87.03
DNN 82.51 82.62 82.42

Tablo 5 incelendiginde, Librosa ile ¢ikarilan tiim sayisal 6zellikler egitilen yontemlerde girdi olarak verilmistir. Ses
analizinde her 6zelligin sisteme olumlu etkisi olmayabilecegi icin BFE, LVF, CS VE PCA o6zellik azaltim teknikleri
kullanilarak, yeni bir 6zellik verileri elde edilmistir. Yeni 6zellikler ile beraber tiim sistem, makine 6grenme
yontemleri ve DNN ile yeniden egitilerek test edilmistir. Bu yontemlere ait elde edilen sonuclar Tablo 6’da
gosterilmistir. Tablo incelendiginde LVF 6zellik ¢ikarimi en iyi dogruluk ve F1-skor degerini vermistir, ancak Tablo
5’e gore basari artis gdstermemistir. Bunun nedeni olarak azaltilan 6zelliklerin egitim asamasinda faydali oldugu,
silinmesinin egitimi olumsuz etkilemesi belirtilebilir. BFE ve CS i¢in 6zellik sayis1 girdi olarak verildiginden faydal
olan ozellikler de silinmesi negatif etki etmistir. LVF ve PCA icin ise esik degerine gore ozellik sayisi
belirlenmektedir. PCA’de ise varolan ozelliklerden yeni oOzelliklerin ¢ikarim islemi de basariya olumsuz
yansimistir.

Tablo 6. Ozellik azaltim teknikleri sonrasi yéntemlerin basarisi - sirasiyla F1-skor, dogruluk (%) (Success of methods after
feature reduction techniques - respectively F1-score, accuracy (%))

Yéntem NB K-NN RO DVM LR XGB DNN
62.25, 72.98, 82.66, 79.86, 73.20, 84.49, 81.95,

BFE (n=50) 61.38 73.20 82.71 79.83 73.20 84.44 81.84
_ 61.16, 69.44, 80.65, 79.60, 77.61, 85.61, 81.38,

BFE (n=100) 61.80 69.74 80.69 79.54 77.52 85.59 81.56
CS (n=50) 61.64, 71.94, 82.32, 78.22, 71.38, 81.04, 82.11,
N 60.81 72.05 82.42 78.10 71,47 80.98 81.84

_ 62.05, 76.59, 84.73, 79.83, 74.46, 84.96, 80.88,

CS (n=100) 61.96 76.66 84.73 79.83 74.35 85.01 80.98
55.46, 71.20, 85.24, 77.12, 64.16, 86.19, 83.15,

LVF (n=52) 55.04 71.47 85.30 77.23 64.55 86.17 83.29
_ 61.52, 71.99, 83.55, 80.50, 71.46, 86.78, 80.82,

LVF (n=133) 61.38 72.05 83.57 80.40 71.18 86.74 80.40
64.72, 70.78, 71.32, 83.93, 70.75, 73.85, 75.64,

PCA (n=70) 64.27 70.89 71.76 83.86 70.61 73.78 75.50
_ 66.10, 69.29, 72.35, 83.93, 74.14, 71.71, 74.19,

PCA (n=107) 65.71 69.45 7291 83.86 74.06 71.76 74.06

Analizin son asamasinda derin 6grenme tabanli CNN, RNN, LSTM geleneksel modeller ile EfficientNet, ResNet,
DenseNet, MobileNet yenilikgi modellerinin spektrogram gorselleri ile egitilmesi ve test edilmesi
gerceklestirilmistir. Egitim asamasinda verilerin %80’i, test asamasinda ise %20 kullanilmistir. Modeller tizerinde
Tiirkge veri seti ile ince ayar (fine-tuning) asamasi uygulanarak, belirlenen 6grenme orani (keras kiitiiphanesi
ReduceLROnPlateau metodu ile factor = 0.5, patience = 10, mode = ‘min’) ve erken durdurma (keras kiitiiphanesi
EarlyStopping metodu ile patience = 20) kriterleriyle egitilmesi saglanmistir. Egitilen modellere ait basar1 Tablo
7’de verilmistir. Tablodaki verilere gore ResNet modeli Tiirkce veri seti ile diger modellere gére daha iyi 6grenmis
ve daha basarili bir sonu¢ vermistir. DenseNet, MobileNetV2 modellerinin ise egitimdeki kayip (loss) degerleri
fazla oldugundan ve modeller iyi 6grenme gerceklestirmediginden dolay1 basar1 diismiistiir. Burada modellerin
basarisinin diisiik olma sebebi olarak modeller milyonlarca parametre ile egitildiginden, ince ayar asamasindaki
veri setinin yetersiz gelmesi sdylenebilir.
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Tablo 7. Derin 6grenme tabanli modellerin basarisi (The success of deep learning-based models)

Yontem Kayip GeriCagirma (%) F1-skor (%) Dogruluk (%)
MobileNet 0.93 65.40 65.37 65.38
MobileNetV2 0.98 61.96 61.38 61.92
EfficientNetB7 | 0.61 76.27 76.25 76.15
DenseNet121 0.96 63.23 61.00 63.46
ResNet 0.55 79.31 79.29 79.23
ResNetV2 0.76 67.48 65.88 67.31
CNN 0.24 79.00 78.20 78.81
RNN 0.74 69.00 68.40 68.58
LSTM 0.86 63.00 62.30 62.84

Her asama icin en iyi sonuglari veren yontemlerin ve tiim derin 6grenme tabanl modellerin dogruluk degerleri
Sekil 3’te verilmistir. Sonuglar incelendiginde Librosa kiitiiphanesi ile ¢ikarilan tiim 6zelliklerin kullanimi egitim-
test asamasinda en basarili dogruluk degerini vermistir. En basarisiz ise derin 6grenme tabanli MobileNetV2
modeli olmustur.
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Sekil 3. En basarili yontemler ve derin 6grenme tabanl modellerin dogruluk degerleri (Accuracy values of deep learning-
based models and the most successful methods)

4.3. Duygu Etiketlerinin Analizi (Analysis of Emotion Labels)

Yontem ve modellerin basarisina goére hangi duygu etiketlerinin daha basarili veya basarisiz siiflandirildigi bu
baslik altinda analiz edilmistir. Bu analiz i¢in her asamada en basarili yontemlerin siniflandirma raporu elde
edilmistir. Tiim ¢ikarilan 6zellikler ile en basarili olan XGB yontemi ve LVF 6zellik azaltim teknikleri ile en basarili
yontem XGB’nin siniflandirma raporuna ait grafik Sekil 4’te gosterilmistir. Sekil incelendiginde, tiim &6zelliklerin
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kullanimi ile XGB yontemi duygu etiketlerini dengeli bir sekilde tespit etmistir. Ancak LVF ile 6zellik azaltim
uygulanmasiyla XGB yonteminin duygu etiketleri analiz edildiginde en zor tespit edilen mutlu etiketine sahip ses
kayitlari olmustur.

HKesinlk ©Gen Caguma BF1-skor

055
0.93
=
0.591 0.91 B
= =
0.9 = = o0so
0.87
0.85
08
ors £ : -
0.7 % E = =E== === === === E
Kizgin Sakin Mutlu Uzgin  Dogruluk | Kizgm Sakin Mutlu Uzgin  Dogruluk
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Sekil 4. Cikarilan tiim 6zelliklerde ve 6zellik azaltim uygulanmasinda en basarili XGB yontemi igin siniflandirma raporu
(Classification report for the most successful XGB method in all extracted features and feature reduction implementation)

Spektrogramlar ile uygulanan derin 6grenme tabanli modellerdeki egitim sonucunda en basarili olan ResNet
modeline ait duygu etiketlerinin siniflandirma raporu ise Sekil 5'te verilmistir. Bu modelde ise mutlu duygu
etiketine sahip ses kayitlar1 test asamasinda daha zor tespit edilmistir.
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Sekil 5. ResNet modelinin duygu etiketleri icin siniflandirma raporu (Classification report for emotion labels of the ResNet
model)

5. Sonucg ve Tartisma (Result and Discussion)

Calismada Tiirkge dili agisindan literatiire katki saglamak amaciyla, Tiirkee ses kayitlari tizerinde duygunun tespit
edilme islemi gerceklestirilmistir. Bunun icin makine 6grenme ydntemlerini egitme asamasinda, Librosa
kitiiphanesi ile elde edilen sayisal 6zellikler, derin 6grenme tabanl modelleri egitmek i¢in ise spektrogram gorsel
ozelliklerinden yararlanilmistir. Canpolat vd. (2020) uyguladig1 c¢alismada sadece spektrogram o6zellikleri
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egitimde CNN modeli kullanilirken, bu calismada ise sayisal karakteristik ve gorsel 6zellikler olmak tizere iki tiir
ozelliklerin kullanilmasi ile literatiire yenilik kazandirilmistir. Ayrica Tiirkce i¢cin bu 6zellikler gegmiste ¢ok az
sayida calismada karsilastirilmistir.

ilk asamada Librosa ile elde edilen sayisal karakteristik ézellikler makine 6grenme yéntemleri ve derin sinir aglar
ile egitilerek yontemlerin basarisi 6l¢iilmiistiir. Bu analiz sonucunda XGB yontemi ile yaklasik %87.03’lik bir
dogruluk degeri elde edilmistir. Egitim asamasinda ¢ok sayida dzellik kullanilmasindan dolayi, sonraki asamada
BFE, LVF, CS ve PCA 6zellik azaltim yontemleri aracilifiyla azaltilan yeni 6zelliklerin yontemlerdeki basariya etkisi
analiz edilmistir. Analizler sonucunda LVF yontemi ile 6zelliklerin azalmasi ile XGB yontemi %86.74 dogruluk
degeri elde ederken, basarida yaklasik %0.3’lik bir diisiis olmustur. Bu azalisin nedeni olarak, 6zellik azaltim
sonrasli basariya olumlu yonde etki eden 6zelliklerin silinmesi gosterilebilir.

Ses kayitlarinin frekans spektrumunun gorsel olarak gosterildigi spektrogram 6zellikleri ise derin 6grenme tabanl
modellerin egitiminde kullanilmistir. Geleneksel derin 6grenme modelleri incelendiginde, CNN modeli %78.58
dogruluk degeriile RNN ve LSTM’den daha iyi sonug elde etmistir. Modellerin basarisi makine 6grenme yontemleri
ile karsilastirildiginda daha diisiik dogruluk degerine ulasmistir. Bunun nedeni olarak spektrogramlarin siniflar
icin daha belirgin bir 6riintii gostermemesi olabilir.

Normalize edilmis spektrogramlarin egitimde kullanilmasi sonucunda ise yenilikci modellerden ResNet
%79.23’1ik en iyi dogruluk degerine ulasmistir. Burada modelin makine 6grenme yontemlerine gore diisiik basari
gosterme nedeni, milyonlarca parametre iceren modele, ince ayar yapilan veri setinin yetersiz kalmasi
gosterilebilir. Veri setindeki veri sayisinin az olmasi, modellerin egitim siirecinde iyi 6grenememesine neden
olmus ve basarinin makine 6grenme yontemlerine gore daha diisiik olmasini saglamistir. Modeller arasinda en
basarisiz olan ise MobileNetV2 olmustur. Makine 6grenme ydntemlerinde ise veri setine bagiml olarak egitim
gerceklestiginden, ince-ayar uygulanan derin 6grenme modellerine goére dogruluk orani daha yiiksek elde
edilmistir.

Calismanin sonucunda Tiirkge ses kayitlari iizerinde duygu tespitinin yapilmasi hem makine 6grenme yontemleri
hem de derin 6grenme tabanli modeller ile analiz edilerek karsilastirilmasi saglanmis ve literatiire katki
saglamistir. Gelecek calismalarda Tiirkce miizik veri seti, sive, konusma veri seti elde edilerek ses analizi lizerinden
siniflandirma yapilmasi amaglanmaktadir. Béylece Tiirkee dilinin literatiirdeki ¢calisma sayis1 artirilacaktir.
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Anahtar Kelimeler 0z

AHY, Taskinlar ani atmosferik anomalileri neticesinde kisa siirede biiylik felaketlere
CBS, doniisebilen, ciddi mal ve can kayiplarina neden olan dogal afetlerdir. Diinyada
Karabiik, meteorolojik bir afet tiirii olan tagkinlarin yénetim planlamasinin taskin duraylilik
Risk Analizi, haritalar1 temel alinarak yiriitiilmesine olduk¢a 6nem verilmektedir. Sunulan
Taskin Duyarhlik Haritast. calismanin amaci Karabiik ilinde taskinlarin gerceklesmesine neden olan faktdrlerin

belirlenerek taskin tehlikesi olan alanlari tespit etmek ve bdlgenin taskin duyarhlik
haritasin1 olusturmaktir. Bu kapsamda Analitik Hiyerarsi Yontemi (AHY)
kullanilarak Karabiik ili icin taskin duyarlilik haritasi iiretilmistir. Tagkin duyarlilik
analizinde yagis, akarsuya mesafe, egim, baki, jeoloji ve arazi kullanim/arazi értiisii
parametreleri kullanilmistir. Secilen parametreler AHY ile analiz edilmistir. Yapilan
hesaplamalara gore yaklasik 4048.9 km? ylizey alanina sahip Karabiik ilinin giiney,
giineybati ve kuzeybat1 kesimlerinin %6.89 oraninda ¢ok yiiksek ve yiiksek riskli
alanlar oldugu, olasi bir taskin afetine olduk¢a duyarl oldugu belirlenmistir. S6z
konusu c¢alisma Karabiik ili icin taskin risk planlamasina yonelik kilavuz bir
arastirma olup boélge icin afet riskinin azaltilmasina yonelik 6neriler sunulmustur.

FLOOD RISK ANALYSIS USING ANALYTIC HIERARCHY PROCESS (AHP)
METHOD IN GEOGRAPHIC INFORMATION SYSTEMS (GIS) ENVIRONMENT:
THE CASE STUDY OF KARABUK PROVINCE

Keywords Abstract

AHP, Floods are natural disasters that cause serious loss of life and property and can turn
GIS, into major catastrophe in a short time as a result of sudden atmospheric anomalies.
Karabuk, A great importance is attached to the management planning of floods, which is a
Risk Analysis, type of meteorological disaster in the world, based on flood risk maps. The objective
Flood Susceptibility Map. of this present study is to define the flood hazard areas in Karabuk province by

determining the factors that cause floods and to establish a flood susceptibility map
of the region. In this regard, a flood susceptibility map was produced for Karabuk
province using the Analytic Hierarchy Process (AHP) method. Rainfall, distance to
the river, slope, aspect, geology and land use/land cover parameters were used in
the flood susceptibility analysis. It has been determined according to the
calculations made that the southern, southwestern and northwestern parts of
Karabuk province, which has a surface area of approximately 4048.9 km?, are very
high and high risk areas with a rate of 6.89% and are highly susceptible to a possible
flood disaster. This study is a guideline study for flood risk planning for Karabuk
province and recommendations are presented for disaster risk reduction for the
region.
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FLOOD RISK ANALYSIS USING ANALYTIC HIERARCHY PROCESS (AHP)
METHOD IN GEOGRAPHIC INFORMATION SYSTEMS (GIS) ENVIRONMENT:
THE CASE STUDY OF KARABUK PROVINCE

Cansu YURTERI]1t
icisleri Bakanligl, Afet ve Acil Durum Yénetimi Baskanligi, Ankara, Tiirkiye

Highlights
e The flood susceptibility map was developed by using GIS and AHP identifies flood risk areas for Karabuk
province

e Ahigh and very high risk of flooding covers 6.89 % of the Karabuk province

e Rainfall, distance to river and slope are significant factors influencing flood risk in Karabuk province.

e GIS based flood susceptibility map provided significant information for effective flood risk management
and sustainable development.

Purpose and Scope

The main objective is developing flood susceptibility map by using GIS and AHP techniques to determine flood
prone areas in the Karabuk province.

Design/methodology/approach

Karabuk province's precipitation, land use, distance to river, geology, slope and aspect criteria were selected to
create a flood risk map. Analytic Hierarchy Process (AHP), which is one of the Multi-Criteria Decision Analysis
(MCDA) methods, was used to reveal the impact of the criteria on flood risk. Weight values of the criteria causing
flooding have been calculated. Areas with flood risk have been identified and mapped in GIS environment as a
result of the analysis.

Findings

Flood susceptibility map of Karabuk province was created by using AHP method, one of the MCDA methods. In
the study in which rainfall, distance to river, slope, land cover/land use, aspect and geology factors were used.
Distance to river, rainfall and slope have been determined as the most important factors respectively. As a result,
the resulting flood susceptibility map revealed that 0.75% of Karabuk province has very high flood risk, 6.75%
has high flood risk, 27.99% has medium flood risk, 41.23% has low flood risk, and 23.89% of Karabuk province
has no risk areas.

Research limitations/implications

It is considered that different morphometric features (bifurcation rate, drainage texture, drainage density,
topographic moisture index, etc.) can be included in the analysis, as well as remote sensing technologies can be
included in the process to improve mapping, in addition to the factor layers primarily evaluated within the scope
of flood risk analysis related to the development of the study presented. Hydrodynamic situation should be
handled depending on different recurrence flows by using various one or two dimensional mathematical
hydrological model programs (Hec-Ras etc.), the flood risk of the area should be calculated, the results obtained
should be compared with other methods and it is thought that flood sensitivity analysis can be performed.
Practical implications

All these datas provided significant information for effective flood risk management and sustainable
development in the research area.

Social Implications

Mapping of flood-risk areas for the research area has created an opportunity to reduce the vulnerability of the
people in that region in the event of a possible disaster, to make designs resistant to destructive forces, and to
create measures and precautions to reduce losses.

Originality

In the literature, no detailed flood risk mapping study using AHP technique in GIS environment is available for
Karabuk province. This situation indicates that the presented study can be a unique and guiding study that will
form the basis for flood risk management planning. The present study has the quality of a guiding determination
study with data that will form the basis as a methodology for similar flood risk mitigation and planning studies
to be carried out in various provinces and basins of our country.

" Corresponding author: cansu.yurteri@yahoo.com, +90-312-258-2687
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1. Giris (Introduction)

Meteorolojik bir afet tiirti olan tagkinlar su kiitlesinin arttig1 ve akarsu seviyesinin yiikselerek degisik nedenlerle
yatagindan tasarak yerlesim yerlerine, tarim arazilerine, ekosisteme, insanlara zarar vermesi olarak
tanimlanmaktadir (SYGM, 2019). Taskinlar etkiledigi bolgenin ekonomik faaliyetlerini kesintiye ugratacak sekilde
can, mal ve ekonomik kayiplara neden olmaktadir (AFAD, 2022; CRED, 2018). Her y1l Diinya’da 170 milyon insani
etkileyen sel ve taskinlar giinlimiizde depremlerden sonra en ¢ok yasanan afet tiirtidiir (AFAD, 2019).

Taskinlar kendi aralarinda; kar erimesinin neden oldugu taskinlar, sehir tagkini, ani taskin, kiy1 taskinlari, buz ve
moloz hareketlerinin neden oldugu taskinlar seklinde siniflandirilmaktadir (MGM, 2022). Bununla birlikte
taskinlar, yilin en fazla ilkbahar ve sonbahar dénemlerinde havanin 1sinmasiyla birlikte ani yagislar veya kar
erimeleri seklinde gerceklesmektedir (MGM, 2022).

Giliniimiizde iklimsel degisimler ve insan miidahaleleri nedeniyle meteorolojik afetlerin yagsanma siklig1 ve siddeti
gittikce artmaktadir (CRED, 2018). Artan niifus, dere yataklarindaki yapilasmalar, bitki értiistiniin tahrip edilmesi,
hatal arazi kullanim faaliyetleri, plansiz kentlesme ile gecirimli ylizeylerin yapay yiizeylere doniistiiriilmesi
meteorolojik bir afet tlirii olan tagkinlari felaket boyutuna tasimaktadirlar (Sharir vd., 2022). Her bolge 6zelinde
degisebilen bu riskler taskin yonetim planlamasinin 6nemle ele alinmasi gerekliligini dogurmaktadir.

Ulkemizde afet yénetimine hazirlik acisindan illerde ve akarsu havzalarinda taskin risk haritalarinin olusturulmasi
oldukca 6nemlidir. Diinyada ve iilkemizde taskin risk haritalama calismalarinda Coklu Kriterli Karar Verme
(CKKV) yontemlerinden olan AHY ile Cografi Bilgi Sistemlerinden (CBS) yaygin bir sekilde yararlanilmaktadir
(Aydin ve Birincioglu, 2022; Seejata vd., 2018; Tokgozlii ve Ozkan, 2018; Danumah vd., 2016). Giiniimiizde gerek
AHY'nin esnek ve saglam bir yaklasim olmasi, gerekse CBS’'nin hassas haritalama teknigi ile genis alanlara
kolaylikla uygulanabiliyor olmasi taskin risk azaltma ve planlama siirec¢lerinde kolayliklar saglamaktadir.

Sunulan ¢alismada Karabiik ilinde CBS ortaminda ArcGIS 10.8 programinin farkli modiilleri kullanilarak agirlikh
toplam analiz (weighted sum analysis) yontemi ile tagkin riski tasiyan alanlar haritalanmistir. Bu kapsamda CBS
ortaminda taskin risk haritalamasi arastirmalarinda yaygin bir sekilde kullanilan parametrelerden akarsuya
mesafe, yagis, egim, baki, jeoloji ve arazi kullanim/arazi 6rtiisii parametrelerini iceren veri setleri kullanilmistir.
Secilen parametreler Cok Kriterli Karar Verme (CKKV) yontemlerinden AHY teknigi kullanilarak
degerlendirilmistir. Gergeklestirilen analiz kapsaminda segilen kriter degiskenler agirliklandirilarak CBS ortamina
aktarilmistir. CBS ortaminda olusturulan raster veri halindeki kriter katmanlarin st iiste bindirme analizi
gerceklestirilerek Karabiik ili i¢in tagkin risk haritasi tiiretilmistir.

2. Kaynak Arastirmasi (Literature Survey)

Son yillarda taskin tehlikesinin etkili bir sekilde modellenmesi, degerlendirilmesi ve yonetimi i¢in yapay sinir agj,
bulanik mantik ve AHY gibi ¢esitli teknikler uzaktan algilama ve CBS teknikleri ile birlestirilerek yaygin bir sekilde
kullanilmaktadir. Bu kapsamda literatiirde CBS ve Analitik Hiyerarsi Yontemi (AHY) kullanilarak taskin riski
tasiyan bolgelerin haritalanmasina yonelik yapilmis ¢ok sayida ¢alisma mevcuttur (Selvam ve Anthony, 2023;
Sharir vd., 2022, Oguz vd., 2022, Aydin ve Birincioglu, 2022; Seejata vd., 2018; Tokgozlii ve Ozkan, 2018; Danumah
vd., 2016). Gergeklestirilen arastirmalar AHY ile entegreli CBS teknolojisinin farkli ¢alisma alanlar1 iizerine
uygulamalarini icermektedir (Chakraborty vd., 2019; Das, 2018; Rahmati vd., 2016). AHY'nin bolgesel ve yerel
Olcekli calismalarda taskin risklerini yliksek dogrulukla degerlendirmek ve analiz etmek icin etkin bir sekilde
uygulanabilen ve pratik bir teknik oldugu goériilmiistiir (Swain vd., 2020; Souissi vd., 2020). Bununla birlikte CBS
ortaminda AHY kullanilarak yapilan analiz ve haritalama ¢alismalarinin, taskin risk yonetiminin ayrilmaz bir
pargasi oldugu tespit edilmistir (Dutta vd., 2023; Dung vd., 2020; Danumah vd., 2016).

Yapilan arastirmalarda taskin risk analizinin degerlendirilmesinde arazi kullanimi, drenaj yogunlugu, topografik
nemlilik indeksi, akarsudan uzaklik, akarsu uzunlugu, egim, yiikselti, baki ve yagis parametrelerinin yaygin bir
sekilde kullanildig1 gorilmektedir (Selvam ve Anthony, 2023; Sharir vd., 2022; Oguz vd., 2022, Aydin ve
Birincioglu, 2022; Seejata vd., 2018). Bununla birlikte, taskin duyarlilik analizinde kullanilan kriterlerin bélgeden
bolgeye degisiklik gosterebilecegi belirlenmistir (Selvam ve Anthony, 2023; Sharir vd., 2022, Chakraborty vd.,
2019; Das, 2018; Rahmati vd., 2016).

Calisma alani icin yapilan bilimsel yazin taramasinda Bat1 Karadeniz Bolgesi'ndeki il merkezlerinde veya akarsu
havzalarinda gerceklestirilen cesitli taskin modelleme ¢alismalar1 mevcuttur (Mizrakli, 2023; SYGM, 2019; Ortag,
2019). Bununla birlikte Karabiik ili 6zelinde AHY teknigi kullanilarak CBS ortaminda yapilmis herhangi bir taskin
risk haritalama c¢alismasi mevcut degildir. Bu durum sunulan g¢alismanin Karabiik ili taskin risk ydnetim
planlamalarina altlik olusturacak 6zglin ve kilavuz bir ¢calisma olabilecegini gostermektedir. Sunulan ¢alisma ile

300



YURTERI 10.21923/jesd. 1438999

Karabiik ili merkez ve tiim ilgeleri icin CBS ortaminda AHY kullanilarak taskina duyarli bolgeler analiz edilmis ve
haritalanarak ilin taskin risk haritasi olusturulmustur. Ayrica il genelinde olas1 bir afet durumunda taskin
zararlarinin 6nlenmesi ve azaltilmasi amaciyla ¢esitli dnlem ve 6neriler sunulmustur.

3. Materyal ve Yontem (Material and Method)
3.1. Calisma Alani (Study Area)

Arastirma kapsaminda ¢alisma alani olarak 4048.9 km? yiiz 6l¢limiine sahip olan Karabiik ili se¢ilmistir. Calisma
alani olarak belirlenen il sinir1 40° 56' ve 41° 33" kuzey enlemleri ile 32° 03" ve 33° 05' dogu boylamlar1 arasinda
yer almaktadir. Rakimin 278 m oldugu yiikseltinin 75 m ile 2000 m arasinda degistigi ilde ortalama yiikselti 913
m’dir. ilin kuzeydogusundaki ve dogusundaki bolgelerde yiikselti 1450 m ile 2000 m arasinda degismektedir.
Onemli yiikseltiler Kel Tepe (1999 m), Uzunhiiseyinkiran Tepe (1756 m), Kostek Tepe (1471 m), Caldag Tepe
(1650 m) ve Kegikiran Tepe (1400 m)’dir. ildeki 6nemli yerlesim yerleri Eflani, Ovacik, Eskipazar, Safranbolu ve
Yenice’dir. Karabiik il Cevre Durum Raporu (2022) verilerine gore ilin énemli akarsular1 Yenice Irmagi ile Filyos
Cayi, Ara¢ Cayi, Soganh Cay1 ve Eskipazar Caylaridir. Dogu bati yoniinde akis gosteren Filyos Cayi ilin
kuzeydogusundan Karadeniz’e doékiilmektedir (Sekil 1). il kuzeyinde Bartin’a, batisinda Zonguldak,
glineybatisinda Bolu, giineydogusunda Cankiri, dogusunda Kastamonu illerine komsudur (HGM, 2023). Tiirkiye
istatistik Kurumu (TUIK) verilerine gore 2023 yili il niifusu 252.058'dir (TUIK, 2023). Bat1 Karadeniz Bolgesindeki
yer alan Karabiik ili Meteoroloji Genel Midiirligi (MGM) verilerine gére uzun yillar (1965-2022) ortalama sicaklik
ve yagis verileri sirasiyla 13.6° C ve 487.5 mm/yil’dir (MGM, 2023). ilin cografi konumu nedeniyle kiyidan i¢
kesimlerde kalmasi nedeniyle Karadeniz ikliminin 6zellikleri ¢ok baskin olmayip, karasal iklimin 6zellikleri
hakimdir. Arastirmaya konu olan Karabiik ilinde gelismis bir akarsu ag1 mevcut olup ilin 6nemli akarsularindan
olan Yenice Irmag ve kollarinin sel ve tagkin olaylarina maruz kalmasi calisma alaninin secilmesinde etkili
olmustur. Ozellikle gecmiste ilin cesitli ilcelerinde bu siirecin yasanmis olmasi gelecekte de taskin riskinin
olabilecegi olasiligini gliclendirmektedir.

440000 460000 480000 500000

4620000
4620000

4600000
4600000

4580000
4580000

4560000
4560000

Sekil 1. Karabiik ili Yer Bulduru Haritasi (Location Map of the Karabuk Province)
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3.2. Materyal (Material)

Glncel arastirmalar incelendiginde taskin risk analizlerinde yaygin bir sekilde yiikselti, yagis, egim, akarsuya olan
mesafe, jeoloji, toprak, arazi kullanimi vb. parametrelerin kullanildigi gorilmistiir (Chakraborty ve
Mukhopadhyay, 2019; Hagos vd., 2022; Hammami vd., 2019; Seejata vd., 2018; Ghosh ve Kar, 2018).

Secilen bu parametrelerin 6nem derecelerinin ¢alisma alaninin topografik, morfolojik ve hidrolojik 6zelliklerine
gore degisebildigi goriilmiistiir. Dolayisiyla taskin risk analizi stirecinin dogru uygulanabilmesi i¢in alani etkileyen
parametrelerin dogru belirlenmesi gerekmektedir. Bu kapsamda ¢alisma alani i¢in taskin risk analizi AHY ile CBS
ortaminda gergeklestirilmis olup analiz i¢in 6 kriter (egim, yagis, akarsuya mesafe, arazi kullanim/arazi ortiist,
baki, jeoloji) kullanilmistir. Sunulan arastirmada kullanilan tiim parametreler kurum ve kuruluslarin acik erisimli
licretsiz veri tabanlarindan elde edilmistir (USGS, 2023; Copernicus, 2023; Geofabrik, 2023; MGM, 2023; HGM,
2023). Yapilan analizlerde tiim katmanlar icin ortak projeksiyon sistemi olarak TUREF TM 33 kullanilmistir.

inceleme alani sinirini temsil eden Sayisal Yiikseklik Modeli (SYM) verisi NASA'nin Earth Explorer tarayicisi
yardimiyla indirilmistir (USGS, 2023). SYM olarak 30 m ¢oziiniirliige sahip SRTM (Shuttle Radar Topography
Mission) 1-Arc Second Global veri seti analizlerde altlik olarak kullanilmistir.

Calisma alaninda kullanilan arazi kullanim parametresini temsil eden arazi kullanim/arazi értiisii verileri Avrupa
Cevre Ajansi tarafindan gelistirilen Kopernik Arazi izleme Servisi portalindaki CORINE veri tabani kullanilarak
indirilmistir (Copernicus, 2023). indirilen CORINE verileri 2018 yilina ait veriler olup, kullanilan veri seti calisma
alanini temsil edecek sekilde tekrar diizenlenerek arazi kullanim katmani olusturulmustur.

Karabiik ilinin yer aldig1 1/100.000 o6lgekli jeoloji haritalar: ise Maden Tetkik ve Arama Genel Miidiirliigii'nden
(MTA) temin edilmis olup ilgili paftalar taranarak CBS ortamina aktarilmis, birlestirilmis ve sayisallastirma islemi
yapilarak calisma alani i¢in jeoloji katmani olusturulmustur. Sunulan ¢alismada kullanilan tiim veriler ve ayrintili
aciklamalari Tablo 1’de sunulmustur.

Tablo 1. Taskin Risk Analizinde Kullanilan Parametreler, Olusturulan Veri Tabani ve Veri Setlerinin Erisildigi Kaynak
Dosyalar1 (Parameters Used in Flood Risk Analysis, Database Created and Source Files Accessed by Data Sets)

ANALIZDE L C
KULLANILAN KULé‘:g;%iﬁﬁﬂgﬁ“gﬁk?TI' VERI SETi ERiSiMi / KAYNAK DOSYASI
PARAMETRELER
Sayisal Yiikseklik | Sayisal Yiikseklik Modeli-30 m ¢6ziintrliikli -CBS | SRTM 1 Arc Second Global Data
Modeli (ArcGIS 10.8) (https://earthexplorer.usgs.gov/)
Eim Sayisal Yiikseklik Modeli-CBS SRTM 1 Arc Second Global Data
& (ArcGIS 10.8) (https://earthexplorer.usgs.gov/)
Baki Sayisal Yiikseklik Modeli-CBS SRTM 1 Arc Second Global Data
(ArcGIS 10.8) (https://earthexplorer.usgs.gov/)
SRTM 1 Arc Second Global Data
Yasi Sayisal Yiikselti Modeli, MGI Verileri-CBS (ArcGIS | (https://earthexplorer.usgs.gov/)
8i9 10.8) Meteoroloji Genel Miidirligi
(https://www.mgm.gov.tr/)
SRTM 1 Arc Second Global Data
Sayisal Yiikselti Modeli-CBS (https://earthexplorer.usgs.gov/)
Akarsuya Mesafe (ArcGIS 10.8) Open Street Map vektor verileri
(https://download.geofabrik.de/)
. o . CORINE Land Cover 2018
Arazi Kullanimi gglzgrmcus Land Monitoring Service-CBS (ArcGIS (https://land.copernicus.eu/en/products/corine-
' land-cover)
1/100.000 Olgekli Jeoloji Paftalar1 | Maden Tetkik ve Arama Genel Miudirliagi
Jeoloji (E29,E30,F28,F29,F30,G28,G29,G30)-CBS (https://www.mta.gov.tr/v3.0/hizmetler/jeoloji-
(ArcGIS 10.8) haritalari)

3.3. Calismada Kullanilan Verilerin Degerlendirme Yontemleri (Evaluation Methods of the Data Used in
the Study)

Karabiik ili icin CKKV yontemlerinden olan AHY kullanilmistir. Yapilan arastirmada ¢alisma alaninin topografik,
hidrolojik ve meteorolojik durumu g6z dniine alinarak egim, akarsuya mesafe, yagis, baki, arazi kullanimi /arazi
ortiisii ve jeoloji parametreleri kullanilmistir. Secgilen her bir kriter icin korelasyon matrisleri kullanilarak
kriterlerin birbirlerine gére énem dereceleri belirlenmis, agirlikli AHY degerleri hesaplanmistir. AHY analizinden
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elde edilen degerler ArcGIS 10.8 programi kullanilarak her bir katman i¢in olusturulan 6znitelik tablosuna
aktarilmistir.

Calisma kapsaminda taskin risk analizinde kullanilan tiim parametreler vektdér formdan raster forma
dontstiirilerek katmanlar halinde kullanilmistir. Sonrasinda ArcGIS araytiziiniin ¢esitli modiilleri kullanilarak her
bir parametreyi temsil eden katmanlar {ist liste bindirilerek Karabiik ili igin CBS ortaminda taskin duyarhilik
haritasi ortaya ¢ikarilmistir.

Mesafe Kullanim

| | | | L
. | [ T~

Egim Yagis Akarsuya Baki | Arazi ‘ | Jeoloji ‘

Analizde kullanilan her kriterin Tum Kriterler igin Korelasyon
agirlikli degerinin hesaplanarak Matrislerinin Olusturulmasi
analize hazir hale getirilmesi l
Tematik Haritalarin Tutarlilik Oraninin
Olusturulmasi Belirlenmesi (CR)
Hesaplamalar, Analiz

Taskin Risk Haritasinin
Olusturulmasi

Sekil 2. Calismada Kullanilan Yénteme iliskin Akis Semasi (Flow Chart of the Method Used in the Study)
3.4. Analitik Hiyerarsi Yontemi (Analytic Hierarchy Process)

Analitik Hiyerarsi Yontemi (AHY) yaygin olarak kullanilan CKKV yontemlerinden biri olup 1968 yilinda Myers ve
Alpet, 1980 yilinda ise Saaty tarafindan gelistirilen bir yontemdir (Myers ve Alpet, 1968; Saaty, 1980). AHY’nde,
karmasik problemler hiyerarsik bir yapi icinde ele alinarak, nicel ve nitel 6l¢iitler altinda degerlendirilmektedir.
AHY’nde birden fazla 6l¢iit kullanilabilir olup yontemin kolay uygulanabilir olmas1 heyelan duraylilik, taskin
duraylilik, mekansal planlama ve orman yanginlarina yonelik analiz ¢calismalarinda siklikla tercih edilmektedir.

AHY’nde sirasiyla belirli asamalar takip edilmektedir. ilk olarak problem tanimlamasi yapilarak olasi alternatifler
belirlenir ve problemin hiyerarsik olarak yapilandirilmasi gerceklestirilir. Buradaki temel hedef karar verme
problemini alt olciitlere ayirmak ve alt olciitlerin birbirleriyle iliskilerini belirlenmesine yonelik bir model
olusturmaktadir. ikinci asama olarak secilen élgiitlerin birbirleriyle karsilastirilmalar literatiirdeki uzman
gorislerden faydalanilarak yapilir ve korelasyon matrisleri olusturulur. Degerlendirilen her bir 6l¢iit arasinda ikili
karsilastirma yapilirken uzman goériislerden de yararlanilarak Tablo 2'deki gibi 1 ile 9 arasinda puanlanma yapilir
(Saaty, 1990).

Tablo 2. Saaty (1990) tarafindan énerilen sayisal 6lceklendirme ((Numerical Scaling Proposed by Saaty (1990))

ONEM
DERECESINE ONEM DERECESINi ILGILI KRITER
GORE KRITER TANIMLAMA PUANIN ACIKLAMASI
PUAN
1 Esit derecede 6neme sahip iki kriterinde esit derecede 6nemi vardir.
3 Orta derecede dneme sahip Bir kriter diger kritere gore biraz daha fazla 6neme sahiptir.
5 Oldukg¢a 6neme sahip Bir kriter diger kritere gore kuvvetli derecede 6neme sahiptir.
7 Oldukea gli¢lii 6neme sahip Bir kriter diger kritere gore ¢ok kuvvetli derecede 6neme sahiptir.
9 Asir1 6neme sahip Bir kriter diger kritere gore asir1 derecede 6neme sahiptir.
2,4,6,8 Ara kriter degerleri
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Ugiincii asama olarak olusturulan korelasyon matrisindeki élgiitlerin énem agirhiklarini belirlemek amaciyla
matrisdeki her bir hiicre normalize edilir. Normalizasyon isleminde matris siitunlarindaki degerler toplanir ve
slitun toplamlari elde edilir. Elde edilen siitun toplamlar1 ayni siitunda yer alan matris elemanlarina béliiniir ve
degerlerin normalize edildigi yeni bir matris olusturulur.

Normalize edilmis matrise gore her siitunun toplami 1’e esittir. Olusturulan normalize matrisin satir degerleri
toplanarak matris boyutuna bdliiniir, aritmetik ortalama alinir ve her bir kriter icin 6nem agirliklarini gésteren
0zvektor (w) hesaplanir (Esitlik 1). Bu sayede olgiitlerin kendi aralarinda dnem derecelerini gosteren ytizde
dagilimlari elde edilir (Saaty, 1990). Esitlikte yer alan parametrelerden Wi: 6zvektor, n:karsilastirilan kriter sayisi,
aij: i. 6zellik ile j. 6zelligin ikili matrisde karsilastirma degeridir.

aij
Z}'=1 (11.]

Wy ==3", €Y)

Korelasyon matrislerinin olusturulmasi ve 06zvektoriin belirlenmesinin ardindan dordiincii asama olarak
karsilastirma matrislerinin tutarhhigi belirlenir. Bu amacla Tutarhilik Indeksi (CI) adi verilen bir parametre
hesaplanir. Bu hesaplama i¢in 6ncelikle A max degeri belirlenir. A max degeri en biiylik 6zdeger olup, korelasyon
matrisindeki 6zvektér (w) ile matris carpimindan (A) elde edilen bir degerdir (Esitlik 2). Ozdegerlerin,
ozvektorlere oranlarmin toplaminin aritmetik ortalamasi ile en biiyiik 6zdeger (Amax) hesaplanir (Saaty, 1990).

1 aw);
= Zim (2)

Amax
Amax hesaplanmasi sonrasinda tutarlilik indeksi (CI) degeri asagidaki esitlik yardimiyla hesaplanir (Esitlik 3).

Cl = Amax—n (3)

n-1

Esitlikte yer alan parametrelerden CI: Tutarhlik indeksi, A max: Matrisin en biiyiik 6zdegeri ve n: karsilastirilan
kriter sayisidir.

Besinci asama olarak Tutarliik indeksi (CI) hesaplandiktan sonra ikili karsilastirmalarin tutarhlik oranlari
hesaplanir. Cl degerinin Rastgele Deger Indeksi (RI)'ne oranlanmasiyla korelasyon matrisinin Tutarlilik Orani (CR)
hesaplanir (Esitlik 4). RI degeri analizde kullanilan kriter sayisina gore hesaplanmis degerlere karsilik
gelmektedir. Saaty (1990) tarafindan 6nerilen RI degerleri Tablo 3’te sunulmus olup analize dahil edilen kriter
sayisina (n) gore CR degeri hesaplanmaktadir.

_c
RI

CR (4)

Tablo 3. Korelasyon matrisindeki 6lgiit sayisina gore Rastgele Deger Indeksi (RI) degerleri (Saaty, 1980) ((Random Value
Index (RI) Values According to the Number of Criteria in the Correlation Matrix (Saaty, 1980)

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RI 0 0 058 | 090 | 112 | 1.24 | 132 | 141 | 145 | 149 | 151 | 153 | 1.56 | 1.57 | 1.59

Olusturulan korelasyon matrisinin tutarlilik oraninin (CR) 0.10’dan az olmasi matrise atanan degerlerin uygun
oldugunu ve tutarliligin yiiksek oldugunu géstermektedir (Saaty, 1990). CR’nin 0.10’dan biiyiik olmas1 durumunda
korelasyon matrisine girilen degerler tekrar gézden gegirilerek analiz tekrar yapilmalidir (Saaty, 1990).

4. Arastirma Bulgular1 (Research Findings)

4. AHY Kullanilarak Karabiik ili i¢in Taskina Duyarh Bélgelerin Haritalanmasinda Kullanilan Kriterler
(Criteria Used in Mapping Flood Susceptible Areas for Karabiik Province Using AHP Method)

Calisma alaninda taskina etki eden temel parametreler yagis, egim, akarsuya mesafe, baki, jeoloji ve arazi
kullanimi/arazi ortiisii olarak belirlenmistir. Bu parametrelerin kendi aralarinda énem dereceleri belirlenmis
olup, calisma alanm1 ve yakin cevresinde ge¢miste yasanmis taskin envanteri incelenmis olup, literatiirdeki
arastirmalar dikkate alinmistir.

Secilen parametrelerin 6nem siralamasi AHY teknigi kullanilarak belirlenmistir. Karabiik ili icin AHY’'nde elde
edilen katmanlar agirlik degerlerine gore sirasiyla akarsuya mesafe, yagis, egim, arazi kullanim/arazi ortiisii,
jeoloji ve baki olarak tespit edilmistir. Ilgili kriterlerin degerlendirilmesine yonelik bulgular asagida sirasiyla
sunulmustur.
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4.1.1. Akarsuya Mesafe (Distance to River)

Akarsuya mesafe faktorii akarsu aglarinin yakininda bulunan boélgelerin siddetli yagislar sirasinda nehirlerin
tasmasiyla sular altinda kalma olasiliginin yiiksek olmasi nedeniyle taskin risk analizlerinde olduke¢a yaygin
kullanilan, 6nemli bir parametredir (Dutta vd., 2023).

Calisma alanindaki akarsu agi ArcGIS 10.8 programinin hidroloji modiilii araciligiyla SYM verisi kullanilarak
olusturulmustur. Calisma alaninin akarsu agi haritas1 ArcGIS arayiiziindeki ArcHydro modiiliiniin ¢esitli araglari
(Stream to Feature, Stream to Order, Fill, Flow Direction, Flow Accumulation) kullanilarak belirlenmistir.
Sonrasinda Open Street Map portalindan vektor veri olarak indirilen akarsu verileri ArcGIS araytiziinde SYM
kullanilarak ArcHydro modiilii ile olusturulan akarsu aglari karsilastirilmistir (Geofabrik, 2023).

S6z konusu vektor verilerde ¢akisan veya diizenlenmesi gereken akarsular tekrar diizenlenerek topografyayla
uyumlu daha iyi bir akarsu ag1 haritasi elde edilerek analize hazir hale getirilmistir. Calisma alani i¢in hazirlanmig
akarsu ag1 kullanilarak 250, 500, 1000, 1500 ve 2000 m olacak sekilde akarsuya mesafe zonlar1 olusturulmustur.
Olusturulan tampon bolgeler kullanilarak akarsuya mesafe haritasi diizenlenmistir (Sekil 3).
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Sekil 3. Karabiik ili Akarsu Ag1 ve Akarsuya olan Mesafe Zonlar1 (Karabuk Province Stream Network and Distance Zones to
Rivers)

Akarsuya mesafe haritas1 ArcGIS 10.8 programinin Proximity komutunun Multiple Bufferzone araci kullanilarak
olusturulmustur (Sekil 3). Yapilan analizde akarsuya en yakin mesafeler en riskli alanlar olarak belirlenirken,
akarsuya olan uzaklik arttikea taskin riskinin azalacagi seklinde degerlendirmeler gercgeklestirilmistir.
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Buna gore akarsuya mesafesi en yakin (250 m) bolgeler %21.19 oraninda, gorece daha yakin olan (500 m) bélgeler
%19.15 oraninda, 1000 m mesafede olan bélgeler %32.51 oraninda, 1500 m mesafede olan bélgeler %19.26
oraninda, 2000 m mesafede olan bolgeler ise %7.90 oraninda alan kaplamaktadirlar (Tablo 4).

Tablo 4. Calisma Alani i¢in Degerlendirilen Akarsuya Mesafe Parametresinin Alansal ve Oransal Hesaplamalari ile Agirlik
Degerleri (Areal and Proportional Calculations and Weight Values of the Distance to River Parameter Evaluated for the Study

Area)
AKARSUYA MESAFE (M) | AHY AGIRLIK DEGERI ALAN (KM2) ORAN(%)
250 0.503 857.815 21.19
500 0.260 775.383 19.15
1000 0.134 1316.26 32.51
1500 0.068 779.632 19.26
2000 0.035 319.791 7.90

4.1.2. Yags (Rainfall)

Taskin olusumunda etki derecesi en yiiksek parametrelerden birisi yagis parametresidir. Taskin olusumlari
degerlendirilirken yagisin tiirii, siiresi ve siddeti goz éniinde bulundurulmahdir. Ozellikle uzun siireli yagislarin
veya ani siddetli yagislarin taskin olusumunda oldukg¢a etkili oldugu goriilmektedir (Poussin vd., 2014). Bu
kapsamda taskin analizlerinin 6nemli bir bileseni olan yagis faktorii calisma alani 6zelinde incelenmistir.

Bu ¢alismada alansal yagis dagilimini gésteren yagis haritasi Karabiik Meteoroloji Gézlem istasyonunun (KMGI)
uzun yilllar ortalama yagis verileri kullanilarak Schreiber yontemi ile belirlenmistir. Alansal yagis dagilimi ArcGIS
10.8.2 yaziliminin interpolasyon aragclar kullanilarak olusturulmustur.

Yagis ile ylikselti arasindaki iliskiden tiiretilen Schreiber yontemine gore; yiikseltinin ortalama her 100 metredeki
artisina baglh olarak yagis miktarinin 54 mm arttif1 belirtilmektedir. Schreiber yonteminin temelini yiikselti
arttikca yagis miktarinin artmasi yaklasimi olusturmaktadir (Aydinézii, 2008; Ering, 1984).

Ulkemizde meteoroloji istasyonlarimin genellikle yerlesim yerleri icerisine kurulmasindan dolayr iklim
parametrelerinin hassas bir sekilde belirlenmesi islemi zorlasmaktadir. Yine 6l¢iim istasyonlarinin daghk
bélgelerde kurulmamasi nedeniyle yagisin alansal dagiliminin belirlenmesinde zorluklar yasanmaktadir. Ozellikle
taskin risk ¢alismalarinda yagis miktarinin 6l¢iilemedigi, meteoroloji gézlem istasyonunun olmadig alanlara
diisen yagis miktarinin belirlenmesinde Schreiber yonteminin siklikla kullanilan bir yéntem oldugu goriilmektedir
(Firat ve Dursun, 2023; Meral ve Eroglu, 2021; Dolek ve Avci, 2017).

Calisma alani 6zelinde Karabiik MG istasyonuna ait uzun yillar (1965-2022) ortalama yagis miktar1 487.5 mm/yil
olarak hesaplanmistir (MGM, 2023). Istasyonun denizden yiikseltisi 278 m olup, calisma alani icerisinde
meteoroloji istasyonunun bulunmadig1 noktalara diisen yagis miktarini tahmin edebilmek amaciyla uniform bir
dagilimla CBS ortaminda noktasal sanal istasyonlar atayarak yagis-yiikselti hesaplamalar1 yapilmistir. Tiim
analizler ArcGIS arayiiziinde Radial Basis Function araci kullanilarak yapilmis olup, calisma alanin yagis dagilim
haritasi olusturulmustur (Sekil 4).
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Sekil 4. Karabiik Ili Yagis Haritas1 (Rainfall Map of the Karabuk Province)

Olusturulan yagis dagilim haritasina gore alanin giineybati, kuzeybati ve giineydogu kesimlerindeki dag siralarinin
oldugu bolgeler, calisma alaninin en yiiksek noktalar1 olup, diisen yagis miktar1 950-1250 mm/yil arasinda
degismektedir. Dere yataklarinin oldugu aliivyon kesime diisen yagis miktar1 350-650 mm/y1l arasinda degisirken
ylikseltinin artmasina baglh olarak yagis degerlerinin ilin orta kesimlerinde 750-850 mm/y1l arasinda degistigi
belirlenmistir (Sekil 4 ve Tablo 5). Taskin riski acisindan fazla yagis alan birimler en riskli bolgeler olarak
degerlendirilmistir.

Tablo 5. Calisma Alani i¢in Degerlendirilen Yagis Parametresinin Alansal Ve Oransal Hesaplamalari ile Agirlik Degerleri
(Areal And Proportional Calculations and Weight Values of the Precipitation Parameter Evaluated for the Study Area)

YAGIS (MM /YIL) AHY AGIRLIK DEGERI ALAN (KM2) ORAN(%)
374-650 0.035 807.08 19.94
650-750 0.068 763.00 18.85
750-850 0.134 1101.44 27.21
850-950 0.260 822.39 20.31

950-1250 0.503 554.61 13.7

4.1.3. Egim (Slope)

Onemli bir topografik faktor olan egim, yiizey suyu akisinin diizenlenmesinde ¢ok énemli bir rol oynamaktadir.
Egim, yagisin akarsu akigina katkisi tizerinde baskin bir etkiye sahiptir. Ozellikle bir sahaya ulasan yiizey akisinin
veya yeralti drenajinin yoniinii ve miktarim etkilemektedir (Hagos vd., 2022). Yiikseklik ve egim faktorleri, bir
arazinin stabilitesinin yonetilmesinde, tagkin risklerini kontrol etmede 6nemli bir rol oynamaktadirlar. Egim ayni
zamanda sizmayla dogrudan iliskili bir parametredir. Ylizey egiminin artmasi sizma siirecini azaltirken yiizey
akisinmi arttirmaktadir (Dung vd., 2020). Bunun sonucunda yiizey egimi daha diisiik olan bolgelerde ¢ok fazla
miktarda su birikerek taskin, sel durumlarina neden olmaktadir. Egim derecesi diisiik olan diiz alanlar taskin ve
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sellerden yogun bir sekilde etkilenmektedir. Buna karsilik egim acis1 yiiksek yiizeyler yiizeysel akisa daha
duyarliyken, diiz araziler sularin birikmesine daha duyarli bolgelerdir. Calisma alaninin egim haritasi sayisal
yukseklik modeli kullanilarak olusturulmustur (Sekil 5). Egim katmani ArcGIS arayiiziiniin egim olusturma
modili kullanilarak olusturulmus olup ¢alisma alaninin egim miktarinin 0° ile 76° derece arasinda degistigi

belirlenmistir.
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Sekil 5. Karabiik ili Egim Haritasi (Slope Map of Karabuk Province)

o
o
o
-O
Egim (%) §
-
B 20-30
10 - 20| S
| B 2-10 §
IR ) &
03 Galigma Alani
' Yerlegim @ §
-~ Mevsimlik Akarsu 05 10 207 'g
— — T
-~~~ Sirekli Akarsu 3
5 ool
440000 460000 480000 500000

Egim analizi sonucunda egim miktar1 diisiik olan alanlar yiiksek tagkin riskli alanlar olarak tanimlanirken, egim
miktari arttikca taskin riski azalmaktadir. Buna gore egim derecesi ¢ok diistik olan (0-3°) bolgeler %5.7 oraninda,
diisiik olan (3-10°) bolgeler %28.6 oraninda, orta olan (10-20°) bdlgeler %36.4 oraninda, ytliksek olan bolgeler
(20-30°) %20.6 oraninda, ¢ok yliksek olan (30-76°) bolgeler ise %8.7 oraninda alan kaplamaktadirlar (Tablo 6).
Egim derecesi ¢ok yiiksek olan alanlar Karabiik ilinin Yenice ilgesinin dogu, kuzeydogusundaki daglik kesimler ile
Ovacik ilgesinin baty, glineybati kesimlerinde yer almaktadir (Sekil 5 ve Tablo 6).

Tablo 6. Calisma Alani i¢in Degerlendirilen Egim Parametresinin Alansal ve Oransal Hesaplamalari ile Agirlik Degerleri
(Areal and Proportional Calculations and Weight Values of the Slope Parameter Evaluated for the Study Area)

EGIM (°) AHY AGIRLIK DEGERI ALAN (KM2) ORAN (%)
0-3 0.035 228.51 5.7%
3-10 0.069 1156.15 28.6%
10-20 0.134 1472.22 36.4%
20-30 0.260 830.82 20.6%

30-76 0.503 352.94 8.7%

308



YURTERI 10.21923/jesd. 1438999

4.1.4. Arazi Kullanim/Arazi Ortiisii (Land Use/Land Cover)

Arazi kullanim parametresi tagkinlara karsi duyarli bolgelerin belirlenmesinde 6nemli bir rol oynamaktadir. Arazi
kullanimi sizma oranini, buharlasmay1 ve ylizey akisini dogrudan veya dolayl olarak etkilemektedir (Nistor,
2019). Ozellikle zaman icerisinde arazi értiisiinde dogal faktorlerin ve antropojenik faaliyetler etkisiyle meydana
gelen degisimlerin dikkate alinmasi olduk¢a dnemlidir. Taskin risk analizlerinde yerlesim alanlari ve yollar gibi
gecirimsiz yiizeyler ile tarim alanlari, ¢iplak kayaliklar ve bataklik alanlar diger arazi tiirlerine gore taskin ve
sellere daha duyarh arazi siniflaridir (Rahmati vd., 2016). Bununla birlikte bitki drtiisii yogunlugunun yiiksek
oldugu alanlar ise genellikle tagkin etkisinin diisiik gorildiigi alanlardir.

Calisma alaninda arazi kullanim verisi olarak Copernicus portalindan Avrupa Cevre Ajansinin koordinasyonunda
uydu gorintiileri yardimiyla olusturulan arazi oOrtiisi/arazi kullanimi verileri kullanilmistir. Tiirkiye arazi
ortiisii/arazi kullanim verileri 1/100.000 dlgeginde iiretilen her 6 yilda bir gilincellenen bilgisayar tabanli gorsel
yorumlamaya dayali agik erisimli CORINE veri tabanindan indirilmistir (Copernicus, 2023). Calismada 2018 yilina
ait CORINE vektor verileri kullanilmis olup, simiflandirmada 1. Seviye Arazi Ortiisii/Arazi Kullanimi temel
alinmistir. Buna gore calisma alaninda 1. Seviye gruplar su yapilari, sulak alanlar, orman ve yari-dogal alanlar
tarimsal alanlar ve yapay alanlar olarak siniflandirilmistir (Sekil 6).
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Sekil 6. Karabiik ili igin Arazi Kullanim/Arazi Ortiisii Haritas1 (Land Use/Land Cover Map for Karabuk Province)

Buna gore 1 kodlu yapay alanlar 46.3 km? (%1.14), 2 kodlu tarim alanlar1 994.22 km? (%24.55), 3 kodlu orman ve
yar1 dogal alanlar 2983.89 km? (%73.70), 4 kodlu sulak alanlar 0.6 km? (%0.0), 5 kodlu su yapilar1 24.41 km?
(%0.61) alan kaplamaktadirlar. En ¢ok yer kaplayan arazi sinifi orman ve yari dogal alanlarken bunu sirasiyla
tarim alanlar1 ve yapay alanlar takip etmektedir. Bununla birlikte sulak alan ve su yapilari ise en az yer kaplayan
arazi siniflaridir. Yapilan analizde orman ve yar1 dogal alanlar taskin riski en diisiik bolgeler olarak belirlenirken,
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gecirimsiz, piiriizsiiz yiizeyleri iceren yapay alanlar taskin riski en yiiksek bolgeler olarak belirlenmistir (Sekil 6
ve Tablo 7).

Tablo 7. Calisma Alani icin Degerlendirilen Arazi Kullanim/Arazi Ortiisii Parametresinin Alansal ve Oransal Hesaplamalari ile
Agirlik Degerleri (Areal and Proportional Calculations and Weight Values of the Land Use/Land Cover Parameter Evaluated

for the Study Area)
ARAZi KULLANIM AHY AGIRLIK DEGERI ALAN (KM2) ORAN (%)
Yapay Alanlar 0.581 46.3 1.14
Tarimsal Alanlar 0.258 994.22 24.55
Orman ve Yar1 Dogal Alanlar 0.105 2983.89 73.70
Su Yapilari 0.056 24.41 0.61

4.1.5. Jeoloji (Geology)

Taskina duyarli bélgelerin analizlerinde jeolojik birimlerin litolojik 6zellikleri olduk¢a énemlidir. Ozellikle zemini
olusturan litolojik malzemenin tiiriine gore birimin suyu tutma, iletme, gozeneklilik ve ayrisma derecesi
degerlendirmelerde dikkatle ele alinmaldir.

Gegirimliligin diistiik oldugu litolojik birimlerde sizmanin az veya hi¢ olmamasi halinde yiizeysel akisa gecen su
miktar1 tagkin riskini artirmaktadir (Hammami vd., 2019). Gegirimli zeminlerde ise sizma miktar1 gorece fazla,
yuzeysel akis ise daha az olacagindan taskin riski daha distktir (Hammami vd., 2019). Calisma alaninin
1/100.000 6l¢ekli jeoloji haritas1 E29, E30, F28,F29, F30, G28, G29 ve G30 jeoloji paftalarinin (MTA, 20023, 2002b;
MTA, 2010; MTA, 2011) ArcGIS 10.8 programinda birlestirilmesi ve sayisallastirilmasi ile analize hazir hale
getirilmistir (Sekil 7).
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Sekil 7. Karabiik ili Jeoloji Haritas1 (MTA, 1/100.000 él¢ekli Zonguldak, Kastamonu, Bolu, Gankiri jeoloji paftalarindan
yararlanilarak diizenlenmistir.) (Geology Map Of Karabuk Province (MTA, 1/100.000 Scale Geology Map of Zonguldak,
Kastamonu, Bolu and Cankiri).

Havzadaki jeolojik birimlerin gecirimlilik ve iletimlilik 6zellikleri degerlendirilerek ¢alisma alani icin gecirimlilik

haritast olusturulmus ve jeolojik birimlerin taskina olan duyarliliklar1 gegirimlilik parametresi tizerinden
degerlendirilmistir. Bu kapsamda c¢alisma alaninda yiizeyleyen jeolojik birimler gézeneklilik ve gecirimlilik
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ozelliklerine gore Cok Yiiksek Gecirimli (CYG), Yiksek Gegirimli (YG), Orta Gegirimli (OG), Diistik Gegirimli (DG)
ve Cok Diisiik Gegirimli (CDG) olarak siiflandirilmistir.

Jeolojik birimlerin gecirimlilik 6zelliklerine gore koyu mavi olarak haritalanan CYG birimler birincil gézenekliligi
yliksek, pekismemis zengin ve yaygin akiferleri, acik mavi olarak haritalanan YG birimler pekismemis, yeraltisuyu
verimi orta olan akiferleri, koyu yesil olarak haritalanan YG birimler ikincil gézenekliligi yiiksek, pekismis zengin
ve yaygin akiferleri, acik yesil olarak haritalanan OG birimler pekismis, yeraltisuyu verimi orta olan akiferleri
temsil etmektedir.

Acik kahverengi olarak haritalanan DG birimler ise yerel yeraltisuyu iceren veya yeraltisuyu verimi zayif
formasyonlari, koyu kahverengi olarak haritalanan CDG birimler ise yeraltisuyu icermeyen ve yeraltisuyu verimi
¢ok zayif olan formasyonlar olarak degerlendirilmistir (Sekil 8).

CDG ve DG sahip jeolojik birimlerin yer aldig1 bolgeler taskin riski yliksek bolgeler olarak degerlendirilmistir. Buna
gore calisma alaninda Eosen yash kumtasi, konglomera, ¢camurtasi, silttasindan olusan Karabiik formasyonu
(Teka) ve Karabiik formasyonunun Cecen iiyesi (Tekag) gecirimli 6zellikte olup formasyon igerisinde acilmis cok
sayida sondaj kuyusunun mevcut oldugu ve yeraltisuyu alindig1 belirtilmistir (SYGM, 2023). Dolayisiyla formasyon
pekismemis yaygin ve zengin akifer 6zelligi gostermekte olup ¢ok yiiksek gecirimli (CYG) olarak haritalanmis ve
analizde tagkin riski diisiik jeolojik birimler olarak degerlendirilmistir.

Jura yash neritik kirectaslarindan olusan inalti (JKi) ve yar1 pelajik ¢ortlii kirectaslarindan olusan Sogukcam
formasyonlari (JKs) karstlasma dereceleri bulunduklari yerlere gore degisen, ikincil g6zenekliligi yiiksek, pekismis
yaygin ve zengin karstik akiferler olup yliksek gecirimli birimler (YG) olarak haritalanmistir.

Pliyosen yash gevsek tutturulmus konglomera, kumtasi, kiltasindan olusan Orencik formasyonu (Tplé) ile
Kuvaterner yash aliivyon (Qal) ve yama¢ molozu (Qym) birimlerinin yayilimlari ve kalinliklar1 havza icerisinde
degistiginden gecirimlilik ve iletimlilik degerlerinin degiskenlik gosterebilecegi belirtilmektedir (SYGM, 2023).
Dolayisiyla bu birimler orta verimli pekismemis yerel akiferler olarak tanimlanmis olup YG olarak haritalanmistir
(Sekil 8).

Kretase yash kumtasi, seyl, konglomera, kirectasi, cakiltasi, silttasi litolojilerinden olusan Ulus formasyonu (Ku)
ile formasyonun Ahmetusta (Kua) ve Sunduk (Kus) iiyelerinin orta gegirimli 6zellik gosterdikleri belirtilmis olup
(SYGM, 2023), bu birimler OG olarak haritalanmistir (Sekil 8).

Eosen yash Safranbolu formasyonu (Tes), Yigilca formasyonu (Tey), Kretase yash bloklu filisden olusan Abant
Formasyonu (KTab), Yemislicay formasyonu (Ky), Akveren formasyonu (KTa) ile Pliyosen yaslh bazalt ve tiiflerden
olusan Ozlii Bazalt (Tmé) tektonik hareketlere bagh olarak kirik catlaklarindan kaynak cikislar1 bulunan,
yeraltisuyu bakimindan gozeneklilik ve gecirimlilik o6zellikleri zayif olan formasyonlar olup DG olarak
haritalanmistir (SYGM, 2023) (Sekil 8).

Paleozoyik yash Yilanli formasyonu (DCy) diistik gecirimlilik 6zelligi nedeniyle, Eosen yasli Ak¢apinar (Tea) ile
Soganli (Teso) formasyonlar1 ise marnli seviyelerinden dolay1 DG birimler olarak degerlendirilmistir (Sekil 8).

Paleozoyik yash granodiyorit, gabro, granitlerden olusan Bolu Granitoyidi (Peb), Paleozoyik yash ayrilmamis
ambifolit, gnays, migmatit, metagranit sist litolojilerinden olusan Yedigéller formasyonu (Pey), Paleozoyik yash
gnayslardan olusan Giirleyik Gnays1 (Pzdg) ve Eregli formasyonu (ODe) ise ¢ok diisiik gecirimlilik 6zellikleri
nedeniyle CDG birimler olarak haritalanmistir (Sekil 8).
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Sekil 8. Karabiik Ilindeki Jeolojik Birimlerin Gegirimlilik Ozellikleri (Permeability Properties of Geological Units in Karabuk
Province)

Calisma alaninda yiizeyleyen jeolojik birimlerin gecgirimlilik siniflari, alansal hesaplamalari, yiizde oranlari ve
agirlik degerleri Tablo 8'de sunulmustur.

Tablo 8. Calisma Alani icin Degerlendirilen Jeoloji Parametresinin Alansal ve Oransal Hesaplamalari ile Agirlik Degerleri
(Areal and Proportional Calculations and Weight Values of the Geology Parameter Evaluated for the Study Area)

JEOLOJIK BiRiM AHY AGIRLIK DEGERI ALAN (KM2) ORAN (%)
Cok Diisiik Gegirimli 0.503 354.94 8.76
Diisiik Gegirimli 0.260 995.94 24.59
Orta Gegirimli 0.134 1717.28 42.39
Yiiksek Gecirimli 0.068 243.82 6.02
Cok Yiiksek Geg¢irimli 0.035 738.83 18.24

4.1.6. Baki (Aspect)

Cografi bir terim olan baki daglarin giinese bakan veya gilinesi dogrudan goren tarafi olarak tanimlanmaktadir.
Baki yonii ise daglarin giinese doniik yamaci olarak tanimlanmaktadir. Baki parametresi evapotranspirasyonu,
toprak neminin tutulmasini ve bitki ortisiiniin gelisimini etkilemekte olup taskin risk analizlerinde dogrudan
olmasada dolayli olarak etkisinin ele alinmasi gereken parametreler arasindadir (Sahana ve Patel, 2019).

Ulkemizde giiney yoniine bakan yamaglarda kuzey yoniine bakan yamaglara gore sicaklik, giines radyasyonu
nedeniyle daha yiiksek, giineslenme siiresi ile buharlagsma-terleme miktar1 daha fazladir. Bu boélgelerde karlar
daha hizli erirken, tarim tiriinleri daha erken olgunlasmakta, orman iist sinir1 ve yerlesim tist sinirinin daha yiiksek
oldugu gorillmektedir.

Yine kuzeye bakan yamaclarda giines radyasyonu siiresinin daha kisa olmasi, kar ve topragin daha doygun ve
nemli olmasi nedeniyle yiizeysel akis daha fazladir. Giineye bakan yamaclarda toprak, kuzeye bakan yamaglara
gore daha az doygun oldugundan ytizeysel akisa gececek sularin énemli bir kismi siiziilmekte ve kuzey yamaglara
gore daha az miktarda ylizeysel akis gézlenmektedir (Sahana ve Patel, 2019).

Calisma alaninin baki haritasi, sayisal yiikselti verisi kullanilarak ArcGIS 10.8 programimin baki modiili
kullanilarak olusturulmustur (Sekil 9).
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Sekil 9. Karabiik Ili Baki Haritas1 (Aspect Map of the Karabuk Province)

Inceleme alaninda baki parametresi ara yénler, ana yonler ve diiz alanlar seklinde 9 alt sinifta incelenmistir. Baki
katmani analizi sonucunda giineye bakan yamaclarin (Giiney, Giineybati, Glineydogu) %37.70’lik bir alani, kuzeye
bakan yamagclarin (Kuzey, Kuzeydogu ve Kuzeybati) ise ¢alisma sahasiin %36.60’1n1 kapladig tespit edilmistir.
Bununla birlikte alanin toplamda %25.19'u Dogu (%12.74) ve Bat1 (%12.45) yamaglardan, geriye kalan %0.51’lik
kismi ise diiz alanlardan olusmaktadir. Yapilan degerlendirmeler neticesinde; ¢alisma alaninda kuzeye bakan
yamaglar glineye bakan yamaclara gore taskina daha duyarli alanlar olarak belirlenmistir (Sekil 9 ve Tablo 9).

Tablo 9. Calisma Alani icin Degerlendirilen Baki Parametresinin Alansal ve Oransal Hesaplamalari ile Agirlik Degerleri (Areal
and Proportional Calculations and Weight Values of the Aspect Parameter Evaluated for the Study Area)

BAKI AHY AGIRLIK DEGERI ALAN (KM2) ORAN (%)
Kuzeyli Ana Yon ve Ara Yonler 0.669 1478.95 36.60
Giineyli Ana Yon ve Ara Yonler 0.243 1522.96 37.70
Dogu-Bati 0.088 1017.99 25.19

4.1.7. Cahisma Alam i¢in Tiiretilmis AHY Korelasyon Matrisi ve Kriter Degerlendirmeleri (Derived AHP
Correlation Matrix and Criterion Evaluations for the Study Area)

Sunulan ¢alismada degerlendirilen tiim parametrelerin kendi aralarindaki korelasyon matrisi, normalize matrisi
ve kullanilan kriterlerin agirlik degerleri Tablo 10, Tablo 11 ve Tablo 12’de sunulmustur. Parametreler arasinda
O6nem yiizdesi sirasiyla akarsuya mesafe, yagis, egim, arazi kullanim, jeoloji ve baki olarak belirlenmistir.

Calisma kapsaminda analiz edilen kriterlerin tutarlilifinin 0.10 oraninin altinda olmasina dikkat edilmistir.
Korelasyon matrisleri yardimiyla degerlendirilen kriterlerin tutarlilik orani (CR) sirasiyla akarsuya mesafe icin
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0.08, yagis icin 0.08, egim icin 0.08, arazi kullanimi i¢in 0.02, jeoloji icin 0.08, baki i¢in 0.01’dir. Tiim kriterler
arasinda yapilan analiz i¢in tutarlilik orani ise 0.06 olarak hesaplanmistir (Tablo 11). Hesaplanan bu degerler
kriterler arasi yapilan korelasyonlarin tutarli ve kabul edilebilir oldugunu gostermektedir.

Tablo 10. Taskin Riskine Yonelik Secilen Kriterlere Gére Olusturulmus AHY Korelasyon Matrisi (AHP Correlation Matrix
Created According to Selected Criteria for Flood Risk)

Am‘;:g:‘\ YAGIS EGIM Kuﬁﬁlﬂm JEOLOJi BAKI
Akarsuya Mesafe 1.00 2.00 3.00 5.00 5.00 9.00
Yagis 0.50 1.00 3.00 5.00 5.00 9.00
Egim 0.33 0.33 1.00 3.00 5.00 7.00
Arazi Kullanim 0.20 0.20 0.33 1.00 2.00 3.00
Jeoloji 0.20 0.20 0.20 0.50 1.00 2.00
Baki 0.11 0.11 0.14 0.33 0.50 1.00
Siitun Toplam 2.34 3.84 7.67 14.83 18.50 31.00

Tablo 11. Normalize Edilmis AHY Korelasyon Matrisi ve Kriter Agirliklari (Normalized AHP Correlation Matrix and Criteria

Weights)
All:él;igy YAGIS | EGIM KU?E:;:MI JEOLOJi | BAKI |Kriter Agirhiklar1| AHY (%)

Akarsuya Mesafe | 0.427 0.521 | 0.391 0.337 0.270 | 0.290 0.373 37.3
Yagis 0.214 0.260 | 0.391 0.337 0.270 | 0.290 0.294 29.4

Egim 0.141 0.086 | 0.130 0.202 0.270 | 0.226 0.176 17.6

Arazi Kullanimi 0.085 0.052 | 0.043 0.067 0.108 | 0.097 0.075 7.6
Jeoloji 0.085 0.052 | 0.026 0.034 0.054 | 0.065 0.053 5.3

Baki 0.047 0.029 | 0.018 0.022 0.027 | 0.032 0.029 2.9

A max:6.36, C1:0.072, RI: 1.24, CR: 0.058

Tablo 12. Analiz Edilen Parametrelerin Onem Siralamasina Gore Agirlik Degerleri (Weight Values of the Analyzed

Parameters According to Importance Ranking)

ANALIZ EDiLEN PARAMETRE KRITERIN ONEM SIRALAMASI AHY AGIRLIK DEGERI
250 0.503
500 0.260
Akarsuya Mesafe (m) 1000 0.134
1500 0.068
2000 0.035
1250-950 0.503
950-850 0.260
Yagis (mm/y1l) 850-750 0.134
750-650 0.068
650-374 0.035
0-3 0.035
3-10 0.069
Egim (°) 10-20 0.134
20-30 0.260
30-76 0.503
Yapay Alanlar 0.581
. S Tarimsal Alanlar 0.258
Arazi Kullanimi/Arazi Ortiisi Orman ve Yar1 Dogal Alanlar 0.105
Su Yapilar 0.056
Cok Diisiik Gegirimli 0.503
Diisiik Gecirimli 0.260
Jeoloji Orta Gegirimli 0.134
Yiiksek Gec¢irimli 0.068
Cok Yiiksek Gecirimli 0.035
Kuzeyli Ana Yon ve Ara Yonler 0.669
Baki Dogu-Bat1 0.088
Giineyli Ana Yon ve Ara Yonler 0.243

314



YURTERI 10.21923/jesd. 1438999

4.2 Taskin Duyarhilik Haritasinin Degerlendirilmesi (Evaluation of the Flood Susceptibility Map)

Karabiik ili icin CBS ortaminda akarsuya mesafe, egim, yagis, jeoloji, arazi kullanim /arazi ortiisii ve baki gibi
parametreler kullanilarak AHY yardimiyla taskin duyarlilik haritasi olusturulmustur. Olusturulan haritada risksiz
alanlar ile ¢ok yiiksek, ytliksek, orta ve az riskli alanlar olmak lizere 5 farkli sinif altinda taskinlara duyarl bolgeler
ayirtlanmistir.

Bu siniflamaya gore Karabiik ilinde taskin riski tasimayan alanlar 963.49 km? alan kaplamakta ve bu oran ilin
%23.89'unu olusturmaktadir. 0.043-0.132 agirlik degeri ile tagkin riski tasimayan alanlar egim miktarinin diisiik,
yillik ortalama diisen yagis miktarinin diger bolgelere goére daha az oldugu, akarsu aginin iyi gelismedigi, tarim
alanlarinin fazla ve yerlesimlerin daha az oldugu lokasyonlar olarak belirlenmistir.

2. sinif olarak az riskli alanlar 0.132-0.221 agirlik degerine karsilik gelmektedir. Bu alanlarda akarsuya mesafenin
risksiz alanlara gore bir miktar arttig1, yillik ortalama yagis miktarinin ¢ok yiiksek olmadigi, egim miktarinin bir
miktar yiiksek ve yerlesim yerlerine yakinlik bakimindan da risksiz alanlarla benzer dagilimda oldugu
belirlenmistir. Karabiik ilinde az risk tasiyan bolgeler 1663.16 km? alan ile ilin %41.23"inl olusturmaktadir.

3. smif olarak orta risk tasiyan alanlar 0.221-0.310 agirlik degerine karsilik gelmektedir. Orta derecede risk
olusturan bu bolgeler calisma alaninda 1128.84 km? alan ile ¢calisma alaninin %27.99’unu olusturmaktadir. Yiikksek
risk tasiyan alanlarin etrafinda bulunan bu boélgeler akarsu aginin yogunlastigl, egim miktarinin yiikselmeye
basladigi ve yillik ortalama yagis miktarinin arttigi alanlar olarak belirlenmistir. Karabiik il merkezinde Yesiltepe,
Salmanlar, Sevkiler, Yiirekéren, inceboga, Sofuoglu gibi yerlesim yerleri ile Arag¢ Cay ile Soganlh ¢aynin kollarinin
birlestigi alan bu grupta yer almaktadir.

4. sinif olarak yiiksek taskin riski tasiyan alanlar 0.310-0.399 agirlik degerine karsilik gelmektedir. Yiiksek
derecede taskin riski tasiyan bu alanlar ¢alisma alaninda 247.6 km? alan kaplamaktadir. il genelinde %6.14
oraninda yer kaplayan bu alanlara diisen yillik ortalama yagis miktarinin yiiksek, akarsu aginin oldukga gelismis
olmasi gerekse arazinin egim miktarinin yiiksek olmasi taskinlara maruz kalma riskini arttirmistir.

Bu alanlarda yerlesime izin verilmesi durumunda taskin yonetim planlamalarinin dikkatli yapilmasi, altyap: ve
1slah galismalarinin tamamlanmasi, akarsuyu drenaj aginin diizenli kontrol edilmesi, akisin rahat olmasi igin
rusubi malzeme temizliginin periyodik olarak yapilmasi gerekmektedir. ilin Odemis, Yazikoy, Cerciler, Belenkoy,
Kale, Biirniik, Dudas, Kapakli, Sekermese, Sofular, Hasanlar, Karasar, Ak¢akese, Yukar1 Kizilcadren gibi yerlesim
yerleri bu bolgede kalmaktadir. Bununla birlikte Filyos ¢ayinin kollari, Yenice Irmagi'nin kuzey kollari ile Soganh
cayinin giiney kollar1 tagkin riskinin yiiksek oldugu alanlardir.

5. sinif olarak c¢ok yiiksek riskli alanlar 0.399-0.488 agirlik degerine karsilik gelmektedir. Taskin riski yoniinden
Karabiik ilinin ¢ok yiiksek riskli oldugu bu alanlar 30.35 km? arazi ile ¢alisma alaninin %0.75’ini olusturmaktadir
(Tablo 13). Yenice Irmagi'nin kuzeydogu kesimleri, Filyos Cay1 ve Eskipazar ¢ayinin oldugu alanlar ile Ovacik ve
Eflani ¢cayinin kollar1 yiiksek riskli tagkin bolgeleri olarak haritalanmistir (Sekil 10).

Ozellikle son yillarda yiiksek taskin riskli ilce merkezleri olarak tanimlanan Yenice, Eskipazar, Eflani ve Ovacik
ilcesinin giineydogu kesimlerinde taskinlarin yasandigi ve bu yerlesim yerlerindeki bazi tarim alanlarinin hasar
aldig1 bilinmektedir (Sekil 10 ve Tablo 13).

Tablo 13. Calisma Alaninda Taskin Riski Tasiyan Alanlarin Siniflandirilmasi (Classification of Flood Risk Areas in the Study

Area)
TASKIN RiSKi ALAN (KM2) YUZDE ORANI (%)
Risksiz 963.49 23.89
Az Riskli 1663.16 41.23
Orta Riskli 1128.84 27.99
Yiiksek Riskli 247.6 6.14
Cok Yiiksek Riskli 30.35 0.75
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Sekil 10. Karabiik {li Taskin Duyarhilik Haritasi (Flood Susceptibility Map of Karabuk Province)
5. Sonug ve Tartisma (Result and Discussion)

Sel ve tagkinlar yeryiiziinde depremlerden sonra en sik goriilen meteorolojik afetlerden biridir. Bu kapsamda y1llik
ortalama yagis miktari ve akarsu yogunlugu fazla olan bolgelerdeki yerlesim yerleri taskin riski altindadir. Bu
calismada Karabiik ili icin Analitik Hiyerarsi Yontemi (AHY) kullanilarak CBS ortaminda ArcGIS 10.8 yazilimi
yardimiyla taskin risk analizi gerceklestirilmistir. Taskin risk analizinde akarsuya mesafe, yagis, egim, arazi
kullanimi/arazi ortiisii, jeoloji ve baki parametreleri kullanilmistir. Her bir parametre i¢in olusturulan katmanlar
ArcGIS arayiiziinde raster veri halinde agirlikli toplam komutu ile iist liste bindirilmis ve il icin taskin duyarlilik
haritasi olusturulmustur. Yapilan analiz ile Karabiik ilinde muhtemel taskin riskine maruz kalacak alanlar ortaya
konulmustur. Buna gore Yenice ilgesinin kuzeydogu kesimleri, Eskipazar ve Ovacik ilge merkezlerinin giiney ve
gilineybati kesimlerinin yiiksek taskin riskine maruz kalabilecegi belirlenmistir. Tagkin riski tagiyan bolgeler riskin
derecesine gore ¢ok yiiksek, yiiksek, orta, az riskli alanlar ile risksiz alanlar olarak 5 farkli simif altinda
haritalanmistir. Yapilan tagkin risk analiz sonucuna gore ilin %6.14’ti ytliksek riskli, %0.75’i ¢ok yiiksek riskli,
%27.99'u orta riskli, %41.23'l az riskli, %23.89’u ise risksiz alanlar olarak belirlenmistir.

Giinlimiizde artan niifus, plansiz kentlesme ve iklim degisikligi siireclerinin getirdigi riskler giin gectikce artarak
farkl afet tiirlerine zemin hazirlamaktadir. Bu kapsamda gerek CKKV yontemlerinden olan AHY gerekse CBS
teknolojileri tagkin yonetim planlamasinda basarili sonuglar veren, katki payi yliksek olan karar destek
sistemleridir. Sunulan arastirma tilkemizin ¢esitli il ve nehir havzalarinda yapilacak benzer taskin risk azaltma ve
planlama ¢alismalarina metodoloji olarak altlik olusturacak verilerle, yonlendirici bir tespit calismasi niteligine
sahiptir. Bu kapsamda calisma alani i¢in taskin riskine karsi alinacak dnlem ve 6neriler kapsaminda 6ncelikli
olarak ildeki akarsu ve derelere tagkin erken uyari ve ikaz sistemleri ile hidro-meteorolojik gézlem aglarinin
kurulmas1 saglanmalidir. Olasi bir taskin aninda erken uyar1 sistemlerinin etkinligi ve stirdiiriilebilirligi
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saglanmali, meteoroloji radarlarindan yararlanilmali, tagkin tahliye haritalar1 ve toplanma alanlar1 6nceden hazir
ve belirli olmalidir. Ilin imar planlari tiiretilen tagkin risk haritalarina gére giincellenmelidir. Ile ait tiiretilmis tiim
veriler ortak bir sayisal veri tabaninda depolanarak, taskin yonetiminde s6z sahibi kurum ve kuruluslara erigimin
mimkiin olmasi saglanmalidir. Bununla birlikte il genelinde taskin riski olan bélgelerin tarim alani olarak
kullanilmasi saglanmali, akarsu ve dere yataklarinda yapilasmadan kag¢inilmali, dogal bitki 6rtiisti arttirilmalidir.
Yerlesim bolgelerindeki altyap1 hasarlari onarilmali, dere yataklar: 1slah ¢alismalari ile giiclendirilmeli, akarsu
drenaj sistemleri diizenli kontrol edilerek riisubat temizligi yapilmalidir. Ozellikle taskin riski yiiksek olan
yerlesim yerlerinde yasayan yerel halkin olasi bir afet aninda neler yapilacagina yonelik bilgilendirmeler énceden
cesitli egitimlerle, seminerlerle ve tatbikatlarla saglanmalidir. Ulkemiz cografyas: sebebiyle tiirlii afetlere maruz
kalmaktadir. Bu kapsamda gerek yerel halk gerekse kamuoyunda afet farkindalik bilinci olugturulmalidir. Tagkin
afetine yonelik isitsel, yazili ve gorsel unsurlar gii¢li bir sekilde kullanilmalidir. Ayrica karar vericilerin ve tim
paydaslarin birbirleriyle olan koordinasyonlarinin afet yonetiminde olduk¢a 6nemli bir yeri oldugu
diisiiniilmektedir. Ozellikle olas1 bir afet aninda taskina miidahale durumuyla ilgili dolayli veya dogrudan iliskili
olabilecek tiim kurum ve kuruluslarin taskin 6ncesi gérev ve sorumluluklarinin belirlenmesinin énemli olacagi
disiiniilmektedir. Sunulan c¢alismanin gelistirilmesi ile ilgili Oncelikle taskin risk analizi kapsaminda
degerlendirilen faktdr katmanlarin yaninda farkli morfometrik 6zellikler (¢atallanma orani, drenaj tekstiiri,
drenaj yogunlugu, topografik nemlilik indeksi vb.) analize katilabilecegi gibi uzaktan algilama teknolojilerinin de
stirece dahil edilerek haritalamalarin gelistirilebilecegi diisiiniilmektedir. Cesitli bir veya iki boyutlu matematiksel
hidrolojik model programlar1 (Hec-Ras vb.) kullanilarak hidrodinamik durum farkl tekerriir debilerine bagh
olarak ele alinmali, sahanin tagkin riski hesaplanmaly, elde edilen sonuglar diger yontemlerle karsilastirilarak
taskin hassasiyet analizlerinin gerceklestirilebilecegi diistiniilmektedir. Yine taskin tehlike degerlendirmelerinin
taskinin derinligi ve tagkin akis hizi parametreleri géz dniinde bulundurularak gercgeklestirilebilecegi, taskin zarar
haritalari ile olas1 bir afete yonelik yapisal zarar projeksiyonlarinin yapilabilecegi diisiiniilmektedir.

Tesekkiir (Acknowledgement)

Sunulan c¢alismada yazar sayisal yiikselti modeli verileri, CORINE arazi kullamim/arazi ortiisii verileri,
meteorolojik veriler ile jeoloji haritalari i¢in sirasiyla Amerika Birlesik Devletleri Jeolojik Arastirma Merkezi'ne
(USGS), Avrupa Cevre Ajansi’'na, Tarim ve Orman Bakanlig1 Meteoroloji Genel Miidiirliigii'ne ve Maden Tetkik ve
Arama Genel Miidiirliigii'ne, makale metninin son haline gelmesindeki katki ve 6nerileri i¢in editér ve hakemlere
tesekkiir eder.

Cikar Catismasi (Conflict of Interest)

Yazar tarafindan herhangi bir ¢ikar ¢atismasi beyan edilmemistir. No conflict of interest was declared by the
authors.

Kaynaklar (References)

AFAD, 2022. Agiklamal1 Afet Terimleri S6zliigli, www.afad.gov.tr, Erisim Tarihi: 20.12.2023.

AFAD, 2019. Tiirkiye’de Afet Kaynakl ve Doga Kaynakl Afet Istatistikleri. icisleri Bakanligi Afet ve Acil Durum Yénetimi
Baskanligl, www.afad.gov.tr, Erisim Tarihi: 20.12.2023.

Aydinézii, D., 2008. Yiikseldikce Bélgelerimize Gore Her 100 m.deki Yagis Artisi Uzerine Bir Deneme. Marmara Cografya Dergisi,
17,172-184.

Aydin, M.C,, Sevgi Birincioglu, E., 2022. Flood Risk Analysis Using GIS-Based Analytical Hierarchy Process: A Case Study of Bitlis
Province. Applied Water Science, 12, 122. https://doi.org/10.1007 /s13201-022-01655-x.

Chakraborty S., Mukhopadhyay S., 2019 Assessing Flood Risk Using Analytical Hierarchy Process (AHP) and Geographical
Information System (GIS): Application in Coochbehar District of West Bengal, India. Natural Hazards, 99 (1), 247-274.
https://doi.org/10.1007/s11069-019-03737-7.

Copernicus, 2023. Data of Land Use from Copernicus Land Monitoring Service. https://land.copernicus.eu/ Erisim Tarihi:
28.12.2023.

CRED, 2018. Centre for Research on the Epidemiology of Disasters-review of Disaster Events,
https://www.cred.be/publications. Erisim Tarihi: 14 April 2019.

Das, S., 2018. Geographic Information System and AHP-Based Flood Hazard Zonation of Vaitarna Basin, Maharashtra, India.
Arabian Journal of Geosciences, 11(19), 576.

Dung, N.B,, Minh, D.T., Ahmad, A., Long, N.Q., 2020. The Role of Relative Slope Length in Flood Hazard Mapping Using AHP and
GIS Case Study: lam River Basin, Vietnam. Geography Environment Sustainability, 13 (2), 115-123.

Dutta, M,, Saha, S., Saikh, N.I,, Sarkar, D., Mondal, P., 2023. Application of Bivariate Approaches for Flood Susceptibility Mapping:
A District Level Study in Eastern India. HydroResearch, 6, 108-121.

Danumah J.H,, Odai, S., Mahaman B.S., Szarzynski, J., Thiel, M., Adjei, K., Kouame, F., Akpa, L., 2016. Flood Risk Assessment and
Mapping in Abidjan District Using Multi-Criteria Analysis (AHP) Model and Geoinformation Techniques, (cote d’ivoire).
Geoenvironmental Disasters, 3. 10.1186/s40677-016-0044-y.

317



YURTERI 10.21923/jesd. 1438999

Délek, 1., Avci, V.1, 2017. Mus ilinin Sel ve Taskin Duyarlilik Haritalarinin Olusturulmasi. Akademik Sosyal Arastirmalar Dergisi,
44(5),190-204.

Ering, S., 1969. Klimatoloji ve Metodlari. istanbul Universitesi Cografya Enstitiisii Yayinlar1, 994, 35, Istanbul.

Firat F., Dursun O.F., 2023. Determination of Basin Characteristics to Provide a Base for the Creation of Malatya Flood Risk
Zones; The Example of Darende and Giiriin. AJEAS, 1, 1, 73-82.

Geofabrik, 2023. Maps and Data, https://www.geofabrik.de/data/ Erisim Tarihi: 27.12.2023.

Ghosh, A, Kar, S.K, 2018. Application of Analytical Hierarchy Process (AHP) for Flood Risk Assessment: A Case Study in Malda
District of West Bengal, India. Natural Hazards, 94, 349-368. https://doi.org/10.1007/s11069-018-3392-y

Hagos Y.G., Andualem T. G., Yibeltal M., Mengie M. A., 2022. Flood Hazard Assessment and Mapping Using GIS Integrated with
Multi-Criteria Decision Analysis in Upper Awash River Basin, Ethiopia. Applied Water Science 12 (7), 148.

Hammami S., Zouhri L., Souissi D., Souei A, Zghibi A., Marzougui A, Dlala M., 2019. Application of the GIS Based Multi-Criteria
Decision Analysis and Analytical Hierarchy Process (AHP) in the Flood Susceptibility Mapping (Tunisia). Arabian Journal of
Geosciences 12 (21), 1-16. https://doi.org/10.1007 /s12517-019-4754-9.

HGM, 2023. Tiirkiye Cumhuriyeti Milli Savunma Bakanligi Harita Genel Miidiirliigii. Tiirkiye Idari Simirlar1 Verileri.
https://www.harita.gov.tr/ Erisim Tarihi: 16.12.2023.

Sharir, K., Goh, T,, Simon, N, Lee, K.E,, Talip, M., Roslee, R.,, 2022. Assessment of Flood Susceptibility Analysis Using Analytical
Hierarchy Process (AHP) in Kota Belud Area, Sabah, Malaysia IOP Conference Series: Earth and Environmental Science
Volume 1103 Natural Disaster Seminar.

Karabiik il Cevre Durum Raporu, 2022. Karabiik Gevre Sehircilik ve iklim Degisikligi Il Miidiirliigii, Karabiik.

Meral, A., Erogly, E., 2021. Evaluation of Flood Risk Analyses with AHP, Kriging, and Weighted Sum Models: Example of
Capakcur, Yesilkoy, and Yamac Microcatchments. Environmental Monitoring and Assessment, 193(8).

Mizrakli, C., 2023. CBS ve Uzaktan Algilama ile Taskin Duyarhlik Analizi; Bati Karadeniz Ornegi. istanbul Teknik Universitesi,
Lisansiistii Egitim Enstitiist, Yliksek Lisans Tezi, 97 s, [stanbul.

MGM, 2023. illere Ait Istatistiki Yagis Verileri. Meteoroloji Genel Miidiirliigii, https://www.mgm.gov.tr/, Erisim Tarihi
12.12.2023.

MGM, 2022. Tirkiye Meteorolojik Afetler Degerlendirmesi (2010-2021). Meteorolojik Afetler Sube Miidiirligii, Ankara.

MTA, 2002a. Calisma Alanina Ait 1/100.000 Olgekli Jeoloji Haritas1, Zonguldak F-28, F-29 Paftalar1. Maden ve Tetkik Arama
Genel Midirligl, Ankara.

MTA, 2002b. Galisma Alanina Ait 1/100.000 Olcekli Jeoloji Haritasi, Bolu G-28, G-29 Paftalari. Maden ve Tetkik Arama Genel
Midiirliigi, Ankara.

MTA, 2010. Calisma Alanina Ait 1/100.000 Olgekli Jeoloji Haritasi, Kastamonu D-30, E-30, F-30 Paftalar1. Maden ve Tetkik
Arama Genel Midiirliigii, Ankara.

MTA, 2011. Calisma Alanina Ait 1/100.000 Olcekli Jeoloji Haritasi, Cankir1 G-30 Paftasi.. Maden ve Tetkik Arama Genel
Midirliigii, Ankara.

Myers, ].H., Alpert, M.I,, 1968. Determinant Buying Attitudes: Meaning and Measurement. Journal of Marketing, 32(4), 13-20.

Nistor, M.M,, 2019. Vulnerability of Groundwater Resources under Climate Change in the Pannonian Basin. Geo-Spatial
Information Science, 22(4), 345-358.

Ortag, G., 2019. Filyos Cay1 Havzasi’'nin (Karabiik-Gokcebey) Cok Kriterli Karar Verme Yontemi Yardimiyla Taskin Risklerinin
Belirlenmesi. Karabiik Universitesi, Yiiksek Lisans Tezi, 124 s. Karabiik.

0guz, E., Oguz, K., Oztiirk, K., 2022. Diizce Bélgesi Taskin Duyarlilik Alanlarimin Belirlenmesi. Geomatik, 7(3), 220-234.

Poussin, ].K, Botzen, W.W. Aerts, J.C, 2014. Factors of Influence on Flood Damage Mitigation Behaviour by
Households. Environmental Science Policy, 40, 69-77.

Rahmati, O., Zeinivand, H., Besharat, M., 2016. Flood Hazard Zoning in Yasooj region, Iran, Using GIS and Multi-Criteria Decision
Analysis. Geomatics, Natural Hazards and Risk, 7(3), 1000-1017.

Selvam,R.A,, Jebamalai A.R.A,, 2023. Application of the Analytical Hierarchy Process (AHP) for Flood Susceptibility Mapping
Using GIS Techniques in Thamirabarani River Basin, Srivaikundam Region, Southern India, Natural Hazards, Journal of the
International Society for the Prevention and Mitigation of Natural Hazards, Springer; International Society for the
Prevention and Mitigation of Natural Hazards, 118(2), 1065-1083, September.

Saaty, T. L., 1980. The Analytic Hierarchy Process: Planning, Priority Setting, Resource Allocation. Mc Graw-Hill, New York, 19.

Saaty, T. L., 1990. How to Make a Decision: the Analytic Hierarchy Process. European Journal of Operation Research, 48, 9-26.

Sahana, M., Patel, P.P., 2019. A Comparison of Frequency Ratio and Fuzzy Logic Models for Flood Susceptibility Assessment of
the Lower Kosi River Basin in India. Environmental Earth Sciences, 78, 1-27.

Seejata, K, Yodying, A, Wongthadam, T., Mahavik, N., Tantanee, S., 2018. Assessment of Flood Hazard Areas Using Analytical
Hierarchy Process Over the Lower Yom Basin, Sukhothai Province. Procedia Engineering. 212, 340-347.
10.1016/j.proeng.2018.01.044.

Souissi, D., Zouhri, L., Hammami, S., Msaddek, M.H., Zghibi, A, Dlala, M., 2020. GIS-based MCDM-AHP Modeling for Flood
Susceptibility Mapping of Arid Areas, Southeastern Tunisia. Geocarto International, 35(9), 991-1017.

Swain, K. C, Singha, C., Nayak, L., 2020. Flood Susceptibility Mapping through the GIS-AHP Technique Using the Cloud. ISPRS
International Journal of Geo-Information, 9(12), 720.

SYGM, 2019. Bat1 Karadeniz Havzasi Tagkin Yonetim Plani. Tarim ve Orman Bakanligi Su Yonetimi Genel Miidirliigii, Ankara.

SYGM, 2023. Bat1 Karadeniz Havzasi Kuraklik Yonetim Plani. Tarim ve Orman Bakanligi Su Yonetimi Genel Miidurligi, Cilt 1,
Ankara.

Tokgozlii, A., Ozkan, E., 2018. Taskin Risk Haritalarinda AHP Yénteminin Uygulanmasi: Aksu Gay1 Havzasi Ornegi. Siileyman
Demirel Universitesi Fen-Edebiyat Fakiiltesi Sosyal Bilimler Dergisi, (44), 151-176.

TUIK, 2023. Niifus Istatistikleri Portali. Tiirkiye [statistik Kurumu, https://data.tuik.gov.tr/ Erisim Tarihi: 27.12.2023.

USGS, 2023. Earth Data and Digital Elevation Model (DEM) for Karabiik Province. United States Geological Survey.
https://www.usgs.gov/ Erisim Tarihi: 7.12.2023.

318



Miihendislik Bilimleri ve Tasarim Dergisi
12(2),319-327,2024
e-ISSN: 1308-6693

Journal of Engineering Sciences and Design
DOI: 10.21923 /jesd.1412260

Arastirma Makalesi Research Article

VIBRATION-BASED MEASUREMENT SYSTEM FOR BREAST TISSUE
Mehmet Umit AK?, Giirkan BILGIN?, Dilek KAYAS3, Siileyman BiLGIN4*, Adnan KAYAS

1 Antalya Bilim University, Vocational School, Computer Programming Department, Antalya, Turkey
2 Burdur Mehmet Akif Ersoy University, Faculty of Engineering and Architecture, Department of Electrical &
Electronics Engineering, Burdur, Turkey
3 Izmir Katip Celebi University, Biomedical Test Calibration Application and Research Center, Izmir, Turkey
4 Akdeniz University, Faculty of Engineering, Department of Electrical & Electronics Engineering, Antalya, Turkey
5 Izmir Katip Celebi University, Faculty of Engineering, Department of Electrical & Electronics Engineering, [zmir,

Turkey
Keywords Abstract
Breast Tissue, When the studies in the literature on breast tumor diagnosis are examined, there are
Vibration Signal, many studies because breast tissues have different characteristics. However, there is
Accelerometer Sensor, no study on the diagnosis of the tumor by constant frequency vibration stimulation and
Power Spectral. the response of healthy and tumorous breast tissues to this stimulation. This study,

fixed frequency vibration was applied to the points determined on breast tissues and it
was aimed to design a system that can measure vibration signals at certain distances
from these points. The first part of the system consists of a motor and a driver that
provides vibration. The other part includes accelerometer sensors that measure
vibrations at certain points in the breast tissues. The hardware is controlled by a
microcontroller-based module. With the help of this designed device, the power spectra
of the vibration signals obtained by measurements on breast phantom models were
analyzed. In response to 160 Hz vibration excitation, the dominant frequencies of the
signals measured at a certain distance with the accelerometer sensor were found to be
in the range of 120-140 Hz. These results show the damping effect of breast tissue and
that the damping effect may differ between tumor and healthy tissues.

MEME DOKUSU ICiN TITRESIM TABANLI OLCUM SiSTEMI

Anahtar Kelimeler 0z

Meme Dokusu, Meme tiimoriiniin teshisine yonelik literatiirdeki calismalar incelendiginde, meme
Titresim Sinyali, dokularinin farkli karakteristikler tasidigi olgusuna dayanan bir¢ok c¢alismaya
Ivmedicer Sensorii, rastlanmaktadir. Ancak sabit frekansl titresim uyartimi ile saglikli ve tiim6rlii meme
Gli¢ Spektrali. dokularinin bu uyartima verecegi tepki sayesinde tiimoriin teshisine ydnelik bir

calismaya rastlanmamistir. Bu c¢alismada, meme dokular1 iizerinde belirlenen
noktalara, sabit frekansta titresim uygulanmis ve bu noktalardan belirli uzakliklarda
titresim sinyallerini 6lgebilen sistem tasarimi amaglanmigtir. ilgili sistemin ilk kismy,
titresim saglayan bir motor ve siiriiciiden olusmaktadir. Diger kismi ise, meme
dokularindaki belirli noktalarda titresimleri 6l¢cen ivmedlcer sensorlerini icermektedir.
Donanimin kontrolii ise, mikrodenetleyici tabanli modiil ile gergeklestirilmektedir.
Tasarlanan bu cihaz yardimiyla, meme fantom modelleri lizerinden elde edilen
olciimlerle alinan titresim sinyallerinin gii¢ spektrumlari incelenmistir. 160 Hz. titresim
uyartimina karsilik, ivmeolger sensorii ile belirli bir mesafeden odl¢iilen sinyallerin
baskin frekanslarinin 120-140 Hz. araliginda oldugu gorilmiistiir. Bu sonuglar, meme
dokusunun s6niimleyici etkisini ve soniimleme etkisinin tiimorlii ve saglikl dokularda
farklilik olabilecegini gostermektedir.
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Highlights

e Anew measurement system has been proposed for breast tissue that allows measurement with the help
of fixed frequency vibration stimulation.

e This system provides 3-axis measurement and analyzes the vibration signals it measures, showing the
damping effect of breast tissues on fixed-frequency vibration stimulation.

e Vibration signals measured with the designed vibration-based measurement system and GUI can be
recorded and analyzed.

Purpose and Scope

The aim of the study was to design a system that can apply vibration at a fixed frequency to determined points
on healthy or tumor breast tissues and measure the vibration signal at certain distances from the applied point.
In addition, it is aimed to create a user interface that can analyze the vibration signals measured by this system.

Design/methodology/approach

Based on the aim of interpreting that breast tissues have different characteristics; a device was designed to
receive vibration signals with the Arduino Uno R3-based ADXL345 accelerometer sensor. With the help of this
device, the vibration signals received from the breast tissues were recorded in the GUI designed in the computer
environment.

Findings

Values in the range of 120-140 Hz were obtained in the power spectra of the vibration signals taken from points
determined at equal distances from a vibration motor that creates a fixed frequency excitation of 160 Hz. It can
be said that the dominant frequencies in healthy and tumor breast tissues can be determined and information
about soft and hard tissues can be obtained thanks to the designed vibration-based measurement system.

Research limitations/implications

Thanks to this proposed system, the frequency characteristics of breast tissues can be interpreted and it is
anticipated that in future studies, interpretations of the conductivity and hardness of the tissues may assist the
physician in the diagnosis of tumor tissues.

Practical implications

It has been observed that with this proposed system, the presence of a tumor can be interpreted by measuring
the frequency characteristics of different breast tissues.

Originality
This study shows the behavior of breast tissue with constant frequency vibration stimulation and helps to
interpret hardness and softness.

" Corresponding author: suleymanbilgin@akdeniz.edu.tr, +90 242 310 6388
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1. Introduction

It is known that the tissues in the human body show different characteristics and various studies have been
conducted to explicate these differences. In these studies, vibration signals received from people have been utilized
and it has been concluded that they can help detect various types of diseases (Addison, 2017). In the studies,
vibration signals that occur in the vocal cords during speech are generally examined, and there is no study on
vibration signals recorded by applying a vibration source on the human body (Addison, 2017; Chen and Shih, 2013;
Ak et al, 2019; Alkhaledi, 2010). Chen et al. investigated whether vocal training would increase facial bone
vibration during resonant (high frequency and reverberant) sound production. They measured the vibration level
of the face after training and during speech with a piezoelectric accelerometer and compared it with the vibrations
in the voice (Chen and Shih, 2013). Based on vibration signals, it is revealed that it can help in the diagnosis of
sleep apnea disease as well as modeling of nasal diseases (Morillo et al,, 2010). In their study, Rendon et al.
measured vibrations in the neck and chest region with an accelerometer to detect important signals that can be
used in the diagnosis of sleep apnea. They aimed to diagnose sleep apnea by creating a vibration map by
interpreting the signals they received with an advanced analysis program (Rendon, 2007). It is also possible to
explain the effects of vibration sources on different human tissues (Amar, 2010; Anand et al,, 2008). Dong et al.
proposed a system called VEA to study the distribution of vibration energy absorption in the human finger-hand-
arm system (Dong et al., 2006). Balbinot proposed the development of a system integrated into the ZigBee network
to measure human vibration. The developed system allowed to separate human vibrations of about 40 Hz in three
axes. They showed that vibration can contribute to back pain in workers working on machines such as tractors
and diggers (Balbinot et al., 2008). Bourke et al. analyzed the signals received from triaxial accelerometer sensors
mounted on the torso and thighs of elderly people. Thanks to these signals, they interpreted the simulated fall
patterns they created. By giving various trainings to the same people, they aimed to see the success of their training
by evaluating the fall patterns after the training (Bourke et al.,, 2007).

A literature review was conducted on the importance of analyzing vibration signals related to the diagnosis of
breast tumors. When the studies in the literature are examined, it is seen that there are alternative methods for
breast tumor diagnosis. One of these methods, which is usually image-based, is the elastography method. This
method is an imaging method that displays and characterizes the elastic properties of normal and abnormal
human tissues and identifies differences in elastic properties between tissues (Zhou et al., 2017). The basic fact
here is that tumor breast tissue is 400 - 1000% stiffer than healthy breast tissue (Samani et al., 2008).

This study is based on the knowledge that human tissues show different characteristics as seen in the literature
and that vibration signals recorded from human tissues can help in the detection of various types of diseases to
interpret these differences. In their study, investigated simulation techniques by performing whole body vibration
analysis (Coyte et al.,, 2015). Their study is presented as a review of the literature on various topics, including
recent work on modeling the biodynamic human sitting response to vibrations. In addition to this study, there are
studies describing the effects of vibration sources on different human tissues (Peter etal., 2013; Zhi-Fei et al., 2009;
Yanxi and Qingxia, 2010; Kitamura, 2012). Investigated the damping properties of tissues against vibrations
applied to the human body. The main purpose of their study was to reveal the damping properties of human
tissues, spring, and damping constants of tissues (Amar et al.,, 2010). In another related study, similarly, spring,
and damping models of tissues were developed to predict the damping properties of human tissues (Alkhaledi,
2010). When other similar studies in the literature were examined, it was seen that it was possible to explain the
different effects of vibration sources on different human tissues (Coyte et al., 2015; Kitamura, 2012). In addition,
they stated that vibration signals obtained by applying a constant frequency vibration source to human tissue can
provide better information (Torvinen et al,, 2002). In their study, they analyzed the vibration signals from 9
different points on the human face, which were determined at equal distances from a DC vibration motor
generating constant frequency excitation. As a result, they detected different frequency damping in the forehead
and cheek regions and concluded that different frequency signals were observed due to the different damping
effect of hard and soft tissues (Ak et al., 2020). When the studies on the diagnosis of breast tumor and the analysis
of vibration signals in the literature were examined, it was observed that there was no study on the softness and
hardness interpretation of phantom models excited by a constant frequency vibration source. In addition, when
other methods used in the diagnosis of breast tumors are evaluated, these methods have harmful effects on the
human body. Therefore, there is a need to develop a cost-effective method that does not harm the human body
(Valero etal,, 2021).

In this study, a system consisting of a vibration motor that provides vibration excitation at constant frequency,
Micro-electro-mechanical system (MEMs) accelerometer sensor and microcontroller-based hardware is designed.
Vibration signals are generated by the vibration motor that will provide constant frequency excitation, and these
vibration signals are measured from measurement points at certain distances by means of MEMs accelerometer
sensors and drivers. The control of this hardware is realized with a microcontroller-based module. The vibration
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signals were recorded with the communication protocol between the interface created on the computer and the
microcontroller. The power spectra of these vibration signals were analyzed with the help of the designed interface
and analysis software. As a result of the analysis, the frequency characteristics of the vibration signals received
from breast tissues were revealed. As a result, the frequency characteristics obtained are aimed to provide the
interpretation of hard and soft regions in living tissues.

2. Material and Method
The components of the designed microcontroller-based system are listed below.

Arduino Uno R3

ADXL345 Accelerometer Sensor
DC Vibration Motor Module

SD card Module and SD Card

A sample image of the Arduino Uno R3 model used in this study is shown in Figure 1 (Cakir et al.,, 2021). The
development board, which has an ATmega 328 based microprocessor, has 14 digital inputs/outputs and 6 analog
inputs. It has a 16 MHz crystal oscillator, USB connection, power connection, ICSP connection and reset button.
The board must be powered from an external power supply or the computer's USB port in order to operate.

Figure 1. Arduino uno R3

MEMS technology-based sensors are widely used in various fields, particularly in biomedical applications. The
MEMs-based ADXL345 accelerometer sensor is a 3-axis accelerometer capable of 13-bit resolution measurement
up to +16 g. In addition to providing high accuracy with low power consumption, it supports digital communication
protocols such as I2C and SPI. It works in different acceleration measurement ranges such as +2g, +4g, +8g or +16g
(Bogrek and Stimbiil, 2021). Within the scope of the study, the data received from the ADXL345 sensor was read
by Arduino Uno R3 with I2C communication. The connection pins of the accelerometer sensor with Arduino Uno
R3 are shown in Table 1.

Table 1. Arduino uno R3 and ADXL345 accelerometer sensor connection pins

Arduino Uno R3 ADXL345 ivmedélcer
Sensorii
5V VCC
GND GND
Analog A4 SDA
Analog A5 SCL

In this study, a 10x3 cm DC vibration motor was used as a constant frequency vibration source. Technical
specifications of the vibration motor module used in the study are given in Figure 2 (Anonymous, 2023). The
frequency of the DC vibration motor was set to a voltage value corresponding to 160 Hz according to the datasheet
in Figure 2 with the help of the Arduino IDE interface. The reason for this is that the vibration frequency to be
applied to living tissues should be in the range of 20 - 200 Hz. When frequencies in this range were tested, 160 Hz
was found to be the resonance frequency of the tissue (Oral et al.,, 2022).
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The block diagram of the microcontroller-based vibration-based measurement system for breast tumor diagnosis,
designed by combining all components, is shown in Figure 2 and the designed system image is shown in Figure 3.

System
Configuration

DC Motor Excitation
to Phantom Models

B Measuring Vibration
Signals Using ADXL345

Arduino Uno R3

Recording Signals with the
Help of GUI and
Performing FFT Analysis

Figure 3. Vibration based measurement system flow chart

When the flowchart of the system is examined, it is seen that firstly, vibration excitation is given to the phantom
models with a DC motor at constant frequency, and then measurements are made with the ADXL345 accelerometer
sensor at certain distances. The measured vibration signals were transferred to the computer environment with
the help of Arduino Uno R3, recorded and analyzed with the help of GUI. The block diagram of the vibration-based
measurement system including components such as ADXL345 accelerometer, SD card module, Arduino Uno R3,
vibration motor module is shown in detail in Figure 4.

DC Vibration |——m —p —_— ADXL345
Motor Accelerometer
Arduino
— ]
Uno R3

¢t

Figure 4. System block diagram

In breast phantom models, studies have been conducted with materials that can accurately mimic the dispersive
dielectric properties of human tissues such as skin, fat, and tumors. As in the studies in the literature, vibration
signals were measured on phantom models to show dielectric properties similar to actual breast tissues (Boparai
and Popovi¢, 2022; Murat et al,, 2021; Palandoken et al., 2022).

In the literature, it has been observed that there are systems designed for the measurement of vibration effect in
living tissues (Ak etal., 2019). In their study they used the MPU6050 sensor as an accelerometer sensor and offered
the possibility of measuring from different points with a single sensor (Ak et al., 2020). In this study, the ADXL345
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accelerometer sensor was chosen due to its low power consumption and focus on simple 3-axis acceleration
measurement. In addition, the ADXL345 accelerometer sensor was chosen due to its widespread use in biomedical
applications, low power consumption and ideal for portable devices. When the general specification parameters
of the ADXL345 accelerometer sensor are examined, it can be said that it is preferred due to its low cost, triaxial
and digital data processing, sensitivity, and nonlinearity (Bégrek and Siimbiil, 2021). Moreover, these sensors
work to detect motion or vibration by generating an acceleration value. And it has an A/D converter and a digital
filter.

The image of the vibration-based measurement system realized within the scope of the study is shown in Figure
5.

VibonSaral L braon ot resuancy S

In addition, this system, which will enable measurements from different points on the breast tissue, will pave the
way for multi-channel measurement, allowing the detection of the tumor area.

3. Experimental Results
3.1 Measurement and Computerization of Vibration Signals

ADXL345 accelerometer sensor can sample between 0.1 Hz and 3200 Hz. When the studies on vibration analysis
are examined, besides the studies (Stork et al,, 2017) in which the sampling frequency is 500 Hz, the sampling
frequency was determined as 500 Hz, considering that the vibration motor frequency is 100-160 and 200 Hz. Thus,
in the data set obtained with vibration signals obtained from breast tissues in the study, 10 s data with 5000
samples were measured and recorded with the help of SD card module.

1® Vibration-Based Measurement System — O X

Amplitude [g]

2000 3000
Number of Samples

o
2
g
g
[=%
H

Vibration FFT
Signal

Figure 6. Interface designed for vibration-based system
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A 10x3 mm direct current motor unit with a frequency of 160 Hz. and a microcontroller-based hardware consisting
of a sensor module at a fixed distance from this unit, which provides vibration excitation at a frequency of 160 Hz.
an interface has been designed to communicate this hardware with the computer and analyze the signals obtained.
This designed interface is shown in Figure 6.

Vibration data was taken with the ADXL345 accelerometer sensor over the measurement points determined in
the breast tissues and transferred to Arduino Uno R3. The received vibration data were parsed with the Arduino
Uno R3 software and transferred to the computer as x-y-z values. The R vector is the combined force vector of the
x-y-z values acting on the acceleration sensor and is shown in (1). The resultant of the x-y-z values taken from the

accelerometer sensor was taken and the data set was obtained in this way. (B6grek and Siimbiil, 2021; Oral et al,,
2022).

R= x?+ y2+ 72 (10

A vibration signal composed of 5000 samples combined is shown in Figure 6. The Fast Fourier Transform (FFT)
of the signals was used to analyze these vibration signals.

Amplitude [g]
=]

o 1000 2000 3000 4000 5000
Number of Samples

Figure 7. Received sample vibration signal
3.2 Power Spectral Representation of Vibration Signals

FFT was used to analyze the obtained vibration signals. The Fourier transform is an important method for
obtaining signal information and processing these signals. However, since the Fourier transforms of real
sequences cannot be calculated theoretically, it is not appropriate to use the Fourier transform for digital signals.
The analog representation of frequency and the infinite number of samples required are the main reasons for this
inconvenience. For this reason, a more practical method, the Discrete Fourier Transform (DFT), is used. A
generalized version of the DFT is shown in Equation 2 (Chen and Shih, 2013).

x(e/®) = ¥%__ o, x(n) e /om (2)

In this study, power spectral density analysis of all vibration signals was performed. Figure 8 shows the power
spectral density (PSD) of a sample of vibration signals measured at a certain distance in response to vibration
stimulation applied to breast tissues. The vertical axis indicates the power spectral density of the vibration signals,
and the horizontal axis indicates the frequency values.

0.2

01

Amplitude [dB]

R |
00 |

0 50 100 150 200 250
Frequency [Hz]
Figure 8. Power spectral representation of received vibration signal

When the power spectra of the received vibration signals were examined, it was observed that the frequencies of
the signals measured at a certain distance with the accelerometer sensor were in the range of 120-140 Hz, in
response to the vibration excitation given as 160 Hz. This showed the damping effect of the breast tissue. It is
thought that this damping effect may differ in tumor and healthy tissues and these differences may provide
information about the presence of tumors.

4. Result and Discussion

Unlike the studies in the literature on the analysis of vibration signals and breast tumor diagnosis, in this study, a
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device was designed based on Arduino Uno R3 with ADXL345 accelerometer sensor to receive vibration signals to
interpret that healthy and tumor tissues have different characteristics. With the help of this device, the vibration
signals received from breast tissues were recorded in the computer environment with an SD card module. The
received vibration signals were filtered to remove noise and power spectra were obtained with the help of signal
processing methods.

In future studies, it is thought that the number of sensors can be increased, and tumor regions can be detected
with more detailed analysis to be performed with the simulation program. Therefore, in this study, the systems
that are given vibration stimulation and measure the vibration signals thanks to the sensor placed at a certain
distance are separated.

When the results obtained are examined, values in the range of 120-140 Hz were obtained in the power spectra of
vibration signals obtained from points determined at equal distances from a vibration motor generating a constant
frequency excitation of 160 Hz. It was possible to determine the dominant frequencies in healthy and tumorous
breast tissues and thus, it could be said that information about soft and hard tissues could be obtained thanks to
the microcontroller-based system designed. In future studies, it is foreseen that the conductivity and hardness
interpretations of the tissues can help the physician in the diagnosis of tumor tissues in the studies to be carried
out on breast tissues thanks to this system.
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Keywords Abstract

Deep Learning, In this study, a light-weight model with an optimum block structure that can be used
Computer Vision, in autonomous unmanned aerial vehicles (UAVs) was designed. The Inception SH
CNN, model, which was developed based on the Inception V3 model, was compared on
Scene Classification, "Intel Image Dataset", a publicly available dataset in the literature. As a result of the
UAV. comparison, values of 0.882, 0.883, 0.882 and 0.882 were obtained for the accuracy,

precision, recall, and F1 score metrics for the Inception V3 model, respectively. In
the Inception SH model, values of 0.958, 0.957, 0.974 and 0.967 were obtained for
accuracy, precision, recall and F1 score metrics, respectively. As can be seen from
these values, the proposed Inception SH model offers higher performance values
than the underlying Inception V3 model. The Inception SH model was compared
with different models in the literature using the same data set and was superior in
accuracy, precision, recall and F1 score metrics compared to the compared models.
According to the results obtained, it is predicted that the Inception SH model can be
used as a lightweight model in various IoT devices, considering the popularity of
autonomous UAVs.

INCEPTION SH: SAHNE GORUNTULERININ SINIFLANDIRILMASINDA
INCEPTION MODUL TABANLI YENI BIR CNN MODELI

Anahtar Kelimeler 0z

Derin Ogrenme, Bu calismada otonom insansiz hava araglarinda (IHA) kullanilabilecek optimum
Bilgisayarla Gorti, seviyede blok yapisina sahip hafif agirlikli bir model tasarlanmistir. Inception V3
CNN, modeli temel alinarak gelistirilen Inception SH modeli, literatiirde halka a¢ik bir veri
Sahne Siniflandirma, seti olan "Intel Image Dataset” lizerinde karsilastirilmistir. Karsilastirma sonucunda
IHA. Inception V3 modeli i¢in dogruluk, kesinlik, geri ¢cagirma ve F1 skoru metrikleri i¢in

sirasiyla 0,882, 0,883, 0,882 ve 0,882 degerleri elde edilmistir. Inception SH
modelinde ise dogruluk, kesinlik, geri cagirma ve F1 skoru metrikleri i¢in sirasiyla
0,958,0,957,0,974 ve 0,967 degerleri elde edilmistir. Bu degerlerden de anlasilacag:
iizere, 6nerilen Inception SH modeli, temel alinan Inception V3 modeline gore daha
yliksek performans degerleri sunmaktadir. Inception SH modeli aym veri setini
kullanan literatiirdeki farkli modellerle de karsilastirilmis ve Kkarsilastirilan
modellere gore dogruluk, kesinlik, geri cagirma ve F1 skoru metriklerinde tstiinliik
saglamistir. Elde edilen sonuglara gore, otonom IHA'larin popiilerligi de goz 6éniinde
bulunduruldugunda, Inception SH modelinin ¢esitli IoT cihazlarinda hafif bir model
olarak kullanilabilecegi 6ngoriilmektedir.
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Highlights

e Inception SH, a new Inception-based deep learning model that automatically detects and classifies the
environment of an autonomous UAV is proposed.

e A new thirteen-step deep learning model is proposed without using any lightweight pre-trained
architectural model that can run on embedded systems.

e According to the accuracy, recall, precision, and F1 score metrics commonly used in the literature, the
Inception SH model provides a better result by approximately 4% on the same data set.

Graphical Abstract

Figure. Inception SH model

Purpose and Scope

The purpose of the study is to develop a deep learning algorithm that allows UAVs to autonomously evaluate
their environment and make decisions as a result. Another purpose of the study is that the developed
architecture is lightweight and can work in many embedded systems.

Design/methodology/approach

The proposed Inception SH architecture was created with a CNN-based approach by developing Inception
modules. In parallel with this, average, max, and min pooling operations were carried out by taking the input
image directly. At this stage, the images were transferred directly to these filters and the [1x1] convolution
process was not applied.

Findings

Inception SH model provided a superior performance result compared to studies performed using the same
dataset. While the proposed model provides an average performance of 95%, the closest study in the literature
achieved a performance value of 91%. It is obvious that the proposed model can be used on different platforms
because it is lighter than many models in the literature. Considering the popularity of autonomous UAVs, it is
anticipated that the Inception SH model, developed as a lightweight model, can also be used in IoT devices.

Originality

In this study, a deep learning model based on Inception V3 was developed that will enable UAVs to make instant
decisions about the environment autonomously, independently of the operators using the images. Although the
proposed system is based on the Inception V3 model, the performance difference is presented in detail. A
comparison was made with other studies in the literature using the same dataset.
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1. Introduction

Today, Unmanned Aerial Vehicles (UAVs) are used in a wide variety of applications, as they have proven to be both
manned and autonomous in a variety of environments and missions (Yuan, Liu, & Zhang 2015;Menouar et al.
2017). As a result, it is known that UAV production has increased worldwide, as can be seen from the reports
produced on the subject (Finnegan 2017; Grand View 2023). Especially when evaluated in terms of costs, it is seen
that they are cost-effective systems compared to aircraft, satellite remote sensing systems, and other air vehicles
(Matese et al. 2015).

When the studies conducted with UAVs are examined in general, it is seen that many different detection sensors
coexist on UAVs, and they are used synchronously at the same time (Amarasingam et al. 2022). For example, it is
seen that agricultural products can be classified with high accuracy with opto-electro and thermal cameras placed
on the UAV (Shahi et al. 2023). But the important point here is that, unlike cameras, many sensors are used at the
same time for accurate location and graduation. The first of these sensors that come to mind are acoustic sensors.
Acousticsensors are generally resistant to environmental conditions. But their limited effective range is extremely
limited. They are therefore less widely used than cameras. In addition to these sensors, radar sensors are also
used, which provide precise localization and have a much longer effective range than acoustic sensors. These
sensors are not affected by environmental conditions like acoustic sensors.

The operators of the UAVs make instant decisions based on the data obtained from these sensors and direct the
UAVs. In addition to the advantage of having many sensors on UAVs, there are also some disadvantages. Because
information from many different sensors must be combined to produce a result. In many UAV systems today,
warning signals are received from acoustic sensors and radar data, and maneuvers are performed by the operator
after verification with images from the camera. This is the most important obstacle in the development of
autonomous UAVs. Because while the information received from many different sensors can be evaluated clearly,
this situation needs to be confirmed through the image taken from the cameras.

When an obstacle appears in front of the UAV, the acoustic sensor can detect the obstacle, but not what it is. For
example, a very high antenna, a building or a mountain in front of the UAV cannot be clarified with the information
received from the acoustic sensor. In such cases, it is essential to confirm what the obstacle is with the view from
the cameras. Analysis of UAVs shows that extremely high-resolution images can be obtained. These images are
usually sent immediately to the ground station, where they are analyzed by operators. Deep learning methods can
be actively used to classify such images, even at a basic level. This is because it is a popular method that is also
actively used in many other applications (Akbay 2022; Cetiner and Metlek 2023; S Metlek and Cetiner 2023; Senel
and Senel 2022; Tokmak 2022).

When examined in the literature, it is seen that such image analyses are increasing. In some of them, Zeggada and
Melgani (Zeggada and Melgani 2017), and Moranduzzo et al. (Moranduzzo et al. 2015) developed a multi-label
classification method for unmanned aerial vehicles using images from urban areas. The focus of this work is to
develop a classification algorithm that allows a UAV to make inferences about its environment from instantaneous
scene images captured by the camera instead of multi-label classification. For this purpose, a recent dataset
containing different scene information from six different environments was used. Since the system is intended to
be used in an autonomous system, an architectural model that can work on an embedded system has been
developed. For this purpose, a new classification model has been developed based on the CNN architecture, which
can also run on embedded systems in the basic literature.

The theory behind the proposed approach is to extract the distinctive features that define the basic characteristics
of six different natural environments from the scene images and classify them with high accuracy. In this way, false
object detections due to misperception of the scene can be avoided in future studies. For example, the aim is to
eliminate illogical classification situations, such as encountering a building in a marine environment, so that the
UAV can make more accurate decisions autonomously. In this study, a comprehensive study of scene classification
has been carried out, which is the crucial point of the study. Researchers favoring this approach will also benefit
in terms of resource management, such as time and memory (Grand View 2023).

The main contributions of this article to the literature include the following.
e Inception SH, a new Inception-based deep learning model that automatically detects and classifies the
environment of the autonomous UAV, is proposed.
e A new deep learning model consisting of thirteen steps without using any light-weight pre-trained
architectural model that can run on embedded systems is proposed.
e Anew block structure is proposed based on Inception block structures.
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e According to the accuracy, recall, precision, and F1 score metrics commonly used in the literature, the
Inception SH model provides a better result by approximately 4% on the same dataset.

The following sections of the article are organized as follows. In the second section, studies in the literature on the
subject are presented. In the third section, detailed information about the materials and methods used are given.
In the fourth section, the performance results obtained using the proposed CNN model are presented in detail. In
the last section, general evaluations are made in the light of the applied approach and the results obtained, and
predictions for future studies are presented.

2. Related Works

The main point of focus in the study is that the UAV can classify its environment based on the images obtained
from the camera. In the literature, this process is called scene classification. Scene classification is the general name
for categorizing scenes in images. Unlike classical classification, scene classification is performed based on the
objects in the background of the image. Low-level features have been used in scene classification for years, and
some results can be obtained with these features. But despite years of progress, most approaches still fall short of
performing at a level appropriate to a variety of real-world environments. Especially when this process is applied
to UAVs with very high financial value, any negativity that may occur can cause a large amount of financial loss.
There are also difficulties arising from the nature of the work (Huang, Pedoeem, and Chen 2018). However,
regardless of the reason, increasing the performance level of scene classification is an essential issue. As a result
of the widespread use of high-resolution satellite images, there have been advances in studies on solving the scene
classification problem. Studies conducted in recent years in the literature to increase the performance level are
briefly summarized below.

Shabbir et al. used a pre-trained CNN architecture called ResNet50 to assign class labels according to image
contents (Shabbir et al. 2021). In the ResNet 50 architecture, they carried out automatic classification by making
fine adjustments according to the class outputs of the dataset they used. Zou et al. developed a method that selects
distinctive features in order to improve the success rate in classifying 2800 scene images consisting of seven
categories (Zou et al. 2015). Tuia et al,, investigated, tested, and compared the image scene classification method
in detail with three active learning models in their work. In their study, they also shared some guidelines for
choosing good classification methods for inexperienced users (Tuia et al. 2011). G6Chova et al. investigated multi-
modal remote sensing image classification. In his work, he summarized the leading popular algorithms used for
scene classification. It appears that most of these algorithms are CNN-based deep learning models (Gémez-Chova
et al. 2015). Maulik et al. conducted a detailed review of algorithms based on support vector machines (SVM) and
semi-supervised SVMs for image scene classification (Maulik and Chakraborty 2017). Li and et al. investigated
pixel-level, subpixel-level, and object-based image classification methods in their work and revealed the
contribution of spatial-contextual information to image scene classification (Li et al. 2014). Penatti et al. tested the
generalization power of deep features (ConvNets) obtained from convolution in two different scenarios for
airborne and remote sensing. They found that while ConvNets offer the best performance values for aerial images,
they give lower results for remote sensing (Penatti, Nogueira, and Santos 2015). In their study, Hu et al. evaluate
the success of pre-trained CNN-based models for high-resolution scene classification. For this, they used two
publicly available datasets. They claim that the image features obtained by the two different scenarios they
propose offer remarkable performance even with a simple linear classifier (Hu et al. 2015). Wu et al. classified the
dataset they used in their study with transfer learning-based architectures called both Inception V3 and Xception.
As aresult of the classification, they found that the Xception architecture provides superior performance than the
Inception V3 architecture. As a result of the study, the effectiveness of the Xception architecture in scene
classification has been proven (Wu et al. 2020). To leverage the power of convolutional neural networks in scene
classification, Nogueira et al. separately evaluated three strategies: full training, fine-tuning, and using ConvNets
as feature extractors. As a result of the evaluation, they found that fine-tuning tends to be the best-performing
strategy. They claim that especially the use of features obtained with fine-grained ConvNets with linear SVM will
provide very high performance (Nogueira, Penatti, & Dos Santos 2017). Zhang et al. have recently examined deep
learning-based approaches used in scene classification. Although they state in their studies that deep learning-
based approaches provide excellent performance, they still emphasize that they need to be improved (Zhang,
Zhang, and Du 2016). Xia et al. have developed a new classification method called AID for aerial image
classification. In their study, they presented the scene classification methods available before 2017 in detail (Xia
etal.2017).

As seen in the literature research, it is seen that the majority of the studies carried out in recent years to increase

the performance level of scene classification are CNN-based deep learning studies. This confirms that choosing
CNN-based as the basis for the study is the correct approach.
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3. Material and Methods
3.1. Material

Today, image classification applications are actively applied in a wide range of applications, from geographic
information systems to medical studies. In this study, the focus is on the automatic classification of real-life natural
objects in order to build the necessary infrastructure that will enable UAVs to move autonomously. For this reason,
the dataset called "Intel Image Classification”, which is a publicly available dataset on the subject in the literature,
was used. In this dataset, there are 6 classes of natural landscape images: buildings, forest, glacier, mountain, sea
and street. These images used in the study are numbered between 0-5 in the order in which they are presented.
These images are 150x150 images in RGB format. In the "Intel Image Classification" dataset, there is also a
prediction class separate from the training and test classes. This class is not included in the study to avoid
ambiguity. The distribution and total number of classes in the dataset used in the study are presented in detail in
Table 1.

Table 1. Detailed distributions of the classes in the dataset used in the study

Buildings | Forest Glacier Mountain | Sea Street
Train 2191 2271 2404 2512 2274 2382
Test 437 474 553 525 510 501
Sum 2628 2745 2957 3037 2784 2883

As presented in Table 1, a total of 16509 images were used in the study. Sample images of the classes in the dataset
are also shown in Figure 1. When these images are examined, they are quite similar to the images that can be taken
by any UAV. This dataset was preferred in the study due to this similarity.

Buildings (0) Glacier (2) Mountain (3) Sea (4)

Forests (1)

L3

Street (5)

Figure 1. Samples of Intel Image Classification dataset

3.2. Method

When the literature is examined in general, Machine Learning (ML) and Deep Learning (DL) algorithms are
algorithms that show high performance in object detection and classification applications. For this reason, they
are still popular in the literature. Machine learning methods can be defined as systems where feature methods
such as Histogram of Gradient (HOG) approach, wavelet transforms with detail coefficients, Gray Level Co-
occurrence Matrices, Principal Component Analysis, Linear Discriminant Analysis are used as hybrid systems
(Noble 2006; Quinlan 1986). In these methods, shallow methods are generally used for feature extraction, but
basic machine learning methods are used for classification.

While this approach gives good results on carefully prepared datasets, it performs poorly on complex images with

numerous objects or with low similarity within groups. Using basic machine learning methods for feature
extraction can lead to unnecessary expenditure of training resources. For this reason, most of the deep learning
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approaches in image processing applications are based on the architecture of Convolutional Neural Networks
(CNNs). In CNN architecture, features are automatically obtained by applying different filters to the input image
successively. The number of features obtained is reduced with the Pooling layer and reduced to certain ranges
with activation functions. In the Fully Connected layer, which is the last layer of the architecture used, the data is
transformed into a linear vector, and in the classification layer, class information is generated by calculating the
probabilistic values of each class (Singh et al., 2017).

3.2.1. Inception V3 Method

In general, the idea behind Inception modules is to increase model efficiency by segmenting the data differently
from spatial and inter-channel correlation. Based on this idea, standard Inception modules first use 1x1
convolution blocks to evaluate inter-channel correlation. In the Inception modules, the input data can be mapped
to different number of spaces with convolution windows of 3x3 or 5x5. This is illustrated in Fig. 2(a) in 3x3
dimensions.

Concat

| Concat |

3x3 Conv 3x 3 Conv |3X3Conv|

3x 3 Conv |

[3 x3 Conv] I3 x 3 Conv

llxlConv||]x](‘0nv]|lxlConv|
| Lx: 1 Conv] | Avg Pool ]
Input Input
a) A simplified Inception module. b) A strictly equivalent reformulation of

the simplified Inception module.

Figure 2. a) standard form of Inception module, b) simplified version of the Inception module

The Inception V3 module has also been developed based on the Inception idea. This model focuses on the detailed
decomposition of channel and spatial correlations. The Inception V3 model first consists of the canonical forms
shown in Figure 2(a). Although the first modules of this architecture are similar to classical convolution layers, it
can achieve highly discriminative representations with fewer parameters. In classical convolution layers, learning
is performed with filters in a 3-dimensional space of width, height and channel size (Chollet 2017). Fig. 2(b) shows
a simplified version of the Inception V3 module. Here, the 3x3 convolution dimension is used and mean pooling is
not used.

Concat Concat
3x3Conv]|3x3(‘onv||3.\'3(‘0nv| 3x3| 3x3| 3x3| [3x3 3x3] 3x3| [3x3
| | | | | | |
| Output channels I | Output channels |
Input Input
a) A strict equivalent is shown of the b) An “extreme” version of our Inception module, with one
simplified Inception module. spatial convolution per output channel of the 1x1 convolution.

Figure 3. a) A depth wise separable convolution module, b) and extreme version of inception module
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The structure representing the spatial convolution that will operate on the images in the output channels after the
convolution process in 1x1 window sizes is shown in Fig. 3(a). The structure in the first 3 versions of the Inception
V3 module is almost identical to the depth wise separable convolution introduced in 2014 and added to the
tensorflow library in 2016 (Fime, Ashikuzzaman, and Aziz 2023). Apart from the first three versions of the
Inception V3 module, the correlation between channels was mapped with a 1x1 window size filter and the
correlation of each output channel was mapped separately. This is shown in detail in Figure 2.

In image processing applications, depth wise separable convolution process is called separable convolution. In this
process, a single 1x1 point wise convolution is applied in the spatial convolution process performed on each
channel of the input, and then 3x3 or 5x5 convolutions are applied to all outputs separately. These operations
presented in Fig. 3(a) can be continued successively depending on the application.

Based on this strong hypothesis based on the inception module, a 1 x 1 convolution process is first applied and
then the spatial correlations of each output channel are mapped. When these operations are applied in such a way
as to produce a high degree of spatial collinearity, as shown in Fig. 3(b), an extreme inception structure is created.
In this study, based on this structure, a new model is proposed, based on the Inception V3 module and basic
inception stages.

3.2.2. Proposed Method

A new model is proposed based on Inception and Inception V3 modules. In the proposed model, as shown in Fig.
3(a), a separable structure is created by first applying [1x1] convolution process on the input image. In parallel
with this, on the one hand, the input image was taken directly and avg, max and min pooling operations were
carried out. At this stage, images were directly transferred to these filters and [1x1] convolution was not applied.
The main reason for this operation is that whether a [1x1] convolution operation is applied or not, the data giving
the largest, smallest and average value in the data will not change in the basic architecture. For this reason, [1x1]
convolution operation was not performed. Thus, a positive contribution to the performance of the system in terms
of time is provided. The proposed Inception module structure is presented in detail in Figure 4.

Concat

3x3Conv 3x 3 Conv 3x3 Conv 3x 3 Conv 3x 3 Conv

[ I | l
3x 3 Conv Avg Pool Max Pool Min Pool

I

I x1Conv

Input

Figure 4. Inception SH inception module

The architecture created with the proposed module structure is shown in Figure 5. As can be seen in Fig. 5, the
proposed architecture consists of a classification layer that includes batch normalization, dropout, fully connected
and finally the softmax activation function. The batch normalization layer used in the proposed architecture
normalizes the data. Therefore, there is no need to perform normalization operations again in the proposed
module shown in Fig. 4. As a result, the performance of the proposed model is increased in terms of time and
processing load. Again, in the dropout layer used in the proposed architecture, the system is prevented from
storing the data. In the fully connected layer, all 2D data is converted into a one-dimensional vector to be presented
to the classification layer. In the final layer of the system, the softmax classifier, which is widely used in the
literature and whose accuracy has been proven in many studies, is used, presented in Eq.1.

eC]

softmax(cj) =30 et forj=1,..,C (1
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Figure 5. Inception SH architecture

Since it is known that the blocks used in the general architecture of the system will increase the processing load,
the number of layers and the number of blocks were determined at an optimum level. In order to ensure that the
proposed model is not specific to the dataset used in this study, an imresize operation is added in the first layer of
the architecture. With the imresize operation, the images are resized to 150x150x3. However, since the
dimensions of the images used in the study were already 150x150x3, the images in the dataset used in the study
were not imresized.
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Two convolutions with different stride values of [3x3] were performed to remove the noise on the image,
especially due to environmental conditions. In order to avoid any change in the size values at the end of the
convolution process, the padding value was set to the same in all convolution processes.

Table 2. Details of the layers of the Inception SH architecture

# Layers Filter count / Patch size / Input size Output size
Stride
1 Input Layer - - 150x150x3
2 Convolution-1 32/3x3 /(2,2) 150x150x3 75x75x32
3 Convolution-2 64/3x3 /(1,1) 75x75x32 75x75x64
4 Batch Normalization - 75x75x64 75x75x64
5 3 x Proposed Inception 4/3x3 /(1,1) 75x75x64 75x75x24
6 Dropout 0,2 75x75x24 75x75x24
7 Batch Normalization - 75x75x24 75x75x24
8 3 x Proposed Inception 16/3x3 / (1,1) 75x75x24 75x75x96
9 Dropout 0,2 75x75x96 75x75x96
10 | 3 x Proposed Inception 64/3x3 /(1,1) 75x75x96 75x75x384
11 | Dropout 0,2 75x75x384 75x75x384
12 | Fully connected 256 75x75x384 75x75x256
13 | Classifier Softmax 75x75x256 75x75x6

All layers used in the proposed model, number of filters, patch sizes, stride values, input and output dimensions of
each layer are presented in detail in Table 1. As can be seen in Table 1, 0.2 is used as the dropout value in the study.
This value was tested between 0.1 and 0.8 in the dataset, and 0.2 was determined as the optimum value. The filter
sizes used in the study were tested as [3x3] and [5x5]. As a result of the test, the [5x5] filter size trained the system
faster than the [3x3] filter size, but the success rate decreased. Therefore, the [3x3] filter size was preferred in the
study. The number of filters used in the proposed blocks was determined as a result of experimental studies. In
the fully connected layer, a structure with 256 neurons was used to enhance the features. In the classification layer,
which is the last stage, as many outputs are designed as the number of classes in the dataset used.

3.2.3. Evaluation Metrics

Accuracy, Recall, Precision, F1 score, and Categorical Cross-entrophy (CELoss) metrics are used in many
classification applications in the literature to evaluate the performance of the developed deep learning models (
Metlek & Cetiner 2023). Therefore, the same performance metrics are used in parallel with the literature. The
contents of the performance metrics used in the study are presented in Egs. 2- 6.

TP+TN

Accuracy = TPTN+FP+FN @
Recall = —= ®
TP+FN
Precision = TPTfFP @
PrecisionxRecall
Flscore = 2x—————— ©
1 —
CEposs = — 3 Lic1 Le=1(Vic log () ©)

Eq. 6, y;. is the classification result at the end of i. training for the c: category, y,; is the probabilistic prediction
result (Rusiecki 2019). Similarly, TP (True Positive), TN (True Negative), FN (False Negative), and FP (False
Positive) are used in Egs. 2-4.

4. Result and Discussion

The training results of the model proposed in the study and the model based on it are presented in detail in Table
3. As seen in Table 3, the accuracy, recall, precision and CEvoss values of the proposed model are better than the
underlying Inception V3. If these metrics are examined separately; The Accuracy value of the proposed model is
approximately 0.07 higher than the Inception V3. When the recall values were examined, the proposed model
showed a 0.14 higher performance than Inception V3. When the precision values are compared, the precision value
of the proposed model showed 0.11 higher performance than Inception V3. In CELoss values, the proposed model
gave approximately 0.06 lower loss value to Inception V3.
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Table 3. Training performance results of Inception SH and Inception V3 models

Accuracy Recall Precision CELoss
Proposed 0.970 0.971 0.983 0.025
Inception V3 0.904 0.830 0.872 0.16

The results of the experimental study conducted with test data separated according to the cross-validation value
of 5, unlike train data, are presented in detail in Table 4. As can be seen in Table 4, in the class-based performance
results of the Inception V3 model, the best precision value was obtained in the Forest class, while the worst
precision value was obtained in the Sea class. However, here the difference between the two results is not very
high. As for the recall value, the recall metrics of all classes are closer to each other than the values in the precision
metric. In the recall metric, the highest performance value was obtained from the Sea class, while the Forest class
gave the lowest performance value. When the F1 score values are examined, it is seen that the F1 score metrics
obtained from all classes are very close to each other. When the F1 score values of the Glacier and Forest classes
were examined, it was determined that the results were closer to each other than the F1 score values of the other
classes. As a result of the experimental procedures performed using the Inception V3 model, an average accuracy
value of 0.882 was reached.

Table 4. Class-based test performance results of the Inception V3 model

Class Accuracy Precision Recall F1 score
Buildings 0.872 0.890 0.872 0.881
Forest 0.860 0.913 0.860 0.886
Glacier 0.889 0.887 0.889 0.888
Mountain 0.887 0.867 0.887 0.877
Sea 0.899 0.868 0.899 0.883
Street 0.886 0.874 0.886 0.880
Average 0.882 0.883 0.882 0.882
Avg. CELoss 0.098

The performance results of the Inception SH model are also presented in detail in Table 5. As can be seen from
here, precision, recall, and F1 score values are presented on a class basis, and accuracy and CELoss values are shared
as the average of the classes. When the precision values of the proposed model are examined, it gives the same and
higher performance values in the Forest and Glacier classes than the other classes. The lowest precision value was
obtained from the mountain class. When the recall values are examined, the highest values were obtained from
the buildings class and the lowest values were obtained from the mountain class. When the F1 score values were
examined, the highest and same performance values were obtained from the buildings and street classes. The
lowest F1 score value was obtained from the mountain class.

Table 5. Class-based test performance results of the proposed model

Class Accuracy Precision Recall F1 score
Buildings 0.977 0.957 0.977 0.967
Forest 0.947 0.961 0.947 0.954
Glacier 0.945 0.961 0.945 0.953
Mountain 0.942 0.953 0.942 0.948
Sea 0.966 0.955 0.966 0.961
Street 0.974 0.960 0.974 0.967
Average 0.958 0.957 0.974 0.967
AVg. CELoss 0.029

In the study, the accuracy values of the proposed model were evaluated in two aspects: class-based and general.
When the accuracy value was first examined on a class basis, the highest accuracy value was obtained from the
buildings class. The lowest accuracy value was obtained from the mountain class. When the accuracy value was
evaluated secondarily, the average accuracy value of all classes was measured as 0.958. The loss value of the
proposed model was evaluated in general and was measured as 0.029.
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Figure 6. Train recall results of Inception SH and Inception V3 models

Among the training performance results presented in detail in Table 3, the performance of the recall value after
50 iterations is also presented visually in Figure 6. When the graph is examined in detail, despite the increase in
the number of iterations, the superiority of the proposed model over the Inception V3 model continues.

1.0

0.8

0.6

Precision

0.2

—— Proposed
0.0 —— Inception V3

0 10 20 30 40 50
Epochs

Figure 7. Train and validation precision results of Inception SH model

The graph of the precision value, which is presented similarly to the recall value in Table 3, is presented in Fig. 7.
In this graph, similar to Fig. 6, despite the increase in the number of iterations, the superiority of the Inception SH
model over the Inception V3 model continues. In the graph of the general accuracy value presented in Fig. 8, results

similar to Fig. 6 and Fig. 7 stand out. In Figure 8, unlike these, it can be seen that the difference between the
proposed model and the Inception V3 model is less.
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Figure 8. Train and validation accuracy results of Inception SH model

In Figure 9, the CELoss chart is presented, different from the accuracy, precision, and recall values. In this graph, it
is seen that the loss value decreases as the number of iterations increases and the oscillation decreases and reaches
a plateau, especially between 40 and 50 iterations. When these values are examined, it is seen that the proposed
model provides a lower loss value than the Inception V3 model.
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Figure 9. Train and validation CELoss results of Inception SH model

The confusion matrix, which is generally used in the literature, briefly summarizes the performance of a
classification algorithm. This summary gives an idea of how accurate the predictions are and how close they are
to the actual values. In the confusion matrix, rows are about real classes and columns are about predicted classes.
The diagonal values in the confusion matrix represent correctly classified observations. It also shows that
observations with off-diagonal values are misclassified. The class-based results obtained as a result of the testing
process in the study are shared in detail in the confusion matrix presented in Figure 10.
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Figure 10. Confusion matrix of Inception V3

The class-based results obtained as a result of the testing processes are shared in the confusion matrix presented
in Fig. 11. The values given in Figure 10 and Figure 11 summarize the values in Tables 3 and 4, respectively.
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Figure 11. Confusion matrix of Inception SH model
Although existing studies in the literature regarding the dataset used in the study were investigated, it was

determined that there were not many studies using the same dataset. Basic studies and performance values using
the same dataset in the literature are briefly summarized in Table 6.
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Table 6. State-of-the-art studies using of the same dataset
Authors Architecture Accuracy Recall Precision F1 Score
[References]
Sobti et al. (Sobti, ResNet50 37 37 32 29
Nayyar, and Nagrath VGG16 89 89 89 89
2021) VGG19 87 87 87 87
Xception 90 90 90 90
EnsemV3X 91 91 91 91
Guo etal. (Guo etal. MobileNet 84 - - -
2021) MobileNet V2 86 - - -
ShuffleNet (1.5) 85 - - -
ShuffleNet (x2) 87 - - -
MinorNet 88 - - -
Yahya et al. (Yahya ResNet50 83 - - -
etal. 2023) Xception 73 - - -
DenseNet201 83 - - -
NMAF 88 - - -
Chowdhury et al. VGG16-Grid search 73 - - -
(Chowdhury et al. VGG16-Genetic algorithm 78 - - -
2022) VGG-Bayesian optimization 84 - - -
VGG16-Random search 83 - - -
VGG16-Hyberband 82 - - -
VGG16-Particle swarm 81 - - -
optimization
Saran et al. (Saran, Density Preserving Data 90 - - -
Saran, and Nar Augmentation (DPDA)
2021) Flip Image (FI) 88 - - -
Utilizing random erase 89 - - -
DPDA+FI 88 - - -
Gamma Correction (GC) 87 - - -
Histogram Equalization 87 - - -
Combined with Gamma
Correction (HE+GC)
Thepade and Idhate Random tree 65 - - -
(Thepade and Idhate Random forest 78 - - -
2022) Simple logistic 81 - - -
Logistic 82 - - -
Naive Bayes 77 - - -
Bayes net 80 - - -
Multilayer perceptron 83 - - -
Ours Inception SH 95 95 95 95

Using the same dataset as the one in the study, Sobti et al. used ResNet50, VGG16, VGG19, Xception, and EnsemV3X
architectures in their study. Although the highest accuracy value was obtained from the EnsemV3X architecture,
the lowest accuracy value was obtained from the ResNet50 architecture. EnsemV3X architecture, which gave high
accuracy values in their studies, similarly showed higher performance than other architectures used in their
studies in recall, precision, and F1-Score values.

Gua et al. also used MobileNet, MobileNet V2, ShuffleNet(1,5), ShuffleNet(x2), and MinorNet architectures in their
study (Guo et al. 2021). They obtained the highest performance values from MinorNet. Yahya et al. performed
classification using ResNet50, Xception, DenseNet201, and NMAF architectures (Yahya et al. 2023). While they
achieved the highest result with the NMAF model they developed, they achieved the lowest result with the
Xception architecture. Chowdhury et al classified the Intel image dataset with architectures named VGG16-Grid
Search, VGG16-Genetic algorithm, VGG-Bayesian optimization, VGG16-Random search, VGG16-Hyberband,
VGG16-Particle swarm optimization (Chowdhury et al. 2022). As a result of the classification, the highest
performance result was obtained with the VGG16-Bayesian optimization method, while the lowest result was
obtained with the VGG16-Grid search method. Saran et al carried out the classification process with methods called
DPDA, FI, Utilizing random erase, DPDA+FI, GC, HE+GC (Saran et al. 2021). While the highest classification
performance was achieved in the DPDA method, the lowest classification success was achieved in the GC and
HE+GC models.
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Thepade and Idhate performed classification with a random tree, random forest, simple logistic, logistic, naive
Bayes, Bayes net, and multilayer perceptron models (Thepade and Idhate 2022). In the performance results
obtained as a result of the classification process, the lowest performance result was obtained with the random tree
model, while the highest classification result was obtained with the multilayer perceptron model. When the studies
in the literature using the same dataset are generally evaluated, it can be seen that their success performance is
lower than the proposed model. In addition, in many studies, the authors did not share the values of the Recall,
Precision, and F1 Score performance metrics in their studies.

Table 7. Parameters numbers and sizes of the models

Model #Parameters (M) Size (MB)
Inception (Zhu et al. 2023) 10.32 39.42
Inception V3 (Cao etal. 2021; Panet | 21.8 83.89

al. 2023)

Inception SH 5,56 24.72

The number of parameters according to the Inception and Inception V3 models inspired by the study is also
presented in detail in Table 7. As can be seen from here, the number of parameters is less than the other two
models. It is obvious that having fewer parameters will reduce the computational cost. As a result, it's qualification
more applicable in embedded systems than the other two inspired models due to its lower processing cost.

5. Conclusion

In this study, a deep learning model based on Inception V3 has been developed to enable UAVs to make instant
decisions about the environment by autonomously making instant decisions from images independently of the
operators using the UAVs. The developed model was trained and tested on an up-to-date dataset named Intel
Image Dataset. The dataset contains real-life images of Buildings, Forest, Glacier, Mountain, Sea and Street classes.
Separable structure is created by applying [1x1] convolution process in the inception module structure used in
the proposed model. In parallel with this, avg, max and min pooling operations were performed by taking the input
image directly on one side. In this parallel process, images are directly transferred to these filters and [1x1]
convolution process is not applied. Thus, a positive contribution has been made to the performance of the
proposed architecture in terms of time. The general structure of this module is presented in detail in Fig. 4. This
block structure and the proposed architecture are presented as a whole in Fig. 5. Although the proposed
architecture consists of 13 steps in total, in the first step, the size of the images is reduced to 150x150 by
performing the imresize operation especially in the inputlayer. The number of layers and blocks used in the overall
architecture of the system was determined by experimental studies and kept at an optimum level. Thus, the
proposed model is designed to work on embedded systems.

Accuracy, recall, precision, F1 score and CELoss metrics, which are preferred in the literature, were used to evaluate
the performance of the study. Although the proposed system is based on the Inception V3 model, the difference in
performance is detailed in Tables 3-5. In addition, a detailed comparison with studies in the literature using the
same dataset is presented in Table 6. The proposed model provides a superior performance result compared to
the studies using the same dataset. The proposed model achieves 95% performance on average, while the closest
work in the literature achieves 91% (Sobti et al. 2021). In other words, the proposed model provides
approximately 4% better results compared to the accuracy, recall, precision, and F1 score metrics commonly used
in the literature.

As aresult, the proposed architecture is an improvement in terms of performance compared to the Inception V3
model. Since the proposed model is lighter than many models in the literature, it is obvious that it can be used on
different platforms. It is aimed to adapt the study to different subjects by making changes in the filters in the block
in the future. When all the results are evaluated, the results obtained are competitive with other studies in the
literature. Considering the popularity of autonomous UAVs, it is predicted that the Inception SH model, developed
as a lightweight model, can also be used in [oT devices.
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Anahtar Kelimeler 0z

Gluten Intoleransi, Diinyada en yaygin goriilen genetik temelli gida intoleransi olan ¢6lyak hastaligy,
Diyet Lif, bugday, arpa, ¢avdar gibi tahillarda bulunan glutene karsi asir1 duyarlilifa bagh
Fenolik Madde, olarak gelisen otoimmiin bir hastaliktir ve tek tedavisi, gluten iceren yiyeceklerin
Antioksidan Aktivite. omir boyu diyetten c¢ikarilmasidir. Bu calismada; 6zellikle ¢6lyak hastasi ¢ocuklar

icin Isparta giili yapragi unu (GYU) ile zenginlestirilmis teknolojik ve duyusal
bakimdan kabul edilebilir kalitede glutensiz dondurma kiilahi gelistirilmesi
amaglanmistir. Arastirma sonucunda GYU ile zenginlestirilmis glutensiz dondurma
kilahlarinin GYU icermeyen glutenli ve glutensiz dondurma kiilahlarina gore
mineral madde, toplam diyet lif, toplam fenolik madde ve antioksidan aktivite
acisindan ¢cok daha yiiksek bir icerige sahip oldugu belirlenmistir. Bununla birlikte
GYU %10 oraninda glutensiz un karisimi ile ikame edildiginde teknolojik ve duyusal
olarak kabul edilebilir nitelikte bir glutensiz dondurma kiilahi iiretiminin mtimkiin
olabildigi sonucuna ulasilmistir. Elde edilen bulgular Isparta GYU'nun glutensiz
gofret ve dondurma kilahinin yani sira glutensiz diger gida iriinlerinin besin
iceriginin zenginlestirilmesi amaciyla da kullanilabilecegini géstermistir.

DEVELOPMENT OF GLUTEN-FREE ICE CREAM CONE ENRICHED WITH
ISPARTA ROSE (ROSA DAMASCENA MILL.) FOR CELIAC PATIENTS

Keywords Abstract

Gluten Intolerance, Celiac disease, the most common genetically based food intolerance in the world, is
Dietary Fiber, an autoimmune disease that develops due to hypersensitivity to gluten found in
Phenolic Substance, grains such as wheat, barley, and rye, and the only treatment is the lifelong
Antioxidant Activity. elimination of gluten-containing foods from the diet. In this study; it was aimed to

develop a gluten-free ice cream cone (GFIC) enriched with Isparta rose petal flour
(RPF) with technologically and sensory acceptable quality, especially for children
with celiac disease. The study data indicate that GFIC enriched with RPF exhibited
significantly greater levels of mineral matter, total dietary fiber, total phenolic
matter, and antioxidant activity in comparison to both gluten-containing and GFIC
without RPF. However, it was concluded that when RPF is substituted with a 10%
gluten-free flour mixture, it is possible to produce a GFIC that is technologically and
sensoryly acceptable. The results demonstrated that Isparta RPF may be added to
gluten-free wafers, ice cream cones, and other gluten-free food products to improve
their nutritional value.
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Highlights

e The experimental design was successful in producing gluten-free ice cream cones (GFICs)

e The nutritional value of GFICs was raised by using petal flour from Rosa damascena Mill

e GFICs were produced that had comparable technological and sensory quality as their gluten-containing
counterparts

Graphical Abstract
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Purpose and Scope

The aim of the study is to develop GFICs with the same technological quality as their gluten-containing
counterparts, enriched in terms of nutritional content with Rosa damascena petal flour (RPF), especially for
children with celiac disease.

Design/methodology/approach

Wheat flour for regular ice cream cones and a gluten-free flour mixture (40% rice flour, 45% potato starch, 8%
corn flour, and 7% corn starch) for GFICs were used, and RPF was replaced with this gluten-free flour mixture in
a ratio of 10% for 10 RPF containing GFICs. These three different ice cream cones were compared in terms of
their technological, textural, chemical, nutritional, and sensory properties.

Findings

The replacement of RPF led to a darker color of the GFICs, a significant increase in redness, and a reduction in
yellowness. The hardness values of GFICs were found to be higher than those prepared with wheat flour.
However, the overall appreciation of the GFICs improved with a 10% substitution of RPF.

Research limitations/implications
Sensory acceptability of GFICs decreased when RPF was substituted above 10%.

Social Implications

This study suggests that adding RPF to ice cream cones can improve their nutritional value, making them celiac-
friendly. Commercializing this product will allow celiac patients, especially children, to eat their favored ice
cream with its cone, minimizing their problem of finding gluten-free cones.

Originality

To the best of our knowledge, there is no study on the use of Isparta rose petal flour in the production of
wafers and ice cream cones. The findings are thought to be beneficial for manufacturers and researchers in
the gluten-free food industry.

" Corresponding author: hulyagul@sdu.edu.tr, +90-246-211-1666

346


mailto:hulyagul@sdu.edu.tr

GUL vd. 10.21923/jesd.1455496

1. Giris (Introduction)

Colyak hastalifi, genetik olarak duyarl kisilerde bugday, ¢avdar, arpa ve yulaf gibi tahillarda bulunan gluten
proteinlerinin alinmasiyla ortaya cikan ve giderek yayginlasan otoimmiin bir hastaliktir (Stamnaes vd., 2015;
Besser ve Khosla, 2023). Bagirsak mukozasinda hasara yol agarak besin emilimini engeller. Célyakl hastalarda
boy kisaligi, cocuklukta gelisememe, ergenlikte gecikme, uyusukluk ve kilo kayb1 gibi klasik malabsorbsiyon
sendromlarinin yanisira ishal, karin agrisi, demir eksikligi anemisi, folat, kalsiyum, B12, A, D, E ve K vitamini
eksikligi, cilt dokiintiileri, dis minesi defektleri gibi belirtiler de goriilebilmektedir (Jnawali vd., 2016; Oxentenko
vd., 2019).

Colyak hastaligl diinya ¢apinda %0.67 prevalansa sahip kiiresel bir hastalik haline gelmistir (Mehta vd., 2024).
Tirkiye’de tanisi konmus ¢élyak hastalarinin sayisi yaklasik 75 bin iken bu say1 toplam ¢élyak hasta sayisinin %10
kadarini belirttigi diisiiniilmektedir (Gencay ve Mert, 2023). Colyak hastaliginin tek tedavi yontemi 6miir boyu
glutensiz bir diyet uygulamaktir. Glutenden tamamen Kkag¢inilmasi bagirsagin iyilesmesini, beslenme
eksikliklerinin ve diger semptomlarin diizelmesini saglar (Jnawali vd., 2016). Bununla birlikte, glutensiz bir diyet
uygulamak basit gibi goriinse de kolay degildir. Colyak hastalarinin baslica sorunlari; istedikleri her an ve her
yerde taze olarak glutensiz {iriin bulunmamasi, glutensiz iirlinlerin basta besin 6geleri olmak {izere duyusal
anlamda tat ve lezzet yoniinden eksik olmasi, teknolojik kalitelerinin gluten iceren muadillerine gore diisiik olmasi,
capraz bulagma riski, yiiksek maliyet ve bilgi eksikligi olarak sayilabilir (Demirkesen ve Ozkaya, 2022). Tiim yas
gruplarinda gériilen asil sorunlardan bir digeri ise yetersiz etiketleme ve glutensiz semboliiyle etiketlenmeyen
gidalardaki glutene kazara maruz kalmaktir (Kostecka vd., 2022). Glutensiz diyet ile beslenen bireylerin %20-38
gibi bir oraninda diyet lif, protein, mineral ve vitaminler gibi besin 6geleri agisindan eksiklik goriilmektedir
(Saturni vd., 2010). Tiirkiye’'de iiretilen glutensiz makarna, biskiivi, sehriye ve tuzlu gevrek gibi iirtinlerin yiiksek
maliyetinin yaninda protein igeriginin diisiik oldugu bildirilmistir (Sevim vd., 2023).

Glutensiz gida pazari, ¢olyak tanisi konan hastalarin sayisindaki artis, glutene karsi onyargi/hassasiyet
konusundaki bilinglenme, saglikli yasam davranisi gibi nedenlerle her gecen giin biiylimektedir (Bastiawan vd.,,
2022; Demirkesen ve Ozkaya, 2022). Bu sebeple, glutensiz iiriinlerin iiretiminde cesitliligin arttirilmasi ve
alternatif unlu mamullerin gelistirilmesi gereklilik haline gelmistir. Ayrica, glutensiz iirtinlerin besin degerlerinin
artirilmasi konusunda da yapilan ¢ok sayida ¢alisma bulunmaktadir (Giil vd., 2021; Kaur vd., 2022; Blicharz-Kania
vd., 2023; Odabas ve Cakmak, 2023; Pefalver vd., 2024). Bu baglamda Isparta giilii, glutensiz iirtinlerin besin
degerlerini artirmak amaciyla potansiyel bir kaynak olarak degerlendirilebilir.

Rosa damascana 18000’den fazla tiirii olan Rosaceae familyasinin bir iiyesi olup yenilebilen ekonomik bir siis
bitkisidir (Pourebrahim vd., 2019; Xu vd., 2022). Diinyanin 6nde gelen giilyag iireticisi tilkelerinden birisi olan
Tiirkiye'de, Isparta basta olmak iizere Burdur, Afyon ve Denizli illerinde giil tarimi yapilmaktadir (Giil, 2000). Rosa
damascana yapisindaki esansiyel yag asitleri, C vitamini, polifenoller nedeniyle antispazmodik, antibakteriyel,
antioksidan, kardiyovaskiiler 6nleyici, antitussif, antidepresan, anti-enflamatuar, antimutajenik, ditiretik, cilt
koruyucu hipnotik ve antidiyabetik etki gdstermektedir (Boskabady vd., 2011; Kheirkhahan vd., 2020; Labban ve
Thallaj, 2020; Tarbiat vd., 2020; Qiu vd., 2021; Trendafilova vd., 2023).

Gl yapraklari toplam fenolik madde, antioksidan ve antosiyanin icerigi bakimindan meyvelere oranla daha zengin
irlinlerdir (Siresha ve Mahalakshmi, 2013; Hnin vd., 2021). Bu nedenle gida iiriinlerinin zenginlestirilmesi i¢in
cesitli amaglarla kullanilmaktadir. Giil yapraklarindan elde edilen ekstrakt cilek ezmesine ilave edildiginde renk
yogunlugunu arttirmistir (Dinkova vd., 2022). Ilave edildigi biskiivilerde ise antioksidan aktivite, toplam fenolik
madde miktarini artirmasinin yaninda raf 6mriiniin artmasini saglamistir (Hnin vd., 2021). Benzer sekilde Giil ve
Tekeli (2018 ve 2019) tarafindan glutenli ve glutensiz biskiivilerde Rosa damascena Mill. Yaprak tozu ilavesi ile
biskiivilerin besin degerinin artig1 bildirilmistir. Farkli kurutma metotlar1 kullanilan giil yapraklarinin ilave
edildigi cipslerde C vitamini ve flavonoid miktarini arttig1 belirlenmistir (Qiu vd., 2020). Sonug olarak, yapraklarin
ve ekstraktlarinin dikkate deger biyoaktif 6zellikleri kozmetik, gida ve ila¢ endiistrilerinde yenilik¢i uygulamalar
icin umut verici bir yol teskil etmektedir. Bununla birlikte yeni iiriin tasarimy, tiriinlerin hem uluslararas1 hemde
ulusal arenada tanitiminin yapilmasi giil sektoriiniin siirdiiriilebilirligi acisindan énem arz etmektedir (Gl vd.,
2015).

Dondurma giiniimiizde yaz ya da kis fark etmeksizin dort mevsim tiiketilebilen 6zellikle ¢ocuklar tarafindan ¢ok
sevilen bir gida Uriiniidir. A¢ikta ya da ambalajli olarak satilan dondurmalarda kiilahlarin c¢ikolata gibi c¢esitli
dolgular ile doldurulmasi, kornet tipi dondurma kiilahlarinin farkli icerik ve tatta tiretilmesi ile birlikte dondurma
kiilahlarina karsi olan ilgi artis gostermistir. Ancak ¢dlyak hastalari ile yapilan gériismeler neticesinde 6zellikle
¢ocuklarin ¢cok sevdigi dondurmay: kiilahi ile birlikte tiiketemedikleri, glutensiz dondurma kiilahi bulma
konusunda sikintilar yasadiklari tespit edilmistir.
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Yapilan literatiir taramasinda Isparta giil yapragi ununun gofret ve dondurma kiilahi tiretiminde kullanildigina
dair bir c¢alismaya rastlanmamistir. Bu c¢alismada; tiiketicilerin sentetik gida katki maddelerinin dogal
alternatiflerle ikame edilmesine yonelik artan talepleri ve ¢olyak hastalarinin glutensiz dondurma kiilahi ve gofret
bulma konusunda yasadiklar1 sikintilar dikkate alinarak giil yapragi ununun glutensiz dondurma kilahi
tiretiminde kullanilabilirliginin arastirilmas1 amaglanmistir. Bununla birlikte Isparta bir giil sehri oldugu icin
kurutulmus giil yapragi ununun glutensiz dondurma kiilahi iiretiminde kullanilarak katma degerinin arttirilmas,
alternatif kullanim alanlarinin olusturulmasi, Isparta ilinin kiltiir ve turizmine katki saglanmasi hedeflenmistir.

2. Materyal ve Yontem (Material and Method)
2.1.Materyal (Material)

Calismada kullanilan Isparta giil yapragi unu Kurucum Gida (Isparta)’dan, glutenli dondurma kiilahlarinin
iretiminde kullanilan biskiivilik un Tiirkmenler Un Fabrikasi (Gaziantep)'ndan satin alinmistir. Glutensiz
dondurma kiilahlarinin iiretiminde kullanilan piring unu, misir unu, patates nisastasi, misir nisastasi bitkisel siv1
yag, yemeklik tuz ve kabartma tozu (sodyum bikarbonat) yerel tedarikcilerden, ksantan gam Selim Esans Deposu
Kimyevi Maddeler Ithalat ve Toptan Dahili Ticaret Ltd. Sti (Izmir)’den, toz formundaki soya lesitini ise Smart
Kimya Tic.ve Danmigsmanlik Ltd. Sti. (Izmir)’den satin alinmistir.

2.2.Yontem (Method)

Optimum diizeyde GYU ilave orani yapilan 6n denemeler sonucunda belirlenmistir. Bu 6n denemelerde GYU
glutensiz un karisimi ile %10, %20 ve %30 oranlarinda ikame edilerek dondurma kiilahlar iiretilmis ve bu
trinlerde duyusal test yapilmistir. %10 ikame diizeyinden sonra dondurma kiilahlarinin duyusal olarak kabul
edilebilirligi azalmistir. Ozellikle %30 oraninda GYU ikamesinde dondurma kiilahlarinin agizda hos olmayan bir
aroma ve tat biraktig1 panelistler tarafindan bildirilmistir. %10 ilave oraninda ise duyusal olarak kabul edilebilir
nitelikte bir triin iiretimi saglanmistir. Bu 6n denemeler dogrultusunda ¢alismada %10 GYU ikamesi ile glutensiz
dondurma kiilahi iiretimleri yapilmis ve tiim analizler glutenli ve glutensiz kontrol 6rnekleri ile birlikte bu 6rnek
lizerinde gergeklestirilmistir.

2.2.1.Dondurma Kiilahlarinin Uretiminde Kullanilan Formiilasyon (Formulation Used in The Production
Of Ice Cream Cones)

Glutenli ve glutensiz dondurma kiilahi tiretimi Giil vd. (2019)’da belirtilen yonteme gore yapilmistir. Glutensiz
dondurma kiilahi tiretiminde kullanilan glutensiz un karisimi Hayit ve Giil (2018) tarafindan belirlenen oranlara
gore hazirlanmistir. Tablo 1’de glutenli ve glutensiz dondurma kiilahi tiretiminde kullanilan formiilasyon
verilmistir. Su miktar1 her tic hamurun viskozitesi ayni olacak sekilde ayarlanmistir. %10 GYU ,ikameli glutensiz
gofret yapraklarinin hazirlanmasinda daha fazla su kullanilmasinin nedeni GYU ilavesi ile karisimin diyet lif
iceriginin artmasidir. Diyet lifler kendi agirliklarinin yaklasik 10 kati kadar su absorbe ederler.

Tablo 1. Glutenli/glutensiz dondurma kiilahi tiretiminde kullanilan formiilasyon (Formulation used in the production of
gluten/gluten-free ice cream cones)

KULLANILAN BiLESENLER GLUTENLI GLUTENSIZ GYU10-GLUTENSIZ
Biskiivilik un 100 g -
Sodyum bikarbonat 04g 04g 04g
Tuz 05¢g 05¢g 05¢g
Lesitin 05¢g 05¢g 05¢g
Bitkisel siv1 yag 1ml 1ml 1ml
Su 155 ml 155 ml 200 ml
Pirin¢ unu 40g 36g
Patates nisastasi 45¢g 405¢g
Misir unu 8g 728
Misir Nisastasi 78 63g
Ksantan gam 05¢g 05¢g
GYU* 10g

*: GYU (Gil yapragi unu) glutensiz un karisimi ile (piring unu, patates nisastasi, misir unu, misir nisastasi) yer degistirme
prensibine gére %10 oraninda ilave edilmistir.
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2.2.2. Dondurma Kiilah1 Uretim Asamalari (Ice Cream Cone Production Stages)

Dondurma kiilahi tiretiminde kullanilan gofret yapragi hamuru hazirlanmasinda Giil vd. (2019) ve Nasabi vd.
(2021) tarafindan belirtilen yontemlerde bazi modifikasyonlar yapilarak uygulanmistir. Cirpma kabina konulan
su icerisine sodyum bikarbonat ve tuz ilave edilmistir ve suda tamamen ¢6ziinene kadar 30 saniye el tipi mikser
ile cirpilmistir. Daha sonra karisima un veya glutensiz un karisimlar: ve ksantan gam ilave edilip 1.5 dakika
cirpilmistir. Son olarak karisima bitkisel yag ve lesitin eklenerek 30 saniye daha ¢irpilmistir. Hamur igerisindeki
gazlarin ylizeye cikmasi icin hamurlar yaklasik 5 dakika dinlendirilmis ve 18+1 g agirliginda olacak sekilde
tartilmistir. Daha sonra hamurlar laboratuvar tipi gofret pisirme makinasinda (Remta kornet pisirici, Remta
Makine Ithalat Thracat Sanayi ve Tic. Ltd, Sti, Istanbul, Tiirkiye) én denemeler ile belirlenen sicaklik ve siirede
(250°C’de 6045 saniye) pisirilmistir. Daire seklinde tiretilen gofret yapraklarina (Sekil 1) el tipi dondurma kiilahi
aparati kullanilarak dondurma kiilah1 sekli verilmistir (Sekil 2). Ancak karsilastirma islemlerinin daha dogru
yapilabilmesi i¢in analizler dondurma kiilahi sekli verilmemis daire seklindeki gofret yapraklarinda yapilmistir.

Sekil 1. Dondurma kiilahi iiretiminde kullanilan gofret yapraklari; soldan saga: glutenli, glutensiz ve %10 giil yapragi unu
katkili glutensiz (Wafer sheets used in ice cream cone production; from left to right: gluten, gluten-free and gluten-free with
10% rose petal flour)

B
Sekil 2. Dondurma kiilah1 yapim islemi ve iiretilen glutensiz ve %10 GYU ikameli glutensiz dondurma kiilahlar (Ice cream
cone making process and produced gluten-free and gluten-free ice cream cones with 10% rose petal flour)

2.2.3. Hamur Analizleri (Batter Analysis)
Glutenli ve glutensiz gofret yapragi hamurlarinda hamur yogunlugu ve pH analizleri yapilmistir. Hamur yogunlugu,
hamurla veya esit hacimde suyla doldurulmus 100 ml'lik dereceli bir silindirde tartilarak ve agirliklar boliinerek
hesaplanmistir (Dogan 2006).
2.2.4. Cap, Kalinlik, Agirlik ve Pisme Kaybi1 Analizi (Diameter, Thickness, Weight And Baking Loss Analysis)
Pisirme sonrasi gofret yapraklari oda sicakliginda 30 dakika sogutulduktan sonra ¢ap ve kalinliklar1 dijital kumpas
aleti ile, agirliklari ise laboratuvar tipi dijital terazi ile 6l¢tilmiistiir. Pisme kayb1 degerleri asagidaki formiile gore
hesaplanmistir (Naderi vd., 2023).

Pisme kayb1 (%)= Wb-Ws/Wbx100 (D
Whb: Gofret hamuru agirligi, Ws= Pisirme sonrasi gofret yapraginin agirhigi
2.2.5. Renk Analizleri (Diameter, Thickness And Color Analysis)
Renk 6l¢iimi icin renk 6l¢iim aleti (Minolta CR-410, Minolta Co Ltd., Tokyo, Japonya) kullanilmistir. Diiz bir
zeminde gofret yapraklarinin ii¢ farkl yerinden 6l¢iim yapilarak renk bilesenleri L* (parlaklik, agiklik-koyuluk),

a* (kirmizilik), b* (sarilik) ve delta E* (renk farki) degerleri 6l¢iilmiistiir (Nasabi ve ark,, 2021). Kahverengilesme
indeksi ise asagidaki formiil kullanilarak hesaplanmistir.
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Kahverengilesme indeksi = [100 (x-0.31)/0.17] (2)
X=(a*+ 1.75L*%)/(5.645L* + a* - 0.3012b*)

2.2.6. Tekstiir Analizi (Texture Analysis)

Gofret yapraklarinin tekstiirel dlgtimleri Mert vd. (2015)'na gore Tekstiir analiz cihaz1 (8TA-XT2, Stable Micro
Systems, Surrey, Ingiltere) kullanilarak yapilmistir. Ornekler 4x4 cm ebatlarinda kesildikten sonra cihaza takilan
i¢ noktali biikkme probu (three point bend) ile gofret yapraklarinin sertlik ve kirilganlik/gevreklik degerleri tespit
edilmistir. Analiz parametreleri; 5 kg’'lik ytik hiicresi, 6n test hiz1 1.0 mm/s, test hiz1 3.0 mm/sn, test sonrasi hiz 10
mm/sn, mesafe 5.0 mm ve veri toplama hiz1 500 pps’dir.

2.2.7. Nem, Kiil ve Toplam Diyet Lif Analizleri (Moisture, Ash And Total Dietary Fiber Analysis)

Gofret yapraklari porselen havan ile kii¢lik pargaciklar haline getirildikten sonra AACC Metot 44-01.01’e gére nem,
AACC Metot 08-01.01 (AACC, 2000)’e gore kiil miktar: belirlenmistir. Toplam diyet lif analizi, AACC Metot 32-
05.01 (AACC, 2000)’e gore yapilmistir. Toplam diyet lif test kiti (Megazyme International Ireland) kullanilmistir.
Gofret yapraklar1 kiigiik partikiil haline getirildikten sonra oncelikle yaglar1 soxhlet yag tayin cihazinda
uzaklastirilmistir. Yagsiz 6rneklerde yontemde belirtilen islemler uygulandiktan sonra gofret yapraklarinin
toplam diyet lif miktar1 % olarak hesaplanmistir.

2.2.8. Toplam Fenolik Madde ve Antioksidan Aktivite Analizleri (Total Phenolic Matter And Antioxidant
Activity Analysis)

Gofret yapraklarindan toplam fenolik madde miktar:1 Singleton ve Rossi, (1965)’ye gore yapilmistir. Ekstrakte
edilen 6rneklerin spektrofotometre (UV-1601 Shimadzu)'de 650 nm’de absorbans degerleri 6l¢iilmiis ve standart
olarak gallik asit ¢ozeltisi kullanilarak olusturulan grafikten yararlanilarak toplam fenolik madde miktar1 g/kg GAE
(gallik asit esdegeri) olarak hesaplanmistir. Antiradikal aktivite Dorman vd. (2003)’e gore yapilmistir. DPPH
yontemi uygulanmis ve antioksidan aktivite degerleri % olarak hesaplanmistir.

2.2.9. Duyusal Analiz (Sensory Analysis)

Duyusal analiz i¢cin Mert vd. (2015) ile Naderi vd., (2023) tarafindan belirtilen yontemler modifiye edilerek
uygulanmistir. Gofret yapraklar1 20 panelist (18 yas tstii yetiskin ve goniillii, 10 erkek 10 kadin) tarafindan
duyusal analize tabi tutulmustur. Duyusal analizde glutenli 6rnekler de bulundugu i¢in bu test ¢élyak hastalarina
yaptirlmamis saglikli yetiskin bireylere yaptirilmistir. Duyusal analiz 6ncesi panelistlere kisa bir egitim
verilmistir. Ornekler rastgele numaralandirildiktan sonra panelistlere ayr1 ayri sunulmus ve bir 6rnekten digerine
gecerken soguk su verilerek agiz hislerinin nétrlenmesi saglanmistir. Orneklerin puanlandirilmasinda 5 puanlik
hedonik skala kullanilmistir. Bu skalaya gére 1 puan ¢ok kétii, 2 puan yeterli degil, 3 puan kabul edilebilir, 4 puan
iyi ve 5 puan ise ¢ok iyi seklinde yapilmistir. Gofret yapraklari; dis gériiniim, yiizey rengi, yiizey diizgiinligii, koku,
aroma, ¢ignenebilirlik, gevreklik, tat/lezzet, genel begeni ve satin alinabilirlik acisindan degerlendirilmistir.

2.2.10. istatistiksel Analizler (Statistical Analysis)

Denemeler tg¢ tekerriir ve 3 paralel olarak yiiriitiilmiistiir. Glutenli ve glutensiz dondurma kiilahlar1 ile %10
oraninda GYU ikamesinin etkileri arasindaki 6énemli farkliliklar1 belirlemek i¢in varyans analizi (ANOVA) yapilmis
(p < 0.05) ve hazirlanan gofret yapraklarinin 6élciilen tiim 6zelliklerine iliskin degerler SPSS (Versiyon 16.0)
istatistik programi ile Duncan Coklu Karsilastirma Testine tabi tutulmustur.

3. Deneysel Sonuc¢lar (Experimental Results)

3.1. Hamur Analiz Sonuglar (Batter Analysis Results)

Dondurma kiilah1 hamurlarinin hamur yogunlugu (g/cm?3) ve pH degerleri Tablo 2’de verilmistir.

Tablo 2. Dondurma kiilah1 hamurlarinin hamur yogunlugu ve pH degerleri (Density and pH values of ice cream
cone batters)

ORNEK ADI HAMUR YOGUNLUGU pH
(g/cm?3)

Glutenli 1.080+0.02 7.370+0.01

Glutensiz 1.132+£0.06 7.692+0.02

GYU10-Glutensiz 1.06b+0.08 6.96¢+0.07
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Glutenli, glutensiz ve %10 GYU katkili glutensiz dondurma kiilah1 hamurlarinin yogunluk degerleri 1.06-1.13
g/cm3 arasinda bulunmustur. En yiiksek hamur yogunlugu degerini glutensiz dondurma kiilahina ait hamur
gostermistir. Hamur yogunluklar1 Dogan (2006) tarafindan gofret hamurlari i¢in bildirilen 1.11-1.19 g cm-3
sonuglari ile benzer degerler arasindadir. Dorohovych vd. (2018), karabugday, misir, piring ve bugday unu ile
hazirladiklar: gofret hamurlarinin yogunluklarini sirasiyla 1.113, 1.083, 1.065, 1.053 g/cm3 olarak saptamislardir.
Bu yogunluk degerleri de bizim bulgularimiz ile benzerlik gdstermektedir. Arastiricilar piring ve misir unu ile
hazirladiklar1 gofret yapraklarinin yogunluk degerlerinin bugday unu ile hazirlanan hamurlara gére daha yiiksek
oldugunu bildirmislerdir. Bizim ¢calismamizda da glutensiz hamurlarin bilesiminde piring unu ve misir unu oransal
olarak daha fazla bulundugu icin yogunluklar1 %10 GYU ikameli ve bugday unu ile tiretilen glutenli hamurlara gore
daha fazla bulunmustur.

3 farkli hamur ¢esidinin pH degerleri arasinda istatistiksel olarak anlaml farklar tespit edilmistir. En yiiksek pH
degeri glutensiz hamurlarda, en diisiik pH degeri ise giil yapragi unu katkili 6rneklerde dl¢iilmiistiir. Giil yapragi
ununun fenolik madde igerigi yiiksek oldugundan hamurun pH degerinde sinirli diizeyde bir azalmaya neden
olmustur. Diger taraftan %10 GYU ikameli glutensiz hamurlarin pH degeri (6.96) nétr pH’ya (7.0) ¢ok yakin oldugu
icin hamur renklerinde herhangi bir bozulma meydana gelmemis, giil'iin dogal renginde bir hamur eldesi miimkiin
olmustur. Baslica fenolik bilesenlerden olan antosiyaninlerin renk degisimleri hassas olup farkli pH degerlerinde
degisir (Tang vd., 2019). Ornegin pH degerindeki %0.1’lik bir artis bile renk yogunlugunda yaklasik %5lik bir
azalmaya neden olabilmektedir. Dolayisiyla ¢alismamizda kullanilan glutensiz un formiilasyonu ve %10’luk GYU
ikamesi hamur pH’sinda ¢ok 6nemli bir artis olusturmadigi icin hamur renginin muhafaza edilmesini saglamistir.

3.2. Cap, Kalinlik, Agirlik ve Pisme Kayb1 Degerleri (Diameter, Thickness And Color Values)

Dondurma kiilahi iiretiminde kullanilan gofret yapraklarinin pisme ve oda sicakliginda 30 dakika sogutma sonrasi
Olgtilen, cap, kalinlik, agirlik ve pisme kaybi degerleri Tablo 3’de gosterilmigtir.

Tablo 3. Gofret yapraklarinin ¢ap, kalinlk, agirlik ve pisme kaybi degerleri (Diameter, thickness, weight and baking loss
values of wafer sheets)

ORNEK ADI CAP KALINLIK AGIRLIK PISME KAYBI
(mm) (mm) (8) (%)
Glutenli 136.632+0.98 2.142+0.24 7.100+0.11 61.66¢£0.11
Glutensiz 123.006+1.55 1.65b+0.10 7.754%0.12 58.68v+0.12
GYU10-Glutensiz 120.90¢£2.09 1.29¢+0.27 5.95¢£0.07 67.872£0.07

Gofret yapraklarinin cap ve kalinlik degerleri glutenli drneklerde glutensiz 6rneklere goére daha yiliksek
bulunmustur. En diisiik ¢ap ve kalinlik degeri %10 giil yaprag1 unu katkili drneklerde tespit edilmistir. Bugday
ununda bulunan gluten nedeniyle glutenli 6rneklerin hem c¢aplar1 hem de kalinlik degerleri gluten icermeyen
muadillerine goére daha ytliksek bulunmustur.

Pisme sonrasi agirliklari en fazla olan glutensiz érneklerin pisme kaybi1 degerleri de daha az 6l¢tliirken, %10 GYU
ikameli 6rneklerin agirliklar1 daha az buna karsin pisme kaybi degerleri daha fazla bulunmustur. Benzer sekilde
gofret formiilasyonlarinda tiziim posasi (Altinok vd., 2022) ve kestane unu (Mert vd., 2015) kullanilmasi da,
muhtemelen bu unlarin daha yiiksek diyet lifi iceriginden dolay1 istenen viskozite i¢in gerekli su miktarini
artirmistir. Gofret pisirme makinasina tek bir érnek icin konulan hamur miktar: her t¢ 6rnek icin de sabit
tutulmustur. Dolayisiyla pisirme sirasinda GYU katkili 6rneklerin bilesimde oransal olarak su miktari daha fazla
oldugu i¢in bu su buharlasarak GYU katkili gofret yapraklarinda hem 6rnek agirliginin azalmasina hem de pisme
kaybinin digerlerine goére daha fazla olmasina yol agmistir.

3.3. Renk Degerleri (Color Values)

Glutenli, glutensiz ve %10 GYU ikameli gofret yapraklarinin L*, a* b* ve delta E* renk degerleri Tablo 4’de
verilmigtir.

Tablo 4. Gofret yapraklarinin renk degerleri! (Color values of wafer sheets)

ORNEK ADI L* a* b* DELTA E* Kah"f;g;%;liesme
Glutenli 74.08b+1.21 -0.87b+0.33 20.512£5.12 21.59+0.42 1.89°£0.91
Glutensiz 77.812£0.04 -1.01020.32 19.002£1.00 25.332£1.19 1.470£0.41
GYU10-Glutensiz 44.29¢£0.94 8.212£0.49 8.27b+0.72 12.47¢+1.21 14.822£0.88

1Ayni siitunda ayni harflerle gosterilen ortalamalar arasinda istatistiksel olarak 6nemli fark yoktur (P >0.05).
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Tablo 4’den de goriilebilecegi gibi glutensiz gofret yapraklarinin rengi glutenli olanlara gore daha agiktir. Bu agik
renk glutensiz gofret formiilasyonunda bulunan nisasta’dan kaynaklanmaktadir. Glutenli gofret tiretiminde daha
parlak bir gofret rengi elde etmek icin bugday ununun bir kisminin patates veya tapyoka gibi beyaz bir nisasta ile
degistirilmesi 6nerilmektedir (Tiefenbacher, 2017). Glutensiz %10 giil yapragi unu ikamesi ile gofret yapraklari
oldukea koyu bir renk almis hem glutenli hem de glutensiz 6rnekler ile arasinda énemli (P<0.05) bir renk farki
olusmustur. Bu renk farklar1 gofret yapraklarinin gorsellerinden (Sekil 1) de net bir sekilde goriilebilmektedir.
Gofret pisirmede sarimsi ila kahverengimsi renk, hem undaki pigmentlerden hem de Maillard reaksiyonlari ile
enzimatik olmayan kahverengilesmeden gelir (Tiefenbacher, 2017). GYU ilaveli gofret yapraklarinin koyu rengi
GYU bilesiminde bulunan polifenollere ve sekerlere atfedilebilir. Sekerler, gofretlerin pisirilmesi sirasinda daha
fazla maillard ve karamelizasyon reaksiyonunu tetikleyerek daha koyu bir renk elde edilmesine neden olmus
olabilir (Altinok vd. 2022). Glutenli ve glutensiz gofret yapraklar1 ile %10 GYU ikameli glutensiz gofret
yapraklarinin a* ve b* degerleri arasinda 6nemli farklar (P<0.05) belirlenmistir. GYU ikamesi ile gofret
yapraklarinin a* degerleri belirgin bir sekilde artarken b* degerleri azalmistir. %10 GYU katkili 6rneklere gore ¢cok
daha diisiik olarak dl¢iilmiistiir. Delta E en fazla glutensiz 6rneklerde saptanirken onu glutenli 6rnek takip etmistir.
GYU ilavesi ile 6rneklerin delta e degerleri anlamli bir sekilde azalma gostermistir. Kahverengilesme indeksi
glutenli ve glutensiz 6rneklerde benzer degerler gosterirken, GYU ikamesi ile bu deger 6nemli oranda artmistir. L*
degerinin azalmasi yani irtinde koyulasma olduk¢a kahverengilesme indeksinin sayisal degeri de yiikselmektedir.

3.4. Tekstiir Analiz Degerleri (Texture Analysis Values)

Glutenli, glutensiz ve %10 GYU ikameli gofret yapraklarinin tekstiir analiz cihazinda yapilan analiz sonucunda elde
edilen sertlik ve kirillganlik degerleri Tablo 5’'de verilmistir.

Tablo 5. Gofret yapraklarinin tekstiir degerleri! (Texture values of wafer leaves)

ORNEK ADI SERTLIK KIRILGANLIK
(mm) (mm)
Glutenli 221.86¢£16.46 33.592+0.28
Glutensiz 487.672+£13.77 31.89b+2.34
GYU10-Glutensiz 376.50°+17.37 31.45b+0.60

1Ayni siitunda ayni harflerle gosterilen ortalamalar arasinda istatistiksel olarak 6nemli fark yoktur (P >0.05).

Glutenli ve glutensiz érneklerin sertlik degerleri arasinda anlamli farklar (P<0.05) tespit edilmistir. Glutenli gofret
yapraginin sertlik degerleri ile karsilastirildigi zaman glutensiz gofret yapraklarinin sertlik degeri iki katindan
daha fazla bir artis géstermistir. Glutensiz formiilasyonda bulunan pirin¢ unu, patates nisastasi ve misir ununun
bu sertlik artisina neden oldugu diisiiniilmektedir. Benzer sekilde Mert vd. (2015) misir ve piring ununun
karisimiyla hazirlanan glutensiz gofret 6rneklerinin bugday unu ile hazirlanan 6rneklere gore daha yiiksek sertlik
degerine sahip oldugunu rapor etmislerdir. Diger taraftan glutensiz un karisimi formiilasyonu %10 oraninda GYU
ile degistirildigi zaman gofret yapraklarinin sertlik degerleri 6énemli diizeyde diisiis sergilemistir. Bu azalmanin
nedeni GYU’'nun bilesimindeki diyet lifler nedeniyle daha su baglamasidir. %10 GYU ikameli glutensiz gofret
yapraklarinin nem degerleri diger drneklere gore daha fazla olarak saptanmistir. Nem degerinin yiiksek olmasi da
sertlik degerindeki azalmay1 agiklamaktadir. Glutenli 6rneklerin kirilganliklar: ise glutensiz 6rneklere gore daha
fazla olarak 6l¢tilmiistiir. Glutensiz gofret yapraklari ile %10 GYU ikameli gofret yapraklarinin kirilganlik degerleri
arasinda 6nemli bir fark (P>0.05) tespit edilmemistir.

3.5. Nem, Kiil, Toplam Diyet Lif, Toplam Fenolik Madde ve Antioksidan Aktivite Degerleri (Moisture, Ash,
Total Dietary Fiber, Total Phenolic Matter And Antioxidant Activity Values)

Glutenli, glutensiz ve %10 GYU ikameli gofret yapraklarinin nem, kiil, toplam diyet lif, toplam fenolik madde ve
antioksidan aktivite degerleri Tablo 6’da verilmistir.

Tablo 6. Gofret yapraklarinin nem, kiil, toplam diyet lif, toplam fenolik madde ve antioksidan aktivite degerleri! (Moisture,
ash, total dietary fiber, total phenolic matter and antioxidant activity values of wafer leaves)

ORNEK ADI NEM KUL TDL TFM ANTiog(s_iDAN
(%) (%) (%) (mg GAE/g AKTIVITE
ornek) (%)
Glutenli 6.08b+0.41 1.275+0.03 5.27b+0.67 6.03b+0.03 2.93b+0.25
Glutensiz 6.24b+0.23 0.87¢+0.05 5.03b+0.10 0.68¢+0.02 1.78¢+0.01
GYU10-Glutensiz 7.34a+0.35 1.553+0.04 12.032+0.15 29.832+0.02 15.972+0.05

1Ayni stitunda ayni harflerle gosterilen ortalamalar arasinda istatistiksel olarak 6nemli fark yoktur (P >0.05).TDL: Toplam diyet
lif, TFM: Toplam fenolik madde
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Gofret yapraklarinin nem degerleri glutenli ve glutensiz kontrol érneklerinde anlaml bir fark goéstermezken %10
giil GYU ikameli 6rneklerin nem degerleri daha yliksek bulunmustur. Bu durum GYU bilesiminde bulunan diyet
liflerin fazla su absorbe etmesi ve hamur hazirlama asamasinda bu érneklere daha fazla su ilave edilmesinden
kaynaklanmaktadir.

Orneklerin mineral madde iceriginin bir géstergesi olan kiil degerleri bakimindan ii¢ érnek karsilastirildiginda ise;
glutensiz kontrol drneginin kiil degerinin en diisiik, %10 GYU ikameli glutensiz gofret yapraginin ise en yiiksek kiil
degerine sahip oldugu saptanmistir. Bu sonug¢ giil yapragi ilavesi ile hem glutenli hem de glutensiz gofret
yapraklarinin mineral madde acgisindan zenginlestigini gostermektedir.

Tablo 6’dan da goriilebilecegi gibi glutenli ve glutensiz gofret yapraklarinin toplam diyet lif degerleri yaklasik aym
sinirlarda iken glutensiz gofret yapraklarinin %10 oraninda GYU ile zenginlestirilmesi bu degeri iki katindan daha
fazla bir oranda arttirmistir. Colyak hastalarinin beslenmeleri icin iiretilen glutensiz iirlinler genellikle
karbonhidrat agirlikli olduklari igin diyet lif agisindan fakirdirler. Elde edilen sonu¢ GYU'nun ¢olyak hastalari i¢in
iiretilecek glutensiz iriinlerin toplam diyet lif iceriginin arttirilmasi amaciyla kullanilabilecek miikemmel bir
kaynak oldugunu gostermektedir.

Gofret yapraklarinin toplam fenolik madde degerleri incelendigi zaman glutensiz olarak iiretilen 6rneklerin
toplam fenolik madde degerlerinin glutenli drneklere gore ¢ok diisiik oldugu belirlenmistir (Tablo 6). Burada
dikkat ceken nokta ise glutensiz gofret formiilasyonuna %10 oraninda GYU ikame edildigi zaman son iirtintin
toplam fenolik madde miktar1 glutensiz ve glutenli 6rneklere gére énemli diizeyde yilikselmistir. Bu sonuclar
GYU'nun hem glutensiz dondurma kiilahi iiretiminde kullanilabilecek gofret yapraklarinin hem de diger glutensiz
irlinlerin zenginlestirilebilmesi amaciyla kullanilabilecek potansiyel bir kaynak oldugunu goéstermektedir.

Gofret yapraklarinin antioksidan aktivite degerleri toplam fenolik madde degerleri ile paralelik géstermis yani
glutensiz 6rneklerde glutenli 6rneklere gore azalmistir. Ancak formiilasyona GYU dahil edildigi zaman antioksidan
aktivite degerinin 6nemli 6lciide arttig1 saptanmistir (Tablo 6). Elde edilen bu bulgular ¢élyak hastalari i¢in
iiretilecek dondurma kiilahi, gofret cesitleri, biskiivi, makarna vb. tiriinlerde GYU'nun dogal bir antioksidan
kaynagi olarak kullanilabilecegi sonucuna ulasilmasini saglamistir.

3.6. Duyusal Analiz Sonuglar1 (Sensory Analysis Results)

Glutenli, glutensiz ve %10 giil yaprag1 unu katkili gofret yapraklarinin duyusal analiz sonuglar1 Sekil 3’de
verilmigtir. Saglik riski nedeniyle duyusal analiz ¢6lyak hastasi olan bireylere yaptirilamamistir. Saglikli yetiskin
bireylerin panelist olarak yer aldig1 duyusal analizler sonucunda glutenli 6rnekler glutensiz 6rneklere gore daha
cok begenilmistir. Bu durum beklenen bir sonuctur. Ciinkd saglikli yetiskin bireyler glutenli beslenmeye aliskin
olduklari i¢in glutensiz tiriinler kendileri tarafindan daha az begenilmektedir. Burada 6nemli olan nokta glutensiz
gofret yapraklari kendi igerisinde karsilastirildigi zaman genel olarak %10 GYU ikamesi ile glutensiz 6rneklerde
genel begeni artis gostermistir. Ozellikle gevreklik, cignenebilirlik, tat-lezzet ve aroma bakimindan %10 GYU
ikameli glutensiz 6rnekler GYU icermeyen glutensiz drneklere gore daha fazla puan almistir. Dondurma kiilahi
tretiminde kullanilan gofret yapraklari satin alinabilirlik acgisindan duyusal degerlendirildiginde glutenli
orneklerin satin alinabilirlik degeri glutensiz 6rneklere gore daha fazla bulunmustur. Ancak burada énemli olan
nokta glutensiz gofret yapraklarina %10 GYU ikame edildigi zaman satin alinabilirlik degerlerinde artis gériilmiis
olmasidur.

Dis Goriinim

5,00

Genel Begeni 4,00 Yuzey diizginligu

tat-lezzet Ylizey rengi
Aroma Gevreklik
Koku Cignenebilirlik
Glutenli Glutensiz ~ —0— %10 GYU katkili glutensiz

Sekil 3. Duyusal analiz sonuglar1 (Sensory analysis results)
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4. Sonug ve Tartisma (Result and Discussion)

Calismanin amaci ¢olyak hastalarina yonelik olarak GYU ile zenginlestirilmis teknolojik ve duyusal 6zellikler
bakimindan kabul edilebilir nitelikte glutensiz dondurma kiilahi gelistirmektir. %10 GYU katkili glutensiz gofret
yapraklarinin ¢aplari ve kalinliklari daha ince bulunmustur. Gofret yapraklarinin ince olmasi énemli bir kalite
kriteridir. GYU ilavesi ile gofret yapraklariin diyet lif icerigi artmistir. Diyet liflerin kendi agirliklarinin yaklasik
10 kat1 su absorbe etme 6zellikleri nedeniyle hamur agamasinda arzu edilen viskozitede bir gofret hamuru elde
etmek icin daha fazla su eklenmistir. Pisirme islemi sirasinda bu suyun buharlasmasi sonucu daha ince ve agirlik
olarak daha hafif gofret yapraklar: elde edilmistir. Bu sonu¢ dondurma kiilah1 iiretiminde istenilen bir kriterdir.
GYU ilavesi ile gofret yapraklarinin renkleri koyulasmis, kiil yani mineral madde igerikleri artmistir. Bu bulgular
¢olyak hastalar i¢in iiretilen ve genellikle nisasta bazli dolayisiyla karbonhidrat bakimindan yiiksek ancak diyet
lif ve mineral madde acisindan fakir olan glutensiz triinlerin diyet lif ve mineral madde iceriginin arttirilmasi
baglaminda oldukca yararl olacaktir. Diinya Saghk Orgiitii (WHO) ile Gida ve Tarim Orgiitii (FAO) yetiskin
bireylerin giinliik 25 gram diyet lif almasini1 6nermektedir. Bu 6neri dogrultusunda ¢alismada iiretilen bir adet
glutensiz dondurma kiilahi icermis oldugu %15 oranindaki diyet lif miktari ile saglikli beslenme anlaminda 6nemli
katkilar saglayacaktir. Giil yapragi unu gibi dogal diyet lifi tiiketiminin artmasi, diyabet, obezite ve kardiyovaskiiler
hastaliklarin goriilme riskininin azalmasi ve ayrica, bagirsak saghginin korunmasi baglaminda 6nem arz
etmektedir (Ionita-Mindrican vd., 2022).

GYU ilavesi ile glutensiz dondurma kiilahlarinin hem toplam fenolik hem de antioksidan aktivite degerleri GYU
icermeyen glutensiz dondurma kiilahlarina ve ayni zamanda glutenli dondurma kiilahlarina goére ¢ok daha yiiksek
bulunmustur. Son yillarda tiiketicilerin gida giivenligi ve saglik iizerinde daha yararli bulduklar i¢in dogal
antioksidan iceren gidalara olan talebi artis gostermistir. Gida arzi anlaminda da dogal antioksidan iceren gida
lretimi artis gostermistir. Fenolik maddeler zengin bir antioksidan bilesik kaynag1 olarak genel saglik ve refah
lizerinde miitkemmel bir olumlu etki saglarlar. Bununla birlikte fenolik maddeler antimikrobiyal, antioksidan,
antidepresan, anti-enflamatuar, antikanser, antilipidemik ve benzeri farmakolojik etkileri ile hastaliklarla
miicadele etmek i¢cin kullanilan dogal terapotik maddelerdir (Wang vd., 2020).

Elde edilen tiim veriler bir arada degerlendirildiginde %10 GYU ikamesi ile glutenli dondurma kiilahlarina benzer
teknolojik 6zellikte ancak daha iistiin besinsel 6zelliklere sahip bir dondurma kiilah1 {retimi
gerceklestirilebilmistir. GYU ilavesi ile glutensiz dondurma kiilahlarinin fonksiyonel 6zelliklerinden olan Kkiil,
toplam fenolik madde, toplam diyet lif ve antioksidan aktivite degerlerinde ¢ok 6nemli artis saglanmistir. Elde
edilen bulgular GYU’'nun ticari olarak glutensiz dondurma kiilahi iiretiminde ve bununla birlikte diger glutensiz
tirtinlerin besin igeriginin arttirilmasinda alternatif bir dogal fonksiyonel gida katki maddesi olarak kullanilabilme
potansiyeli oldugunu ortaya koymustur. Boylece calismada ele alinan ¢6lyak hastalarinin fonksiyonel glutensiz
dondurma kiilahina ulasabilme konusundaki yasadiklari soruna ¢6ziim getirilebilmistir. Ayrica Isparta giilii'niin
glutensiz gida turiinlerinin iliretiminde de kullanilabilecegi belirlenmistir. Béylece Isparta giilii'niin ekonomik ve
kiiltlirel anlamda katma degerinin artmasina katki saglanmaistir.
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Keywords Abstract

Sample Weaving Machine, 3D fabrics, also known as three-dimensional textiles are fabrics beyond the flat
3D Woven Fabric, surface typical of traditional fabrics. A variety of methods, such as knitting, weaving
Tubular Fabric, and even braiding, are used to manufacture these textiles. This research aims to
Honey Comb Fabric, present a unique sample weaving machine made especially for creating especially

Mutli Roller Warp System. 3D hollow fabric. For this aim, in the study a modified sample dobby weaving
machine specifically tailored developed for the production of three-dimensional
(3D) fabrics. The sample weaving machine incorporates a multi roller warp let off
system designed for the production of 3D woven fabrics. This multi-roller warp-let
off system facilitates the production of 3D woven fabrics by letting off and rewinding
the warp yarns during the weaving process. Subsequently, this sample weaving
machine was utilized to fabricate tubular and honeycomb 3D fabric structures.
Consequently, 3D composite materials produced using these structures exhibit
remarkable strength, lightness, and energy-absorption properties. In future studies,
the aim will be to manufacture three-dimensional woven fabric structures with
built-in impact protection features, eliminating the need for sewing.

MODIFIYE EDILEN NUMUNE DOKUMA MAKINESI iLE 3B BOSLUKLU KUMAS URETIMI

Anahtar Kelimeler 0z

Numune Dokuma Makinesi,  Ug boyutlu tekstiller olarak da bilinen 3B kumaslar, geleneksel kumaslara 6zgii diiz
3B Dokuma Kumas, yuzeylerin 6tesindeki kumaslardir. Bu tekstillerin tiretiminde 6rgii, dokuma ve hatta
Dikdértgen Bosluklu Kumas, halat 6rgii gibi ¢esitli yontemler kullanilmaktadir. Bu arastirma, 6zellikle ti¢ boyutlu
Bal Petegi Kumas, ici bos kumaslar iiretmek icin olmak iizere ii¢ boyutlu (3D) kumaslar olusturmak

Cok Leventli Cozgii Sistemi.  i¢in yapilmis benzersiz bir 6rnek dokuma makinesi sunmay1 amaglamaktadir. Bu
calisma ii¢ boyutlu (3B) kumas iiretiminde kullanilabilecek armiirlii numune
dokuma makinesi gelistirilmesini icermektedir. Makine ¢oklu ¢6zgii leventine sahip
olup, her bir ¢6zgii leventinin hiz1 birbirinden bagimsiz olarak ayarlanabilmektedir.
Coklu levent sistemi, kumaslarin iiretimi sirasinda ¢6zgii ipliklerini salma ve sarma
islemleri ile baz1 3B dokuma kumaslarin iretimini gerceklestirmek miimkiin
olmaktadir. Bu arastirma makalesinde, modifiye edilmis dokuma makinesi ile
dikdortgen bosluk ve petek yapidaki 3B dokuma kumas yapilari iiretilmistir. Bu iki
yapy, gelismis 3B tekstil yapilaridir. Sonug olarak, 3B kompozit malzemeler giicli,
hafif ve enerji emicidir. ileride yapilacak calismalarda darbe koruma ézelligi ile
dikim gerektirmeyen 1ii¢ boyutlu dokuma kumas yapilarinin iretimi
amaclamaktadir.
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Highlights
e Introduction of a sample dobby weaving machine with the capability to produce complex 3D woven
structures.

e Incorporation of multiple warp beams equipped with rewinding capability and two distinct weft
insertion systems, namely shuttle and rapier, enhancing versatility and efficiency in fabric production.

e Successful production of two distinct types of hollow fabrics: tubular 3D fabric and honeycomb fabric,
utilizing innovative weaving techniques

Purpose and Scope

The purpose of this study is to introduce a specialized sample weaving machine designed specifically to produce
3D fabrics, particularly 3D hollow fabrics. This machine serves the dual function of testing new designs and
identifying production issues, particularly when faced with constraints such as limited availability of raw
materials.

Design/methodology/approach

A modified sample dobby machine was developed, equipped with multiple warp beams featuring independent
let-off and rewind mechanisms. This machine demonstrated versatility by incorporating two distinct weft
insertion systems: shuttle and rapier. To assess its effectiveness, two types of hollow fabrics were produced using
a multilayer weaving technique. One fabric exhibited flat top and bottom surfaces (tubular 3D fabric), while the
other displayed uneven top and bottom surfaces (honeycomb fabric).

Findings

The successful production of two types of hollow fabric structures, namely tubular 3D fabric and honeycomb
fabric, was achieved without encountering any challenges. This success can be attributed to the incorporation of
multiple warp beams with independent let-off and rewind mechanisms in the modified sample dobby machine.

Research limitations/implications

This study is limited by the production of only two types of 3D hollow structures, namely tubular 3D fabric and
honeycomb fabric. Additionally, mechanical testing of the fabricated structures was not conducted. Future
studies should aim to explore a broader range of fabric structures and incorporate mechanical testing to provide
comprehensive insights into the performance and properties of the produced fabrics.

Practical implications

The development of this modified sample dobby weaving machine holds significant practical implications for the
future production of technical fabrics. Its versatility and capability to produce 3D woven fabric structures holds
potentials for various studies and projects. Specifically, it could facilitate the development of three-dimensional
woven fabric structures integrated with impact protection features, which could revolutionize the
manufacturing process by eliminating the need for sewing.

Originality

Conventional weaving machines can make 3D woven fabrics, but setup is labor-intensive. This study presents a
sample machine with a multi-roller warp system for 3D fabric production. It's ideal for research, education, and
small-scale fabric creation.

" Corresponding author: sevda.altas@ege.edu.tr, +90-232-342-2079
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1. Introduction

The use of 3D fabrics has grown significantly in recent years since 3D fabrics find novel applications in various
industries such as aviation, transportation, constructions and sports. These fabrics are distinguished by their
remarkable strength, low density, and lightweight properties, making them highly desirable for technical
applications (Tripathi et al., 2020). A defining characteristic of 3D fabrics is their substantial thickness in the Z-
direction, in contrast to the two-dimensional structure of conventional fabrics. In other words, unlike flat 2D
fabrics, 3D fabrics exhibit noticeable depth and volume (Hearle et al., 2009).

3D fabrics can be manufactured through various techniques including weaving, knitting, braiding, and nonwoven
fabrication. Among these methods, 3D woven fabrics stand out as particularly desirable for technical applications
(Mountasir et al., 2021) especially in composite applications. These fabrics can be categorized into four main
groups: solid, hollow, shell, and nodal. Hollow woven fabrics, also known as spacer fabrics, feature a porous cross-
section with empty or void spaces within the structure (Chen et al., 2011). These void spaces create a tubular or
hollow structure within the fabric, offering advantages such as improved insulation, energy absorption,
lightweight properties, and enhanced breathability. For instance, 3D woven spacer composites, produced utilizing
woven spacer or hollow fabrics, demonstrate superior compression and shear characteristics compared to
traditional counterparts. They are highly valued in industries such as automotive manufacturing, particularly in
the production of electric vehicles, where reduced weight contributes to lower energy consumption and
sustainable practices (Tripathi et al.,, 2020). Additionally, they find applications in construction industry as a light
weight construction material (Grossmann et al. 2010), and superior thermal insulation material (Unal, 2012).

One commonly employed technique for producing 3D hollow fabrics is the multilayer weaving method (Chen and
Wang 2006). This method allows for the creation of hollow fabrics with either flat top and bottom surfaces or
uneven top and bottom surfaces. In the case of hollow fabrics with flat surfaces, three or more fabric layers are
typically employed. For example, in a three-layer fabric, the middle layer, which acts as a connector between the
top and bottom layers, is longer in length compared to the top and bottom layers. The length of this middle layer
is determined by various factors such as the fabric thickness and the configuration of the fabric cross-section.
Another method for producing hollow fabrics with flat surfaces involves utilizing the face-to-face weaving
technique. In case of hollow fabrics with uneven surfaces neighboring layers of fabric are stitched together and
then separated at arranged intervals, in accordance with the designated cross-sectional shape (Mancasi et al.,
2021). One example for hollow fabrics with uneven surfaces is honeycomb fabric structure. Chen et al. (2008)
worked on honeycomb fabrics. They stated that a honeycomb fabric structure consists of the free and bonded cell
walls. While a single layer of fabric forms a free cell wall, a bonded cell wall is formed by the combination of two
adjacent fabric layers. The cell size can be adjusted by varying the length of the free and bonded cell walls. In other
studies by Chen et al. (2004) and Chen and Wang (2006), the computerized design and manufacturing of
honeycomb fabric structures were investigated. Basal Bayraktar et al. (2018) produced a four-layer honeycomb
fabric structure using polyester filament yarns and an automatic sample loom. After weaving, they opened cells
within the fabric structure using PTFE rods and subsequently transformed the fabric into a composite by
saturating it with epoxy resin. They compared this fabric structure with one featuring unopened cells and
demonstrated that the hollow structure absorbs more impact energy.

Although there are specialized weaving machines designed specifically for producing 3D woven fabrics,
conventional weaving machines, with or without modifications, are often adequate for their production. Several
studies have demonstrated successful production of 3D fabrics using conventional weaving machines (Ala et al,,
2015, Alaetal., 20164, Ala et al., 2016b). For instance, Badawi (2007) employed face-to-face weaving on a narrow
weaving machine equipped with two warp beams and a specialized take-up mechanism comprising rows of rollers.
After fabric production, auxiliary rods were utilized to fill spaces in the sandwich fabric. Similarly, Dash and Behera
(2015) created three distinct 3D solid fabric structures using the 2D weaving process, utilizing E-glass fiber on a
rapier loom. In this case, an additional warp beam was integrated into the 2D weaving system to facilitate 3D fabric
production.

While conventional weaving machines are capable of producing 3D woven fabrics, it's important to note that
preparing a weaving machine for fabric production can be a labor-intensive task, requiring substantial time and
manual effort. This process involves configuring approximately 200 machine parameters after each fabric change,
and extensive weaving trials may be necessary to ascertain the optimal machine setup. To overcome these
challenges, this study introduced a sample weaving machine designed specifically for testing new designs and
identifying potential production issues with limited raw materials. Subsequently, 3D hollow structures were
successfully produced to demonstrate the machine's capability.
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2. Material and Method
2.1. Modified Sample Dobby Weaving Machine

This study involves the production of 3D fabric using a modified sample dobby weaving machine. The machine
comprises two main parts: machine body, which consists of fabric roller, take up rollers, reed, shedding
mechanism, frames, compressor, electrical-electronic control panel, and computer. The machine frame is
constructed using ST37 quality sheet metal, with dimensions of 89.6*209*107.5 (cm) and is protected with
electrostatic powder paint. It includes 24 heald frames, and the electrical and electronic control elements, along
with the compressor, are housed in a removable unit on the right side of the machine. The machine's total size is
89.6*389*145.2 cm?. For ease of mobility, the machine is equipped with wheels, and self-vacuum feet are used to
prevent machine vibration during weaving.

Various methods can be employed to transform two-dimensional fabrics into three-dimensional ones, but these
materials tend to be less resistant to mechanical forces when compared to directly woven three-dimensional
fabrics. In applications where the composite structure experiences out-of-plane loading, 3D woven fabrics prove
especially advantageous due to the added strength imparted by the z-thread in the thickness-length dimension,
resulting in better tolerance to delamination, which is the separation of layers caused by out-of-plane forces. The
weaving machine, designed for this purpose, employs a pneumatic system consisting of pneumatic pen pistons,
electro pneumatic valves, and connecting components in the shedding mechanism required for weft insertion.
Each frame is equipped with one of the 24 (16 mm-diameter) pneumatic pen pistons for up and down motions.
The motion of the pneumatic pen pistons is controlled by transmitting pattern-specific commands from a
computer to the electric-electronic control card and transferring compressed air from a compressor to the electro-
pneumatic valves under the control of the electric-electronic control card, in accordance with the pattern. The
electronic control of the weaving machine is managed through an electronic control card and a tablet computer.
The fabric take up system is comprised of two stepper motor-controlled take-up rollers and one fabric roller, with
the rollers coated in polyurethane to prevent static electricity. The front view of the sample weaving machine is
given in Figure 1.

Computer

Heald frames

Take up rollers

Step motor

Fabric roller

Figure 1. Front view of the sample dobby weaving machine

The weaving machine's warp let off system comprises one warp beam and two warp let off rollers operating under
the precise control of a stepper motor, with set values entered on the machine's screen. The warp beams are made
from high quality, completely dry beech wood, featuring protective covers on their upper portions to shield against
external elements. The warp let off rollers are coated with a 1.5 cm thick, 62-hardness polyurethane and are
capable of both forward and backward movements. These coated rollers are equipped with clamping systems at
their tops to secure the warp threads between them, and in total, there are eight warp rollers. To ensure uniform
tension for each bundle of warp threads coming from these eight rollers, a warp tension is controlled via warp let
off rollers. Additionally, materials that prevent static electricity are carefully selected based on the specific
characteristics of the warp threads used, with wood chosen for warp beam, polyurethane for warp let off and
polyethylene for the bedding of the warp let off rollers. Importantly, none of the warp yarns coming from these
eight different warp beams come into contact with each other until they reach the harness frames. Figure 2 shows
both front and side views of the warp let off system.
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Warp let off
Warp beam rollers

Step motor Warp tension controller

\ 1 ' | 3 .
Figure 2. Front and side views of the warp let off system

2.2 Three Dimensional (3D) Woven Fabric Production

The multi-layer fabric structures, which can be called as simple 3D fabrics can be produced with an ordinary
weaving machines. However, in this study we aimed to develop a sample weaving machine that allows the
production of many different types of 3D shaped fabric structures. For this purpose, in the design of the machine,
aspecial warp let off system is used. With this system, it is possible to control the warp tensions during the weaving
process. The developed machine could be not only used to produce 3D fabrics preforms to be used in composite
production, but also to it is possible to produce fabric samples for different textile designs for the fashion industry.
In the study, the modified weaving machine was used to produce; tubular and honeycomb 3D fabric structures.

The machine's design encompasses all essential components, including 8 warp beams, 8 flexible warp let off
mechanisms for adjusting weft density, fabric take up mechanism, dobby cabinet (comprising electronic control
cards, modules, and pattern driver), and a touch electronic board monitor for controlling warp let off and fabric
take up systems. The machine is dimensioned to operate effectively within limited space, measuring 135*280*300
cm. The shedding system facilitates the opening of the shed by executing commands received from the dobby
mechanism. Both rapier and shuttle weft insertion mechanisms are integrated into the machine’s weft insertion
system. Warp let off and rewinding, and fabric take up mechanisms are controlled through electronic PLC and a
touch monitor. The weft density can be adjusted and monitored via the touch screen. The machine is compatible
with pattern design programs commonly used in the industry.

Warp let off is executed in alignment with the weaving design’s warp report. After positioning the warp rollers
according to the warp report, the warp let off process begins, followed by warp binding. The pre-established peg
plan is displayed on the monitor, and a command is transmitted to the machine via an electronic pedal, initiating
the shedding process. Weft insertion is manually performed using the shuttle through the shed, followed by
beating up to csrry the weft yarn into the fabric to ensure desired weft density. The motor-driven fabric take up
roller is synchronized with the weft density, which is adjustable from the monitor. Simultaneously, the warp let
off rollers maintain warp alignment at the specified distance. This process continues until the weaving is
completed.

Two different type hollow fabric structures were produced utilizing this sample weaving machine in order to
reveal its capabilities. The first one was a hollow fabric with flat top and bottom surfaces. This hollow or tubular
fabric consists of four layers, with adjacent layers periodically combined and separated. The top view and cross-
sectional pattern of the weave illustrate vertical lines representing warp yarns and horizontal lines representing
wefts. The technical drawing and pattern report of the cross-sectional view of the 3D hollow fabric are presented
in Figure 3 (Turgut, (2020). The cross-sectional view of the tubular 3D fabric was shown in Figure 4.
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Figure 3. Cross-sectional view and the peg plan of the tubular 3D fabric

Figure 4. Tubular 3D fabric

Another 3D fabric structure produced with the developed sample weaving machine is the honeycomb structure.
Three-dimensional honeycomb structures mimic the geometry of natural honeycomb structures to achieve
minimal weight and maximum strength by minimizing material usage during production. Composites reinforced
with honeycomb structures exhibit lightweight properties, excellent impact absorption, and high strength (Basal
et al, 2018). The presence of open spaces between layers results in a 3D structure with honeycomb-shaped cells
in the cross-section, featuring non-flat top and bottom surfaces. The technical drawing and pattern report of the
cross-sectional view of the honeycomb 3D fabric is provided in Figure 5, while Figure 6 shows honeycomb hollow
fabric in its original form and composite form.

(b)

Figure 5. Honeycomb fabric; a) Original form b) Composite form
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Figure 6. Cross-sectional view of honeycomb fabric and the peg plan

3. Result and Discussion

This study introduced a sample woven fabric machine with a multi-roller warp system, which was utilized for the
production of three-dimensional woven fabrics. The developed sample-weaving machine holds potential for
application in research and development activities within textile enterprises, educational institutions offering
textile programs, research centres and composite material manufacturers. This machine, capable of producing
fabrics in small sizes for research purposes. It features a multi-roller warp let off system, which offers a great
potential to produce specific type 3D woven fabrics by letting off and rewinding warp yarns during the weaving
process which is not possible with conventional weaving machines. The inclusion of both rapier and shuttle weft
insertion mechanisms in this shuttle system facilitates the continuous release of the weft yarns from the shuttle
bobbin, ensuring a smooth fabric edge. Additionally, by eliminating the need for cutting, this system addresses the
cutting challenges associated with high strength technical yarns. The machine requires minimum space and allows
for the creation of simple, medium, and complex weaving patterns with reduced time consumption and simplify
process requirements. In addition, the low production cost of this machine, compared to similar sample weaving
machines produced abroad, eliminates the high costs associated with machine spare parts and long lead times for
overseas procurement.

Following the development of the sample weaving machine, its capability for 3D fabric production was verified by
creating two distinct hollow fabric structures: tubular 3D fabric and honeycomb fabric. The results demonstrated
that the developed machine successfully produced these structures without encountering any difficulties.

In conclusion, this sample weaving machine is expected to support various studies for producing technical fabrics
in the future, potentially leading to new projects, including the development of three-dimensional woven fabric
structures with impact protection features that eliminate the need for sewing.
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Anahtar Kelimeler 0z

Bor Oksit, Tip ve dis hekimliginde hem hasta hem saglik personeli agisindan sterilizasyon islemi
Borik Asit, hayati derecede 6nem tasimaktadir. Ozellikle cerrahi miidahalelerde kullanilmakta
Grafen Oksit, olan aletler iizerinde cerrahi miidahale sonucunda birtakim mikroorganizmalar yer
Sterilizasyon, alir. Tibbi ekipman uygun sekilde dezenfekte veya sterilize edilmediginde, konak
Modifiye Gelistirilmis bariyerlerinin ihlali nedeniyle enfeksiyon riskini artirmaktadir. Bu ¢alismada dental
Hummers. el aletlerinin temizlenmesinde kullanilmak tizere bor katkili grafen oksit (BGO)

sterilizasyon 6n islem sollisyonu tiretildi. Bor kaynag olarak bor oksit (B203) ve borik
asit (HsBO3) kullanildi. Grafen oksit (GO) Modifiye Gelistirilmis Hummers Metodu ile
sodyum nitrat (NaNOs) kullanilmadan sentezlendi. BGO kompozitlerinin
karakterizasyonu XRD, SEM/EDS ve FTIR analizleri kullanilarak yapildi. Yapilan
analizler sonucunda elde edilen SEM gorintiileri, XRD analizinde GO, H3BO3 ve B203’e
ait karakteristik piklerin varligi ve FTIR analizinde H3BO3/GO (GBA) ve B203/GO
(GBO) yapilarinda B-C ve B-O baglarinin goriilmesi GO yapisinda bor varligini
dogrulamistir. BGO soliisyonunun antibakteriyel etkinligi agar kuyucuk difiizyon
yontemi ile Gram pozitif (Staphylococcus aureus) ve Gram negatif (Escherichia coli)
bakteriler i¢in 6l¢tilmiistiir. Belirlenen konsantrasyonda kullanilan muadil soliisyon,
GBA ve GBO ¢ozeltilerinin antibakteriyel etki gostermedigi gozlenmistir. GBA ve GBO
sterilizasyon 6n islem soliisyonlarinin temizlik veriminin de muadil iiriinle benzer
olmast ham madde agisindan siirdiriilebilir ve ¢evre dostu soliisyonlarin
sterilizasyon 6n isleminde alternatif olabilecegini gostermistir.

ANTIBACTERIAL EFFECT OF BORON-DOPPED GRAPHENE OXIDE SOLUTIONS
ON STERILIZATION OF HAND TOOLS

Keywords Abstract

Boron Oxide, In medicine and dentistry, sterilization is mandatory for the benefit for both patients
Boric Acid, and healthcare personnel. Especially on instruments used in surgical interventions,
Graphene Oxide, some microorganisms take place as a result of surgical intervention. When medical
Sterilization, equipment is not properly disinfected or sterilized, it increases the risk of infection
Modified Improveddue to breach of host barriers. In this study, boron doped graphene oxide (BGO)
Hummers. sterilization pre-treatment solution was produced in order to clean dental hand

instrument. Boron oxide (B203) and boric acid (H3BO3) and will be used as a boron
source. Graphene oxide (GO) was synthesized by the Modified Improved Hummers
method without using sodium nitrate (NaNO3s). BGO composites was characterized
using XRD, SEM/EDS, and FTIR analyses. The SEM images obtained as a result of the
analyzes, the presence of characteristic peaks of GO, H3BO3 and B:03 in the XRD
analysis, and the presence of B-C and B-0 bonds in the H3B0O3/GO (GBA) and B203/GO
(GBO) structures in the FTIR analysis confirmed the presence of boron in the GO
structure. The antibacterial activity of BGO solution was measured for Gram-positive
(Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria by the agar
well diffusion method. It has been observed that the equivalent solutions used in the
industry, GBA and GBO solutions, do not have an antibacterial effect at the determined
concentration. The cleaning efficiency of GBA and GBO sterilization pre-treatment
solutions is similar to the equivalent product, and it has been observed that
sustainable and environmentally friendly solutions in terms of raw materials can be
an alternative in sterilization pre-treatment.
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Highlights

e C(leaning process is a mandatory step before disinfection or sterilization process.
e Pre-treatment solution for dental hand instruments based on boron doped graphene oxide have been

obtained.
e Solution formed by using a natural mineral boric acid and bor oxide may reduce abrasion of dental hand
instruments.
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Figure. Modifiye Gelistirilmis Hummers Yéntemiyle GO Uretim Akis1 (Production flow of GO using Modified
Improved Hummers method

Purpose and Scope

Today, chemical-containing cleaning solutions used in washing machines in the dental sterilization unit, composite
fillers and bonding cements that have dried on metal hand tools cannot be removed from stainless steel dental
hand tools. Before sterilization, additional mechanical cleaning is performed on the stainless steel hand tools. The
purpose of this study is to synthesize boron-doped GO (BGO) sterilization pre-treatment solution to be used in the
pre-sterilization cleaning step of dental hand instruments.

Design/methodology/approach

Doping of the hexagonal structure of carbon atoms in graphene oxide was achieved by boron atoms on to the
carbon atoms and bonding them covalently. The dental hand instrument cleaned with BGO solution was
compared with the equivalent solution used in dentistry. The effectiveness of the synthesized sterilization
pretreatment solution was determined using washing efficiency control indicators in accordance with TS EN ISO
15883-1 standard.

"The doping of the hexagonal structure of the carbon atoms in the GO ring was achieved by covalently bonding
boron atoms onto the carbon atoms."

" Corresponding author: banuturkaslan@sdu.edu.tr, +90-246-211-1389
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Findings
While the washing efficiency of boron solutions was similar at low temperatures, it was observed by the color
transformation on the indicator papers that the washing efficiency increased as the temperature was increased.

Research limitations/implications (if applicable)
It was concluded that different boron concentration should be studied in order to improvee the antibacterial effec

Originality
Boric acid and boron oxide, known as antiseptic and anti-infective, have been used in the sterilization of dental
hand instrument, which has never been studied before.

1. Giris (Introduction)

Saglik alaninda kullanilan el aletleri ve ekipmanlari tasidiklar: biyo-ytiikleri sebebi ile hem saglik personeli hem de
cevre icin enfeksiyon kaynagidir. Enfeksiyonlardan korunabilmek i¢in tiim arag¢ ve gerecler temizlenmeli ve
sterilize edilmelidir. El aletlerindeki kir, doku artiklari, yabanci madde ve partikiillerin uzaklastirilma islemi olan
temizlik, sterilizasyon dongiisiiniin ilk ve en 6nemli adimidir (Samasti vd., 2008; WHO ve PAN, 2016).
Sterilizasyon, mikroorganizmalarin miktar, tiirti, dogal direnci ve yapisal dzellikleri (biyofilm gibi), kullanilan
sterilizasyonun giicti, temas siiresi, yogunlugu, cevresel 6zellikler (sicaklik, pH, organik-inorganik) gibi bir¢ok
faktorden etkilenir. Temizleme ve sterilizasyon icin mevcut ticari kimyasal alternatifler klor ve amonyak
icermektedir. Aletlerin temizligi sirasinda 1s1 ortamindan dolay1 6n sterilizasyon soliisyonlar1 buharlagmaktadir.
Petrol tiirevlerinden meydana gelen temizlik maddelerinin solunmasi halinde tehlikeli etkiler meydana
gelebilmektedir. Temizlik ve sterilizasyon icin kullanilan maddeler, aletlerle uyumlu, istenen seviyede etkinlik
gosteren, kolay durulanabilir, cevre i¢in glivenli ve ekonomik olmalidir (Erbil, 2005; Vries, 2014).

Antiseptik ve anti-enfektif olarak bilinen borik asit (HsBO3 veya B(OH)s)) (Eseceli vd., 2018); optik durulama
(Lehmann vd., 2010), gargara (Saglam vd., 2013), sterilizasyon islemleri (Zer vd., 2020), antibakteriyel ajanlar
(Zan vd., 2013) ve pomatlar (Demirci vd. 2015) olarak enfeksiyonlarda da kullanilmaktadir. Susuz borik asit
olarak da bilinen bor oksit ise (B203), bor yiizdesi en fazla olan borun temel oksididir (Cakmak ve Ozcan, 2022).
Uriiniin kalitesini etkileyen su buhari ¢ikmamas nedeniyle, bircok ézel bor kimyasalinin iiretiminde borik asit
yerine kullanilmaktadir (Yilmaz, 2009).

Son yillarda yapilan ¢alismalar incelendiginde borik asidin Listeria (L.) monocytogenes ve Staphylococcus (S.)
aureus’a karsi antibakteriyel etkinlige sahip oldugu gézlenmistir (Ilhan vd., 2019). Yapilan ¢alismalar gelistirilerek
yara tedavisinde kullanilan glimis nitrath siingerlerin yerine borik asit kullanarak yaralarin tedavi siirelerinde
kisalmalar tespit edilmistir (Kapukaya ve Kulahci, 2020). 2021 yilinda yapilan baska bir ¢alismada ise kolon
kanseri hiicrelerinin temizlenmesinde farkli konsantrasyonlarda bor oksit kullanarak, bor oksitin kanser
hiicrelerine etki ederek saglikli dokulara daha az zarar verdigini ortaya koymaktadir (Albuz vd., 2019).

GO, sp2 ve sp3 hibritlesmesi yapabilen karbonlari ve ¢ok sayida oksijen iceren fonksiyonel gruplari igeren 2
boyutlu (2D) grafenin oksitlenmis tiirevidir. GO sahip oldugu hidroksil, epoksi ve karboksil gibi fonksiyonel
gruplar sonucunda sulu ¢ozeltilerde yiiksek ¢oziiniirliige sahiptir (Ray, 2015). GO tabakalar1 bazal diizlemde
nispeten hidrofobik, kenar bélgelerinin hidrofilik oldugu u¢tan merkeze dogru dagilan amfifilik bir yapiya sahiptir.
Amfififlik yapisi arayiizeyler arasinda enerjiyi azaltarak yiizey aktif madde gibi davranmasini saglar (Shao vd,,
2014). GO, ilag ve gen dagitimi (Lu vd., 2012; Nanda vd., 2015), antibakteriyel (Dimiev ve Eigler, 2017; Sun vd,,
2020], biyogoriintiileme (Lee vd., 2016) kanser tedavisi (Goenka vd., 2014) ve X-ray kalkanlama (Turkaslan vd.,
2022) gibi bir¢ok farkli alanda kullanilmaktadir(Agnoli ve Favaro 2016).

Bu ¢alismada, dental el aletlerinin sterilizasyon dncesi temizleme adiminda kullanmak i¢in bor katkili GO (BGO)
sterilizasyon 6n islem soliisyonu sentezlenmistir. H3BO3'lin saglik alaninda ¢ok farkli arastirmalarda yer almasina
ragmen temizleme veriminin dental el aleti tizerindeki etkileri heniiz arastirilmamistir. B203 ile yapilan ¢alismalar
son yillarda ivme kazanmakla beraber benzer bir ¢alisma literatiirde bulunmamaktadir.

GO, Modifiye Gelistirilmis Hummers yontemiyle sentezlenmistir. GO, grafitin H2SO4 ile islendigi NaNO3 ve ekstra
HNOs kullanilmadan daha uzun siireli mekanik karistirmaya dayali bir siireci kapsayan grubumuz tarafindan
gelistirilmis Modifiye Gelistirilmis Hummers yontemi ile sentezlenmistir. Bor kaynag1 olarak H3BO3 ve B:03
kullanilmistir. GO halkasinda ki karbon atomlarinin altigen yapisinin katkilanmasi, karbon atomlari {izerine bor
atomlarimin kovalent olarak baglanmasiyla gerc¢eklestirilmistir (Rani ve Jindal, 2013).
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Sentezlenen sterilizasyon 6n islem sollisyonunun etkinligi, TS EN ISO 15883-1 standardina (Renders vd., 2019)
uygun olarak yikama etkinlik kontrol indikatdrleri ile muamele edilerek gerceklestirilmistir. Bu indikatdrler
cerrahi aletleri temsil eden metal veya plastik bir tasiyici aparat iizerine yerlestirilmis taklit kirleri icermektedir.
Buna ilaveten yikama etkinlik kontrol indikatorleri ile muamele edilen, dis hekimliginde kullanilan muadili
soliisyon ile ayni prosediirde kademeli olarak arttirilan farkli sicaklik degerlerinde (55°C, 70°C ve 90°C)
karsilastirilmistir. GBA ve GBO ve sterilizasyon 6n islem soliisyonunun sektérde kullanilan muadil iirtinle optimize
edilen konsantrasyonlarda antibakteriyel aktivitesinin karsilastirilmasi laboratuvar ortaminda agar kuyucuk
difiizyon yontemi kullanilarak yapilmistir.

2. Materyal ve Yontem (Material and Method)
2.1. GO Sentezi (Synthesis of GO)

GO, Modifiye Gelistirilmis Hummers Metodu kullanilarak sentezlenmistir. Sentez i¢in Grafit flake (=75 %min),
Siilfiirik asit (H2S04, %98), Potasyum permanganat (KMnO4, %99), Hidrojen peroksit (H202, %30), Hidroklorik asit
(HCI, %37) Sigma Aldrich firmasindan temin edilmistir.

Buz banyosunda bulunan 50 ml H2S04 igerisine 6nce grafit (2 g) ardindan KMnOz4 (6 g) kademeli olarak eklenerek
karistirllmistir. Daha sonra karisima 300 mL deiyonize su ilave edilmis ve karistirmaya devam edilmistir.
Yiikseltgenmeyi islemi durdurmak ve yapidaki safsizliklar1 uzaklastirmak icin sirasiyla 2 ml H20: ve HCI ilave
edilerek sliziilmiistiir. Sentezlenen grafit oksitten 1 g alinarak 350 mL saf su icerisinde dispers edildikten sonra
sirasiyla 2 saat sonike edilip santrifiijlenerek GO elde edilmistir.

2.2. BGO Sterilizasyon On islem Soliisyonunun Hazirlanmasi (Preparation of BGO Pre-Sterilization
Solution)

BGO, sterilizasyon on islem soliisyonunun hazirlanmasi isleminde H3BO3 (Eti Maden, 299.5%) ve B203 (Eti Maden,
298.0%) bor kaynagi olarak kullanilmistir.

GO’ya bor atomu katkilanmasinda H3BOs ve B:03 kullanilarak iki farkli sterilizasyon o6n islem soliisyonu
sentezlenmistir. GBA ve GBO ¢dzeltilerinin her biri icin GO'nun 100 mL (%1 w/v) ¢ozeltisi hazirlanarak oda
sicakliginda manyetik karistiricida karistirilmistir. Hazirlanan GO ¢ozeltisi icerisine H3BO3 ve B203 optimize edilen
derisimde (%2 w/v) ilave edilerek iki farkli soliisyon 6nce manyetik karistirici ardindan ultrasonik banyoda
sonike edilmistir.

3. Deneysel Sonuglar (Experimental Results)
3.1. GO'nun Karakterizasyonu (Characterization of GO)

GO yapisina ait XRD spektrumu incelendiginde GO igin 26=12° degerinde GO’nun karakteristik zirvesi
gozlenmektedir (Sekil 1) (Truong vd., 2020).

Siddet (a.u.)

10 20 30 40 50 60 70
20 (derece)

Sekil 1. GO'nun XRD Spektrumu (XRD Spectrum of GO)
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Saf grafitle karsilastirildiginda katmanlar arasina fonksiyonel gruplarin yerlesmesi sonucu tabakalar aras1 mesafe
0,81 nm olarak artmistir (Tablo 1).

Tablo 1. Grafit ve GO’nun pik analizi (Peak assigment of graphite and GO)

Materyal 2(0) d (nm) Katman Sayis1
Grafit 26,02 0,34 47
GO 12,01 0,82 14

Sekil 2'deki SEM goriintiilerinde GO yapisinin dalgali gériiniimli ve tabakali bir formda oldugu saptanmistir. EDS
analizlerinde goriildiigi gibi, katmanli GO morfolojisini olusturan grafitin oksidasyonu sonucu katmanlar arasina
fonksiyonel gruplar eklenmistir.
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ekil . a t v () G' nun SEM/EDS goriintiileri (SEM/EDX image of graphite (a) and GO (b))
Sekil 3'te GO yapisina ait bag yapilar1 ve fonksiyonel gruplar: gosteren FTIR spektrumu incelendiginde GO’nun
3424 cmV’de -OH, 1717 cmVde C=0, 1627 cmde C=C, 1234 cmYde C-0 ve 1063 cm'de C-O titresimlerine ait

oldugu gorillmektedir.
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T T T T
4000 3000 2000 1000

cm’”

Sekil 3: GO'nun FTIR spektrumu (FTIR Spectrum of GO)
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3.2. Soliisyonlarin Karakterizasyon Sonuclar:1 (Characterization Results of Solutions)

Sekil 4(b) incelendiginde GBA igerisinde ki 20=11.38%deki kirinim piki GO yapisina, 26= 14, 27.16 ve 57°deki
diisiik yogunluklu pikler H3BOs3'lin kristal yapisina (Zhang vd., 2019; AL-Taie vd., 2014) aittir. GBO’ ya ait XRD
spektrumu incelendiginde ise 26=15, 28 deki pikler ise GBO igerisinde ki B203 kristal yapisina ait piklerdir(Sekil
4 (d)) (Ojhavd., 2018) .

Siddet (a.u.)
Siddet (a.u.)

LA AL n

20 40 0 80 20 40 00 80
26 (derece) 26 (derece)

Siddet (a.u.)
Siddet (a.u.)

.

Al e

20 40 60 80 20 40 60 80
20 (derece) 20 (derece)

Sekil 4. (a) H3BOs3, (b) GBA, (c) B203 ve (d) GBO Soliisyonlarinin XRD spektrumlar1 (XRD spectrum of (a) H3BOs, (b) GBA, (c)
B203 ve (d) GBO solutions)

FTIR spektrumu incelendiginde (Sekil 5) GBA ve GBO yapilarina ait O-H gerilme titresimin sirasiyla 3430 cm-! ve
3220 cm'Vde gozlenmistir. GBA yapisinda 570 ve 670 cm-"’deki bantlar 0-B-0 halka gerilmesine, 1651 cm! dalga
sayisindaki bant GO’ya ait C=C titresimine ve 1164-1062 cm'deki B-C germe titresimlerine ait bant ise karbon
agindaki bor katkisin1 dogrulamaktadir (Zhang vd., 2016; Wang vd., 2016; Sankaran,ve Viswanathan, 2007; Sahoo
vd., 2015).

GBO spektrumunda ki 1645 cm"’de bant GO’nun C=C gerilmesine, 2369 ve 2254 cm "de gozlenen titresim bantlari
ise B-H titresim bandina aittir. 1476 cm-"de meydana gelen pikler B203 GO olusumunu destekleyen B-O gerilme
titresimine aittir (Moon vd., 2004; Xue vd.,2013). 1196-1035 cm ! arasinda B-C gerilme titresiminden kaynaklanan
pikler ise karbon kafesindeki borun katkisini dogrulamaktadir (Sankaran,ve Viswanathan, 2007; Sahoo vd., 2015;
Moon vd., 2004).
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Sekil 5. (a) H3BOs3, (b) GBA, (c) B203 ve (d) GBO soliisyonlarinin FTIR spektrumu (FTIR spectrum of (a) H3BOs3, (b) GBA, (c)

B203 ve (d) GBO solutions)

Sekil 6 incelendiginde GO’nun H3BO3 ile katkilanmasindan sonra H3BOs kristal taneciklerini GO’nun tabakalari

arasinda dagilarak homojen bir morfoloji olusturdugu goriilmektedir.
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Sekil 6. a) H3BOs3 ve b) GBA SEM/EDS goriintiisii (SEM/EDX image of H3BO3 ve b) GBA)

Sekil 7 incelendiginde B203 nano yapisi geregi kiimelenmis yapida kiiresel forma yakin morfolojidedir (Demirci
vd., 2015). GBO yapisi olusumu biitiinlesen yap1 ve EDS analiz sonuglarinda ki karbon varligiile de desteklenmistir.

s TS
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Sekil 7. a) B203ve b) GBO SEM/EDS (SEM/EDX image of a) B203ve b) GBO)
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3.3. Soliisyonlarin Yikama Verimliligi Sonug¢lar1 (Washing Efficiency Results of Solutions)

%2 H3BO3 ve B203 katkil1 GO sterilizayon 6n islem soliisyonlarinin yikama etkinlik tespiti icin muadil soliisyon
kontrol grubu segilerek sentezlenen GBA ve GBO soliisyonlarinin igerisine yikama etkinlik kontrol indikatorleri
ilave edilerek farkli sicakliklardaki (55°C, 70°C ve 90°C) etkinlikleri karsilastirilmistir. %2 bor katkili GO
¢ozeltilerinin diisiik sicaklilarda birbirine ve muadil ¢6zelti ile benzer etkinlikte iken artan sicaklikla beraber
sentezlenen c¢ozeltilerinin yikama etkinliklerinin arttigi indikatér kagitlarinda ki renk donistimi ile
gozlemlenmistir(Sekil 8).

55°C
70 °C
£ - h lu'-——'_-(z‘
r - . — |
90 °C e _#¥\' |

Sekil 8. %2 GBA (a,d,g), %2 GBO (b,e,h) ve Referans Cozeltilerinin (c,f1) Yikama Verimliligi Sonuglar1 (Washing Efficiency
Results of %2 GBA (a,d,g), %2 GBO (b,e,h) and Reference Solutions (c,f1)

Sentezlenen sterilizasyon on islem soliisyonlarinin yikama etkinliklerinin daha iyi anlasilabilmesi i¢cin H3BO3 ve
B203 ¢ozeltilerinin GO ile katkilamadan saf ¢ozeltileri hazirlanip icerisine yikama etkinlik kontrol indikatorleri
ilave edilerek degisen sicakliklardaki (55°C, 70°C ve 90°C) etkinlikleri Sekil 9’da gosterilmistir.

Sekil 9. %2 H3BOs (a,e,1), %2 GBA (b,fj) ve %2 B203 (c,gk), %2 GBO Cozeltilerinin (d,h,]) Yikama Verimliligi Sonuglari
(Washing efficiency results of %2 H3BOs (a,e,1), %2 GBA (b,fj) and %2 B203 (c,gk), %2 GBO
solutions

Sekil 9 incelendiginde %2 H3BOs3 katkili GO ¢ozeltisinin, saf %2'lik H3BO3 ¢ozeltisine gore yikama veriminin daha
etkin oldugu indikator kagitlarindaki renk doniisiimii ile gbzlemlenmistir. Benzer sekilde GBO ¢dzeltisinin, saf
%2’lik B203 ¢ozeltisine gore yikama veriminin daha etkin oldugu buna ilaveten her iki bor kaynag ile katkilanmis
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yapilarin diisiik sicakliklarda benzer iken artan sicaklikla paralel olarak yikama etkinliklerinin arttig1 indikator
kagitlarindaki renk dontisiimii ile g6zlemlenmistir.

3.4. Antibakteriyel Etkinin Degerlendirilmesi (Assessment of Antibacterial Effect)
Optimize edilen konsantrasyonlarda antibakteriyel aktiviteyi kuyucuk difiizyon yontemi kullanilarak gram pozitif

(Staphylococcus aureus) ve gram negatif (Escherichia coli) bakteriler i¢cin 24 saatlik inkiibasyon sonucuna gore
degerlendirilmistir (Sekil 10).

Sekil 10. a) GBA, GBO ve Referans ¢ézeltinin S. aureus (a) ve E. coli (b) Uzerine Etkisi (Effect of GBA, GBO and Reference
solution on S. aureus (a) and E. coli (b))

Kuyucuk difiizyon yonteminde test edilecek maddeyi igeren bir kuyucuk sistemi ve test organizmasinin bulundugu
uygun bir besiyeri kullanilmaktadir. Kuyucuklara koyulan maddenin konsantrasyonunun artmasi veya azalmasi
ile aktivitenin olusturdugu inhibisyon zonlarinin ¢aplarinin dogru orantili olarak artmasi veya azalmasi
beklenmektedir. 24 saatlik inkiibasyon siiresi sonunda sonuglar degerlendirildiginde sektérde kullanilan muadil
soliisyon da dahil olmak iizere sentezlenen borla katkilanmis GO yapilarinda da antibakteriyel etki
gozlenmemistir.

4. Sonug ve Tartisma (Result and Discussion)

Bu calismada H3BO3 ve B203 katkili GO'nun sterilizasyon 6n islem soliisyonu olarak kullanilabilirligi deneysel
olarak arastirilmistir. Optimize edilen deney kosullarinda sentezlenen soliisyonlarinin karakterizasyon
sonuclarinin belirlenmesinde XRD, FTIR ve SEM/EDS analizleri kullanilmis ve elde edilen sonuglar GO’ ya bor
atomunun katkilanmasi dogrulanmistir.

%2 bor katkili GO ¢ozeltilerinin sterilizayon 6n islem soliisyonlarinin yikama etkinliklerinin GO yapisina
katkilanmasiyla arttig1 gorilmiistiir. Bu sonucun GO’nun molekiiler veya kolloidal bir yiizey aktif madde olarak
davranmasi ara ylizeydeki gerilimi azaltarak sterilizasyon 6n islem soliisyonunun dental el aletleri ile temasini
arttiran yonde etki etmesi ile agiklanabilmektedir. Buna ilaveten %2 bor katkili BGO soliisyonlarinin diisiik
sicaklilarda birbirine benzer ve muadil ¢ozelti ile benzer etkinlikte iken artan sicaklikla paralel olarak yikama
etkinliklerinin arttig1 g6zlemlenmistir.

Antibakteriyel etki sonuglar1 degerlendirildiginde sektorde kullanilan muadil iriin de dahil olmak iizere
cozeltilerde belirlenen konsantrasyonlarda antibakteriyel etki gozlenmemistir. Borik asitin antibakteriyel,
antikandidal ve antifungal aktivite gosterdigi cesitli calismalarda ispatlanmistir (Xue vd., 2013; Karaarslan vd.,
2005; Yilmaz, 2012). insan kék kanallarindaki E. Faecalis biyofilmleri tizerindeki en etkili bakterisidal kosullarin
%86 borik asit konsantrasyonunda ulasildig1 (Saglam vd. 2013), baska bir calismada borik asidin 20 farkh
mikroorganizmanin tiimiine karsi %6 konsantrasyonda ilk dakikadan itibaren etkin oldugu bulunmustur (Zer vd.,
2020). Yapilan literatiir ¢calismalar1 géz oniine alindiginda BGO yapisindaki H3BO3 ve B203 farkli saglik
uygulamalarinda antibakteriyal etkisi ispatlanmistir. GO icin yine bir dis malzemesi olan dis implantlarinda yapmis
oldugumuz ‘Antibakteriyel Dental implant Ve Abutment Gelistirilmesi icin Yeni Bir Kaplama Yontemi’ isimli
ticarilesmis patentimizde de GO nun ayn1 miktar1 (%1 w/v) ile antibakteriyel etkinin saglandig1 gézlenmistir. ileri
ki ¢alismalarda optimize edilmis ayni1 deneysel kosullarda farkli derisim degerlerinde H3BO3 ve B203 ¢alismalar
yapilarak antibakteriyellik etkinin gelistirilebilecegi diisiiniilmektedir.
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Anahtar Kelimeler 0Oz

Akrilik, Giniimiizde tekstil endiistrisindeki hizli teknolojik gelismeler, malzeme bilimi ve tekstil
Lif Inceligi, mithendisligi alanlarinda derinlemesine arastirmalara olan ihtiyaci artirmaktadir. Tekstil
Relakse/Relakse malzemelerinin 6zelliklerini anlamak ve gelistirmek, endiistriyel uygulamalarda ve giinliik
Olmamus, yasamimizda karsilagtigimiz tekstil dirtinlerinin performansini optimize etmek i¢in kritik
Yiiksek Hacimli, oneme sahiptir. Bu calisma, 6zellikle farkli incelikteki akrilik liflerin relakse/relakse
Iplik Ozellikleri. olmamis Kkarisim oranlarinin, iplik o6zellikleri iizerindeki etkilerini anlamak ve

degerlendirmek amaciyla gerceklestirilmistir. Calismada 1,7 dtex, 2,75 dtex ve 3,3 dtex
olmak iizere Ui¢ farkh incelikte akrilik liflerinden alt1 farkli relakse/relakse olmamis
karisim oraninda (100/0, 80/20, 60/40, 40/60, 20/80 ve 0/100) 18 farkh iplik
tiretilmistir. Bu ipliklerin kopma mukavemeti, kopma uzamasi (%), iplik dizgiinstzligi
(CVm, %), ince yer, kalin yer, neps ve tiiyliiliik gibi kritik iplik 6zellikleri detayl bir sekilde
incelenmistir. Elde edilen sonuglar, lif inceligi arttikca kopma mukavemeti ve kopma
uzamasl degerlerinin de arttigini gostermistir. Relakse/relakse olmamis karigimh
ipliklerde, 6zellikle relakse oraninin artmasi kopma mukavemeti izerinde ilging bir egilim
gostermistir. Ayrica, karisimli ipliklerde genel olarak relakse orani arttik¢a iplik hatalari
azalmistir.

COMPREHENSIVE ANALYSIS OF ACRYLIC FIBER FINENESS AND
RELAX/UNRELAX BLEND RATIOS: EFFECTS ON YARN PROPERTIES

Keywords Abstract

Acrylic, The rapid technological advancements in the textile industry today have increased the
Fiber Fineness, need for in-depth research in the fields of materials science and textile engineering.
Relax/Unrelax, Understanding and enhancing the properties of textile materials are crucial for optimizing
High-Bulk, the performance of textile products encountered in both industrial applications and our
Yarn Properties. daily lives. This study aims to comprehend and assess the effects of relax/unrelax blend

ratios of acrylic fibers with varying fineness on yarn properties. Sixteen different yarns
were produced using acrylic fibers of three different finenesses, namely 1.7 dtex, 2.75 dtex,
and 3.3 dtex, with six different relax/unrelax blend ratios (100/0, 80/20, 60/40, 40/60,
20/80, and 0/100). Critical yarn properties such as tensile strength, breaking elongation
(%), unevenness (CVm, %), thin places, thick places, neps, and hairiness were meticulously
examined. The results indicate that as fiber fineness increases, both tensile strength and
breaking elongation (%) values also increase. In relax/unrelax blended yarns, especially
increasing the relax ratio showed an interesting trend on the tensile strength.
Furthermore, as the relax ratio generally increases in blended yarns, yarn defects decrease.
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RELAX/UNRELAX BLEND RATIOS: EFFECTS ON YARN PROPERTIES

Behzat YILDIRIM!t, Muhammed idris AKTAS2, Mehmet TOPALBEKIROGLU!

1 Gaziantep Universitesi, Mithendislik Fakiiltesi, Tekstil Miihendisligi Boliimii, Gaziantep, Tiirkiye
2 Boyar Kimya San. ve Tic. A. S., Gaziantep, Tiirkiye

Highlights
e Acrylic yarns were produced from fibers of different fineness and relax/unrelax ratios.
e The combined effect of fiber fineness and relax/unrelax blend ratio was examined.
¢ In mechanical analysis, the critical relax/unrelax mixture ratio was determined.
e Fiber fineness and relax ratio had significant effects on yarn unevenness defects.

Purpose and Scope

By investigating the combined influence of different fiber fineness and relax/unrelax blend ratios, this study
seeks to make noteworthy advancements in the textile sector. The purpose of this research is to identify the key
elements that influence the characteristics of acrylic fibers and yarns, aims to provide valuable information for
industrial applications.

Design/methodology/approach

The acrylic fibers of three different finenesses (1.7, 2.75 and 3.3 dtex) were used and six different relax/unrelax
ratios (100/0,80/20, 60/40,40/60,20/80 and 0/100) a total of 18 different yarns were produced. The blended
acrylic yarns were obtained by producing Nm 28/2 yarn count and 120 T/m twist value, in volufil machine at
650 m/min production rate and 140 °C oven temperature.

Findings

In addition, it has been observed that fiber fineness and relax ratio have a significant effect on yarn faults such
as thin places, thick places, and neps. As fiber fineness increased in blended yarns, breaking strength, and
breaking elongation (%) values increased. In relax/unrelax mixtures, the tensile strength decreased with the
increase in the relax ratio up to 60%.

Originality

The literature review typically reveals a focus on relax/unrelax blend ratios. This study presents a different
approach by combining the analysis of acrylic fiber fineness and relax/unrelax blend ratios, offering a novel
perspective compared to previous research. The results indicate that the combined evaluation of these two key
parameters has a more comprehensive and significant impact on the properties of acrylic yarns.

1. Giris (Introduction)

Endiistride sentetik elyaflar arasinda yer alan akrilik lifine olan talep orani son yillarda olduke¢a artmistir. Akrilik,
yln elyafina benzerligi ve iistiin performans 6zellikleri gdstermesi ile 6ne ¢ikmaktadir (Ishtiaque ve Behera, 1991;
Wyne vd., 1997). Bu 6zellikleri arasinda diisiik maliyet, hafiflik, 1s1y1 tutma, yiiksek korozyon direnci ve yiliksek
mukavemeti de yer almaktadir (Piller, 1973; Ishtiaque ve Behera, 1991; Wyne vd., 1997; Tiyek ve Bozdogan, 2005).
Bu 6zelliklerinden dolay1 akrilik, trikolarda, pelus tiretiminde, karbon lif tiretiminde, halj, ev tekstili, otomotiv ve
uzay endiistrisi gibi pek ¢ok alanda kullanim alani bulmaktadir (Piller, 1973; Ishtiaque ve Behera, 1991; Kirecci
vd., 2011; Tiyek vd., 2016; Canli ve Celik, 2018; igoglu vd., 2023).

Poliakrilonitril polimerleri, akrilonitril monomerleriden radikal zincir polimerizasyonu yoluyla iiretilmektedir
(Hamilton, 1961; Wray, 1969). Bu polimerler, akrilik liflerin temel yapi taslarini olusturmaktadir ve liflerin fiziksel
ve kimyasal 6zelliklerini belirlemektedir. Akrilik liflerinin tek basina kullanimi oldukea yaygin olmakla birlikte
yln, pamuk, polyester, viskon ve modal lifleri ile karistirilarak da kullanilabilmektedir (Hamilton, 1961; Ishtiaque
ve Behera, 1991; Wyne vd., 1997). Bu karisimlar ile elde edilen ipliklerin performans 6zelliklerinde énemli
iyilestirmeler saglanmaktadir (Hamilton, 1961; Ishtiaque ve Behera, 1991).
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Akrilik ipliklerinde lif inceligi, iplik ve kumaslarin énemli bir takim 6zellikleri izerinde belirleyici bir faktordiir.
Lif inceligi, akrilik ipliklerin dokuma, 6rme veya diger iiretim stireclerindeki performansini ve son tiriin
ozelliklerini etkilemektedir (Hamilton, 1961; Piller, 1973). Lif inceligi, estetik gértiniim, doku kalitesi, yumusak
doku, 1s1izolasyonu, hafiflik, mukavemet ve esneklik gibi iplik 6zelliklerini etkilemektedir (Hamilton, 1961; Wyne
vd., 1997). Akrilik ipliklerde lif inceligi secimi, nihai tiriiniin 6zelliklerini belirleyen ¢ok yonlii bir faktordiir ve
tekstil tireticileri, tasarimcilar ve tiiketiciler arasinda tercihlere gore degisebilmektedir.

Akrilik liflerinin ortiicilik giiciinii ve 1s1 yalitim 6zelliklerini iyilestirmek i¢in hacmini arttirmaya yonelik
calismalar 6nem kazanmistir (Piller, 1973). Akrilikler gecici gerilimlerin 1siyla liflere sabitlenmesini saglayan
termo-mekanik 6zelliklere sahiptir (Hamilton, 1961; Najar vd., 2005). Bu gerilimler iplik gevsediginde a¢iga
cikmaktadir. Gevseme sirasinda biizlisen ve hacim olarak artan lifler yiiksek hacimli (high-bulk) bir yap:
kazanmaktadir (Piller, 1973; Najar vd., 2005). Liflere ytliksek hacimlilik kazandirma islemi genel olarak buhar
prosesi ile yapilmaktadir. Buhar prosesi, liflerin gerilmesini saglayarak, 6zellikle yiliksek hacimli akrilik ipliklerin
karakteristiklerini belirleyen bir faktdrdir. Bu siireg, liflerin bir arada tutulmasim ve gevsetilmis liflerin
biiziilmemis liflerle etkilesimini diizenlemektedir, bu da iplige hacimli, sicak ve yumusak bir his vermektedir
(Najar vd., 2005). Uretim sirasinda buhar prosesi uygulanan akrilik lifler, relakse (relax veya biiziilmeli),
uygulanmayan lifler ise relakse olmamis (unrelax veya biiziilmesiz) olarak tanimlanmaktadir. Bu iki lif tiirii farkl
oranlarda karistirilarak hacimli iplikler liretilebilmektedir (Sarioglu vd., 2019; Turgut vd., 2023). Akrilik liflerin
fiziksel 6zelliklerini kontrol etme ve iyilestirme potansiyeli, endiistriyel uygulamalarda ve tiiketici iirtinlerinde
cesitli talepleri karsilamak icin 6nemlidir. Bu baglamda, relakse ve relakse olmamis karisim oranlarinin akrilik
liflerin 6zellikleri tizerindeki etkileri, malzeme bilimi ve tekstil miithendisligi alanindaki arastirmacilar i¢in 6nemli
bir odak noktas1 olmustur.

Relakse/relakse olmamis karisimli akrilik iplikleri izerine yapilan dnceki calismalarda, relakse oraninin kritik bir
O6neme sahip oldugu belirlenmistir (Najar vd., 2005; Bakhtiari vd., 2006). Bu ¢alismalarda elde edilen sonuglar,
%40 relakse karisim oraninin ipligin kopma mukavemeti ve kopma uzamas1 6zellikleri i¢in optimum degeri
sagladigini gostermistir (Najar vd., 2005; Bakhtiari vd., 2006). Yine, farkli relakse karisim oranlar: kullanilarak
iiretilen iplikler 6rme kumas formuna getirilmis ve bu kumaslara basing testi uygulanmistir (Najar vd., 2005;
Bakhtiari vd., 2006). Bakhtiari vd. (2006) tarafindan yapilan bir ¢alismada, 6rme kumaslarda %40 relakse karisim
oraninin en yiiksek hacim ve asinma direncini sagladig belirlenmistir. Sadeghi-Sadeghabad vd. (2015) tarafindan
kullanilan Taguchi metodu ile akrilik ipliklerde farkli relakse oranlari igin proses parametreleri optimize
edilmistir. Sarioglu vd. (2019) akrilik 6rme kumaslarinda %60 relakse karisim orani kullanarak yaptiklar
calismada, islem parametrelerinin ipligin kopma mukavemeti, kopma uzamasi, biiziilmesi, kumasin patlama
mukavemeti ve hava gecirgenligi lizerinde etkili oldugunu tespit etmistir. Turgut vd. (2023) tarafindan
gerceklestirilen bir calismada, farkl renkteki akrilik relakse karisimli liflerden driilen kumaslara yapilan testlerde,
relakse karisimli liflerdeki renk degisiminin iplik ve kumas 6zellikleri tizerinde 6nemli bir etkisinin olmadigi
vurgulanmistir. Fakat Najar vd. (2005) tarafindan yapilan ¢alismada, relakse akrilik ipliklerin 6zgiil hacminin ve
kopma mukavemetinin boyandiktan sonra bir miktar distiigiinii fakat biiziilme ve uzama degerlerinin
etkilenmedigini rapor etmislerdir.

Onceki calismalarda, akrilik lifleri ile ilgili genellikle relakse/relakse olmamis karisim oranlarinin ele alindig
gorilmistiir. Bu ¢alisma, akrilik liflerinin incelikleri ve relakse/relakse olmamis karisim oranlarinin birbiri ile
etkilesimli analizini icererek onceki ¢alismalardan farkli bir yaklasim sunmaktadir. Elde edilen sonuglar, bu iki
temel parametrenin birlesik degerlendirmesinin, akrilik ipliklerin 6zellikleri iizerinde daha kapsamli ve anlamli
bir etki yarattigin1 géstermektedir.

2. Materyal ve Metot (Material and Method)
2.1. Materyal (Material)

Calismada kullanilan 1,7, 2,75 ve 3,3 dtex inceligindeki %100 poliakrilonitril (akrilik) lifler tow halinde Aksa
Akrilik Kimya Sanayii A.S.’den temin edilmistir. Iplik iiretimleri, Boyar Kimya San. ve Tic. A.S.de yapilmistir.

2.2. Metot (Method)

Calisma kapsaminda, ti¢ farkl incelikte (1,7, 2,75 ve 3,3 dtex) akrilik lifler kullanilarak alt1 farkli relakse/relakse
olmamis karisim oraninda (100/0, 80/20, 60/40, 40/20, 20/80 ve 0/100) toplam 18 farkl iplik iiretilmistir. ilk
olarak tow halindeki farkli incelikteki lifler relakse islemi icin sicak buhardan gecirilmistir. Relakse olmamas lifler
icin kopartma makinasinda sicak buhar uygulamasi yapilmamistir. Ardindan bu lifler yeniden kopartma, 1. pasaj
cer, 2. pasaj cer, 3. pasaj cer ve finisor makinalarindan gegirilerek iplik hazirlik islemi tamamlanmistir. Farkl
incelikteki lifler, hazirlama makinelerinden gecirildikten sonra ring iplik makinesinde Nm 14/1 incelik ve 350 T/m
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biikiim degerinde liretilmistir. Daha sonra iplikler katlanmis ve cift katli olarak Nm 28/2 incelikte ve 120 T/m
biikiim degerinde biikiim makinesinde iiretilmistir. Son asamada ise iplikler, volufil makinesinde 650 m/dak ¢ikis
hizinda ve 140 °C firin sicakliginda tiretilerek elde edilmistir. Volufil makinasindaki islemden sonra akrilik iplikleri,
relakse/relakse olmamis karisim oranlarina gore hacimli bir yap1 kazanmistir.

2.3. Karakterizasyon (Characterization)

ipliklerin kopma mukavemeti ve kopma uzamalari (%), James Heal Titan Universal Strength Tester cihazinda EN
ISO 2062 standardina uygun olarak 400 m/dak test hiz1 ve 500 mm test uzunlugunda él¢iilmiistiir. Her bir numune
icin toplamda 20 6l¢iim gergeklestirilmis ve bu 6l¢iimlerden alinan ortalamalar degerlendirilmistir.

Ayrica, ipliklerin diizglinsiizliik degerleri Uster Tester 4 cihazi kullanilarak belirlenmistir. Test standart olarak her
numune i¢in 400 m/dak test hizi ve 1000 m test uzunlugunda yapilmistir. Bu kapsamda numunelerin
diizglinsiizlik, kalin yer, ince yer, neps ve tiyliiliik degerleri titizlikle 6l¢ilmiistiir.

3. Sonuclar ve Tartisma (Results and Discussion)

Relakse ve relakse olmamis karisimli ipliklerin kopma mukavemeti sonuglar1 Sekil 1’de verilmistir.

5,0 o (=—ll=—17

4,5- ;
4,04
3,54

3,04

Kopma Mukavemeti (N/dtex)

2,54

2,0

1 1 1 v L) I
0/100 20/80 40/60 60/40 80/20 100/0

Relax/Unrelax
Sekil 1. Relakse /relakse olmamis karisiml ipliklerin kopma mukavemeti (Breaking strength of relax/unrelax blended yarns)

Karisimli ipliklerin kopma mukavemeti sonuclary, lif inceligine bagli olarak degismektedir. Lif inceligindeki artis,
genellikle kopma mukavemetinde bir azalmaya yol agmaktadir. Kopma mukavemeti lzerindeki etki incelik
acisindan, relakse islemine gore daha belirgindir. Lif inceligi, ipligin kesitindeki lif sayis1 ile dogrudan iliskilidir, bu
nedenle lif inceligi arttikca kesitteki lif sayis1 da artmaktadir. Kesitteki lif sayisindaki artis, genellikle iplik
mukavemetinde kritik bir parametredir.

Bu calismada, 3,3 dtex liflerden iiretilen karisimli iplikler, 2-3 N/dtex arasinda bir kopma mukavemetine sahiptir.
Farkl incelikteki ipliklerin kopma mukavemeti, karisim oraninin etkisiyle daha genis bir araliga yayilmistir. Daha
ince liflerden tretilen akrilik ipliklerinde relakse orani arttikca kopma mukavemetindeki egilim daha yliksektir.
En yiiksek kopma mukavemeti, 1,7 dtex lif inceliginden tretilen ipliklerde gézlemlenmistir. Ayrica, karisimlh
ipliklerdeki relakse orani %60'a kadar arttikca kopma mukavemetinde bir azalma goriilmiis, ancak bu degerden
sonra artis gostermistir. Bu deger, dénceki calismalarda %40 olarak belirlenmisti (Najar vd. 2005). Iplik
mukavemetinin azalmasinin nedeni buharlama islemi sirasinda relakse liflerin (%60) ipligin merkezine dogru
hareket etmesi ve kalan relakse olmamis liflerin (%40) iplik biikiimiine katilmasi ile kopma kuvvetlerini
desteklemesidir. Bu mekanizmanin bir sonucu olarak, relakse lifler ipligin kopma kuvvetine katkida bulunmadan
once uzama ve kirilma egiliminde oldugundan ipliklerin kopma mukavemeti azalmaktadir (Oxtoby, 1987). Onceki
calismada kopma mukavemetinin azalma trendi relakse orani %40’a kadar iken (Najar vd., 2005) bu ¢alismada
%060 olmasinin sebebi ¢alismalarda kullanilan iplik numarasindan kaynakl: olabilir.

En diisiik kopma mukavemeti, tiim lif inceliklerinde relakse/relakse olmamis oranlarinin agirlik¢a ytizde olarak
60/40 ve 80/40 oldugu durumlarda gozlemlenmistir. Tiim lif inceliklerinde, %100 relakse ve %100 relakse
olmamis ipliklerin kopma mukavemeti daha yiiksek ¢ikmistir. Relakse ve relakse olmamis karisimli ipliklerin
kopma uzamasi sonuglari Sekil 2'de gosterilmistir.
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Sekil 2. Relakse/relakse olmamis karisiml ipliklerin kopma uzamasi (breaking elongation of relax and unrelax blended
yarns)

Karisimh ipliklerde lif inceldikce kopma uzamasi (%) artmistir. En yiiksek kopma uzama degeri 1,7 dtex
inceligindeki ipliklerde goriilmiistir. Bu ipliklerde kopma uzamasi degerleri diger liflerden liretilenlere gére daha
fazladir. Relakse karisim orani arttik¢a 1,7 dtex inceligindeki ipliklerin kopma uzamalarinda 6énemli bir fark
gorilmemistir. Bu sonug, son kullanim ag¢isindan ipliklerin kopma uzamasinin éneminden dolay1 yiiksek hacimli
akrilik iplik Giretimi i¢cin 6nemli bir bulgudur. Fakat dzelikle 2,75 ve 3,3 dtex inceligindeki liflerden tretilen %100
relakse ipliklerde kopma uzama degeri artmistir. Kalin liflerde, relakse isleminden dolay1 lifler bir miktar
kisaldigindan, liflerin 6nceki uzunluguna dénmesi daha zordur. Bu etkinin %100 relakse ipliklerde goriilmesi, bu
durumu dogrular niteliktedir.
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Sekil 3. Relakse/relakse olmamis karisimli ipliklerin diizgiinsiizliikleri [CVm, %] (Unevenness [CVm, %] of relax and unrelax
blended yarns)

Relakse ve relakse olmamis karisimli ipliklerin diizglinsiizligi (CVm) Sekil 3'te sunulmustur. Karisiml ipliklerde
lif inceligi arttikea, iplik diizglinsiizliiglintin attig1 belirlenmistir. Bu durum, lif inceligindeki artisin lifler arasindaki
kohezyon kuvvetini arttirmasi ve ince liflerin iplik biikiimiine daha fazla katilmas ile iplik hatalarinin azalmasina
baglanabilir (Elmogahzy, 2019).

Karisimli ipliklerde relakse orani arttikea, iplik diizgiinsiizliigii azalma egilimi gostermistir. Ozellikle daha kalin
liflerden tretilen karisimli ipliklerde, relakse oranindaki artisla birlikte CV degerindeki azalmanin daha belirgin
oldugu gozlemlenmisgtir.
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Sekil 4. Relakse /relakse olmamis karisimli ipliklerin diizgiinsiizliik sonuglari: a) ince yer, b) kalin yer, c) neps, d) tiiyliilik
(Unevenness results of relax/unrelax blended yarns: a) thin place, b) thick place, c) neps, d) hairiness)

Relakse ve relakse olmamis karisimli ipliklerin ince yer, kalin yer, neps ve tiiyliilik sonuglar1 Sekil 4'te
gosterilmistir. 3,3 dtex inceligindeki liflerden iiretilen karisiml ipliklerde, ince yer hatasi gézlemlenmemistir
(Sekil 4a). Daha ince liflerden tiretilen diger ipliklerde, relakse karisim orani arttikea ince yer hatasi azalmistir. 1,7
dtex inceligindeki ipliklerin ince yer hatasi, 2,75 dtex inceligindeki ipliklere gére daha azdir. Karisimli ipliklerde
3,3 dtex inceligindeki lifler diger daha ince liflere gore hacim olarak iplik icerisinde daha fazla alan kaplamaktadir.
Bu sayede 3,3 dtex inceligindeki liflerden tretilen ipliklerde ince yer hatasi gériillmemektedir.

Kalin yer hatasi, karisimli ipliklerde relakse orani arttikga azalmistir. Lif inceldikge ve relakse orani arttikga hem
kalin yer hatas1 hem de egim trendi azalmistir (Sekil 4b). Karisiml ipliklerde lifler inceldikce kesitteki lif sayis1
arttigindan kalin yer hatasi azalmaktadir (Kuthalam ve Senthilkumar, 2013).

Karisimli ipliklerde neps hatasinin relakse orani arttikea ve lifler inceldikge azaldig tespit edilmistir (Sekil 4c). 1,7
dtex inceligindeki liflerden iiretilen ipliklerde neps hatasi, diger ipliklere gére daha diisiiktiir. Ozellikle %80
relakse oraninda, 1,7 ve 3,3 dtex inceligindeki liflerden iiretilen ipliklerde neps hatasinda bir artis gozlemlenmistir.
Tuyliliik degeri, karisiml ipliklerde relakse orani arttikea ve lifler inceldikce azalmistir (Sekil 4d). 1,7 ve 2,75 dtex
inceligindeki liflerden iiretilen ipliklerdeki tiiyliilik degeri, 3,3 dtex inceligindeki liflerden tretilen ipliklere gore
daha disiiktiir. Ayrica, 3,3 dtex inceligindeki liflerden iiretilen ipliklerde tiiyliiliik degerindeki egim trendi daha
yuksektir.

Genel degerlendirme olarak, tim iplik hatalarinda relakse orami arttikga ve lifler inceldikce azalma
gbozlemlenmistir. Bunun bir nedeni olarak buhar prosesi ile biiziisen liflerin kesiti daha dairesel bir forma
gelmesidir (Kim and Shim 2009). Dairesel formdaki liflerde iplik hatalar1 daha az goriilmektedir. Farkli bir neden
olarak relakse lifler biiziiserek iplik merkezine hareket ederken relakse olmamais lifler iplik yiizeyini sarmaktadir
(Najar vd., 2005; Sarioglu vd., 2019). Relakse liflerin uglari, iplik merkezine hareket ettiginden neps ve tiyliiliik
degerleri azalmaktadir. Benzer sekilde iplik merkezindeki relakse liflerini, relakse olmamis lifler kapladigindan
ipliklerin ince yer ve kalin yer hatalar1 azalmaktadir.
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4. Sonug (Conclusion)

Calismanin sonuglari, farkl incelikteki akrilik liflerin relakse/relakse olmamis karisim oranlarinin iplik 6zellikleri
lizerindeki etkilerini detayli bir sekilde ortaya koymaktadir. Elde edilen bulgular, lif inceligi, relakse orani ve
karisim oranlarinin kopma mukavemeti, ince yer, kalin yer, neps ve tiiyliiliik gibi 6nemli iplik 6zellikleri tizerinde
belirgin etkilere sahip oldugunu gostermektedir.

Ozellikle, lif inceligi arttikca kopma mukavemeti ve kopma uzama (%) degerlerinin arttifi gézlemlenmistir.
Relakse oranindaki degisikliklerin, 6zellikle %60 relakse oranina kadar kopma mukavemeti iizerinde azaltici etkisi
oldugu tespit edilmistir. Ayrica, ince yer, kalin yer, neps ve tiyliiliik gibi iplik hatalar: {izerinde de lif inceligi ve
relakse oraninin belirgin bir etkisi oldugu gortilmiistiir. Tiim iplik hatalar1 genellikle relakse orani arttikga ve lifler
inceldik¢e azalmistir.

Bu sonuglar, akrilik liflerin tiretiminde lif inceligi ve relakse/relakse olmamis karisim oranlarinin dikkatlice
kontrol edilmesinin, elde edilen ipliklerin istenilen 6zelliklere sahip olmasinda kritik bir 6neme sahip oldugunu
vurgulamaktadir. Gelecekteki calismalarda, relakse/relakse olmamis karisim oraninin kumaslarda boyanma ve
termal konfor 6zelliklerine etkisinin incelenmesi hedeflenmektedir.
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Keywords Abstract

PVA/AAm Polymer Blend, Citronella essential oil (CEO) has antibacterial characteristics that can be used in
Pickering Emulsion medical applications. Polyvinyl alcohol/acrylamide(PVA/AAm) hydrogels including
Hydrogels (PEHs), CEO were stabilized utilizing beta-cyclodextrin (B-CD) carbonhydrate-based
Medical Applications, material. In this context, PVA polymer, and AAm monomer were used as matrix
Citronella Essential Oil (CEO), (water phase) whereas CEO and (oil phase) and carbohydrate-based (-cyclodextrin
Antibacterial Efficiency. (B-CD) were used in the emulsion system as an active agent and an emulsifier,

respectively. The B-CD/CEO inclusion complexes were introduced to PVA/AAm
hydrogels in different ratios (1:0.25, 1:0.5, and 1:1% w/v), and to obtain Pickering
hydrogels by combining UV and freeze-thawing and anneal-swelling methods,
respectively. The influence of different 3-CD/CEO ratios on the morphological,
physical, hydrophilicity and antibacterial efficiency of PVA/AAm was studied, as
well. Although the amount of CEO increased, the hydrophilicity of hydrogels
increased, while the swelling properties of hydrogels decreased. Moreover, the
hydrogel with the highest amount of CEO showed the highest value of antibacterial
activity against both Escherichia coli and Staphylococcus aureus bacteria. The
resulting Pickering hydrogels (PEHs) can be a potential use as tissue expander for
many medical field.

TIBBI UYGULAMALAR iCiN ANTIBAKTERIYAL PVA/PAAm PICKERING EMULSIYON
HIDROJELLERININ (PEH’LER) SENTEZI

Anahtar Kelimeler 0z

PVA/AAm Polimer Karisimi, Sitronella esansiyel yag1 (CEO) tibbi uygulamalarda kullanilabilecek antibakteriyel
Pickering Emiilsiyon o6zelliklere sahiptir. CEO igeren polivinil alkol/akrilamid (PVA/AAm) hidrojeller
Hidrojeller, karbonhidrat bazli beta-siklodekstrin (-CD) malzeme ile stabilizeedilmistir. Bu
Medikal Uygulamalar, kapsamda, emiilsiyon sisteminde sirasiyla matris (su fazi) olarak PVA ve AAm, CEO
s-Sitronella Ugucu Yag1 etken madde (yag fazi) ve emiilgator olarak karbonhidrat bazli (-siklodekstrin (-
(CEO), CD) kullanilmistir. B-CD/CEO inkliizyon kompleksleri, PVA/AAm hidrojellerine
Antibakteriyal Etkinlik. sirasiyla farkli oranlarda (1: 0.25, 1:0.5 ve 1: 1 w/v) eklenmistir ve UV ve donma-

¢oziilme ve tavlama-sisme yontemlerini birlestirerek Pickering hidrojelleri elde
edilmistir. Farkli B-CD/CEO oranlarinin PVA/AAm'nin morfolojik, fiziksel,
hidrofilikligi ve antibakteriyel etkinligi lizerindeki etkisi de incelenmistir. CEO
miktar1 artmasina ragmen hidrojellerin hidrofilikligi artarken hidrojellerin sisme
ozellikleri azalmistir. Ayrica, en yiiksek CEO miktarina sahip hidrojel, hem
Escherichia coli hem de Staphylococcus aureus bakterilerine karsi en yiliksek
antibakteriyel aktivite degerini gostermistir. Elde edilen Pickering hidrojellerin
(PEHSs), tip alan1 i¢in doku genisletici olarak potansiyel bir kullanima olabilmektedir.
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SYNTHESIS OF ANTIBACTERIAL PVA-AAM PICKERING EMULSION HYDROGELS (PEHS)
FOR MEDICAL APPLICATIONS
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Highlights

e C(itronella essential oil-loaded PVA/PAAm Pickering emulsion hydrogels were synthesis via UV curing,
freeze-thawing, and anneal-swelling.

e [(-CD is miscible emulsifier to obtain citronella essential oil-loaded PVA/PAAm hydrogels.

e PAC50, PAC100, and PAC200 hydrogels are suitable to use as a wound dressing for both gram (-) E.colj,
and gram (+) S.aureus bacteria.

Purpose and Scope
In this study, it is aimed to synthesize polymer-based hydrogels using hybrid processes.

Design/methodology/approach

In the present study, new antibacterial PVA/PAAm hydrogels were synthesized by UV crosslinking, freeze-
thawing and anneal-swelling methods, respectively.

Findings

The 3-CD/CO inclusion complexes were introduced to PVA/AAm hydrogels in different ratios (1:0.25, 1:0.5, and
1:1 % w/v), and the amount of CO increased, the hydrophilicity of hydrogels increased, while the swelling
properties of hydrogels decreased. Further, the highest amount of CO showed the highest value of antibacterial
activity against both Escherichia coli and Staphylococcus aureus bacteria.

Originality

In the present study, antibacterial PVA/PAAm hydrogels were synthesized by UV crosslinking and freeze-
thawing, and anneal-swelling processes. Apart from the previous studies, antibacterial property of the resulting
Pickering emulsion hydrogels were achieved by using bio-based citronella natural oil and hydrophilic-based
polymer and monomer PVA and AAm, respectively.

1. Introduction

Oil-in-water (0/W) emulsions are commonly utilized to release of hydrophobic substances in a variety of products
such as, tissue engineering, health care, food, and medical applications, as well (Lim et al., 2020; Li et al., 2020).
Amphiphilic molecules or emulsifiers (e.g., some proteins and surfactants) generallly stabilize the emulsion
droplets by reducing the interfacial tension between immiscible phases and increasing steric hindrances or
electrostatic repulsion between the dispersed droplets (McClements, 2015). The method called “Pickering
emulsion”, in which stable emulsions are obtained by using solid particles as emulsifiers, has been the focus of
researchers (Hu et al, 2018; Souza et al,, 2021). Pickering emulsion has higher emulsification stability than
conventional emulsions stabilized by emulgators (Li et al., 2020). In this context, Pickering emulsion hydrogels
(PEHSs) cover the emulsified oil droplets within their three-dimensional network structure, preventing oil droplet
flocculation and coalescence. 3-yclodextrin (-CD), a carbohydrate derivative, acts as an excellent Aggregation
emulsifier with an internal internal conical structure at room conditions. It may form non-covalent host-guest
inclusion complexes with a wide range of hydrophobic substance, such as essential oils, due to hydrophobic
interior hole of §-CDs (Li et al., 2022).

PEHs are made up of Pickering emulsions and a hydrogel matrix, which have the properties of both an emulsion
and a hydrogel (Zheng et al,, 2022; In order to use of hydrogels as biomaterials, it is expected that they will have
properties such as biocompatibility, the ability to keep the liquid stably in their structure, non-toxic, and not
promote the growth of bacteria and fungi (Wang et al., 2019). Generally, acrylates, acrylamide and derivatives and
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their copolymers are among the monomers that are frequently used in hydrogel synthesis (Begam et al., 2004; He
et al, 2016; Bashir et al, 2020; Madduma-Bandarage et al, 2021). In addition to the use of biocompatible
monomers for hydrogel synthesis, the use of biomass raw materials to obtain natural building blocks is one of the
strategies to reduce our dependence on fossil fuels, reduce greenhouse gas emissions and ultimately reduce our
carbon footprint.

Citronella essential oil (CO) has shown antibacterial and antifungal effects in many experimental studies (Lawless
et al,, 2002; Chaisri et al., 2019; Verma et al,, 2020). There are many terpenes in citronella essential oil, such as
citronellal, citronellol, geroniol, geraniol acetate (Verma et al., 2009; Verma et al., 2020; Cerceau et al., 2020).

In this study, Pickering emulsion hydrogels were cross-linked (synthesized) with UV and then prepared by freeze-
thawing and anneal-swelling. The effects of varying -CD/citronella complex ratios on the morphological, physical
properties, and antibacterial activities in the resulting hydrogel were evaluated.

2. Materials and Method
2.1. Materials

Polyvinyl alcohol (PVA) granules (30.000 Mw, Zag Chemical Company) from Istanbul, Turkey and citronella
essential oil (>95% purity) were purchased from Monoville Aromatherapy, Turkey. Acrylamide (AAm) and (-
cyclodextrin (3-CD) was kindly granted by Veskim Chemical Company (Turkey) and Wacker Chemical Company,
Germany, respectively. 2,2-Dimethoxy-2-phenylacetophenone (99%) and N,N-Methylenebis(acrylamide)
(MBAm) (>99.5%) were supplied by Sigma-Aldrich (Germany). In all experiments, distilled water was used.

2.2. Preparation of PVA-based Hydrogels

Ahomogeneous 10% (w/v) PVA solution was prepared. 4mL of PVA solution was taken into a sealed glass jar and
0.8 g of AAm and 0.08 g of MBAAm (crosslinker) were added into the PVA solution. The polymer solution was
mixed homogenously at 25 °C for overnight. A certain amount of 3-cyclodextrin (-CD) was mixed with PVA/AAm
solution. Before adding citronella essential oil, photocrosslinker is mixed with polymer solution. Different amounts
of citronella were put drop by drop into the polymer solution and thus Pickering emulsions were formed. Pickering
emulsions with different citronella ratios were sonicated in ultrasonic homogenizator by applying 60% power for
3 min. Then, these emulsions are UV-cured for 50 min to obtain hydrogel form. Afterwards, the hydrogels with
different $-CD/citronella ratios freezed at -20 °C for 18 h, and 6 h of thawing procedure was carried out at 30 °C
for two cycles. Therefore, freeze-thawed (FT) hydrogels were prepared. To obtain anneal-swelled hydrogels were
produced by drying completely at 80 °C for 2 h and annealing at 120 °C for 1 h. Consequently, these hydrogels were
soaked up in distilled water at 25 °C until reached a constant weight.

PVA/AAm hydrogels were synthesized by the same procedure (without the addition of citronella and ($-CD)), as
a control sample. PACO, PAC50, PAC100, and PAC200 were coded to hydrogels containing 0, 50, 100, and 200 pL
citronella essential oil, respectively.
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Figure 1. Schematic sketch of Pickering hydrogels.
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2.3. Characterization of the Hydrogels

Morphological Analysis of Pickering Emulsions
The morphology of neat polymer (PVA/AAm hydrogel) solution and Pickering emulsions were visualized optical
microscope (Leica-M125) with 10X magnification.

Morphological Analysis of Hydrogels

The microstructure of the hydrogel was performed by Scanning Electron Microscope (SEM). SEM micrographs
were taken at different magnifications.

Spectroscopic Analysis

FT-IR spectroscopy was used to identify the molecular structure of the hydrogels.

Wettability Test

The wettability of the resulting hydrogels was tested using an optical tensiometer (Biolin Scientific, Gothenburg,
Sweden), with 3 pL distilled water. Three replications were carried out for each sample.

Antibacterial Analysis

The standard bacterial strains Staphylococcus aureus ATCC® 25923 and Escherichia coli ATCC® 25922 were used
as positive controls in the study. Bacterial cultures were grown on the solid media. Petri dishes were incubated at
37°C for overnight in an aerobic environment. The density of became stable (Yahya and Abdulsamad, 2020).

The broth suspensions with bacterial colonies were transferred with a 100 1 pipette and streaked on the surface
of Mueller Hinton Agar at 0.5 McFarland (1108 cfu/mL) turbidity standard.

Hydrogels were placed onto the agar surface. The petri dishes were then incubated for overnight at 37 °C in an
aerobic environment. Finally, the diameters of the inhibition zones around any hydrogel disc were measured
qualitatively with a calliper (CLSI, 2017).

Swelling Behaviour

Swelling ratios (SR) of all samples were calculated as follows. First, a completely dried hydrogels was immersed
in distilled water at room temperature. The hydrogels were wiped out and weighed at periodic intervals. The
swelling ratio was calculated using the equation below (Zhang et al., 2020) (Equation 1).

Ws-Wd
wd

SR (%) = x 100 (1)

3. Results and discussions

3.1. Optical Images of Hydrogel Solutions

As presented in Figure 2, citronella droplets with lower than 5 pm were successfully stabilized in a $-CD polymer
emulsions. Citronella droplets were reported to be uniformly distributed in PVA/AAm polyblend solutions. The
increase in oil concentration increased the distance between the oil droplets (Figure 2D). Especially, oil droplets
agglomerated some region in the solution. Neat PVA/AAm polyblend solution showed some bubbles due to the
stirring process.

o 4

e % po A < iy
Figure 2. Optical microscobic images of polyblend solutions (A) (PACO0), (B) PAC50, (C) PAC100, (D) PAC200 hydrogels,
respectively (Magnification : 5X, scale: 25 um).
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3.2. SEM Analysis of Hydrogels

Figure 3 shows microstructure of neat PVA/AAm hydrogel and Pickering emulsion hydrogels. The difference was
noticed in both cross-sectional and surface images of the Pickering hydrogels obtained by introducing oil to the
polyblend solutions. The particle size distribution of PAC200 samples was found to be uniform with spherical
morphology (Figure 3B). The self-agglomeration of -cyclodextrin particles at the oil-water interface results
during Pickering emulsion formation. The result agreed well with literature (Li et al., 2020).

CHIKE murimssi sgwiae
e W= 113 e Scar Speee =8

eyt SHEE ursmsow  SgwAsts2 Gd
AL WOttamm Sl

GNTeNM0K  SgwarsR
worisem  BmSost

Figure 3. SEM surface micrographs of hydrogels (A) PACO, (B) PAC200 (Magnification: 5 kX, scale: 1 um). SEM cross-sectional
micrographs of hydrogels (C) PACO, (D) PAC200 hydrogels, respectively (Magnification: 100 X, scale: 100 pum).

3.3. FT-IR Analysis

FT-IR was used to examine the chemical structure of the neat PVA/AAm hydrogels and Pickering emulsion
hydrogels (Figure 4). The strong absorption peaks have been seen at 3180-3335 cm-1, 2852-2935 cm-1, 1598-1650
cm1, 1416 cm-1and 1095 cm ! which correspond to (-OH) and (-NH) stretching, asymmetric and symmetric (-CHz)
stretching, (-C=0) stretching, C-N stretching) (Blum et al.,, 2012; Ou et al,, 2017; Khoerunnisa et al., 2021). These
peaks shows both characteristic peaks of PVA and AAm, individually, and proof of chemical interaction between
PVA and AAm.

Citronella essential oil had a vibration peak of 2914 cm-}, indicating C-H bonding (Ramanayaka et al., 2019). The
peaks at distinct peaks at 1725 and 1670 cm-1, which might be related to stretching vibrations of aldo, keto, estero,
or acido (C = O) groups.
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Figure 4. FT-IR analysis of hydrogels and citronella essential oil.
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It has been determined that these peaks may be due to the major components of citronella essentail oil (geraniol
and citranellal) (Basak et al., 2021). The peaks at 1028 cm-! is related to (-OH bending) owing to the characteristic
peak of the citronella. Some changes in the FT-IR spectrum were observed after the addition of 3-CD/citronella
essential oil inclusion complexes to PVA/AAm solutions.

3.4. Wettability Test

The wettability of a hydrogel surface is affected by its chemical and geometrical structure. Moreover, the curing
time can be influence of the contact angle values, as well due to the fact that uncured regions of hydrogels’ surface
may remain. Figure 5A shows that the contact angle 6 of PVA/AAm is around 82.2°. The wettability of colloidal
particles is closely associated with the stability of Pickering emulsion stabilized by particles. Therefore, synthesis
of the Pickering emulsion hydrogels resulted in a general decrease in contact angle value. This clearly shows that
the particles are hydrophilic, with the majority of the particles existing in the aqueous phase to form an oil-in-
water emulsion (Li et al., 2020).

09° 63.99°

Figure 5. Contact angle images of the (A) PACO, (B) PAC50, (C) PAC100, and (D) PAC200 hydrogels, respectively.

3.5. Antibacterial Activity

The antibacterial efficiency was determined against gram negative (E.coli) and gram positive (S. aureus) bacteria
using disk diffusion method was applied to all samples. Terpenes show strong biological activities as antibacterial
and antiviral agents (Zi et al., 2014) and have important areas of application such as chemicals, flavors, fragrances
(Farhat et al. 2019). There are many terpenes in citronella oil, such as citronellal, citronellol, geroniol, geraniol
acetate. Several studies have been performed to evaluate the antifungal and antimicrobial properties of citronella
essential oil (Wei and Wee, 2013). According to Billerbeck et al. (2001), citronella essential oil of at 400 mg/L
dosage could inhhibit 80% of Aspergillus niger growth. Verma et al. (2020) reported inhibition of test bacteria
with a minimum inhibitory concentration (MIC) of essential oil in the range of 250-1000 pg /mL. It was also
observed that the citronella oil was moderately active against Gram-positive and Gram-negative bacterial strains,
and also showed good activity against Candida strains.

In the current study, all Pickering emulsion hydrogels showed antibacterial activity against E.coli and S. aureus

bacteria. Further, PAC200 sample has the highest antibacterial activity (against E.coli) with 14 mm zone inhibition
(Figure 6). Pure hydrogels did not show any antibacterial activity as expected.

{

Figure 6. Antibacterial activity of the hydrogels against (A) E.coli and B) S. aureus bacteria.
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3.6. Swelling Behaviour

The swelling ratio findings are shown in Figure 7, and the curves for the hydrogels of pure sample PACO, and
Pickering emulsion hydrogels PAC50, PAC100, PAC200 samples had a similar trend: slight swelling followed by
slight shrinking: a dramatic increase in swelling ratios was observed in the first 6 hours. After the 24 h, the swelling
ratios of the all hydrogels, PACO, PAC50, PAC100 and PAC200 samples, approximately 172%, 133%, 135%, and
112%, respectively. Generally, the increase in the amount of essential oil reduced the degree of swelling. The
swelling values of PAC50 and PAC100 samples are too close to each other at certain time. This is related to the fact
that the increase in the amount of essential oil in the emulsion prevents the water absorbance capacity of the
hydrogel.
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Figure 7. Swelling ratios of all hydrogels in distilled water.

4. Conclusion

In this study, new method was successfully developed to synthesis of emulsion-based hydrogel. In this regard,
PVA/AAm hydrogels with citronella essential o0il were synthesis via combine 3 system including
photopolymerization Pickering emulsions, freeze-thawing and anneal-swelling methods, respectively. The
formation of Pickering emulsions was confirmed by optical images. The SEM analysis revealed that adding (-
CD/citronella essential oil in polyblend solution, form sphericalstructures on the hydrogel surfaces. Physical
interaction between polymer matrices and [3-CD/citronella essential oil inclusion complexes was recorded to FT-
IR spectrum. Moreover, contact angle decreased as formation of Pickering emulsion hydrogels based on wettability
test. On the other hand, in contrast to the surface analysis, swelling ratio values decreased as expected with the
formation of emulsion hydrogels (with an increase in oil concentration). Antibacterial efficiency test showed that
the obtained Pickering emulsion hydrogels have good antibacterial activity against both Gram (-) and Gram (+)
bacteria.
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Keywords Abstract

Ottoman Documents, In this study, a deep learning-based method is developed for character detection and
Character Recognition, recognition in printed Ottoman documents. The character detection and recognition
Document Analysis, problem are considered as an object detection problem and for this purpose, an
Deep Learning, Ottoman character recognition model is developed based on the YOLO model, which
Ottoman Turkish. is one of the most successful methods in object detection. In addition, in this study,

a dataset consisting of Ottoman document images is created in which each character
in the document images is marked. Data augmentation techniques are applied to
improve the accuracy of character recognition and the robustness of the method.
The Ottoman character recognition network was then trained using this dataset. The
trained network model was tested with the test images in the dataset. The
performance evaluation of the model was performed by calculating the average
precision metric, which is frequently used in the literature. The average precision
value was calculated for 34 character classes in the dataset and the results were
interpreted in terms of the pros and cons of the method. The results show that the
proposed method can detect and recognize characters in printed Ottoman
documents with great accuracy, with a weighted average precision of 98.71%.

DERIN OGRENME KULLANARAK MATBU DOKUMANLARDAKI OSMANLICA
KARAKTERLERIN TANINMASI

Anahtar Kelimeler Oz

Osmanlica Dokiimanlar, Bu calismada matbu Osmanlica dokiimanlardaki karakterlerin tespiti ve
Karakter Tanima, taninmasina yonelik derin 6grenme tabanli bir yontem gelistirilmistir. Karakter
Dokiiman Analizi, tespit ve tanima problemi bir nesne tespit problemi olarak ele alinmis ve bu amagla
Derin Ogrenme, nesne tespitinde en basarili yontemlerden biri olan YOLO modeli temel alinarak
Osmanl Tiirkgesi. Osmanlica karakter tanima modeli gelistirilmistir. Ayrica bu ¢alismada, Osmanlica

dokiiman imgelerinden olusan ve dokiiman imgelerindeki her bir karakterin
isaretlendigi bir veri kiimesi olusturulmustur. Karakter tanima dogrulugunun
artirllmasi ve yontemin giirbiizliigiiniin saglanmasi i¢in veri ¢ogaltma teknikleri
uygulanmistir. Daha sonra bu veri kiimesi kullanilarak Osmanlica karakter tanima
ag1 egitilmistir. Egitilen ag modeli veri kiimesindeki test imgeleri ile test edilmistir.
Modelin performans degerlendirmesi, literatiirde siklikla kullanilan ortalama
kesinlik metrigi hesaplanarak yapilmistir. Veri kiimesindeki 34 karakter sinifi i¢in
ortalama kesinlik degeri hesaplanmis ve sonuglar ydntemin arti ve eksileri
acisindan yorumlanmistir. Elde edilen sonuglar degerlendirildiginde, onerilen
yontemin matbu Osmanlica belgelerdeki karakterleri biiytik bir dogrulukla, %98,71
agirlikli ortalama kesinlik degeri ile, tespit edip taniyabildigi goriilmiistiir.
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Highlights

e The proposed deep learning-based approach in this study is a powerful method for detecting and
recognizing characters in printed Ottoman documents, achieving a weighted average precision score of
98.71%, underlining the potential for more effective use of historical Ottoman documents.

e In particular, the recognition accuracy for low-frequency characters added to the Ottoman alphabet
from Persian and Arabic is lower than for other characters, and to solve this problem, it is suggested to
retrain the model by increasing the number of characters with few samples.

e The method produces successful results on printed documents, in addition to this, in future studies the
proposed method can be extended to Ottoman manuscript documents, can be converted into a word
detection tool, and can be used as a character recognition stage in automatic transcription studies from
Ottoman to Turkish.

Purpose and Scope

The main objective of this paper is to develop a method for the accurate detection and recognition of characters
on printed Ottoman documents. This is important because Ottoman documents often contain historical and
cultural information, and automating the process of character recognition can make these documents more
accessible and usable.

Design/methodology/approach

The objectives were achieved by creating a labeled dataset of Ottoman document images, developing a YOLO-
based deep learning model for recognizing Ottoman characters on printed documents and utilizing data
augmentation to increase detection and recognition accuracy.

Findings

The paper indicates that the deep learning-based Ottoman character detection and recognition model developed
achieved high accuracy in detecting and recognizing characters in printed Ottoman documents, with a weighted
average precision of 98.71%. The article also considers areas for further development, practical applications,
and avenues for future research, such as tackling difficulties linked to specific characters, expanding the model
to manage manuscript documents, and transforming it into a word-spotting tool and an automated transcription
system from Ottoman into Turkish.

Research limitations/implications

Suggestions for future research include improving the manuscript dataset, extending the model's character
detection and recognition capabilities to Ottoman manuscript documents, improving the model's performance
when it generates multiple predictions for certain characters, and transforming the method into a word detection
tool for keyword-based searches. The recognition success of some characters with low frequency of use in the
Ottoman alphabet from Arabic and Persian is low, but it is thought that this problem can be solved by retraining
the model with more data for these characters.

Social Implications
This study can speed up the research on printed Ottoman documents and ensure their effective use.

Originality
In this paper, a new dataset for character detection and recognition in printed Ottoman documents is created
and a deep learning-based model is developed using this dataset.

" Corresponding author: alidemir@sdu.edu.tr, +90-246-211-1747
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1. Introduction

The Ottoman Empire existed for more than 6 centuries and influenced many parts of the world during its existence,
leaving behind millions of archival documents from all fields that attracted the attention of researchers and
historians from many countries. Since documents become worn and irritated over time, they are scanned and
stored digitally. Some of the documents in the archives are handwritten and some are printed documents. To speed
up the research being carried out by scientists, researchers, and historians from many parts of the world, these
documents need to be processed by computers and researchers need to be able to benefit from them quickly. It is
a time-consuming process for researchers to manually search for the keywords related to the subject they are
interested in, in which document, and on which page, among millions of archival documents. Spotting the
keywords from the documents in the archives will speed up the research considerably. Furthermore, translating
Ottoman documents into other languages will make them accessible to more people who cannot read Ottoman,
thus increasing the usage of the archives. Although using image processing and artificial intelligence methods have
improved the understanding of Ottoman documents to some extent, there are still many unsolved issues. Overall,
there has not been enough advancement to effectively exploit these documents. Especially the studies in the
literature on the computer readability of manuscript Ottoman documents are insufficient. In the literature, studies
have generally been carried out on computer reading of Ottoman printed documents in naskh font.

To overcome the Ottoman character recognition problem, several learning-based methods have been proposed.
Since there are no common datasets prepared and published for this problem, the authors have mostly
implemented methods to their hand-crafted datasets. Also, they created and used synthetic data as well as real
data to train the proposed models. In the early studies presented in the literature to solve the Ottoman character
recognition problem, methods such as artificial neural network (Oztiirk et al., 2000; Gorgel et al,, 2009), hidden
Markov model (Onat et al., 2006), linear discriminant analysis (Kurt et al.,, 2007; Kurt et al., 2009), support vector
machines (Kilic et al., 2008) and a graph-based system (Yalniz et al.,, 2009) were used.

Nowadays, with the increasing amount of data and computer processing power, deep learning and machine
learning-based studies have begun to be applied to Ottoman documents. Bilgin Tasdemir (2023), conducted a
study on deep learning-based character recognition in printed documents in Ottoman Turkish naskh font. A
synthetic dataset was created, and these data were augmented with data augmentation techniques to train a
hybrid model consisting of a convolutional neural network and bidirectional long short-term memory. The model
was then adapted to real data by applying transfer learning. Similarly, in a different study, a web-based OCR system
was introduced for Ottoman printed documents written in naskh font (Délek and Kurt, 2023). In this system, CNN
and RNN-based deep neural network models were used. Three different datasets were created for training the
model: original, synthetic, and hybrid, and the trained model was tested with 21 Ottoman document images and
compared with OCR tools available in the literature. Altun (2022) discussed previous attempts to use OCR
technology on Ottoman documents and the challenges encountered, as well as potential solutions. The existing
studies have been successful in recognizing only printed naskh font within document images. Dogru (2016), used
an open-source optical character recognition platform (Tesseract, 2023) to recognize Ottoman characters. In the
study by Kiicliksahin (2019), two convolutional neural networks of different complexity were trained with the
generated printed character dataset, and the relationship between recognition rates and network complexity was
evaluated. Mondal et al,, (2022), used the YOLO (You Only Look Once) v3 model, one of the object detection
algorithmes, to train an English word recognition model with only 1200-word images, in fact with a small number
of training data. Majid and Smith (2019) used the Faster R-CNN algorithm, another object detection algorithm, for
Bangla word recognition.

In most cases, a large amount of data is required to successfully train deep learning-based methods for character
recognition. As far as we know, the only Ottoman character dataset available in the literature, (Uzun and Ozer,
2022), contains relatively few character data. In this Ottoman character dataset, there are only 3894 characters in
total, 1371 as Talik font, 411 as Rika font, 1974 characters as printed font, and 138 mixed characters. The character
images in the dataset are in binary form. The lack of data quantity is a problem in the training of a deep learning-
based character recognition model. In addition, this dataset cannot be used directly for character detection, it can
only be used for applications such as character classification and character recognition. Therefore, a
comprehensive dataset is needed for training the deep learning model to be developed for character recognition
in Ottoman documents. Therefore, in this study, a dataset for character recognition and detection in Ottoman
Turkish is created. In addition, an Ottoman character recognition network model is trained on this dataset and the
character detection and recognition success of the model is tested.
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2. Material and Method

2.1. Dataset

In order to create the data set, the book named “Osmanl Tiirk¢esi Kolay Okuma Metinleri - 1” (Ugar, 2021) was
scanned and the raw data set was obtained as consisting of document images. Then, smaller images that have
various dimensions were cropped from these document images. The characters in the cropped images were
selected using the MATLAB Image Labeler and appropriate labels were assigned to the selected letters. In this data
set, the number of label classes, which is the number of letters in the Ottoman alphabet, is determined as 34,
including the letter ¥ lamelif. The plain forms of the characters in the dataset are shown in Figure 1.

Cim Te 4 Be Elif

o e 8 Rty | I R B R

Ko
N
v
al

Ze Ra Zel Dal H

T1 D Sad Sin Sin
J |3 SRR e e
Lam Nef re] Kef Kaf Fe Gayin
&3 8 J J ¢
Ye He Vav Nun Mim

Figure 1. Images of the letters in the Ottoman character dataset (Ugar, 2021)

These writing styles of letters undergo significant changes in the text. The letterforms shown above are only
preserved if they are the final sound in the word after some letters. In Ottoman Turkish, letters are written from
right to left, and some letters do not combine with the next letter but are in plain form. Some letters are written
together with the letter that comes before and after them, and their simple form also changes. There are differences
between the way letters are written at the beginning, middle, and end. There are many rules about how letters will
be written when they are combined with other letters (Tulum, 2014). In the created dataset, there are many
examples of the shape changes of the letters (Figure 2).
&

9*&& do€a
SNSTel sl 8l da |yas
YR

431y | QAL

alPall

Figure 2. Examples of shape changes for some characters in the dataset

(
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To create the dataset, 38 document pages were selected from the scanned “Kolay Okuma Metinleri-1” (Ugar, 2021)
book. The selected document pages are saved as images. Then, from these 38 document images, image fragments
with smaller dimensions were cut and saved. Thus, a total of 125 document images were obtained by cropping 38
document images. The original document image page is given on the left in Figure 2, and the document images that
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were cropped from this page are given on the right. 125 cropped images were imported to the MATLAB Image
Labeler application. Label classes were created for each character class and all the characters in the document
were labelled. For this, firstly, the character label is selected from the menu on the left, and then the bounding box
surrounding the relevant character is drawn. The visual representation of the labeling process of the characters is
given in Figure 3.

Label Cl of the
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Figure 3. The process of labeling the characters

The labeling process was completed for 125 images and 34 different characters, and ground truth data including
bounding boxes and label information was created. The bounding box information includes the xand y coordinates
of the character's upper left corner point, as well as the lengths in the x and y directions. The total number of
labeled characters in the dataset is 22,180. The number of characters in the dataset with an unbalanced
distribution in terms of ratio is given in Table 1. The letters <& se, 2 zel, v dad, and & z1 in the Ottoman alphabet
were added from Arabic, while the letters Jj je, < pe and z ¢e were added from Persian. Therefore, the frequency
of use of these letters in Ottoman is not as high as others. This can be seen in the number of characters in the
dataset in Table 1.

Table 1. Number of the characters in the dataset

I elif <~ be < pe Ste <se z cim zce
2469 821 142 605 9 295 263
c ha ch adal Jzel ora Jze Sje
141 92 1248 18 1753 340 4
o sin Ui sin u=sad vadad Lt Lz1 ¢ ayin
579 469 171 23 146 20 143
¢ gayin fe s kaf A kef S gef dnef Jlam
192 159 655 790 140 415 1231
»mim onun svav >he sye Y lamelif Total
985 1540 1798 1312 3032 180 22.180

2.2. Deep Learning-based Ottoman Character Recognition Method

In this study, character detection and recognition problems are considered as an object detection problem. In this
respect, each character is treated as an object and the location of the characters in the document images and the
character class to which they belong are estimated. In order to detect and recognize the Ottoman characters, a
character recognition network (CRN) is trained based on the YOLOv4 (Bochkovskiy et al., 2020) model, which
produces successful results in object detection in the literature.

In the object detection task, besides determining the class of the object in the given image, the location of the object
is also estimated. Gkioxari et al. (2014), the R-CNN model, which finds objects in the image and predicts their
positions, has been proposed. In the R-CNN model, the image is divided into many regions, and a convolutional
neural network is applied to each region. Therefore, the training process of the network and the prediction time
of the trained network are quite time-consuming. Therefore, such models cannot be used in real-time object
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detection. Girshick (2015), accelerated the R-CNN model and increased its success rate and published the model
as Fast R-CNN. Ren et al. (2015), improved the previous models and developed the Faster R-CNN model. However,
these methods cannot detect real-time objects. All three models are slow to train, training takes place in multiple
stages (zone recommendation, classification), and the detection of objects is slow. Afterward, methods such as
YOLO (Redmon et al, 2016) and SSD (single shot detector) (Liu et al., 2016), which can also detect real-time
objects, have been developed. YOLO is an algorithm for fast object detection using convolutional neural networks.
With the YOLO algorithm, the class and object coordinates of all objects in the image are estimated by passing the
image through the neural network at once.

In this work, a single-stage character detection algorithm is used to perform real-time character search on
documents. In addition, since the YOLO algorithm is more successful in detecting small objects than other object
recognition algorithms, and since there are small-sized characters in our problem, an Ottoman character
recognition model has been developed in this study based on YOLOv4 architecture. Our model consists of three
parts: backbone, neck, and head. The backbone of the CRN model is a feature extraction network that computes
feature maps from the input images. The head and the backbone are connected by the neck. There are two main
components of the neck: a path aggregation network and a spatial pyramid pooling (SPP) module. The neck sends
feature maps from different network layers from the backbone as input to the head by concatenating them. In the
head part of the network model, bounding boxes, objectness scores, and classification scores are estimated by
processing the obtained features. The backbone of the Ottoman CRN model is CSP-DarkNet-53, which is used to
extract features from the input images. The backbone part of the network model consists of five different residual
block modules. The neck part of the network model combines and processes the feature map outputs of the
residual blocks. On the neck, the SPP module takes the maximum pooled outputs of the low-resolution feature map
and extracts the most effective features for the character recognition task. In the Ottoman CRN model, combining
the feature maps increases the receptive field. Thus, the detection rate of small-sized characters also increases.
High-resolution feature maps are merged with the feature maps from the SPP by using a path aggregation network
(PAN). A collection of aggregated feature maps for use in character predictions is produced by the PAN module of
the model. In the head part of the Ottoman CRN model, there are three modules to be used for character prediction,
each module containing a Yolov3 network. The Ottoman CRN model is illustrated by a block diagram in Figure 4.

Path Aggregation Network
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To train the proposed method and evaluate its recognition performance, the dataset is randomly divided into
training, validation, and test data. Out of a total of 125 images in the dataset; training, validation, and test data
were allocated with ratios 80% , 10%, and 10% respectively. Therefore, 100 images were selected for training, 13
for validation, and 12 for testing, all chosen randomly from the dataset. In Figure 5, two text lines from a sample
document image from the dataset are shown in the top row, and the corresponding character bounding boxes,
drawn with red rectangles, are shown in the bottom row.
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oahgl o Myl slile O 62,545
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Figure 5. Bounding box representation of the characters in the dataset

Document images with varying sizes within the dataset were resized to 608 X 1152 X 3 for CRN training.
Furthermore, the input image size of the network was also adjusted to be the same size for CRN training.
Depending on the size of the characters in the training data, 36 anchor boxes were set. To improve the training
accuracy, data augmentation was performed. Data augmentation was applied to only the document images in the
training set by applying random horizontal translation with 50% probability, random scaling by 10%, and color
jittering in HSV color space. The main motivation for random scaling is to generate new expanded and contracted
characters. This process allows the model to adapt to characters of different sizes. Color jittering was applied to
ensure that the model correctly predicts characters for different page features. Horizontal translation helps to
generate the characters in different sentence properties. Examples of document images obtained after data
augmentation are given in Figure 6.
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o3y it poan ey pe ol o b weelioer g il TG

PEISPR TR0 T PERU PR T RPN UR S N IO TRT QS

Ol 5 L eudll wees 0 el el T ] s el d lal LT ey Wb, i

wwabyh Sbl e o Sousl ol g G0b[L UG b db Tindd wy womy, Jdald lpdaiis
.ob‘)j 05 g al Ll 5 Ol L 6,805 Bk en. q O o WJida s qUsy ) co {n\dic.

Figure 6. Examples of document images obtained after data augmentation

The Ottoman CRN architecture was trained for 100 epochs with a constant learning rate of 0.001 and using a
minibatch size of 1. Since the amount of training data is relatively small, the minibatch size was chosen as 1 to train
the model for each sample. The learning rate was chosen as 0.001 to prevent overfitting and to avoid getting stuck
in the local minimum. The epoch number was assigned according to the success of the model in the validation
dataset.

3. Experimental Results

Since the Ottoman characters recognition problem is considered as an object recognition problem, the average
precision metric, which is the most widely used metric in the literature to evaluate the performance of object
detection methods, was used to test the performance of the trained Ottoman CRN model. Average precision (AP)
is calculated as the average of the precision values corresponding to different precision values on the precision-
recall curve for each class. The calculation of precision and recall metrics are given in Equation (1) and Equation
(2), respectively. Here TP stands for true positive, FP for false positive, and FN for false negative.

TP (1

p P -
recision TP + FP
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TP (2)
Recall = ———
G = TP YN
k=n-1
AP = Z [Recall(k) — Recall(k + 1)] X Precision(k) (3)
k=0
N (AP, X 1) (4)
WAP = i=1 < i i
i=1 M

Table 2 shows the number of characters in the test set (#C) and AP values for each character class. Accordingly,
the weighted average precision value for a total of 2108 characters in the test set was calculated as 98.71%. Here,
due to the imbalance in the number of characters in the dataset, the detection rate for the character 3 zel, which
has 1 character in the test set, and for the characters < se and 4 z1, which have 2 characters each, was calculated
as alow value as expected. In addition, the average precision value was calculated as 0 for the character jje, which
was never found in the test set. To evaluate the general success of the method in detecting and recognizing
Ottoman characters, the weighted average precision value, which takes into account the number of characters in
the character classes, was calculated. The weighted average precision (wAP) value was calculated as 98.71% by
multiplying the number of characters in the character classes and their corresponding average precision values
and dividing by the total number of characters in the test set. The obtained results indicate that the Ottoman CRN
model performs successfully in Ottoman character detection and recognition.

Table 2. The performance of the Ottoman CRN model for each character class in the test set

Character I elif <~ be < pe Ste Sse z cim z ce
#C 250 86 14 80 2 24 20
AP 1 0.9871 1 0.9869 0.5 0.8947 0.9955
Character z ha ch adal Jzel ora Jze Sje
#C 26 9 113 1 177 42 0
AP 1 0.6323 1 0 0.9976 0.9507 0
Character v sin Jisin u=sad uadad Lt Lz ¢ ayin
#C 42 36 21 5 16 2 13
AP 0.9956 1 0.6567 1 1 0.5 1
Character | ¢ gayin s fe S kaf dkef S gef d nef Jlam
#C 17 14 46 65 12 35 115
AP 1 0.9286 1 0.9998 1 1 0.9913
Character e mim onun svav s he sye Y lamelif Total #C
#C 103 131 178 121 272 20 2108
AP 0.9805 0.9923 1 1 0.9960 1 wAP : 0.9871

The resulting confusion matrix is given in Figure 7. As seen from the confusion matrix, the proposed method can
powerfully detect and recognize the characters. Moreover, the confusion matrix also provides important
information about which characters the model predicts incorrectly and which pairs of similar characters cause
errors. The analysis of the confusion matrix reveals that errors in character predictions generally occur among
characters that share a very similar shape.
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Figure 7. Confusion matrix of the proposed method for the test data

The output image containing the character predictions produced by the Ottoman CRN model against a sample test
image given as input to the trained model is given in Figure 8. In this figure, the character bounding boxes in the
exact reference are drawn with green dashed rectangles, and the bounding boxes of the characters predicted by
the model are drawn with red rectangles. Additionally, the class of characters predicted by the model is printed
above the red rectangles.

Figure 8. Output image containing character predictions of the Ottoman CRN model

Some of the characters predicted incorrectly by the Ottoman CRN model are given in Figure 9. Here, each box
contains a different word image and the character predictions of the CRN model against these word images. In the
Ottoman word images at the top of the boxes show only the characters for which the classification score of the
CRN model is below 0.7, while the word images at the bottom show all the character predictions of the model. In
other words, the model made two predictions for one character for the word images given in Figure 6. Since the
highest classification score among these predictions belongs to the correct character, it is thought that false
predictions can be eliminated by the multiple predictions are detected with post-processing steps and the high-
scoring prediction is selected. In addition, as can be seen in Table 2, some of the characters in the dataset contain
very few samples. It is thought that if the number of samples is increased for characters that are fewer in the data
set than others, the model can detect and recognize these characters with high accuracy.
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Figure 9. Images of some characters that the model predicted incorrectly

4. Result and Discussion

In this study, a deep learning-based model that can perform character detection and character recognition on
Ottoman printed documents has been developed. For this purpose, a dataset containing Ottoman printed texts was
created and the Ottoman CRN model was trained with this dataset. The Ottoman CRN model was used to detect
and recognize the characters in the images of Ottoman documents in the test set with high accuracy. Due to the
low frequency of use of some characters from Persian and Arabic in Ottoman Turkish, the recognition rate of some
of these characters was low. It is thought that this problem can be solved by retraining the model by increasing
the amount of data for characters with few examples. The proposed method produces successful results on printed
documents, and there are other studies on Ottoman manuscript documents in the literature. However, to the best
of our knowledge, computer vision and artificial intelligence applications have not been applied for the
interpretation of Ottoman manuscript documents. In future studies, it is planned to create a manuscript dataset,
train the model with that dataset, and perform character detection and recognition in manuscript documents. The
model made more than one prediction for some characters. The success of the model will be further improved by
identifying the characters in this situation and eliminating the predictions with a classification score below a
certain threshold value. The proposed method can be evolved into a word spotting method by finding the
characters belonging to the searched keyword in the Ottoman document images. Thus, the problem of depending
on the dictionary in word spotting studies will be prevented. In addition, this method can be used as a character
recognition stage at the beginning of automatic transcription studies from Ottoman to Turkish. After the characters
in the text are recognized by the proposed method, words can be formed from the recognized characters and
translated into modern Turkish.
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Anahtar Kelimeler 0z
Iot Cihazlari, 1970’li yillarda baslayan kisisel bilgisayarlarin kullanimi giinlimiizde artik yiizlerde cesit
ot Giivenlik, kisisel tirtintin kullanimi olarak devam etmektedir. Cep telefonlari, akilli bileklikler ve

lot Giivenlik Saldirilari, saatler, tabletler, hatta okullarda kullanilan tahtalar bile artik internete bagli ve etkilesim

Insan Kaynakl Hatalar. halindedirler. Giiniimiizde IoT (Internet of Things) olarak adlandirilan bu etkilesim, bilim
insanlarinin da dikkatini ¢ekmektedir. 10T cihazlar1 sadece giinliik yasamda degil,
kurumsal, endiistriyel, saglik, tarim vb. bir¢ok alanda da kullanilmaktadir. Ozellikle akill
cihazlarin giinliikk yasamda kullaniminin artmasiyla beraber bir cihaz ekosistemi de
kendiliginden ortaya ¢ikmistir. Kalp ritminin 6l¢iimd, derin uyku uyuma stireleri, giinliik
adim sayisi gibi bilgiler bu cihazlar sayesinde insanlarin 7 /24 takibini saglamaktadir. Bu
durum da beraberinde bir¢ok giivenlik sorununu a¢iga ¢ikarmaktadir. Kisisel verilerin
calinmasi, degistirilmesi ve ikinci sahislara satilmasi gibi muhtemel sebepler bilgisayar
korsanlar1 agisindan ilgi cekici olarak goriilmektedir. Ozellikle kredi karti bilgileri,
bankacilik bilgilerinin korunmasi biiylik 6nem arz etmektedir. Bahsedilen bu giivenlik
aciklarinin sebeplerinden birisi bu cihazlar: birincil olarak kullanan insandan kaynaklh
hatalardir. Bu calismada; insan hayatinda bu derece yer eden IoT cihazlarinin giivenligini
tehdit eden unsurlar, giivenlik 6nlemlerini saglamak icin insanlarin yapmasi gerekenler
incelenecektir. Ayrica, bu cihazlarda gilivenlik a¢ig1 olusturan ve insanlardan kaynakl
giivenlik hatalari ile kullanicilarin alabilecegi ¢6zlim onerileri analiz edilecektir.

ANALYSIS OF SECURITY VULNERABILITIES CAUSED BY HUMAN ERROR IN
10T DEVICES

Keywords Abstract

[oT Devices, The use of personal computers, which started in the 1970s, is now a use of hundreds of
loT Security, different personal products. Cell phones, smart wristbands and watches, tablets, and
IoT Security Attacks, even the blackboards used in schools are now connected to the internet and interact with

Human-Caused Faults. each other. This interaction, now called IoT (Internet of Things), is also attracting the
attention of scientists. [oT devices are used not only in daily life but also in many areas
such as corporate, industrial, health, agriculture, etc. Especially with the increasing use
of smart devices in daily life, a device ecosystem has emerged spontaneously. Information
such as heart rhythm measurement, deep sleep sleep times, daily step count, etc. are
tracked 24 /7 by these devices. This raises many security issues. Possible reasons such as
theft, alteration, and sale of personal data to second parties are seen as interesting for
hackers. Especially the protection of credit card information and banking information is
of great importance. One of the reasons for these security vulnerabilities is the human
error that is the primary user of these devices. This study will examine the factors that
threaten the security of IoT devices, which have such a place in human life, and what
people should do to ensure security measures. In addition, security flaws that create
security vulnerabilities in these devices and security errors caused by humans and the
solutions that users can take will be analyzed.

Alint1 / Cite

Seving, M., Ava, I, (2024). 10T Cihazlarinda insan Hatasindan Kaynaklanan Giivenlik Agiklarinin Analizi,
Miihendislik Bilimleri ve Tasarim Dergisi, 12(2), 403-415.

Yazar Kimligi / Author ID (ORCID Number) Makale Siireci / Article Process

M. Seving, 0000-0001-6609-1927 Basvuru Tarihi / Submission Date |09.01.2023

I. Avci, 0000-0001-7032-8018 Revizyon Tarihi / Revision Date 07.04.2024
Kabul Tarihi / Accepted Date 13.04.2024
Yayim Tarihi / Published Date 30.06.2024

" llgili yazar / Corresponding author: mvlt.sevinc@gmail.com, +90-545-908-75-77

403


mailto:mvlt.sevinc@gmail.com

SEVING ve AVCI 10.21923/jesd.1231326
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10T DEVICES
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Highlights

e 10T, refers to a world where various physical devices are uniquely connected to each other.
e [oT devices face challenges arising from the use of standard internet protocols for communication.
e Especially the use of IoT devices and user errors caused by humans are increasing day by day.

Purpose and Scope
In this article, information about attacks on loT devices will be given and security vulnerabilities created by
users will be emphasized.

Design/methodology/approach

In this article, studies on the security of the Internet of Things (IoT) are analyzed. Attacks and measures found
as a result of the studies are mentioned.

Findings

As technology advances, the use of electronic devices, particularly 10T devices, has increased, along with
associated user errors. Due to users' security vulnerabilities, attacks on these devices are increasing, and
such attacks do not require physical proximity. Consequently, every device connected to the internet is at
risk if adequate security measures are not implemented. It is crucial to enhance users' security awareness,
inform them, and provide regular awareness training.

Social Implications

Information sharing among devices via the 10T system is feasible, and connecting to any internet-enabled
device has simplified operations. However, ensuring the security of users and devices is crucial. As a result
of this study, awareness-raising visuals regarding the secure use of loT devices should be prepared for end
users, and topics on attack methods and security measures should be included in IT courses in schools.
Additionally, public service announcements should emphasize the importance of cybersecurity, and
cybersecurity topics should be prominently included in product manuals. Institutions should prioritize in-
service training to enhance cybersecurity awareness. Both users and 1oT manufacturers must be prepared for
commonly encountered security vulnerabilities identified in the reviewed studies, such as weak encryption,
default usernames and passwords, lack of updates and patches, poor design, weak network security, and
physical security vulnerabilities. Users should employ strong encryption, change default credentials, and use
up-to-date software. Companies should regularly release updates and patches, and security software firms
should conduct frequent penetration testing. Furthermore, users must ensure the physical security of their
10T devices to prevent theft, hardware damage, and the installation of malicious sensors.

Originality
This article highlights human-induced security vulnerabilities. It aims to describe the security measures that
users can take to counteract these errors.
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1. Giris (Introduction)

2011 yilinda Almanya’da diizenlenen Hannover Fuari’'nda dordiincii sanayi devriminden bahsedilmeye
baslanmistir. Bununla beraber sensoérlerin kullanimi, bulut bilisim, biiytlik veri bilimi, simiilasyon ve sanallastirma
sistemleri, siber giivenlik gibi teknolojik gelismelerin 6nemi artmistir (Uyanik, Gokdemir, Karayigit, & Yticel,
2020). Bunula beraber akilli gomiilii sistemlerin kullanimin giderek artmasi cihazlarin birbiri ile baglantili
kurmasini zorunlu hale getirmistir.

internet of Things (IoT), cesitli fiziksel cihazlarin birbirine bagh oldugu ve benzersiz bir sekilde tanimlanabilir
oldugu bir diinyay1 6ngoren bir kavramdir (Li vd., 2014). Bu baglantili ag, RFID etiketleri, sensorler, aktiiatorler
ve akilli cihazlar gibi genis bir yelpazedeki cihazlari igerir; hepsi sorunsuz bir sekilde entegre edilmistir ve ¢ok
sayida dijital hizmet sunmak lizere bir araya getirilmistir (Zanella vd., 2014).

IoT altyapisy, heterojen son sistemlerin genis bir yelpazesinin baglantisina izin verirken, dijital hizmetlerin
gelistirilmesi i¢in secici veri erisimini saglar (Zanella vd., 2014). Bu bagh cihazlar ag, kaynak kisith cihazlar ve
sensorler arasinda kablolu ve kablosuz aglar araciligiyla iletisimi kolaylastirir (Said & Zolkipli, 2022). IoT, sadece
glnlik yasami gelistirmekle kalmaz, ayni1 zamanda toplum iizerinde derin bir etkiye sahiptir (Guo & Li, 2021).
Diger yaygin bir tanimiyla IoT; bilgi toplumu i¢in kiiresel bir alt yap1 olusturan, giin gecti gelisen, birbirleri ile
haberleserek bilgi paylasimi gerceklestiren cihazlar toplulugudur (ITU, 2012). Sekil 1‘de [oT cihazlar topluluguna
ait kullanim alanlar1 gosterilmeye calisilmistir.

10T

uygulamalari

Sekil 1. [oT Cihazlar1 Uygulama Alanlari ( [oT Devices Application Areas)

Guvenlik, IoT'un kritik bir yonidir ve gomiili aglar icinde iletisim icin standart internet protokollerinin
kullanimindan kaynaklanan zorluklarla karsilagsmaktadir (Heer vd., 2021). Ayrica, loT, akilli liretim, akilli sehirler,
ulusal savunma ve diger endiistrilerde 6nemli bir rol oynamaktadir ve uygulamalarinda giivenlik ve etkilesim
yetenegi gereksinimini vurgulamaktadir (Xu, 2021).

Nesnelerin Interneti’nin (IoT) maliyetleri diisiirme, yeni is modellerini etkinlestirme ve uygulama gelistirme
potansiyeline sahip oldugu goriilmektedir. [oT, Bulut Hizmetleri ve API (Application Programming Interface -
Uygulama Programlama Arabirimi) uygulamalarinin ve bunlari sunan pazaryerlerinin daha hizli ¢ogalmasini
saglamistir. API'ler, sistemler arasinda en az hata ile gercek zamanli entegrasyon islemi saglayarak IoT projelerinin
daha hizli ve daha dogru bir sekilde basariya ulasmasinda 6nciiliik etmektedir. Yiiksek hizli kablosuz aglar, [oT i¢in
6nemli bir biiytime faktdrtdiir. Bu nedenle Samsung, Qualcomm, LG, Huawei ve Intel gibi bir¢ok teknoloji firmasi
patentlerle triin liderligi olusturmak icin yogun bir sekilde rekabet etmektedirler. Bu ilk bes patent sahibi firma,
bugiin 13.300'den fazla IoT patentini kontrol etmektedirler (Columbus, 2018). 2015 ve 2020'de dikey olarak
diinya capinda Nesnelerin Interneti harcamalari (Sekil 2) incelendiginde bes yilda biiyiik bir farkin oldugu acik ara
bir sekilde oldukea belirgindir.
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Sekil 2. 2015 ve 2020'de dikey olarak diinya capinda Nesnelerin interneti harcamalar (Statista, 2021)
(Worldwide IoT spending vertically in 2015 and 2020)

Yapilan incelemeler neticesinde giivenlik aciklarindan bahsedilmis, ¢6ziim yollari tizerinde ¢alismalar yapilmistir.
Fakat kullanici tarafindan meydana gelen giivenlik agiklarina deginilmemistir. IoT sisteminin giderek
yayginlagmasi, kullanici sayisinin her giin artmasi, giivenlik konusunda biiyiik agikliklar olusmasina neden
olmustur. Sistemlerin siirekli giincellenmesi giivenligi artirsa da insanlar maalesef giivenli kullanim konusunda
yetersiz kalmaktadir. Bu calismada, en zayif halka olan kullanicilarin yaptiklar: hatalar ve ¢éziimleri analiz edilerek
aciklanmistir. Bu ¢alismanin ikinci béliimiinde IoT konusunda daha 6nce yapilmis calismalar incelenmis, insan
hatasindan kaynakli glivenlik agiklar1 agiklanmaya ¢alisilmis, tartisma ve degerlendirme yapilmis ve son olarak da
bu ¢alisma sonuglari analiz edilmistir.

2. Literatiir Arastirmasi (Literature Reviwer)

Uludag ve Ucar (2018), “Nesnelerin Interneti (IoT) ile Akilli Simf ve Ogrenci Takip Sistemi Tasarimi” isimli
makalelerinde yazilim ve donanim asamalarindan olusan Akill simif ve Ogrenci takip sistemi gelistirmislerdir.
Donanim agsamasinda Radyo Frekansi ile Tanimlama (Radio Frequency Identification, RFID) etiketi iceren 6grenci
kimlik kartlar1 yoklama alinabilen, siifin kapisini acan ve 1siklar1 kontrol eden elektronik bir sistem, yazilim
asamasinda ise bu sistemin otomasyonunu gelistirmislerdir (Uludag & Ugar, 2018).

Kumar ve Deora (2021); yaptiklar1 bildiride IoT’nin mimari yapisindan, giivenlik sorunlarindan ve
gereksinimlerinden bahsetmislerdir, gelecekte IoT’de ¢ikabilecek glivenlik sorunlarini ayrintili olarak tartismis ve
bu giivenlik acgiklarinin giderilmesi i¢in ortaya konan farkli teknikleri karsilagtirmislardir. Literatiirdeki farkl
makaleleri incelemisler, arti1 ve eksi yonlerini ortaya koymusladir. Bu ¢alisma sonucunda verilerin gizliliginin
yliksek verimle elde edildigi giivenli bir kriptografi tabanli mekanizma 6nermislerdir (Kumar & Deora, 2021).

Toutsop, Das ve Kornegay (2021); yaptiklari ¢calismalarinda akilli evlerde kullanilan dért farkl IoT cihazina DoS
(Denial-of-service attack - Servis disi1 birakma) saldirilar1 diizenleyerek sensorlerin giivenlik aciklarindan
yararlanmislar, kullanici verilerini ele gecirebildiklerini ortaya koymusladir. Saldirilar diizenlemek icin sanal
sunuculara kurduklar1 Kali Linux'tan faydalanmislardir. Yaptiklar: deneyde bilgisayar korsanlarinin yetkisiz ag
erisimi elde etmek, ¢esitli [oT cihazlari ile kullanici verilerini kullanmak i¢in sensdrlerden yararlanabileceklerini
gostermislerdir. Ayrica makine 6grenmesi ve derin 6grenme kombinasyonlart ile saldirilarin tespitini ve saldirilar
azaltmaya yonelik saldir1 tespiti teknigini 6nermislerdir (Toutsop, Das, & Kornegay, 2021).

Monia, Sharma ve Dhir (2021); yaptiklar1 bildiride sis bilisim ve [oT cihazlarinin ger¢ek diinyadaki uygulamalarini
incelemislerdir. Sis bilisimin, bulut bilisime kiyasla bazi giivenlik sorunlarini ele almislardir. Bu giivenlik sorunlari
ve olasi ¢6ziimleri tizerinde durmuslar, zorluklarini ortaya koymuslar, etkisini azaltmak i¢in ¢6ztim sunmuslardir.
Asagidaki Tablo 1'de olasi giivenlik sorunlarini ve ¢éziimlerini géstermeye calismislardir (Monia, Sharma, & Dhir,
2021).
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Tablo 1. Olasi Giivenlik Sorunlarini ve Céziimleri (Possible Security Issues and Solutions)

Roller Giivenlik Zorluklari Olasi Coziimler
e Guvenilir Platform
e VeriYayma e Yetkiiptali
e Veri Dagitimi e Simetrik Sifreleme ve
e Veriihlali Asimetrik Sifreleme
x - e Veri Maskeleme
Veri Isleme e Veri Sifreleme e Veri Ve Konum Kayit
: \lgzl;ﬁia\};leﬁlznrializi Veritabaninin izlenmesi
Ca1e e Dogrulanabilir Hesaplama
e Adli Bilisim Semas
e Verilerin Gizlenmesi
e Acik Anahtarli Sifreleme,
e  Kimlik Dogrulama gi()yf)rrlrlllztrik Tabanli Kimlik
. Haf_iﬂetilmis Protokoller . Yergel ve kiiresel aleilama
* Aglzleme sistemima i
o S * Pake‘F F1¥tre1er'ne e Dijital imza ve Dijital Sertifika
Ag Hizmetleri ve Iletisim e  Tespit Sistemi Tahsisi
*  Guven Yonetimi e Rol Tabanli ve Oznitelik
¢ Sapa}llastlrma . Tabanli Kontrol Politikasi
*  Erisim Kontroli e Sis Tabanl Gizlilik
e Arizaya Dayaniklilik e Anahtar Yénetimi
e  Gizliligi Koruyan Paket Iletimi
e Hafif sifreleme algoritmasi ve
e Hassas Veri Korumasi maskeleme teknikleri
e Veri Biitiinligi e Homomorfik Sifreleme
e Guvenli Veri Paylasimi e Ev Alani Ag Sifreleme
Cihaz Gizliligi e Veri Kaybi Yoéntemleri
e Konum Gizliligi e Takma Ad Yontemleri
e Kullanim Gizliligi e Simetrik ve Asimetrik
e Yedekleme ve Kurtarma Sifreleme
o Kimlik gizleme

Atham ve Wills (2020); “Dijital ikiz Teknolojiler ve Akilli Sehirler” kitabinin bir béliimiinde IoT cihazlarinin
guvenligi, gizliligine dair genel bir calisma ortaya koymuslardir. IoT mimarisi ve temel o6zelliklerinden
bahsetmislerdir. IoT giivenlik gereksinimlerini, giivenlik saldir1 gesitlerini ve IoT cihazlarinin giivenligine dair
zorluklar hakkinda tartismiglardir. Gizlilik tehditlerini arastirmislar, bu konuda ¢6ziim Onerilerini

vurgulamigladir. Sonucunda IoT giivenlik tehditleri, glivenlik 6nlemleri, giivenli bir akilli sehir tasarimi tizerinde
calismislardir (Atlam & Wills, 2020).

Chong, Xiong ve Proctor (2019); yaptiklar1 ¢calismada IoT cihazlar: tasarlanirken gizlilik ve giivenlik konularinda
insan faktoriiniin benimsenmesini ele almisladir. Calismalarinda teknoloji kullanicilarini, cihaz tasarimlarinin ilk
asamasindan itibaren hesaba katilmasi gerektigini vurgulamisladir. Arastirmacilarin ve tasarimcilarin, IoT
cihazlarinda giivenligi ve gizliligi ihlal eden saldirganlara karsi basarili olmak istiyorlarsa, [oT kullanicilarin1 da
iceren cok yonlii bir yaklasim gelistirmeleri gerektigini benimsemislerdir (Chong, Xiong, & Proctor, 2019).

Ahmed, Tahir ve Habaebi (2021); yaptiklar1 calismalarinda loT’de dogrulama ve kimlik yetkilendirme i¢in makine
6grenimi yontemini incelemislerdir. Birbirine bagh cihazlar arasindaki iletisimi engellemeye yonelik saldirilara
kars1 makine 6grenmesi yontemiyle kimlik dogrulama ve yetkilendirme savunma hattin1 giliglendirme
¢alismalarini incelemislerdir (Ahmed vd., 2021).

Incelemeleri yapilan calismalarda insan hatasindan kaynakli aciklara deginilmemistir. Oldukca fazla sayida

kullanicidan meydana gelen iletisim aginda en zayif giivenlik halkasini insanlar olusturmaktadir. Calismanin
devaminda kullanicilardan kaynakli olusabilecek giivenlik aciklarina deginilecektir.
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3. insan Hatasindan Kaynakl Giivenlik Agiklar1 (Security Vulnerabilities Caused by Human Fault)
3.1. Bilgi ve Bilgi Giivenligi (Information and Information Security)

TDK'’ye gore bilgi, kurallardan yararlanarak kisinin veriye yonelttigi anlam olarak tanimlanmaktadir (TDK, 2021).
Bilisim teknolojilerinde ise teknolojik araglar ile islenmekte olan verilerin tiimiinii ifade etmektedir (Uyanik,
Gokdemir, Karayigit, & Yiicel, 2020). Bilgi giivenligi; bilgi sahibinin rizas1 olmadan bilginin yetkisiz kisilerce elde
edilmesine, degistirilmesine, bilgiye zarar verilmesine karsi alinan énlemler olarak tanimlanir. Sekil 3’te yer alan
gizlilik, biitiinliik, siireklilik (erisebilirdik) unsurlarindan herhangi biri zarar goriirse giivenlik acig1 meydana gelir
(Sen & Yerlikaya, 2013). Ornegin fotograflar, ses kayitlari, 6zel kutlamalarda gekilen her video, internet tarayicisi
gecmisi, kredi kart1 bilgileri gibi veriler kullanicilar i¢in olduk¢a 6nemli olan bilgilerdir. Bunlarin herhangi bir
sekilde farkli mecralarda yayinlanmasi hicbir kullanici tarafindan istenmeyecektir. Bu sebeple bilgi ve bilgi
guvenligi IoT kullanicilari i¢in 6nemlidir.

Sekil 3. Temel Giivenlik ilkeleri (Basic Security Principles)
3.2. Temel Giivenlik Prensipleri (Basic Security Principles)
3.2.1. Aqilis Giivenligi (Boot Security)
Acilis giivenligi; IoT cihazlar1 iginde yer alan kisisel verilerin giivenliginin alinmasinda ilk adimi ifade etmektedir.

Bu cihazlarin Sekil 4’te de gosterildigi gibi hem fiziksel olarak hem de yazilimsal olarak giivenligi saglanmalidir.
Calinan bir IoT cihazinin acilis sifresinin olmasj, icindeKki verilere erisimi zorlastiracaktir.

Fiziksel

Yazilimsal

Bilgisayar
Gulvenligi

Sekil 1 IoT Giivenligi (IoT Security)
3.2.2. Parola Giivenligi Prensipleri (Password Security Principles)

Basit parolalar kullanmak bilgilere erisimi kolay hale getirmektedir. Zayif parolalarin asilmasi saldirganlar icin
oldukga kisa zaman almaktadir. Bu sebeple kullanicilarin giiglii sifreler kullanmalari saglanmalidir. Birbirini tekrar
eden sayilar ya da harfler, icinde dogum giinii gibi bilgileri iceren parolalar yerine daha karmasik sifreler
kullanilmalidir (Uyanik, Gokdemir, Karayigit, & Yiicel, 2020).
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3.2.3. Internet Erisim Giivenligi (Internet Access Security)

internet, insanlarin yasamim her yéniiyle kolaylastirmistir. Aligveris, bilgiye erisim, haberlesme gibi oldukca
hayati konularda kolayliklar saglamaktadir. Fakat dikkatsiz kullaniminda 6nemli bir¢ok verinin el degistirmesine
sebep olmaktadir. Cevrimici ortamda hangi web sitelerinin giivenli oldugu iyi bilinmelidir. Web sitelerinin https
baglantisina sahip olduguna bakilmali, gecerli bir giivenlik sertifikasinin oldugu kontrol edilmelidir. (BTK, 2019)

3.2.4. Zararh Yazilimlardan Korunma Prensipleri (Malware Protection Principles)

Akilli cihaz sayisinin giderek arttigi bu giinlerde bilgilerin korunmasi olduk¢a 6nemlidir. Kullanicilarin zararh
yazilimlara ve saldirilara kars: alabilecegi dnlemler asagida siralanmistir (Aytekin, Ayaz, Tiimincin, & Bektas,
2019):
e Yeterince gilivenlik bilgisine sahip olunmali,
Yeterli ve giincel bir anti viriis yazilimi kullanilmalj,
Giivenirligi diisiik kaynaklardan dosya paylasimi yapilmamaly, cihazlara veri indirilmemeli,
Calinma riskine karsi ¢esitli kaynaklar araciligi ile yedek alinmalj,
Giicli sifreler kullanilmalj,

3.3. 10T Giivenlik Saldirilar (IoT Security Attacks)

[oT cihazlarmin giivenlik kontrollerini saglamak icin dncelikle ne gibi saldirilara maruz kaldigina bakmak
gerekmektedir. [oT sisteminde; Sekil 5’te gosterildigi gibi fiziksel, yazilim, ag ve sifreleme saldirilari olmak iizere
dort ana saldir tiirt vardir (Atlam & Wills, 2020).

loT Guvenlik Saldirilari
'l
| | | | | | | |
. Yazilim o ifreleme
Fiziksel Saldirilar Ag Saldirilar 2
Saldirilari Saldirilari
L Digiim BN KG6td Amach BN Trafik Analiz L Yan Kanal
Kurcalama Komut Dosyalari Saldirilar Saldirilan
RFID'lerde RF Kimlik Avi S Kriptanaliz
Saldirilan A Sl Saldirilan
(D Al Viris, Solucan ve
Digiim == . = RFID Klonlama ad MITM Saldirisi
8 Casus Yazilimlar
Yerlestirme
Kot Amagh Kod -
Dugumi ol DOS Saldirisi | WA Ye.tk'S'Z
: Erisim
Yerlestirme

mad Fiziksel Hasar md Sinkhole Saldirisi

=l UYKU YOksunlugu md MITM Saldirisi

Sosyal Bl Yonlendirme
Muhendislik Bilgisi Saldirilari

Sekil 2. [oT Sisteminde Cesitli Glivenlik Saldirilar (Various Security Attacks in IoT System)

3.3.1. Fiziksel Saldirilar (Physical Attacks)

Bu tiir saldirilarda saldirganin IoT sistemine yakin olmasi gerekmektedir. Saldirgan, IoT cihazlarina fiziksel olarak
yakin olmali ve sistemin donanim 6gelerine zarar vermesi gerekmektedir. (Babar, Stango, Prasad, Sen, & Prasad,
2011).
e Diigiim Kurcalama (Node Tampering): Bir sensor diigiimii yada donanimin bir par¢asini degistirerek,
onemli bilgilere erisim saglama, bilgilere zarar verme hedeflenmektedir (Sopori, Pawar, Patil, &
Ravindran, 2017).
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RFID'lerde RF Paraziti (RF Interference on RFIDs): Saldirgan burada, radyo frekans: sinyalleri ile
sensorlere DoS saldiris1 diizenleyerek sensorlerin ¢alismasini engeller (Deogirikar & Vidhate, 2017).
Kotii Amagh Digiim Yerlestirme Malicious Node Injection): Hassas bilgilere erisim icin iletisim
diigiimleri arasina fiziksel olarak diigiim ekleyerek bilgi elde eder. Diigiimler arasindaki bilgi akisi kontrol
edilmeye calisilir (Atlam & Wills, 2020).

Kotii Amach Kod Diigiimii Yerlestirme (Malicious Code Injection): Cihaza erisim saglamaya yarayan
kod iceren diigiim eklenerek bilgi akisi saglanmaya calisilir (Atlam & Wills, 2020).

Fiziksel Hasar Physical Damage): Saldirgan IoT cihazlarina fiziksel olarak zarar verir. Saldir i¢in IoT
cihazlarinin bulundugu binaya veya alana giris yapilmas1 gerekmektedir. Buradaki durumda binanin
giivenligi de 6nem arz etmektedir (Sopori, Pawar, Patil, & Ravindran, 2017).

Uyku Yoksunlugu Saldirisi1 (Sleep Deprivation): Cogu sensor, bataryalar, degistirebilir piller ile
calistirihir. Kullanilmayan sensoérler, donanimlar uyku moduna geg¢mesi i¢in programlanmistir. Bu
saldirida sensorler stirekli aktif tutularak enerjinin ¢abuk bitmesi ve cihazin kapanmasi hedef alinir
(Sopori, Pawar, Patil, & Ravindran, 2017).

Sosyal Miihendislik (Social Engineering): Saldirgan, kullanicilarin 6zel bilgilerini ¢ikarmak i¢in onlarla
fiziksel olarak etkilesimde olmak zorundadir. Onlar1 manipiile ederek dnemli bilgileri elde eder (Atlam &
Wills, 2020).

3.3.2. Yazilim Saldirilar (Software Attacks)

Herhangi bir bilgisayarli sistemde giivenlik aciginin ana kaynagi yazilim saldirilaridir. Bu saldirilar bilgi ¢alabilen,
verileri bozabilen, [oT sisteminin cihazlarina zarar verebilen Truva ati, solucan, viriis veya kotii amagli komut
dosyasi icerebilir (Sopori, Pawar, Patil, & Ravindran, 2017).

3.3.3.

Kotii Amach Komut Dosyalar: (Malicious Scripts): loT sistemi internete bagl bir topluluktur. Saldirgan
bu o6zellikten faydalanarak kullanicinin bilgilerini ¢almak i¢in kétii niyetli komut dosyalar1 kullanir.
Saldirgan burada kullanicinin giivenlik zafiyetinden faydalanarak zararl icerikleri ¢alistirmasini saglar
(Heer, ve digerleri, 2021).

Kimlik Awv1 Saldirilar1 (Phishing Attacks): Saldirgan viriislii e-postalar yada web siteleri aracilig ile
kullanici giris bilgilerini ve diger 6nemli bilgileri elde etmeyi amaglamaktadir. Gliniimiizde dzellikle
internet bankaciligi, mobil bankacilik islemlerini gerceklestirmek i¢in kullanicilar1 kandirmak amaciyla
oldukga orijinal yapida web sayfalar1 ve mobil uygulamalar yapilabilmektedir.

Viriis, Solucan ve Casus Yazilimlar (Virus, Worms and Spyware): Saldirgan sisteme yerlestirdigi
yazilim sayesinde erisim saglayarak bilgileri ¢calmay1 veya sistemin kullanilabilirligini bozmay1 hedefler
(Heer, ve digerleri, 2021).

DoS Saldiris1 (DoS Attack): Saldirgan, uygulama katmani araciligi ile IoT aginda DoS saldirilari
diizenleyerek agdaki tiim kullanicilar1 etkiler. Erisim yetkisi olan kullanicilar1 engelleyebilir. Veri
tabaninda yer alan hassas bilgilere erisim saglayabilir (Babar, Stango, Prasad, Sen, & Prasad, 2011).

Ag Saldirilar (Network Attacks)

IoT sistemi, ¢esitli cihazlarin arasinda veri aktarmak icin birbirine bagh aglarin bir kombinasyonudur. Ag
saldirilarinda saldirganin aga fiziki olarak yakin olmasina gerek yoktur.

Trafik Analiz Saldirilar1 (Traffic Analysis Attacks): Kablosuz baglantilarin izlenmesiyle dnemli
bilgilerin toplanmasini ifade eder. Saldirgan ag verilerini toplar (Khoo, 2011).

RFID Sahteciligi (RFID Spoofing): RFID etiketinde saklanan verilerin elde edilerek, orijinal verilerin
yerine saldirganin bilgilerinin génderildigi saldir tiiriidiir. Saldirgan burada kendi verilerini gondermek
icin orijinal etiket kimligini kullanir ve yasal bir kullanici gibi tiim sisteme erisim saglar (Mitrokotsa,
Rieback, & Tanenbaum, 2008).

RFID Klonlama (RFID Cloning): Saldirgan, kullanicinin RFID etiketinden gelen bilgileri baska bir RFID
etiketine kopyalar. iki farkl RFID etiketi ayn1 bilgilere sahip olur (Sopori, Pawar, Patil, & Ravindran, 2017).
RFID Yetkisiz Erisim (RFID Unauthorized Access): Kimlik dogrulama tekniklerinin olmamasi
nedeniyle izinsiz girislerin kolayca yapilmasini ifade eder. Bu sekilde saldirgan, RFID etiketlerdeki bilgileri
okuyabilir, degistirebilir ve silebilir (Uttarkar & Kulkarni, 2014).

Sinkhole Saldiris1 (Sinkhole Attack): Verilerin gizliligini hedefler ve ag igcinde tiim paketleri iletmek
yerine atarak, agin isleyisini bozar (Raju & Parwekar, 2016).

MITM Saldiris1 (MITM Attack): iletisim kuran diigiimler arasina kétii niyetli bir diigiim koyarak,
aralarindaki trafigi izlemek ve engellemek icin kullanilir. IoT sisteminin ag iletisim protokollerine bagh
olarak gerceklestirilir, saldirganin cihazlara fiziksel olarak yakin olmasina gerek yoktur (Padhy, Patra, &
Satapathy, 2011).
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e Yonlendirme Bilgisi Saldirilar1 (Routing Information Attacks): Yonlendirme tablosu bilgileri ag
tarafindan kullanilmaktadir. Bu saldirilarin hedefi ag hedefini bozma, taklit etme, icerigi degistirme
amacini tasimaktadir (Mitrokotsa, Rieback, & Tanenbaum, 2008).

3.3.4. Sifreleme Saldirilar (Encryption Attacks)

[oT sisteminin bir ag ile birbirine bagh oldugunu bilinmektedir. Bu agdaki cihazlar birbirleri ile iletisim kurarken
sifreleme algoritmalari kullanirlar. Sifreleme saldirilarinda bu algoritmalari ihlal etmek hedeflenmektedir.

e Yan Kanal Saldirilar1 (Side Channel Attacks): IoT sistemindeki veri sifreleme ve sifre ¢dzme
anahtarlaria ulasmay1 hedefler (Atlam & Wills, 2020).

o Kriptanaliz Saldirilar1 (Cryptanalysis Attacks): Saldirganin sifreli metinden yola ¢ikarak orijinal metini
elde etmesini ve gizli anahtarlari ¢6zmesini ifade etmektedir (Sopori, Pawar, Patil, & Ravindran, 2017).

e MITM Saldiris1 (MITM Attack): iki diigiim arasinda génderilen sinyalleri yakalayarak bu bilgilere erisim
elde etmeye calisir ve bir anahtar degisimi gerceklestirmeye hedefler. iki diigiim birbirleri iletisim
yaptigini diisiiniir, fakat saldirgan iki diigiim arasindaki bilgi alisverisini kontrol eder (Padhy, Patra, &
Satapathy, 2011).

3.4. insan Kaynakl Giivenlik Sorunlar1 (Human Originated Security Issues)
3.4.1. Sifre Korumasiz Cihaz Kullanma (Using a Password Unprotected Device)

Kisisel ve dnemli bir¢ok veriyi depolayan cihazlarimzi tigiincii kisilerden korumak i¢in en temel yontemlerden biri
acilis sifresi koymaktir. Sekil 6’da gosterilen 2019 yilindaki verilerine gore 20 milyar cihaz birbiri ile iletisim
halindedir. Bu sistemin i¢cinden saldirganlarin elde edebilecegi hassas veriler kisiler icin tehlikeli sonuglar ortaya
cikaracaktir.

Total number of device connections (incl. Non-loT)
20.0Bn in 2019 expected to grow 13% to 41.2Bn in 2025
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Sekil 3. Toplam Baglanti Kuran Aygitlar (Total Number of Device Connections) (IoT Analytics, 2022)
3.4.2. Yetersiz, Diisiik Giivenlikli Sifreler Ayarlama (Setting Inadequate, Low-Security Passwords)

[oT cihazlarmin giivenligini artirmak i¢in zayif parolalar sorununu ele almak ¢ok 6nemlidir. Varsayilan veya
kolayca tahmin edilebilen parolalar, IoT cihazlarini Mirai ve Hajime (kotii amach yazilmis botnetler) gibi koti
amach yazilim saldirilar1 da dahil olmak iizere cesitli siber tehditlere karsi savunmasiz hale getirmektedir
(McDermott vd., 2018). Hatirlanmasi kolay veya varsayilan parolalarin kullanilmasi, cihazlar: giivenlik ihlallerine
ve DDoS (Dagitilmis Hizmet Reddi Saldirilar1) gibi sofistike saldirilara maruz birakir (Nam vd., 2020). [oT
cihazlarina yetkisiz erisimi 6nlemek icin giiclii parola yonetimi uygulamalarinin hayata gecirilmesi sarttir.

Kullanicilar gerek akilda tutulmasinin kolay olmasi, gerek yaziminin basit olmasi gibi nedenlerle sifrelerini kolay
kirilabilir sekilde belirlemektedirler. Tablo 2’de SplashData adli giivenlik firmasi ve NordPass sirketinin yaptiklar
arastirmaya gore diinyada ve Tiirkiye’de en ¢ok kullanilan sifreleri yer almaktadir. Goriildiigi gibi son derece zayif
sifreler bir¢ok kisi tarafindan 2022 yilinda dahi kullanilmaktadir.
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Tablo 2. Diinyada ve Tiirkiye'de En Yaygin Sifreler (Most Common Passwords in the World and Turkey) (NordPass, 2022)

Kullanilma Tiim Diinya Turkiye
Siklig1

1 123456 123456

2 admin 123456789

3 12345678 admin

4 123456789 12345

5 1234 12345678

6 12345 123123

7 Password 123321

8 123 turktelekom

9 Aal23456 Asd123

10 1234567890 superonlie

3.4.3. Kullanicinin Bilgi Eksikligi (User's Lack of Knowledge)

[oT cihazlarinin ¢ok yaygin olmasi dogru kullanildigi anlamini tasimamaktadir. Bir¢ok kullanici cihazlarini
kullanirken hala zorluk yasamaktadir. Bu da maalesef giivenlik aciklarini meydana getirmektedir. Kullanicilar hala
acilis ekranlarina sifre koymamakta, giivenlik yamalarinin ne ise yaradigini bilmemekte, cihazlar1 kullanirken
fiziksel olarak onlara zarar vermekte ve kamuya ac¢ik alanlarda gerekli giivenlik tedbirlerini almadan dosya ve bilgi
paylasimi yapmaktadirlar. Ozellikle Tiirkiye’deki cocuklarin bilisim okuryazarhigina baktigimizda %46’sinin nasil
guvenli bir sekilde bilgi paylasimi yapacaklarini bilmedikleri ortaya koyulmustur (Cagiltay, ve digerleri, 2011)

3.4.4. Fiziksel Tehditlere Karsi Onlem Almama Calinma, Elektrik Arizas1 vb. (Not Taking Precautions
Against Physical Threats Theft, Electrical Failure Etc.)

Thegardian’da yayinlanan verilere gore en ¢ok calinan esyalar arasinda ciizdan ve paradan sonra elektronik
esyalar gelmektedir (Thegardian, 2010). Giiniimiizde 6zellikle ¢ip krizinin de yasanmasiyla birlikte elektronik
cihazlarin fiyatlar1 olduk¢a artmistir. Erisimlerinin kolay olmasi ve giivenlik dnlemlerinin yetersiz olmasi
durumunda cep telefonlari, diziistii bilgisayarlar, tabletler, dijital kameralar, modemler de kolayca
¢alinabilmektedir. Bunun yani sira giic beslemelerinin yetersiz kalmasi durumunda, sebeke elektrigindeki
dalgalanmalar nedeniyle elektronik aksamin ariza vermesi de olasi bir durumdur.

3.4.5. Korsan Yazilim Kullanma (Using Pirated Software)

Korsan yazilim kullanimi bireyler ve kuruluslar icin 6énemli tehlikeler ve riskler olusturmaktadir. Korsan
yazilimlar genellikle kritik giivenlik yamalar1 ve giincellemelerinden yoksundur, bu da onlari siber saldirilara ve
kot amaglh yazilim bulagmalarina karsi daha savunmasiz hale getirir (Kim vd., 2014).

BSA’nin (Business Software Alliance) raporlarina gore kullanilan yazilimlarin %49’unun gergek oldugu, %51’inin
sahte oldugunu tahmin edilmektedir (1995 yilindan itibaren rapor tutulmaya baslanmistir). Lisansi illegal yollar
ile kaldirilan yazilimlarin icinde Truva atlari, solucanlar, botnetler yer alabilmektedir.

Sonug olarak, korsan yazilim kullanimi sadece giivenlik aciklar1 ve destek eksikligi nedeniyle teknik riskler
olusturmakla kalmamakta, ayni zamanda fikri miilkiyet haklar1 ve yazilim gelistiricileri icin ekonomik sonuglara
iliskin etik endiseleri de beraberinde getirmektedir. Kurumlar ve bireyler bu riskleri azaltmak ve dijital ortamda
yasal ve etik standartlar1 korumak i¢in yasal yazilim kullanimina 6éncelik vermelidir.

3.4.6. Giincellemeleri Zamaninda Yapmama (Not Making Updates On Time)

[oT cihazlarim1 zamaninda giincellemek, giivenligi korumak ve olasi riskleri azaltmak i¢in ¢ok 6nemlidir. IoT
cihazlarinin zamaninda giincellenmemesi, bu cihazlar1 giivenlik ihlallerine ve saldirilara karsi savunmasiz
birakabilmektedir. Arastirmacilar, IoT cihazlarinin genellikle saldirganlar tarafindan istismar edilebilecek
glvenlik agiklarina maruz birakildigini1 vurgulamislardir (Zhang vd. 2014). Bu giivenlik aciklari, cihazlar en son
giivenlik yamalar1 ve yazilim giincellemelerini zamaninda yapilmadiginda daha da kétiilesebilmektedir. (Zandberg
vd., 2019).

Kullanicilarin yapabilecegi en biiyiik IoT giivenlik hatalarindan biri, cihazlarini en yeni yazilim ve gilivenlik
yamalar ile diizenli olarak giincellememeleridir. Bir¢ok IoT cihazi sahibi i¢in, giincelleme siireci veya
giincellemenin 6nemi goz ardi edilebilir. Ancak, bu basit hatanin ciddi sonuclar1 olabilir. Glincellemelerin ihmal
edilmesi, bilgisayar korsanlarinin, cihazlardaki zayif noktalar1 tespit edip istismar etmelerini kolaylastirabilir.
Sonug olarak, kullanicilar giincelleme yapmamakla sadece cihazlarinin giivenligini riske atmakla kalmaz, ayni
zamanda maddi ve itibari zararlara da yol agabilirler. Bu nedenle, diizenli giincellemelerin saglanmasi ve giivenlik
yamalarinin uygulanmasi, [oT cihazlariin giivenligini korumak i¢in kritik bir adimdir.
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3.4.7. Giivenilir Olmayan Kaynaklardan Uygulama/Yazilim Yiikleme (Installing Applications/Software
from Untrusted Sources)

Glvenilir olmayan kaynaklardan uygulama veya yazilim yiiklemek kullanicilar ve cihazlari i¢in 6nemli tehlikeler
olusturmaktadir. Kullanicilar giivenilir olmayan kaynaklardan yazilim indirdiklerinde, kendilerini kotii amacgh
yazilim enfeksiyonlari, veri ihlalleri ve gizlilik ihlalleri dahil olmak iizere cesitli risklere maruz birakirlar. Koti
niyetli Giclinci taraf uygulamalari, cihazin giivenligini ve kullanicinin hassas bilgilerini tehlikeye atabilecek casus
yazilim icerebilmektedir. Bu uygulamalar ayni1 zamanda kullanici gizliliginin ortadan kaldirilmasi i¢in bir kaynak
gorevi gorerek potansiyel kimlik hirsizligina veya kisisel verilere yetkisiz erisime yol acabilmektedir (Gémez-
Hernandez vd., 2021).

Mobil isletim sistemlerinin uygulama indirme merkezlerinin disinda herhangi bir kaynaktan indirilen uygulamalar
cihaziniz icin tehdit olusturmaktadir. Viriisler kolaylikla bulasmakta, bozuk dosyalar bozulmakta, bu bozuk
dosyalar cihazin dogru ¢alismasini engellemektedir, son adimda da kisisel bilgileriniz ¢alinabilmektedir. Aymi
zamanda uygulama yiiklerken verilen izinler kontrol edilmedigi durumlarda kullanicinin istegi disinda verileriniz
tclinci kisilerin eline gecebilmektedir.

3.4.8. Varsayllan Kullanicat Adi ve Sifreleri Degistirmeme (Not Changing Default Usernames and
Passwords)

IoT cihazlari genellikle varsayilan veya zayif sifreler nedeniyle zayif korumadan muzdariptir ve bu da onlar1 siber
saldirilara kars1 savunmasiz hale getirir (Huszti vd., 2022). Ureticilerin giivenli parola yonetimi yonergeleri
saglamalar1 ve parolalar gibi hassas bilgileri kamuya acik belgelerde paylasmaktan kaginmalar: gerekir (Karam,
2022). Dagitilmis saldir1 tespit sistemlerinin uygulanmasi, varsayilan parolalar gibi temel sorunlardan
kaynaklanan giivenlik aciklarinin tespit edilmesine ve azaltilmasina yardimci olabilir (Kfouri vd., 2019).

Yeni alinan cihazlarin ayarlarini degistirmek icin sirketler tarafindan olusturulmus varsayilan kullanici ad1 ve
sifreleri vardir. Giris seviyesinde giivenlik sunan bu ayarlarin mutlaka giincellenip, giiclii parolalar ile korunmasi
gerekmektedir. Aksi halde saldirilar karsisinda hizl bir sekilde cihaz devre dis1 birakilip, korsanlarin bilgileri ele
gecirmesi kolaylasacaktir.

3.4.9. Kamuya Acik Alanlarda Cihazlarin Wi-Fi ve Bluetooth Araglarini A¢ik Tutma (Keeping Devices Wi-Fi
and Bluetooth Tools On in Public Spaces)

Kalabalik mekanlar olan kafelerde, sinemalarda, okullarda ya da herkesin bulundugu acik alanlarda cep
telefonlarinin, tabletlerin, diz tsti bilgisayarlarin aktif durumda olan Wi-Fi ve bluetooth iletisim araglar1 kullanici
icin tehlike barindirmaktadur. izinsiz baglantilar nedeniyle istenmeyen yazilimlar IoT cihazlarina yiiklenmekte ve
giivenlik zafiyeti olusturmaktadir.

5. Sonug¢ ve Tartisma (Result and Discussion)

Teknoloji gelistik¢ce insanlarin kullanmasi i¢in birgok elektronik cihaz liretilmistir. Bununla beraber bu cihazlarin
insanlar tarafindan kullanilmasi ayni hizda gerceklesmemistir. Ozellikle IoT cihazlarinin kullanimi ve insanlardan
kaynaklanan kullanim hatalar1 her gegen giin artmaktadir. Bu sistemleri kullanan kullanicilarin, bu konulardaki
zafiyetlerinden dolay1 bu cihazlara kars1 hirsizlarin, saldirganlarin ya da kotii niyetli diger kullanicilarin saldirilar
giderek artmasi ka¢inilmazdir. Her gegen giin kullanicilar tarafindan bilerek ya da bilmeyerek agiga cikan giivenlik
zafiyetlerinden dolay1 kisisel veriler saldirganlar tarafindan ¢alinmakta, islenmekte ve degistirilmektedir. Bu
nedenlere bagh olarak olusan gilivenlik sorunlarinin olusabilmesi i¢in artik fiziksel olarak kullanicilara veya
cihazlara yakin olmaya dahi gerek duyulmamaktadir. Sonug olarak internete bagh olan her cihaz giivenlik
onlemleri alinmadig takdirde tehlike altindadir. Bu konularda kullanicilarda giivenlik farkindaliginin artirilmasi,
kullanicilarin bilgilendirilmesi ve farkindalik egitimlerinin diizenli olarak verilmesi gerekmektedir.

Kullanicilar tarafindan bireysel olarak alinabilecek onlemler kapsaminda; bilgisayarlarin, IoT cihazlarinin,
modemlerin, cep telefonlarinin vb. cihazlarin varsayilan ayarlarinin degistirilmesi 6nemlidir. Varsayilan olarak
gelen ag adlari kisisel olarak adlandirilmali, giiglii parolalar olusturulmali ve sik sik parolalar degistirilmelidir. Bu
sekilde alinan énlemler ile saldirganlarin elektronik cihazlara, [oT sistemlerine erisimleri zorlasacaktir. Ayrica eve
gelen misafirler ve farkli kullanicilar igin farkli bir kisitl ag tanimlamasi yapilabilir. Boylece hassas veriler
tehlikeye atilmadan ag paylasimi yapilarak koruma saglamak miimkiin hale gelebilir. Acilis parolalari, BiOS sifresi
gibi baslangic seviye giivenlik 6nlemlerinin alinmas1 gerekmektedir. 10T sistemlerinde kullanilan firewall
giincellemeleri zamaninda yapilmali ve giivenlik yamalar takip edilmelidir. Lisansh yazilimlar tercih edilmeli,
korsan yazilimlar ve bilinmeyen uygulamalar1 kullanmaktan kag¢inilmalidir. Lisansiz yazilimlarin icinde
bilinmeyen zararl kodlarin olmasi miimkiindiir ve bunlarin kullanilmamasi gerekmektedir. Kaynagi bilinmeyen
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sitelerden herhangi bir dosya indirilmemeli ve kullanilmasi engellenmelidir. Tiim cihazlarda agik olan Wi-Fj,
Zigbee ve bluetooth 6zelligi kullanicilar tarafindan kullanilmadigl durumlarda kapatilmalidir. Bu tiir 6nlemlerin
alinmasi durumunda hem kullanilan cihazlarin ve sistemlerin enerji tiilketmesi 6nlenecek, hem de bulunulan aga
izinsiz erisim saglamak isteyen saldirganlar engellenecektir.

IoT sistemi ile bilgi paylasiminin tiim cihazlar arasinda yapmak miimkiindiir. internete bagh her cihaza baglanarak
is ve islemleri yiiriitmek kolaylasmistir. Onemli nokta kullanicilarin ve elektronik araclarin giivenligini
saglayabilmektir. Bu ¢alismanin sonucuna baglh olarak IoT cihazlarinin genel kullanimu ile ilgili, son kullanicilara
yonelik gorseller hazirlanmal, giivenligini saglamaya yonelik farkindaliklar olusturulmalidir. Okullarda bilisim
teknolojileri ders icerigine saldir1 yontemleri ve giivenlik 6nlemleri ile ilgili daha genis bir konu eklenmeli, kamu
spotlar ile siber glivenligin 6nemi vurgulanmalidir. 10T cihazlarn trtn kullanim kilavuzlarina siber giivenlik
konular1 daha belirgin sekilde eklenmelidir. Ozellikle siber giivenlik farkindahiginin artirilmast icin kurum ve
kuruluslarda hizmet ici egitimlere 6nem verilmelidir. Boylelikle son kullanicilardan kaynaklanacak hatalar
minimum seviyeye indirilebilir.

incelenen calismalarda belirtilen ve sikca karsilasilan giivenlik aciklarindan olan zayif sifreleme, standart kullanici
adi ve sifreler, giincelleme ve yama eksikligi, kotii tasarim ve uygulama hatalari, zayif ag giivenligi, fiziksel giivenlik
zafiyetleri gibi tehditlere karsi kullanicilar ve IoT tiretimi yapan sirketler mutlaka hazirlikli olmalidir. Kullanicilar
giicli sifreleme ve annahtar yonetimi kullanmaly, varsayilan kimlik bilgilerini mutlaka degistirmelidirler. Sirketler
diizenli olarak aciklara karsi glincelleme ve yamalari yayinlamaly, kullanicilar giincel yazilimlari kullanmalidirlar.
Guvenlik yazilimi firmalari sizma testleri ve denetimlerini sik sik yapmalidirlar, gerekli 6nlemleri testlere gore
yayinlamalidirlar. Kullanicilar IoT cihazlarinin ¢alinmaya, donanimsal hasara ugramaya, farkli koti amacgh
sensorler yerlestirilmesini dnlemeye yonelik fiziksel giivenliklerini saglamalhdir.
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sites and are designed to mislead users. In this study, we used machine learning
methods to detect the phishing attack threat of web pages and made significant
progress in this area. Extensive analysis of six different machine learning algorithms
showed that the Extra Trees algorithm yielded the most successful results. To
further improve this success, we fine-tuned the Extra Trees algorithm and increased
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expand the dataset to include other machine learning methods to investigate the use
of this technology in areas such as malware detection or the prevention of phishing
attacks. This would be a crucial step towards providing more comprehensive
protection in the field of cybersecurity.

SiBER SAVUNMADA AKILLI YONTEMLER: WEB SAYFALARINDA MAKINE OGRENiMi
TABANLI KiMLIK AVI TESPITi

Anahtar Kelimeler 0z

Phishing saldirisi, Web sayfalarinda oltalama saldirisi, internet kullanicilarinin kisisel ve hassas
Siber Giivenlik, bilgilerini ¢calmay1 amagclayan kotii niyetli bir saldir1 tiiriidiir. Oltalama saldirilar:
Makine Ogrenmesi, genellikle e-posta, SMS, sosyal medya mesajlar1 veya web siteleri gibi ¢esitli iletisim
Web Site Phishing Saldirt kanallar1 aracihigiyla gerceklestirilir. Kullanicilar devlet kurumlari, bankalar,
Tespiti, cevrimici alisveris siteleri gibi giivenilir kuruluslarin sahte web sayfalarina
Extra Trees. yonlendirilir ve kisisel bilgilerini girmeleri istenir. Bu sahte web sayfalar1 orijinal
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calismada, web sayfalarinin kimlik av1 tehdidini tespit etmek i¢cin makine 6grenimi
yontemlerini kullandik ve bu alanda 6nemli bir ilerleme kaydettik. Alt1 farkli makine
O6grenimi algoritmasiin kapsamli analizi, Extra Trees algoritmasinin en basarili
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Highlights

e A method for detecting and preventing phishing attack threats in web pages is proposed.
e An alternative machine learning based cyber security tool is developed.
e An existing machine learning algorithm was fine tuned for the dataset to improve its performance.
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Figure. Graphical abstract of the process of the work

Purpose and Scope
Classifying, Detecting and Preventing Phishing Attacks on Web Pages.

Design/methodology/approach

To achieve the objectives, the usable dataset was chosen, and machine learning methods were utilised. In order
to increase the success of the classification process, hyperparameter optimisation was performed and high
accuracy was achieved.

Findings

The Extra Trees algorithm showed the most successful results with 88% successful classification. This rate was
increased to 97% with fine tuning.

Research limitations/implications

This study is limited to the current dataset and the success of the machine learning methods used. In future
studies, the dataset will be expanded, and different machine learning methods will be used to achieve higher
success.

Social Implications

The findings of the present study are quite satisfactory. It is aimed to integrate the machine learning model into
a software to be developed in the future and turn it into a real-time application. In this way, warning and
prevention activities can be conducted when visitors visit sites that contain Phishing attack danger.

Originality

When this study is embedded and activated in a real-time application, it will be effective in protecting people
with limited security knowledge about internet use and in the security of standard users. In addition, an
alternative cyber security tool based on machine learning is proposed.

" Corresponding author: remzigurfidan@isparta.edu.tr, +90-246-441-5300
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1. Introduction

Internet fraud is a type of offence that has emerged because of modern technological developments and aims to
obtain personal information, material resources or property unfairly by abusing the online environment. Such
offences are usually committed by hackers or other malicious persons and are conducted by various methods
(Balogun, Akande, et al., 2021; Balogun, Mojeed, et al,, 2021). Internet fraudsters operate by using various
fraudulent tactics by gain phishing attacking or misleading the trust of users. One of the most common methods in
this context is sending fake e-mails, a type of so-called "phishing". Phishing attack aims to capture users' personal
information through fake emails, usually mimicking the name of an official organisation or service. These phony
emails could include links in them that request personal data from recipients, such as credit card numbers,
usernames, and passwords. Furthermore, the creation of fictitious websites is another often used technique in
online fraud. Fraudsters can create fake websites by imitating a respectable and well-known company or
organization in order to collect user data or install malicious software (malware). Often, these fake websites mimic
real websites in an attempt to deceive users. Identity theft is another way that fraud is committed online. The act
of getting someone's personal information—such as name, address, date of birth, or social security number—and
using it for illegal activities is known as identity theft. Scammers can use this information to open false accounts,
apply for credit cards, and commit other crimes. Ransomware, social engineering, and spoof websites are some
other techniques used in online fraud. Every one of these methods puts users' privacy at risk and has the potential
to cause serious ethical and financial problems. Because of this, users must be extremely cautious while using the
Internet, only depend on reliable sources of information, and strictly adhere to online security recommendations
(Wuetal, 2019).

Phishing attack is a cyber security risk that increases consumers' risk of having their information stolen (Mithra
Raj & Arul Jothi, 2022). These attacks usually use bogus websites or communication methods and target the
financial or personal information of their victims. Researchers and security experts have created a plethora of
techniques to recognize Phishing attacks. In an attempt to differentiate between trustworthy and fake websites,
users should first carefully review the URLs of any possibly dangerous websites (Jain & Gupta, 2019). Security
measures such as SSL certificates and URLs beginning with the "https://" protocol are often absent from Phishing
attack sites. Moreover, a thorough examination of Phishing attack websites might reveal grammatical and
linguistic errors. Avoiding forms that ask for personal information is vital advice; a trustworthy website will
usually provide choices for verification. Websites that request personal information from you through an
information form out of the blue should cause you to be wary. Because Phishing attack websites sometimes conceal
or offer erroneous information, it is especially important to verify the contact information.

People who fall victim to Phishing attack might face several risks, which could have serious consequences. The
conditions surrounding people who fall victim to Phishing attack attempts may be examined from a number of
perspectives, and the importance of this problem necessitates action from the individual as well as the greater
society. First and foremost, there is a chance that victims of Phishing attack might lose money. Fraudsters can
access victims' bank accounts, take credit card details, and use the personal information they have obtained for
malicious purposes. The victims may suffer financial losses in addition to long-term financial difficulties as a result
of this. In addition, Phishing attack victims could experience damage to their reputation. If the victims'
compromised personal information is used maliciously, it might damage their reputation and cause a reduction in
confidence in both personal and professional relationships. Phishing attacks directed at companies or
professionals have the capacity to gravely damage the careers and commercial relationships of its victims. Victims
of Phishing attack may also be at risk for personal safety breaches. If fraudsters use the personal information, they
get to access other online accounts or services, victims' privacy can be compromised. This might make it more
likely that victims would fall victim to Internet crimes like identity theft and exploitation of their personal data.

It's crucial for Internet users to recognize and avoid phishing attacks. To detect these hazards at the human and
organizational levels, a variety of strategies can be used. Website Phishing attack detection is essential for user
security and for encouraging responsible online behavior (Barraclough et al., 2021). Phishing attack detection on
websites can help consumers recognize potential risks and increase their awareness of security concerns. This can
assist users in identifying bogus websites or emails sent by fraudsters, protecting their personal information and
promoting a secure online experience. Therefore, it's imperative that Internet users protect their personal
information online and take preventative measures against Phishing attack schemes. Companies should also
provide Phishing attack awareness training to their employees and take proactive measures to detect and prevent
Phishing attack. This will ensure user security and strengthen the online environment's defenses against phishing
attacks. The literature will be examined for research on Phishing attack detection and prevention, and the results
will be incorporated in the second section of the study. The third section offers a thorough discussion of the data
set that was used, along with an explanation of the machine learning techniques that were employed. The
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outcomes and conclusions drawn from machine learning procedures are provided in the fourth part. The final part
discusses how this study compares to the body of current literature and presents the study's findings.

The literature will be examined for studies on Phishing attack detection and prevention, and the results will be
incorporated in the second section of the study. The third section offers a thorough discussion of the data set that
was used, along with an explanation of the machine learning techniques that were employed. The outcomes and
conclusions drawn from machine learning procedures are provided in the fourth part. The final section discusses
how this study compares to the body of current literature and presents the study's findings.

2. Literature Survey

Using an advanced AC approach called Multi-Labelled Classifier Based Associative Classification (MCAC),
Abdelhamid et al. looked into the online Phishing attack problem in their study to see whether it might be applied
to the problem. Empirical findings utilizing authentic data gathered from various sources indicate that AC,
particularly MCAC, identifies Phishing attack websites more accurately than other clever algorithms. Additionally,
MCAC produces additional hidden information (rules) that are not discovered by other algorithms, enhancing
classifier prediction performance. Using MCAC, an accuracy of about 94% was attained (Abdelhamid et al., 2014).
Yi et al. largely uses a deep learning system to detect Phishing attack websites. The study begins by designing two
sorts of web Phishing attack features: original and interactive elements. A detection model based on Deep Belief
Networks (DBN) is presented in the ensuing section. The test, which uses actual IP streams from Internet service
providers (ISPs), shows that the DBN-based detection model can achieve a true positive rate of around 90% and a
false positive rate of about 0.6% (Yi et al., 2018). Ying and Xuhua suggest a novel technique that is independent of
any particular Phishing attack application. The work's goal is to investigate anomalies in Web sites, namely the
difference between a website's identity and its structural elements, as well as HTTP transactions. Approximately
88% success is achieved in detecting Phishing attack pages (Ying & Xuhua, 2006).

To identify online phishing attacks, Adeyemo et al. suggested employing ensemble-based Logistic Model Trees
(LMT). To generate a single model tree, logistic regression and tree induction techniques are used in LMT. The
testing results show that the suggested techniques, with at least 97.18% accuracy and area under curve (AUC)
values of 0.996, are quite successful in identifying Phishing attack websites. Additionally, the suggested
approaches perform better than a number of machine learning-based phishing attack models found in recent
research. Thus, it is advised to use the provided methods to handle dynamic website phishing attacks (Adeyemo
et al, 2021). Moghimi and Varjani's study introduced a brand-new rule-based technique for identifying Phishing
attack scams in online banking. Two newly proposed feature sets are used for web page identification in the rule-
based approach. The web pages were classified using the support vector machine (SVM) technique. Our tests
demonstrate that the suggested model has an accuracy of only 0.86% for false negative alarms and 99.14% for
true positives when it comes to identifying Phishing attack pages in online banking (Moghimi & Varjani, 2016).
Convolutional neural networks (CNNs) are used in Yerima and Alzaylaee's high accuracy classification system, one
can distinguish between authentic and fake websites. Their algorithm is trained on a dataset of 4,898 Phishing
attack and 6,157 genuine websites. Our CNN-based algorithms have shown to be successful in recognizing
unknown Phishing attack sites through extensive experiments. Furthermore, the CNN-based approach achieved
an F1_Score of 0.976 and a Phishing attack detection rate of 98.2%, outperforming other machine learning
classifiers evaluated on the same dataset (Yerima & Alzaylaee, 2020). In their work, Rashid et al. presented a
successful machine learning-based Phishing attack detection method. Overall, the testing findings demonstrate
that the suggested method performs best when combined with the Support vector machine classifier, correctly
identifying 95.66% of Phishing attack and suitable websites with just 22.5% of the creative functionality needed.
When compared to a set of common Phishing attack datasets from the "University of California Irvine (UCI)"
archive, the suggested technique yields encouraging results (Rashid et al., 2020). Sahingoz et al. propose a real-
time anti-Phishing attack system that employs NLP-derived features and seven distinct categorization approaches.
A new dataset is generated and used to test experimental outcomes in order to gauge the system's performance.
Based on comparison and experimental findings from several applicable classification methods, the Random
Forest approach using only NLP-based characteristics performs best, detecting Phishing attack URLs with an
accuracy of 97.98% (Sahingoz et al,, 2019). Three deep learning-based methods for identifying Phishing attack
websites were proposed by Alshingiti et al.: an LSTM-CNN based strategy, a CNN for comparison, and long short-
term memory (LSTM) for detection. The accuracy of the suggested methodologies is demonstrated by the
experimental findings, which are 99.2%, 97.6%, and 96.8% for CNN, LSTM-CNN, and LSTM, respectively (Alshingiti
et al., 2023). Dhanavanthini ve Chakkravarthy uses recurrent neural networks (RNN) to deliver state-of-the-art
accuracy in identifying harmful URLs. This effort aims to concentrate just on the content included in the URL, which
speeds up the process and demonstrates how early detection of zero-day attacks is possible. Prior research
examines URLs, traffic figures, and Internet content. The RNN in the paper is optimized to be used on small devices,
such Raspberry Pis and mobile phones, without sacrificing inference time (Dhanavanthini & Chakkravarthy, 2023).
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3. Material and Method

This section presents the purpose and basic mathematical calculations of the machine learning algorithms used in
this study. In addition, the metrics used to determine the success of the trained machine learning models and the
calculation methods of the metrics are shown. In the last sub-section of the chapter, the dataset used in this study
and the features of the dataset are explained.

3.1. Extra Tree Algorithm

The Extra Trees (Extremely Randomized Trees) algorithm is a machine learning method specifically used to solve
classification and regression problems. Extra Trees is a method based on decision trees. It uses many trees like the
Random Forest algorithm as a working logic. In addition, unlike Random Forest, Extra Trees takes more
randomness into account when constructing trees (Breiman, 2001; Geurts et al., 2006). Gth denotes the prediction
tree. Here 6 denotes a uniform independent distribution vector that is assigned before the growth of the tree. All
trees are combined and averaged into a tree ensemble of G(x), which is generated using the Breiman, 2001
equation (Equation 1) (Hammid et al., 2018).

G0, 0,) =3 TF1 G (x,6,) &y

GridSearchCV is a hyperparameter tuning method available in the scikit-learn library. It is used to experiment with
various combinations of hyperparameters used to improve the performance of a model. By specifying a given
hyperparameter space (parameter combinations), it evaluates the performance of the model for different
combinations in that space and selects the hyperparameters that perform best. GridSearchCV tries to select the
best hyperparameters by cross-validating over the specified hyperparameter combinations. In this study, the
GridSearchCV method was applied to the most successful ExtraTree algorithm and the best values of the selected
hyperparameters were determined. These best parameter values were then used to train the model. The tested
and found hyperparameter values are shown in Table 2.

Table 2. Hyperparameters tried to be optimized and values tested
n_estimators': [50, 100, 200]
'max_depth': [None, 10, 20, 30]
'min_samples_split": [2, 5, 10]

Parameters and Their Values
Tested for Hyperparameter

Optimization 'min_samples_leaf": [1, 2, 4]
max_depth': 20
Hypermeter Values min_samples_leaf'; 2

'min_samples_split': 2
'n_estimators': 100

3.2. K-Nearest Neighbours Algorithm

K-Nearest Neighbors (KNN) is an effective machine learning method that is preferred as a classification or
regression solver. The algorithm uses the classes or values of the nearest neighbouring points to classify or predict
a new data point. The basic principle of KNN proceeds by recognizing that data points with similar characteristics
tend to have the same class or a similar value. Considering x and y as axis values, after calculating the distance, the
input x is considered as the class value with the highest probability. This is calculated by Equation 2.

PO =jIX=2)==%ical(y® =) (2)
3.3. Decision Tree Algorithm

A machinelearning technique called the decision tree algorithm is used to predict and categorize a target variable's
(dependent variable's) numerical value based on specific dataset feature values. Regression analysis using
decision trees is a popular tool for identifying and visualizing patterns in data sets. Decision tree regression uses
a set of criteria, like information gain, the Gini coefficient, or other measurements, to identify the optimal partition
when splitting the dataset. To segment the dataset as efficiently as possible, a sequence of decisions must be made
next. Decision tree regression can therefore be used to forecast the target variable and uncover intricate
relationships within the dataset.

y() =f(x)— Ly I(x €Ry) (3)
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y(x) is the estimated target variable value. x is the feature vector of the data point. f(x) is the predicted value of the
data point. N is the total number of nodes in the tree. Ci is the estimated value at the i-th node. [(x€Ri) is an
indicator function that indicates whether the data point belongs to the i-th region (node). It takes the value 1 if x
is in that region and 0 otherwise. Ri denotes a specific feature range of the i-th region (node).

3.4. Gradient Boosting Algorithm

Gradient Boosting is a machine learning algorithm used as a solver in classification and regression processes. This
algorithm aims to create a strong learner by combining weak learners together. Gradient Boosting aims to combine
weak predictors (usually decision tree type models) to create a strong prediction model. The basic principle of
how this algorithm works is to correct the erroneous learning of the previous weak estimator by adding new
estimators. This process affects the calculation of the weights, while the new values are determined by the loss
function. Equation 4 is used for the overall model calculation.

Ym = argymin Z? L(yi' Fm—l(xi) +7v) (4)
Here i =1 -n belongs to rj, where j represents the leaf. y is the observed value, y is the predicted value

3.5. Random Forest Algorithm

Random Forest is a machine learning algorithm that is widely used especially in classification and regression
problems. Random Forest can create a more powerful and generalizable model by combining multiple decision
trees. When decision trees are configured for regression models, the average of the decision trees is the prediction
value. Random Forest uses randomization to minimize the risk of overfitting. Random feature selections and
random generation of data subsets make the model more diverse and generalizable. Mean square error value for
Random Forest is calculated as in Equation 5.

RF ysg = 2 200, (f; — y:)? (5)

Where N is the number of data points, fi is the value returned by the model and yi is the actual value for data point
i

3.6. AdaBoost Algorithm

AdaBoost (Adaptive Boosting) is an ensemble learning algorithm for building strong models. AdaBoost aims to
build a stronger model by combining weak models together. The AdaBoost algorithm is an algorithm that works
on weights and each weak classifier is assigned a weight. Once a classifier is trained on the weighted training set,
the weights of the misclassified examples are increased, and the next classifier is trained on this updated weighted
data set. This process continues until a desired number of iterations or specific learning objective is reached.
Equation 6 is used for the overall model calculation. The error rate is calculated by €t, that is, It shows how well
the t'th classifier is able to correct the errors made on the weighted training data set.

Z?I:lwi. he(x: .
g = 21\1](1 t(x)#vi) (6)

i=1Wi
It's here, The 1 function is a function that indicates whether the expression in parentheses is true (1) or false (0).
3.7. Evaluation of the models
The performance of the model is measured using error metrics, which are employed to assess the effectiveness of
machine learning algorithms. These metrics aid in evaluating the degree to which a model's predictions agree with
actual values and its capacity for generalization.

Mean absolute error (MAE) is a metric that shows how close the predicted values are to the true values. This metric
is calculated by Equation 7(AlOmar et al., 2020; Hammid et al., 2018; Mishra et al., 2017).

MAE = =37 [P™ — P} (7)
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To compare the prediction errors of several trained models, root mean square error, or RMSE, was selected. The
model's ability to forecast absolute deviation is better the closer the RMSE value is to 0. Calculating the RMSE value
is done using Equation 8 (AlOmar et al., 2020; Hammid et al., 2018; Mishra et al., 2017; Willmott & Matsuura,

2005).

1
RMSE = J;ZHPJ "= B)? (8)

The coefficient of determination (R2) is used to estimate model efficiency and is calculated by Equation 9 (Hammid
etal,, 2018).

rm ,T.C
PPy P12

21— £&2r=22d__d -
k=1 DU P ©)

MSE either assesses the quality of an estimator. The MSE metric is calculated by Equation 10.
1 ,
MSE = —¥7_,(Pi — P{)* (10)

3.8.Dataset Description

The dataset used for the training of machine learning algorithms in this study is the "Website Phishing Data Set",
which is available on the Kaggle platform and is openly available to users (Website Phishing Dataset, n.d.).There
are a total of 10 features in the dataset. This dataset was created by identifying distinctive characteristics of legal
and Phishing attack websites and collecting 1353 different websites from different sources. Phishing attack
websites were collected from the Phishtank data archive, a free community website where anybody can upload,
verify, monitor, and exchange Phishing attack data. A PHP web program was used to collect real webpages from
the Yahoo and starting point directories. After installing the PHP script in a browser, 548 trustworthy websites
out of 1353 were gathered. 103 dubious URLs and 702 Phishing attack URLs were found. A website is deemed to
be SUSPECTED if it is thought to include both valid and Phishing attack elements. This could indicate that the
website is Phishing attack or legitimate. Table 3 displays the fields that were part of the data collection that was
used.

Table 3. Site characteristics in the data set

URL Anchor | Request URL SFH
URL Length Having ‘@’ Prefix/Suffix

IP Sub Domain Web traffic
Domain age Class

The importance of each feature in the data set in Phishing attack detection was analysed by defining them as items.
Afterwards, the effects and importance levels of the input features on the result in the current data set were
calculated and transformed into the form shown in Table 4. In this way, the input features in the data set become
much more meaningful and interpretable.

e URL: In phishing attacks, fake websites often use similar URL structures to real sites. Therefore, careful
examination of the URL will help users to recognise fake sites.

e Anchor: In phishing attacks, malicious links are often disguised with misleading texts. Therefore, the texts
of the links should be carefully examined and evaluated whether they are reliable.

e Request URL: In phishing attacks, malicious content and scripts are often loaded from external sources.
Therefore, attention should be paid to whether the URLs requested by a web page are reliable.

e SFH URL Length: Same Origin Policy URL length should be checked if a web page redirects to resources
that do not belong to its domain. This may indicate a potentially malicious redirect.

e Having '@' (Email Spoofing): In phishing attacks, fake email addresses and sender names are used to
send credible-looking messages. Therefore, it is important to carefully examine email addresses and
senders.

e Prefix/Suffix IP: In phishing attacks, misleading connections can be created using IP addresses. For this
reason, it is necessary to carefully check IP addresses and determine whether they are reliable.
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e Sub Domain: In phishing attacks, fake websites often use subdomains similar to the main domain name.
Therefore, it is important to carefully examine subdomains.

e Web Traffic: In phishing attacks, websites with popular and heavy traffic may be more targeted.
Therefore, the traffic of a website should be carefully evaluated.

e Domain Age: Newly created or recently registered domains may have been created to potentially be used
for Phishing attack. Therefore, the age and registration process of a website should be considered.

Table 4. Graph of the influence values and importance levels of input features on the result in the data set

Dataset Coloumn Feature Weight Feature Weight Graph
having IP_Address 0.1135 o1
web_traffic 0.0438 I [ |
s ] -
id - g oy
£ o
URL_of_Anchor -0.0352 E 2
o —0.21
age_of_domain -0.0487 % 0
URL_Length -0.0594 o4l
Request_URL -0.1204 . . . . \ . . .
A I R R °3‘
SSLfinal_State -0.3267 S RO YA Q—@“
Q7 L ’ ¥ G
g @ i & & & F Q)Q
popUpWidnow -0.3707 & § 8 N N
&
SFH -0.4346 Features

PCA (Principal Component Analysis) stands for principal component analysis. PCA is a statistical technique used
to understand the relationships between variables in multivariate data sets and to express the data set with fewer
variables. The numerical results and visual example obtained when PCA is applied on the dataset are shown in
Figure 6 and Table 5.

Table 5. The numerical results of PCA

Features and Metrics Values
Variance explanation percentage (PC1) 25.91%
Variance explanation percentage (PC2) 16.15%

Eigenvalue of PC1 2.333

Eigenvalue of PC2 1.454

Component Loadings PC1 PC2
SFH 046 0.27
popUpWidnow 0.35 0.22
SSLfinal_State 0.36 0.00
Request_URL 0.25 0.38
URL_of_Anchor 0.31 0.38
web_traffic -0.40 0.53
URL_Length 0.22 0.06
age_of _domain 0.38 -0.55
having_IP_Address 0.16 -0.01

e Variance Explanation Percentage (PC1 and PC2):
PC1 explains 25.91% and PC2 explains 16.15% of the total dataset. PC1 explains a larger proportion of the total
variance, indicating that PC1 retains more information and contains more variability.

e Eigenvalues:
The eigenvalue of PC1 is 2.333 and the eigenvalue of PC2 is 1.454. Eigenvalues measure the variance of each
component in the original data set. Components with larger eigenvalues retain more variance.

e Component Loadings:
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Component loadings indicate the relationship of each component to the original variables. Positive or negative
loadings indicate the direction of the relationship between variables. Loadings with large absolute values indicate
that the variable plays an important role in the formation of the relevant component.

PCA of Dataset

1.00

PC2

&
i
]
Dependent Variable

=0.50

. =075

-1.00

Figure 2. PCA of dataset

Variables such as SFH, popUpWidnow, SSLfinal_State, Request_URL, URL_of_Anchor, age_of_domain have
large loads in both components. These variables play an important role in the key components that make
up the PCA results.

Variables such as web_traffic, age_of domain are positively related to PC1 and negatively related to PC2.
These variables play an important role in determining the differences between PC1 and PC2.

The loadings of variables such as having_IP_Address, SSLfinal_State are significantly less in PC2. These
variables contribute less to the formation of PC2.

4. Findings and Results

Table 6 shows the error metrics and accuracy values obtained in the training of Decision Tree and Random Forest
algorithms. In addition, the graph showing the similarity between the real values and the values classified by the

trained model, the error distribution graphs in classification and the confusion matrix tables are shown.

Table 6. Decision Tree and Random Forest Algorithm performance

DECISION TREE ALGORITHM

RANDOM FOREST ALGORITHM

Metric Values Metric Values
MAE: 0.251 MAE: 0.211
MSE: 0.477 MSE: 0.379
RMSE: 0.691 RMSE: 0.615
Acc. 0.862 Acc.: 0.871
Fault Distribution Graph Fault Distribution Graph
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Table 7 shows the error metrics and accuracy values obtained in the training of AdaBoost Classifier and KNN
algorithms. In addition, the graph showing the similarity between the real values and the values classified by the
trained model, the error distribution graphs in classification and the confusion matrix tables are shown.

Table 7. AdaBoost Algorithm and KNN Algorithm performance

ADABOOST CLASSIFIER ALGORITHM KNN ALGORITHM
Metric Values Metric Values
MAE: 0.285 MAE: 0.891
MSE: 0.463 MSE: 1.669
RMSE: 0.680 RMSE: 1.292
Acc. 0.802 Acc. 0.497
Fault Distribution Graph Fault Distribution Graph
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Table 8 shows the error metrics and accuracy values obtained in the training of Extra Trees and GradientBoosting
algorithms. In addition, the graph showing the similarity between the real values and the values classified by the
trained model, the error distribution graphs in classification and the confusion matrix tables are shown.

Table 8. Extra Trees and GradientBoosting Algorithm performance

GRADIENTBOOSTING ALGORITHM
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EXTRATREES ALGORITHM
Metric Values Metric Values
MAE: 0.197 MAE: 0.197
MSE: 0.364 MSE: 0.315
RMSE: 0.603 RMSE: 0.561
Acc. 0.886 Acc. 0.862
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In Table 9, the performance of the Extra Trees algorithm was increased by fine tuning after training. The
hyperparameter trials of the fine-tuning process and the hyperparameter values with the best results are shown
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in Table 9. The fine-tuning parameters shown in Table 9 were tested and the parameter values at which the

training started are shown. The last column of Table 9 shows the best performance values of the final test.

Table 9. Extra Trees fine tuning process and values

EXTRATREES ALGORITHM FINE TUNING PROCESS AND RESULTS

Hyperparamet | Hyperparame | Hyperparamete | Hyperparamete
Fine Tuning Model’s Result er Fine Tuning ter Fine r Fine Tuning r Fine Tuning
Parameters Tuning Values Parameters Best Values
Metrics Values max_depth None,3%)0, 20, max_depth 30
MAE: 0038 min_samples_le 12,4 min_samples_le 1
af af
MSE: 0.073 mln_salfnples_s 25,10 mln_saerles_sp 5
plit lit
RMSE: 0.271 n_estimators 50,100, 200 n_estimators 100
Accuracy: 0.979 - - - -
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5. Discussion and Conclusions

Detection and prevention of Phishing attacks is an area that has attracted the attention of researchers and has
been extensively studied. Table 10 shows the comparison table of this study with similar studies. In the table, the
researcher, the year of the study, the preferred machine learning method, the success value obtained, and the data
set studied are clearly shown. It is clear from this comparison that experiments with different machine learning
methods have been conducted in the current study and improvement studies have been carried out in this area.
This detail makes this study stand out from the others. In addition, the success rate obtained is acceptable
compared to other studies.

Tablo 10. Comparative comparison table with similar studies in the literature

Works Year Dataset Algorithm Metrics
Ying and Xuhua 2006 Random page pool SVM Accuracy: 88%
Abdelhamid etal. 2014 Website history MCAC Accuracy: 94%
Moghimi and Varjani 2016 Yahoo (PhishTank) SVM Accuracy: 99.1%
Yietal 2018 Website traffic flows DBN Accuracy: 90%
Sahingoz etal. 2019 Own dataset RF Accuracy: 97.9%
Yerima and Alzaylaee 2020 Benchmarked dataset CNN F1Score: 97.6%
Rashid etal. 2020 Google dataset SVM Accuracy: 95.6%
Adeyemo etal. 2021 Phishing datasets in UCI LMT Accuracy: 97.1%
This Work 2024 Website Phishing Data Set  Extra Trees Accuracy: 97.9%

In this study, we investigated the effectiveness of machine learning methods for detecting Phishing attack threats
on web pages. After six distinct machine learning algorithms were examined, the Extra Trees method was found
to have the greatest success rate. We made some important adjustments to this approach in order to improve its
effectiveness even further. Our performance tweaks to the Extra Trees algorithm significantly improved its ability
to recognize phishing attacks. These results highlight the importance of developing machine learning techniques
to provide a more effective protection against the dynamic environment of Phishing attack assaults. In order to
further boost success in this sector, we plan to focus on certain techniques in our upcoming work. These involve
expanding our dataset and adopting a more multifaceted strategy by combining several machine learning
algorithms. By using larger and more diverse datasets, we will increase the generalization ability of our model and
conduct a comprehensive study to better understand the advantages of different approaches. We'll also turn at
larger-scale applications to assess how well our model performs in practical situations. This will allow us to
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evaluate how well our developed approaches work in actual applications. Consequently, our study has shown how
machine learning algorithms can detect Phishing attack dangers on websites with ease and success. The fact that
the Extra Trees approach has been successfully applied shows that it has the potential to be a more effective tool
for detecting assaults of this nature. Our next research will expand on these tactics in order to progress this field
and keep people’ online environments safer.
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Coal, As industrial activities continue to expand, there is a growing demand for Rare Earth
Rare Earth Elements, Elements (REEs). However, REE resources are rapidly depleting, leading to a search
REFEs, for alternative sources. Notably, REEs are found in significant quantities in coal, a
Bibliometric Analysis. fossil fuel with substantial global reserves and active extraction operations. Some

countries, particularly China, extract REEs from coal, indicating its potential as an
alternative REE source soon. The increasing number of academic research studies
on this topic further underscores its importance. This study aims to analyze global
academic research on REEs in coal and coal ash from 1973 to 2023 using
bibliometric analysis to identify future trends. Data from the WoS database was
utilized to ensure objective and comprehensive results. The research encompassed
various aspects such as document type, country of origin, co-authors, institutions,
citations, keywords, journals, and WoS categories. The findings suggest that coal
could emerge as a significant REE source with sustainable and environmentally
conscious practices, potentially forming a widespread business network.

KOMUR VE KOMUR KULUNDEKI NADIR TOPRAK ELEMENTLERININ
KURESEL ARASTIRMALARIN HARITALANMASINA DAYALI GELECEK
GORUNUMU (1973-2023)

Anahtar Kelimeler 0z

Komiir, Gelisen endiistriyel faaliyetler ile NTE'lere (Nadir Toprak Element) olan ihtiyac da
Nadir Toprak Elementleri, ayn1 oranda artmaktadir. NTE kaynaklar1 hizla tiikenmekte ve alternatif kaynak
NTE, arayislari ortaya ¢ikmaktadir. Global ¢apta biiyiik rezerve sahip ve aktif olarak
Bibliometrik Analiz. isletilmekte olan fosil kdkenli yakit kaynaklarindan biri olan kémiirde de NTE'ler

azimsanmayacak oranda bulunmaktadir. Cin basta olmak iizere bazi iilkeler
koémiirden NTE tiretimi yapmaktadir. Kémiiriin éntimizdeki yillarda énemli bir
alternatif NTE kaynag1 olmasi muhtemeldir. Konu ile ilgili ¢cok sayida akademik
arastirma yapiliyor olmasi da bunun bir géstergesidir. Bu ¢alisma 1973-2023 yillar
arasinda komiir ve komiir kiiliindeki NTE'ler ile ilgili global ¢capta yapilan akademik
arastirmalarin  bibliyometrik analiz ile irdelenmesi, gelecek beklentilerin
saptanmasi amaciyla yapilmistir. Calismada objektif ve kapsamli sonuglarin elde
edilebilmesi adina WoS veri tabanindan cekilen veriler kullanilmistir. Yapilan
arastirmalar dokiiman tiird, iilke, ortak yazar, enstitii, atif, anahtar kelimeler, dergi,
WoS kategorisi gibi ¢ok yonli olarak incelenmistir. Kémiiriin siirdiiriilebilir ve
cevresel yaklasimlarla NTE kaynagi olarak yaygin bir isletme agina sahip olmasi
muhtemeldir.
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Highlights
e REEs, which can be enriched in coal and coal ash, are emerging as potential sources of essential
elements.

e Bibliometric analysis is employed to quantitatively evaluate the literature and identify research trends
on a given topic.

e The future trend in the field of REEs will involve every country aiming to leverage the environmental
and ecological benefits while providing economic contributions.

Graphical Abstract

E Coal / Coal Ash - Rare Earth Elements

WOS Analysis
Database (VOSviewer)

— e Authors Citalion

T e <

Keyvords Key journls Joumuals

!

Fulure prospects of rare carth elements

Figure. Distribution of REEs in coal by publications, countries, authors, citations, keywords, journals based on VOSviewer

Purpose and Scope

Rare earth element (REE) reserves are about to be depleted due to expanding usage. Therefore, coal has been
investigated as an alternative REE source. The analysis of scientific data is critically important for assessing
international activity, predicting future trends, guiding researchers, identifying study topics, and enhancing
visibility. This study aims to assess the status, focus, and trends of research on REEs in coal and coal ash by
analyzing publications, authors, countries, and journals by implementing VOSviewer.
Design/methodology/approach

In this study, bibliometric analysis was used to obtain more objective and comprehensive results compared to
traditional literature reviews. All databases in Web of Science (WoS) were used as data sources for bibliometric
analysis. An advanced search formula TS (Topic) = (coal* OR lignite) AND (“rare earth element*” OR REE* OR
REY*) was used to identify scientific studies. For network analysis of the publications retrieved from the WoS
databases, freely available software VOSviewer 1.6.20 package program was utilized for constructing and
visualizing bibliometric networks.

Findings

Since research on REEs in coal began in 1973, the field experienced slow development until 1990, after which
interest rapidly increased in 1991. To date, the number of studies on REEs in coal and ash has grown annually.
The simultaneous rise in REE studies and the use of technological products and industrial activities indicates
that academic research is progressing in parallel with sector needs. Notably, James C. Hower and Shifeng Dai
have made significant and impactful contributions to this field. This study reveals that the USA and China have
high productivity in terms of total publications. The future trend in this field will involve each country that uses
coal as fuel and generates waste material to determine their REE enrichments, protect the environment and
ecology, and leverage the economic benefits.

Originality

No comprehensive study has been identified that evaluates current trends and future prospects of REEs in coal
and coal ash through bibliometric analysis. This study provides researchers with crucial insights into the
trends and hotspots of REEs in coal and coal ash and can guide future studies.

" Corresponding author: selinhokerek@akdeniz.edu.tr, +90-242-310-6348
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1. Introduction

Coal is amongst one of the most important energy fuels in the world, meeting a significant portion of the electrical
energy demand (Steckel et al., 2015). Coal is a sedimentary rock comprising water, minerals, organic matter, and
most trace elements, making it not only an energy provider but also the repository of the broadest array of
elements in nature. These elements in coal are pivotal in shaping the depositional environment's properties
(Finkelman et al., 2019), impacting coal extraction, combustion, ash disposal, environmental and human health
effects, and utilization of valuable by-product raw materials (Dai et al.,, 2012; Finkelman, 2004; Karadirek, 2023).
Despite the widespread presence of rare earth element (REE) deposits globally, economic viability is declining,
necessitating the exploration of alternative sources to meet future REE demands (Balaram, 2023).

REEs, which can be enriched in coal and coal ash (Bullock et al., 2018; Dai and Finkelman, 2018; Zhao et al., 2018),
are emerging as potential sources of critical elements. Comprising 17 elements, including the lanthanide groups,
scandium, and yttrium, REEs are vital in small quantities for enhancing the quality in high-tech products (Sahiner
et al, 2017). In our technology-driven world, the dependence on REEs is escalating, with coal, recycling, and
marine sediments being alternative sources for these elements (Balaram, 2023). The production of REEs holds
significant national importance. For instance, the USA heavily relies on imported REEs. Utilizing coal and coal ash
as sources for REEs would reduce dependency on foreign markets, offering a more economical solution.
Considering the current consumption rate, the USA could potentially access a 1000-year supply of REEs by
processing untouched coal and its by-products (Alvin et al,, 2017).

Bibliometric analysis, widely employed across disciplines, delineates the distribution pattern of scientific data
within specific subjects, fields, institutions, and countries, enabling quantitative analysis of academic literature
through mathematical and statistical techniques (Peng et al., 2018). Yang et al. (2018) conducted a study mapping
trace elements in coal and ash, enhancing our understanding of these elements' characteristics.

This study, which is prompted by the increasing significance of REEs, aims to delineate the international outlook
of REEs in coal and coal ash through bibliometric analysis (scientific mapping techniques combined with literature
network analysis) using data from the Web of Science (WoS) database. The examination of scientific data holds
crucial scientific importance in gauging international activity, and future trends, guiding researchers, identifying
study topics, and enhancing visibility. Accordingly, scientific studies from 1973 to 2023 were assessed based on
WoS categories, publication distribution by year, countries, authors, institutions, journals, most cited works, co-
authors, common keywords, bibliography matches, and co-citations in coal and coal ash.

2. Material and Method

This study employed bibliometric analysis, recognized as a method for evaluating research outcomes and gaining
a comprehensive view of current scientific output, providing more objective and comprehensive results than
traditional literature reviews. All databases in Web of Science (WoS) served as the data source for bibliometric
analysis. An advanced search formula TS (Topic) = (coal* OR lignite) AND (“rare earth element*” OR REE* OR
REY*) was utilized to identify scientific studies. The timeframe includes 1973-2023 (data retrieval last updated
on 31 December 2023), yielding 3920 records. Each publication was evaluated, resulting in the removal of
duplicates and materials unrelated to REEs. This study specifically focused on publications concerning REEs within
coal and coal ash.

For network analysis of the publications retrieved from the WoS databases, freely available software VOSviewer
1.6.20 package program (van Eck and Waltman, 2010) was utilized for constructing and visualizing bibliometric
networks. The program visualizes items in the form of labels and circles, with circle size indicating the item's
weight. The colors in the network visualization denote clusters of similar elements, calculated by the program,
whereas the distance between items signifies the strength of associations among articles (Yuan et al., 2021).

3. Result and Discussion

3.1. General Distribution of Publications by Type, Year and Countries

A total of 3920 publications across 7 subcategories have been identified in relation to the study topic of REEs in
coal and coal ash over the past 50 years. Among these, "Article” comprises the largest share, accounting for 87.9%

of the total publications (3446 records). This is followed by "proceeding paper"” at 9.6%, "review article" at 5.2%,
and "book chapters, meeting abstracts, and other publications" with shares of less than 1% (Table 1).
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Table 1. The distributions of document types of rare earth elements in coal and coal ash

DOCUMENT TYPE RECORD COUNT | FRACTION %
Article 3446 87.9
Proceeding paper 377 9.6
Review article 203 5.2
Book chapters 39 1.0
Meeting abstract 29 0.7
Other publication 57 1.4

Figure 1 illustrates the publication trends for REEs in coal and coal ash from 1973 to 2023. The highest number of
publications occurred in 2021 and 2022, totaling 341, while the lowest number of publications was recorded
between 1973 and 1990 (<4). During the period from 1991 to 2009, a relatively steady number of publications
were released, but starting from 2010, there was a notable upward trend with over 100 publications per year.
Although there was a slight decline in the number of publications in 2023, the overall trend indicates a continuous
increase in published works.
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Figure 1. The distribution of publications of rare earth elements in coal and ash by years

The leading countries in conducting research on REEs in coal and coal ash are the United States (1179) and China
(1006), as indicated in Table 2. They are followed by Australia (300), the UK (239), Russia (230), Germany (202),
India (201), Canada (193), France (153), Spain (119), Japan (116), Poland (105), and several other countries with
fewer than 100 publications. Table 2 outlines the top 20 most productive countries in this field. The current trend
in global research on REEs in coal and coal ash suggests a significant influence from the USA and China in driving
the publication numbers.

The co-author network analysis of publications focused on identifying and interpreting the most influential
countries and their connections. Figure 2 reveals that the USA and China, as the two most productive countries,
are central to this network. In analyzing studies from these nations, it became evident that they have numerous
collaborations with other countries. Particularly noteworthy is the extensive network of co-publications involving
the USA, covering a wide range of countries. This indicates both a high volume of publications and a strong level
of collaboration.

The USA has been found to have joint publications with countries that also have a substantial publication output,
such as China, Australia, Canada, Germany, France, India, Spain, England, and Russia. Additionally, collaborations
involving the USA span across continents, highlighting its global engagement in this research domain. Authors
affiliated with institutions in the USA predominantly focus on research related to Chinese coals, reflecting the
collaborative efforts between authors from the USA and China.
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Table 2. The most productive countries/regions of rare earth elements in coal and coal ash

RANK | COUNTRIES/REGIONS | TOTAL PUBLICATIONS | FRACTION (%)
1 USA 1179 30.08
2 Peoples R China 1006 25.66
3 Australia 300 7.65
4 England 239 6.10
5 Russia 230 5.87
6 Germany 202 5.15
7 India 201 5.13
8 Canada 193 4.92
9 France 153 3.90
10 Spain 119 3.04
11 Japan 116 2.96
12 Poland 105 2.68
13 South Korea 76 1.94
14 Italy 72 1.84
15 Iran 65 1.66
16 Netherlands 61 1.56
17 Tiirkiye 59 1.51
18 Brazil 58 1.48
19 South Africa 56 1.43

20 Sweden 54 1.38

The second circle explosion was in China. A significant collaboration exists between China and the US in joint
studies. While there are similarities between China and the USA in the joint country network analysis, the network
does not appear as extensive as that of the USA (Figure 2). This suggests that both countries engage in a substantial
number of joint publication studies. China's second most prominent collaboration is with Australia. Although not
as robust as the collaborations with the US and Australia, China also has strong network ties with Russia and the
UK.
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Figure 2. The co-operation network of the countries of REEs in coal and coal ash
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Australia and the UK exhibit the most extensive network distribution among Australia, Canada, the UK, and Russia.
Canada, in comparison, has a narrower network spread. Despite Russia having a high number of publications, its
network distribution is limited, indicating a lack of collaboration with other countries in its studies.

3.2. Co-occurrence and Co-citations Analysis of Authors

For the co-author network analysis of published articles on REEs in coal and coal ash, criteria were set with a
minimum of 3 documents authored and a minimum of 3 citations per author. Among the total 12.419 authors
mentioned in the analyzed dataset, 669 authors met these criteria, representing approximately 5% of the total
authors. The analysis revealed the largest group of linked authors, comprising 362 individuals organized into 25
clusters [with 1801 links and a total link strength of 4478]. Each of the 25 clusters contains between 1 and 32 co-
authors, distinguished by different colored clusters.

The results from the co-occurrence analysis reveal a partial collaborative relationship among the authors (Figure
3). Notably, among authors contributing significantly to publications on REEs in coal and coal ash, Hower JC stands
out with 103 links and a total link strength of 432, based on 100 publications. Similarly, Dai SF shows prominence
with 87 links, a total link strength of 482, and 93 publications (Table 3). These authors share a specialization in
coals commonly used in China. Authors with over 30 publications include French D (39 publications), Zhao L (35
publications), Graham IT, and Querol X (34 publications), along with Ward CR (32 publications) (Table 3). The top
two authors demonstrate publications with substantial impact, evident from the prominent bursts in their
respective nodes within the graph (Figure 3), indicating a relatively close collaboration.

Table 3. The most productive 20 contributors to REE in coal and coal ash

Authors Record count | Fraction %
Hower ]JC 100 2.55
Dai SF 93 2.37
French D 39 0.99
Zhao L 35 0.89
Graham IT 34 0.87
Querol X 34 0.87
Ward CR 32 0.82
Finkelman RB 29 0.74
Li] 29 0.74
Nechaev VP 29 0.74
Wang XB 27 0.69
Arbuzov SI 26 0.66
Eble CF 24 0.61
Hsu-kim H 23 0.59
Zhang WC 23 0.59
Zhou CC 23 0.59
Zhuang XG 22 0.56
Seredin VV 21 0.54
Pan JH 20 0.51
Chekryzhov 1Y 19 0.48

French D, ranking third in terms of publication count, exhibits a strong author network, although not as robust as
Dai SF and Hower JC. French D's research encompasses the origin of critical element enrichment, metal enrichment
in coal, bio-geochemical evolution of coals and critical elements, as well as studies on REEs focusing on age,
environment, origin, mineralogy, and isotopes.

On the other hand, Zhao L. does not demonstrate as extensive an author network as French D and typically
collaborates with the same group of authors in their studies, many of whom have a high number of publications.
Zhao L., a researcher specializing in fly ash, volcanic ash, mineralogy, critical elements, REEs, trace element
enrichments, age, and environment interpretations, primarily focuses on Chinese coals in their work.
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Granham IT shares similarities with his co-authors, particularly Zhao L., although their impact and reach differ. In
contrast, Querol X, despite having the same number of publications as Granham IT, pursues distinct research
directions from the top 5 authors in the field. While the first four authors collaborate closely, Querol X has no
shared publications with them and works with an entirely different set of authors. One notable collaborator is Li
J. (with 29 publications), with whom Querol X has conducted research across sites in China, Turkey, Brazil,
Vietnam, and other countries. Their research focuses on REEs enrichments, trace element enrichments, coals used
in power plants, and fly ash analysis. Nechaev VP, Finkelman RB, and Ward CR also have an equal number of
publications. Among them, Ward CR and Finkelman RB exhibit widespread distribution in their author networks.
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Figure 3. Co-occurrence network analysis of articles in the context of authors

The co-citation author network analysis reveals two distinct groups of authors (Figure 4). One group appears
weakly connected, while the other is tightly clustered and interconnected. In the analysis results, a prominent
purple cluster in the center signifies Dai SF as the most cited author, despite not being the most prolific in terms
of number of publications. Dai has garnered citations from a diverse range of authors, indicating broad recognition
within the field. One of Dai SF's highly cited work is a re-view paper covering the abundance, genetic types, effects
on human health, and industrial applications of Chinese coal (Dai et al., 2012). In contrast, although Hower ]JC has
the most citations, their network connections are not as extensive as Dai SF's. This suggests that Hower JC's studies
are cited primarily within specific study groups or contexts.
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Figure 4. Co-citation network analysis of articles in the context of cited authors

3.3. Co-occurrence Analysis of Keywords

Identifying the keywords and their relationships provides crucial insights into interpreting the study's subjects. A
minimum of five keywords (with a minimum occurrence of 5 times each) were selected to conduct keyword
network analysis within articles authored on REEs in coal and coal ash. The total number of keywords in the
analyzed dataset was 9136, with 348 authors meeting the threshold. The analysis revealed that the largest linked
word group comprised 346 items and 10 clusters, with 2291 links and a total link strength of 3800.

Following the network analysis using keywords, the overall representation is depicted through clusters in four
distinct colors (Figure 5). Among these groupings, the purple and blue clusters are predominant. Notably, the
keywords "Rare Earth Element" and "Coal" emerge as the most frequently utilized terms in the studies. Delving
into the connections of these two key terms enables us to interpret the publications concerning this subject.

Among the keywords in the networks established with REE, fly ash, coal, coal waste, bottom ash, and red mud refer
to coal samples. Studies on rare earth elements (REEs) in coal have primarily focused on identifying enrichments
extracted from coal fly ash, bottom ash, and coal waste. Other keywords such as yttrium, scandium, lanthanides,
and critical metals denote the materials investigated in the research. Keywords like leaching, bioleaching, acid
leaching, physical separation, and adsorption symbolize the methods utilized. Additionally, keywords like coal by-
products and coal combustion indicate that research has been conducted on coal by-products and REEs enriched
during coal combustion.

Another crucial keyword is coal. Through detailed analysis, it was found that volcanic ash in coal, trace elements,
oil shale, and clay minerals like lignite, maceral, and kaolinite were the focus of research. It is evident that
investigations have been conducted on uranium, lithium, germanium, thorium, and carbon isotopes within these
products. Strong correlations exist among acid mine drainage, depositional environment, organic association,
geochemistry, mineralogy, and coal. Notably, China and Turkey are the most extensively researched areas in this
context.

When examining the few keywords prominently highlighted in yellow at the center, it becomes clear that key terms
such as lanthanides, enrichment, trace elements, and pyrite are the focus of research concerning the environment
or peat, employing methods such as XRD and ICP-MS.

On the right side of the figure, an independent grouping of these keywords appears in red. This grouping primarily

relates to the methodological aspects of the studies, revealing the utilization of methods such as
fragmentation/coalescence, numerical simulation, fluid dynamics, two- and multi-phase heat flow, and modeling.
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Figure 5. Network analysis of publications by keywords

3.4. Co-citations Analysis of Journals

The International Journal of Coal Geology (218 publications) stands out as the top journal for REE research in coal
and coal ash. Additionally, the Journal of Fluid Mechanics (118 publications), Physics of Fluids (90 publications),
Energy & Fuels (88 publications), and others also contribute significantly to this field (Figure 6). While the

publication count is substantial, it's crucial to assess these publications through bibliometric analysis to gauge
their recognition and validity comprehensively.

In network analysis, journals with a widespread indicate that they receive citations from various studies. While
the prominent circles of journals only suggest that their citation numbers are high, their connections can be
scrutinized in detail to identify the citations they receive from diverse studies.
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ENERGY EXPLORATION & EXPLOITATION
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ENVIRONMENTAL SCIENCE & TECHNOLOGY
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Figure 6. Distributions of output in key journals of rare earth elements in coal and ash in 1973-2023

In this study, co-citation analysis was carried out in journal format. To perform journal network analysis within
the citation context, a minimum of twenty sources (with a minimum citation count of 20) were selected. The total
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number of sources in the analyzed dataset was determined as 43.414, with 1.020 sources meeting the threshold.

The largest linked source group comprised 1.000 items and 6 clusters, with 15.090 links and a total link strength
of 5.367.388.

Among the six identified clusters, the International Journal of Coal Geology (in purple) emerged as the most cited
journal, creating a burst in the center (Figure 7). This journal not only has a high number of publications but also
exhibits the widest network spread. It features numerous highly cited studies on REE research in coal and coal
ash. Among the top five most cited studies, three of these studies focus on Chinese coals. One is a review discussing
Yttrium's role in REEs within coal, while another explores the future prospects of coal as a critical element source.

Another prominent journal is Fuel (in blue), which although not as widely distributed as the International Journal
of Coal Geology, still shows a significant spread. The most cited study in Fuel pertains to the phase-mineral and
chemical composition of biomass ash. Journals like Nature and Science share a similar distribution pattern to Fuel.
In contrast, the Journal of Fluid Mechanics (in green) ranks second in references but lacks extensive network
spread, indicating citations primarily from within the same journal's publications.
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Figure 7. Network analysis distribution of journals publishing on REE studies in coal and coal ash

3.5. Distribution of WoS Categories

The classification of WoS categories offers an advantage by providing information on the subject distribution of
academic outputs and enabling insightful comments. In this context, WoS categories related to REEs in coal and
coal ash were analyzed. The WoS categories in the top four classifications are Energy & Fuels (17.93%),
Engineering, Chemical (15.36%), Geosciences, Multidisciplinary (12.93%), and Mechanics (10.15%) that
encompass more than half (54%) of the total articles (Figure 8).

Studies on REEs in coal and coal ash have predominantly been conducted within the realms of environmental
research and earth sciences, including environmental sciences, environmental engineering, ecology, green
sustainable science and technology, water resources, geological and mineral research encompassing mining
mineral processing, geochemistry, geophysics, mineralogy, geology, multidisciplinary research involving
chemistry, material science, multidisciplinary science, engineering, physical chemistry, marine freshwater biology,
evolutionary biology, and methodological research such as physics, fluids, plasmas, thermodynamics, metallurgy
and metallurgical engineering.
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Figure 8. Distribution of WoS categories
3.6. Research Tendencies and Study Focus

It is estimated that a significant portion of the REE reserve will be depleted by 2030 given current operations
(Yalcin Erik, 2022). Consequently, researchers are exploring alternative sources of REEs. Coal stands out as one of
the important resources for REE production.

The countries with the most intensive REE research in coal and coal ash are the USA and China. One of the
significant reasons for this is the abundance of coal reserves in these nations. The USA holds 29% of the world's
coal reserves, followed by Russia at 20.6%, Australia at 18.9%, and China at 18%. China leads in world coal
consumption at 71.4%, while the United States ranks third, accounting for 7% after India (Global Power Plant,
2024). Globally, there are 121 billion tons of REE reserves identified, with China being the largest producer (Ober,
2017). This aligns with the concentration of academic research in China on this topic.

China, Japan, the USA, Germany, and France are among the top consumers of REEs. Of particular interest here is
the USA. Despite being one of the world's leaders in coal reserves and consumption, the production of REEs is not
as high in the USA. The substantial number of academic studies conducted in the country is an indication that
research in this field is ongoing. Another country facing a situation similar to the USA is Russia. Russia boasts 18
billion tons of coal reserves (Sahiner et al., 2017) and holds a prominent position in academic research on the
subject. However, it has not achieved comparable success in REE research studies. On the other hand, Brazil, with
22 billion tons of coal reserves, ranks at the top globally. It comes second only to China in REE production (Sahiner
et al, 2017). Despite not leading in terms of coal reserves like Canada, Germany, France, England, and Spain,
Brazil's engagement in REE studies indicates that the issue extends beyond coal reserves alone. The fact that
countries are exploring alternative REE resources suggests proactive measures against potential decreases in REE
resources in the future.

There are numerous researchers who have conducted studies on REEs in coal and coal ash. Discussing the research
of Hower ]C, the most prolific author, and Dai SF, the second most published and cited author, is crucial for
understanding the past and gaining insights into the future of this field. Hower JC embarked on his first study on
this subject in 1996 and has since been consistently involved in research. The study of Hower et al. (1999) on REE
anomalies of coals in Eastern Kentucky stands out as the most cited publication. His research primarily focuses on
China and the USA. He extensively analyzed fire clay coal deposits regarding REEs and also investigated fly ash,
mineralogy, and REE enrichments. Dai SF and Hower JC have collaborated on 43 studies since 2011, with a majority
of their research focusing on Chinese coals. Their work encompasses topics such as fly ash, volcanic ash, REE
enrichment in coal waste, and REE mineralogy. Through their studies, it is apparent that the emphasis should be
placed on REE production from coal fly ash, bottom ash, and volcanic ash. This emphasis provides important
insights for researchers currently engaged in or planning future research, as well as for countries aiming to
enhance REE production.

Their contributions to REE research in coal and coal ash are significant, particularly through their studies,
including review articles, on REE investigations in peat areas, the organic relationships of non-mineral elements
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in coal, coals of various ages, and coals from different geographical regions.

Generally, the widespread use of keywords such as fly ash, coal waste, and bottom ash in publications supports
the emphasis on REE production from these sources. This emphasis is particularly crucial for the utilization and
disposal of fly ash and bottom ash wastes generated in thermal power plants. With the growing demand for energy,
there has been a corresponding increase in coal fly ash waste. Research conducted in Poland, the second-largest
coal consumer in Europe, has revealed that fly ash is a promising raw material for REE (Franus et al,, 2015), given
that a significant portion of global electricity generation relies on coal. For countries like China, the USA, Russia,
and India, which are expected to remain reliant on coal for a considerable time, the utilization of critical elements
holds both economic and environmental importance (Dai and Finkelman, 2018).

Despite the presence of alternative energy sources, the reliance on coal-based energy remains unchanged. This
leads to the global production of significant amounts of coal fly ash, posing serious ecological threats during
disposal and storage (Gollakota et al, 2019). In light of these findings, countries utilizing coal as a fuel and
generating waste material from it should assess REE enrichment. They must then develop policies to safeguard
the environment and ecology while also leveraging the economic benefits offered by REE contributions.

4., Conclusions

Bibliometric analyses were conducted using data from the WoS database for REE studies in coal and coal ash. The
majority of these studies, 87.9%, fall under the Article document type. Dai SF stands out as one of the most cited
authors with extensive research on REE in coal and coal ash, including both literature reviews and field studies.
Hower JC has also made significant contributions to this field.

The study extensively analyzed the joint network analyses of authors collaborating with Hower JC and Dai SF,
revealing strong bursts in their networks. While Hower JC received the highest number of citations, the
International Journal of Coal Geology had the highest number of publications. Notably, a majority of the
publications were published by the USA (30.08%) and China ranking second (25.66%) in publication output.

Upon analyzing the distribution of WoS categories, studies in energy, environmental sciences, mining, geosciences,
multidisciplinary fields, chemistry, and geochemistry stood out categorically.

Keywords play a crucial role in discerning the focus of studies. In this study, a detailed examination was conducted
on keywords and their interconnections. Keywords were broadly categorized into element-based investigations,
field studies, and methodologies. The analysis revealed a concentration of studies on keywords like fly ash, bottom
ash, coal waste, and red mud. Additionally, elements such as Yttrium and Scandium, abundant in coal and coal ash,
along with lanthanides and critical metals, were frequently utilized as keywords.

The first study on this subject dates back to 1973, with approximately 50 years of studies analyzed until the end
of 2023. Upon examining the data annually, it was noted that the number of publications remained consistently
low until 1990, after which it showed an upward trend. The growth rate increased notably after 2010, indicating
a significant rise in publications related to REEs in recent years. This trend aligns with the increased utilization of
REEs in technological products and industrial activities, reflecting the progressive nature of academic studies in
response to sectoral demands. The widespread adoption of REEs over the past five decades also corresponds to
the year of the first publication in this area.

The utilization of REEs in electrical, electro-optical, and magnetic applications is extensive. With the rapid global
advancement in technological activities, the use of REEs has expanded across various sectors. Main sectors where
they are prominently employed include satellite and communication technologies, the defense industry, and
medical products.

The use of fossil fuels remains widespread globally, with coal being a primary energy source in many countries,
especially for electricity generation. China stands out as one of the leading consumers of coal, with significant
production and reserves. Following breakthroughs in science and technology since the 1980s, China has emerged
as a major competitor to the USA and European nations in technological product manufacturing. This dual focus
on coal and technological advancements has led China to early exploration of REEs, as evidenced by academic
publications.

China and the USA are among the top countries conducting REE research in coal and coal ash, often collaborating
on joint academic studies. Notably, the research efforts of the USA often center on China, which leads in coal
reserves. The study suggests that the USA may soon face a shortage of REEs and should explore alternative sources,
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including coal. This trend is mirrored in other technologically developing countries without coal reserves,
indicating a potential future use of coal as an REE source alongside its energy role. Given these factors, it is likely
that REE studies will increase in the USA in the coming years. Moreover, the presence of academic studies in
countries without coal reserves hints at coal's potential dual role as an REE source and energy fuel in the future.

Acknowledgement

The author would like to thank Dr. Cevdet Bertan Giilliidag for his valuable comments.
Conflict of Interest

No conflict of interest was declared by the author.

References

Alvin, M.A,, Granite, E., Miller, C,, 2017. The Future of Rare Earth Elements May Lie with Coal. American Coal Council, America.

Balaram, V., 2023. Advances in Analytical Techniques and Applications in Exploration, Mining, Extraction, and Metallurgical
Studies of Rare Earth Elements. Minerals, 13, 1031. https://doi.org/10.3390/min13081031

Bullock, L.A., Parnell, ], Perez, M., Armstrong, ].G., Feldmann, J., Boyce, A.J., 2018. High selenium in the Carboniferous coal
measures of Northumberland, North East England. International Journal of Coal Geology, 195, 61-74.

Dai, S., Finkelman, R.B., 2018. Coal as a promising source of critical elements: progress and future prospects. International
Journal of Coal Geology, 186, 155-164.

Dai, S, Ren, D., Chou, C.L., Finkelman, R.B., Seredin, V.V., Zhou, Y., 2012. Geochemistry of trace elements in Chinese coals: a
review of abundances, genetic types, impacts on human health, and industrial utilization. International Journal of Coal
Geology, 94, 3-21.

Finkelman, R.B., 2004. Potential health impacts of burning coal beds and waste banks. International Journal of Coal Geology,
59, 19-24.

Finkelman, R.B,, Dai, S., French, D., 2019. The importance of minerals in coal as the hosts of chemical elements. International
Journal of Coal Geology, 212, 103251.

Franus, W., Wiatros-Motyka, M.M., Wdowin, M., 2015. Coal fly ash as a resource for rare earth elements. Environmental Science
and Pollution Research, 22, 9464-9474.

Global Power Plant, 2024. Available online: https://www.globalfirepower.com (accessed on 16 January 2024).

Gollakota, A.RK, Volli, V., Shu, C.M., 2019. Progressive utilization prospects of coal fly ash: A review. Science of the Total
Environment, 672, 951-989.

Hower, ].C,, Ruppert, L.F.,, Eble, C.F.,, 1999. Lanthanide, yttrium, and zirconium anomalies in the Fire Clay coal bed, Eastern
Kentucky. International Journal of Coal Geology, 39, 141-153. https://doi.org/10.1016/S0166-5162(98)00043-3

Karadirek, S., 2023. Mineralogy and geochemistry of coal-bearing Tungbilek Formation in the Tungbilek-Tavsanh coalfield
(Kiitahya, W-Turkey). Journal of Scientific Reports-A, 52, 65-98. https://doi.org/10.59313 /jsr-a.1192487

Ober, ].A,, 2017. Mineral commodity summaries 2017: U.S. Geological Survey, 202 p. https://doi.org/10.3133/70180197

Peng, B., Guo, D., Oiao, H., Yang, Q., Zhang, B., Hayat, T., Alsaedi, A., Ahmad, B., 2018. Bibliometric and visualized analysis of
China's coal research 2000-2015. Journal of Cleaner Production, 197, 1177-1189.

Sahiner, M., Akkok, Y.Z., Arslan, M., Ergin, M.H., 2017. Rare Earth Elements in the World and Tiirkiye. Mineral Research and
Exploration Series-5, Ankara, Tirkiye.

Steckel, ].C., Edenhofer, 0., Jakob, M., 2015. Drivers for the renaissance of coal. Proceedings of the National Academy of Sciences,
112, E3775-E3781.

van Eck, N.J,, Waltman, L., 2010. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics,
84, 523-538. https://doi.org/10.1007/s11192-009-0146-3

Yalcin Erik, N., 2022. A non-traditional resource for critical minerals: Rare Earths +Y(REY), and Sc contents of some Turkish
low-rank coals. KSU ] Eng Sci, 25(2), 155-172. https://doi.org/10.17780/ksujes.954292

Yang, L., Wang, Q., Bai, X,, Deng, ., Hu, Y., 2018. Mapping of Trace Elements in Coal and Ash Research Based on a Bibliometric
Analysis Method Spanning 1971-2017. Minerals, 89, 1-18.

Yuan, J., Chen, C, Yang, W,, Liu, m., Xia, ], Liu, S., 2021. A survey of visual analytics techniques for machine learning.
Computational Visual Media, 7, 3-36. https://doi.org/10.1007/s41095-020-0191-7

Zhao, L., Ward, C.R, French, D, Graham, LT, Dai, S., Yang, C, Xie, P, Zhang, S. 2018. Origin of a kaolinite-NH4-illite-
pyrophyllitechlorite assemblage in a marine-influenced anthracite and associated strata from the Jincheng Coalfield,
Qinshui Basin, Northern China. International Journal of Coal Geology, 185, 61-78.

442


https://doi.org/10.3390/min13081031
https://doi.org/10.1016/S0166-5162(98)00043-3
https://doi.org/10.59313/jsr-a.1192487
https://doi.org/10.3133/70180197
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.17780/ksujes.954292
https://doi.org/10.1007/s41095-020-0191-7

Miihendislik Bilimleri ve Tasarim Dergisi
12(2), 443-454, 2024
e-ISSN: 1308-6693

Journal of Engineering Sciences and Design
DOI: 10.21923 /jesd.1380197

Arastirma Makalesi Research Article

AKADEMIK BASARININ VERI MADENCILIGI YONTEMLERIYLE TAHMIN EDILMESI

Mustafa YAGCI*

Kirsehir Ahi Evran Universitesi, MMF, Bilgisayar Miihendisligi Boliim, Kirsehir, Tiirkiye
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Veri Madenciligi, Bu c¢alismada, o6grencilerin bir dnceki déneme ait dénem sonu not
Makine Ogrenmesi, ortalamalarin1 veri madenciligi yontemleri ile analiz ederek sonraki
Egitsel Veri Madenciligi, doénemlerde alabilecegi donem sonu not ortalamalarinmi giderek genisleyen 3
Akademik Performansin kategoride (Boliim, Fakiilte, Universite bazinda) tahmin edecek yeni bir model
Tahmin Edilmesi, onerilmistir. Veri seti, Tiirkiye’de bir Devlet Universitesindeki tiim 6grenci
Erken Uyari Sistemleri. kayitlarinin tutuldugu Ogrenci Bilgi Sisteminden (OBS) alinmigtir. Veriler, Sinif

ogretmenligi bélimiinden 426, Egitim fakiiltesinden 2.379 ve Universite
genelinde egitim goren 5.149 6grencinin 2017-2018 Gliz ve Bahar Yariyih
dénem sonu not ortalamalarini icermektedir. Ogrencilerin dénem sonundaki
genel not ortalamalarini tahmin etmek i¢in veri madenciligi algoritmalarindan
rastgele orman, lineer regresyon, destek vektér makineleri ve k-en yakin
komsular algoritmalarinin basarimi hesaplanmis ve karsilastirilmistir.
Uygulanan tiim algoritmalar o6rnekleri %92 ile %94 arasinda degisen
oranlarda dogru bir sekilde simflandirmistir. Onerilen model, 6grencilerin
doénem sonu not ortalamalarini tek bir degisken ile 4 {izerinden 0,28 puanlk
ortalama sapma ile dogru tahmin etmistir. Donem sonu not ortalamalarinin
tahmin edilmesi sayesinde basarisiz olma riski ytliksek olan 6grenciler 6nceden
belirlenebilir.

PREDICTING ACADEMIC ACHIEVEMENT USING DATA MINING METHODS

Keywords Abstract

Data Mining, This study proposes a new model to analyze the grade point averages (GPAs)
Machine Learning, in the previous semester using data mining algorithms and to predict the final
Predict Of Academic GPAs that students may receive in the following semesters in three gradually
Performance, expanding categories (department, faculty, and university). The performances
Educational Data Mining,  of the Random Forest, Linear Regression, Support Vector Machines, and k-
Early Warning Systems. Nearest Neighbors algorithms, which are among the data mining algorithmes,

were calculated and compared to estimate the GPAs of the students at the end
of the semester. All algorithms applied correctly classified the samples at rates
varying between 92% and 94%. The proposed model correctly estimated
students’ grade point averages at the end of the semester with an average
deviation of 0.28 points over a 4 with a single variable. Students with a high
risk of failure can be determined in advance by estimating their final grade
point averages.
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Highlights
e Machine learning algorithms are quite successful in predicting students' academic achievement
e Exploring the hidden relationships in educational data and predicting students' academic
achievements Sentence
e The processing of educational data causes improvements in many areas such as predicting
student behaviour, analytical learning, and new approaches to education policies
Graphical Abstract
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Figure. LR, RF, SVM, and KNN models’ performance criteria
Purpose and Scope
The study concerns predicting students’ academic achievement using GPS only, no demographic
characteristics and no socio-economic data. In this context, this study aimed to develop a new model that
can analyze the grade point averages (GPAs) of the previous semester with data mining methods and
predict the final GPAs in the following semesters in three categories (department, faculty, and university).

Design/methodolgy

Data mining (DM) methods analyze the data measured and predict the results of samples in similar
situations. Two types of these methods are regression and classification algorithms. While a regression
algorithms continuously predict values, the classification algorithms predict categorical values.

Findings

The model proposed here accurately estimated the GPAs of the students at the end of the semester with
an average deviation of seven points out of a hundred with a single variable. By estimating the final GPAs,
students who are at risk of failure or who are at risk of drop out can be identified. So, education and
training authorities can be given opportunities to implement corrective actions for these students.
Modules that predict academic performance with DM methods can also be added to the LMS. It will thus
be possible to make the most accurate predictions automatically and quickly. In short, teaching-learning
processes can be managed more effectively and more efficiently thanks to the predictions for academic
performance made by DM methods. Timely and targeted individual interventions can be ensured.

Originality

This study proposed a new model based on DM algorithms to identify students who have the potential to
fail and who may be likely to drop out the university. This new model analyzes the students’ GPAs from
the previous semester with DM algorithms and predicts the GPAs they may receive in the following
semesters in three categories (department, faculty, and university).
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1. Giris (Introduction)

Veri Madenciligi (VM), farkl siniflandirma algoritmalari kullanarak biiyiik veriden yeni yonelimler ve yeni
desenler ¢ikarma siirecidir (Baker ve Yacef, 2009). Baska bir deyisle biiytik veri setlerinden faydal bilgilerin
kesfedilmesidir. Egitsel veri madenciligi (EVM) ise “temel olarak 6grenciler ve egitmenler tarafindan
olusturulan egitsel verileri incelemek igin istatistiksel, makine 6grenimi ve veri madenciligi yontemlerini
gelistirir ve uyarlar” (Calvet Lifidn ve Juan Pérez, 2015, s.100). EVM, egitim ortamlarindan elde edilen
verilerdeki anlaml béliimleri, 6zgiin yapilar: ve gizli kaliplari ortaya ¢ikarmak icin yeni yontemler gelistirir.
EVM'nin temel amaci, egitimle ilgili konularda karar almay: desteklemek icin egitim verilerinden bilgi
cikarmaktir (Calvet Lifidn ve Juan Pérez, 2015). Akademik performansi degerlendirmek, gelecekteki
performansi tahmin etmek ve mevcut sorunlari belirlemek vb. i¢in 6grenciler tarafindan tiretilen verilerin
toplanmasini ve yorumlanmasini igerir. Kisaca EVM, biiyiik miktarda veriden 6nceden bilinmeyen, gizli,
anlamli ve faydal kaliplarin otomatik olarak ¢ikarilmasini igerir.

Akademik performans acisindan basarisizlik riski tasiyan 6grencileri belirlemek icin ¢esitli VM
algoritmalar1 basariyla uygulanmistir (Hu, Lo ve Shih, 2014). Ogrenme/6gretme siireglerini iyilestirmeye
hizmet eden bu algoritmalarin kullanimiyla kesfedilen bilgilerden hem 6grenciler hem de 6gretmenler
faydalanmaktadir (Ak¢apinar, Altun ve Askar, 2019). Giinlimiiz egitim sistemlerinde, demografik verileri ve
ogrencilerin akademik notlarimi igeren biiyiik miktarda veri elektronik ortamlarda saklanmaktadir. Bu
veriler cesitli 6grenme yoénetim sistemlerinden (OYS) ve o6grenci bilgi sistemlerinden (OBS) elde
edilmektedir. Egitim verilerindeki bu hizl artis, 68rencilerin 6grenme ¢iktilarinin iyilestirilmesine katkida
bulunabilir (Shorfuzzaman vd., 2019; Viberg vd., 2018).

EVM, ilgili paydaslar arasindaki iliskiyi tanimlamak ve egitim ortamindaki gizli oriintiileri kesfederek
O0grenme ortamini optimize etmek icin istatistiksel bilgi saglar (Fernandes vd., 2019). Daha sonra hem
6grencilerin hem de 6gretmenlerin olumsuz sonuglardan kaginmasini saglayacak ve boylece 6gretme-
6grenme stireglerinin iyilestirilmesine hizmet edecek pedagojik yaklasimlarin gelistirilebilecegi bir model
olusturur. Ornegin, EVM ile ilgili baz1 calismalar e-6grenme sistemlerini karsilastirmis (Lara vd., 2014),
bazilari egitim verilerini siniflandirmis (Chakraborty vd., 2016), digerleri ise 6grenci performansini tahmin
etmeye calismistir (Fernandes vd. 2019). Béylece hem basarili hem de risk altindaki 6grencilerin
belirlenmesiyle diizeltici stratejiler ve pedagojik yontemler gelistirilebilir (Casquero vd., 2016; Fidalgo-
Blanco vd., 2015).

Ahmad ve Shahzadi (2018), akademik agidan basarisiz olma potansiyeli olan 6grencileri belirlemek icin
makine 6grenmesi yontemleri ile bir model gelistirmistir. Ogrencilerin 6grenme becerilerini, calisma
aliskanliklarini ve akademik etkilesim 6zelliklerini bagimsiz degiskenler olarak belirlemislerdir. Modelin
basarimi %85 olarak bulunmustur. Cruz-Jesus ve ark. (2020), 6grencilerin demografik 6zelliklerini
kullanarak akademik performanslarini tahmin etmeye calismistir. K-en yakin komsular, lojistik regresyon,
rastgele orman ve destek vektér makineleri algoritmalari, 6grencilerin %65'inin akademik performansini
dogru bir sekilde tahmin etmistir. Fernandes ve ark. (2019) 6grencilerin demografik 6zelliklerini ve dénem
ici etkinliklere yonelik basar1 puanlarini kullanarak bir model gelistirmistir. Musso ve ark. (2020) ise,
ogrencilerin sosyo-ekonomik 6zelliklerine ve akademik performanslarina dayali bir makine 6grenmesi
modeli gelistirmistir.

Waheed ve ark., (2020), 6grencilerin OYS'deki etkilesimlerini farkli bir bakis acisiyla kullanarak yeni bir
makine 6grenmesi modeli gelistirmistir. Gelistirdikleri modelin %85 oraninda dogru tahminler yaptigini
belirten arastirmacilara gére, daha énce ¢evrimici dersleri gezinen 6grenciler daha basarili olmustur. Xu vd,,
(2019) dniversite 6grencilerinin internet kullamim o6zellikleri ile akademik performanslar1 arasindaki
iliskiyi incelemistir. Gelistirdikleri model, 6grencilerin performansini yiiksek dogruluk oraniyla tahmin
etmistir. Burgos ve ark. (2018) da benzer sekilde o6grencilerin ge¢mis yariyillardaki akademik
performanslari ile sonraki yariyillardaki akademik performanslari arasindaki iligkiyi incelemistir.

Sonug olarak EVM 6grencilerin okulu birakmasi veya derse olan ilgisinin azalmasi gibi durumlarin erken
tahmin edilmesini, performanslarin1 etkileyen igsel faktorlerin analiz edilmesini ve 6grencilerin
performansini élgmek icin istatistiksel tekniklerin yapilmasim saglar. Ogrencilerin akademik basarilarini
tahmin etmek, yavas 6grenenleri ve okulu birakmalar: belirlemek icin ¢esitli veri madenciligi teknikleri
kullanilmaktadir (Hardman, Paucar-Caceres ve Fielding, 2013; Kaur, Singh ve Josan, 2015). Bu baglamda
erken tahmin, bu alanda uygun diizeltici strateji ve politikalar 6nererek 6grencilere destek olmak igin
degerlendirme yontemlerini kapsayan nispeten yeni bir olgudur (Ak¢apinar vd., 2019; Waheed vd., 2020).
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Akademik performansi ve kaliciligi tahmin etmeyi amaclayan arastirmacilar, sinir aglari, karar agaclari, logit,
probit ve regresyon dahil olmak tizere bir dizi teknik uygulamislardir (Nandeshwar, Menzies ve Nelson,
2011). Bununla birlikte, en yeni ¢calismalarda rastgele orman (Hung vd., 2020), genetik programlama (Pillay,
2020) ve Naive Bayes (Sutoyo ve Almaarif, 2020) algoritmalar1 benimsenmistir. Bu alandaki literatiir
incelendiginde ¢calismalarda ¢ok cesitli degiskenlerin kullanildig: gérilmuistiir:

Bunlardan bazilar1 sunlardir; 6grencilerin internette biraktigi gezinme, ders izlemede harcanan stire, devam
yuzdesi gibi ¢esitli dijital izler (Fernandes vd., 2019; Waheed vd., 2020; Xu vd., 2019), cinsiyet, yas, ekonomik
durum, katildig1 ders sayisi, internet erisimi gibi 6grencilerin demografik 6zellikleri (Aydemir, 2017;
Bernacki vd., 2020; Cruz-Jesus vd., 2020; Garcia-Gonzalez & Skrita, 2019; Rebai, Yahia ve Essid, 2020; Rizvi,
Rienties ve Ahmed, 2019), 6grenme becerileri, ¢alisma yaklasimlari, ¢alisma aliskanliklar1 (Ahmad ve
Shahzadi, 2018), 6grenme stratejileri, sosyal destek algisi, motivasyon, saglik, akademik performans
ozellikleri (Costa-Mendes vd., 2020; Musso vd., 2020; Kiling, 2015; G6k, 2017), 6devler, projeler, quizler
(Kardas & Giivenir, 2020).

Bu tiir calismalarda gelistirilen modellerin hemen hemen hepsinde siiflandirma dogruluk oraninin %70
ile %95 arasinda degistigi gortilmektedir. Ancak bu kadar ¢esitli verilerin toplanmasi ve islenmesi ¢ok
zaman almakta ve uzman bilgisi gerektirmektedir. Ayrica Hoffait ve Schyns (2017) sosyo-ekonomik verilerin
(ebeveynlerin egitim diizeyi ve meslegi vb.) gereksiz oldugunu ve bu kadar fazla veri toplamanin zor
oldugunu belirtmistir. Ayrica bu demografik veya sosyo-ekonomik veriler basarisizligin nasil dnlenecegi
konusunda her zaman dogru fikirleri saglamayabilir (Bernacki vd., 2020).

Tiirkiye'de yiiksek6gretim, Bologna Siireci terminolojisi acgisindan kisa, birinci, ikinci ve tgiinci
asamalardan olusan tim ortadgretim sonrasi yliksek6gretim programlarin1 kapsamaktadir. Tiirk
yuksekogretim programlarinin yapisi, tek kademeli bir sisteme sahip olan dis hekimligi, eczacilik, tip ve
veterinerlik programlar1 disinda, iki kademeli bir sisteme dayanmaktadir. Bu tek asamali programlarin
stiresi, alt1 y1l (360 AKTS) stiren tip harig, bes yildir (300 AKTS). Bu tek asamali1 programlardaki yeterlilikler,
birinci asama (lisans) arti ikinci asama (yiiksek lisans) derecesine esdegerdir. Lisans egitim diizeyi, sirasiyla
tam zamanh iki yillik (120 AKTS) ve dort yillik (240 AKTS) egitim programlarinin basariyla
tamamlanmasinin ardindan verilen kisa dénem (6nlisans) ve birinci asama (lisans) derecelerinden olusur.

Ogrencinin akademik basarisi, Ogrenci Isleri Daire Bagkanliklar1 tarafindan yariyil sonu notu (ara sinav
puaninin %40" ile yariyll sonu sinav puaninin %60'1nin toplami) ve genel not ortalamasi (AGNO) dikkate
alinarak hesaplanir ve bu not égrencinin kisisel dosyasina islenir. Onlisans ve Lisans veya Yiiksek Lisans
derecesi elde edebilmek icin 6grencilerin genel not ortalamasinin 4,00 tizerinden 2,00'den az olmamasi ve
programdaki tiim dersleri ve yaz uygulamalarini basariyla tamamlamis olmalar1 gerekir.

Bu ¢alisma, 6grencilerin akademik basarisini yalnizca dénem sonu not ortalamasini kullanarak, demografik
ozellikler ve sosyo-ekonomik veriler olmadan tahmin etmeye yoneliktir. Bu baglamda bu ¢alismada, bir
onceki yariyilin not ortalamalarini veri madenciligi yontemleriyle analiz ederek sonraki yariyillarin dénem
sonu not ortalamalarini li¢ kategoride (bdliim, fakiilte ve iiniversite) tahmin edebilen yeni bir model
gelistirilmesi amag¢lanmistir. Veri seti bu li¢ kategoriye ayrilmistir. Béylece gelistirilen modelin performansi
grup bazinda degerlendirilebilecektir. Bu genel amag¢ dogrultusunda VM'den hangi algoritmalarin en yiiksek
performansa sahip oldugu belirlenmistir. Bu durum 6grencilerin akademik gelisimlerine katk: saglayacak
pedagojik miidahalelerin ve yeni politikalarin gelistirilmesine katk: saglayacaktir. Bu sayede her akademik
donem sonunda yapilacak degerlendirmelerle basarisiz olma potansiyeli olan égrenci sayisi azaltilabilir.

2. Yontem (Method)

Bu béliimde veri setinin, 6n isleme tekniklerinin ve kullanilan makine 6grenmesi yontemlerinin ayrintilari
sunulmustur.

2.1. Veri kiimesi (Dataset)

Egitim kurumlar1 6grencilere iliskin verileri diizenli olarak elektronik ortamda saklar. Bu veriler
6grencilerin demografik 6zelliklerinden akademik performanslarina kadar ¢ok fazla ¢esit ve hacimde
olabilmektedir. Bu ¢alismada veriler Tiirkiye’de bir Devlet Universitesinde egitim géren tiim égrenci
kayitlarinin tutuldugu Ogrenci Bilgi Sisteminden (OBS) alinmistir. Bu kayitlar arasindan Bélim
kategorisinden sinif 6gretmenligi programina kayith 6grenciler, Fakiilte kategorisinden Egitim Fakiiltesi
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ogrencileri ve Universite kategorisinden 2017-2018 Bahar Yariyilinda Universiteye kayith toplam 5.649
6grencinin dénem sonu not ortalamalar veri seti olarak alinmistir. Veri seti, gelistirilen modelin farkh
gruplarda gosterecegi performansin anlamliligini ve tutarhligini degerlendirebilmek icin bu sekilde ¢
kategoriye ayrilmistir. Bir bagka ifade ile modelin performansini boliim, fakiilte ve liniversite geneli olmak
tizere 3 kategoride belirlemek icin veri seti gruplandirilmistir. Ogrencilerin birimlere gére dagilimi Tablo
1.de verilmistir.

Tablo 1. Ogrencilerin Akademik Birimlere Gére Dagilimi (The Distribution of The Students by The Academic Unit)

Akademik birim Ogrenci Sayisi
iktisadi ve Idari Bilimler Fakiiltesi 1.464
Fen Bilgisi Ogretmenligi 281
Sosyal Bilgiler Ogretmenligi 289
Tiirkce Ogretmenligi 261
Egitim Fakiiltesi Sinif Ogretmeflligi ) 426
Bilgisayar ve Ogretim Teknolojileri Ogretmenligi 148
[Ikégretim Matematik Ogretmenligi 193
Rehberlik ve Psikolojik Danigsmanlik 573
Okul Oncesi Ogretmenligi 208
Fen Edebiyat Fakiiltesi 1.487
Ziraat Fakiiltesi 319
Toplam 5.649

Bu ¢alisgmada 2017-2018 Egitim Ogretim yili Giiz yariyih dénem sonu not ortalamasi bagimsiz degisken
olarak Bahar yariyili dénem sonu not ortalamasi ise bagimli degisken olarak belirlenmistir. Dnem sonu not
ortalamasi 0 ile 100 araliginda degerler alabilmektedir. Ogrencilerin giiz dénemi not ortalamasina bagh
olarak gelistirilen model, bahar donemi not ortalamasini tahmin etmektedir. Bir bagka ifade ile 6grencinin
gliz doneminde gosterdigi performansin bahar déneminde gosterebilecegi performansi hangi diizeyde
acikladigi incelenmistir. Yapilan dénem sonu not ortalamasi tahmini ile basarisiz olma potansiyeli olan
ogrencilere diizeltici faaliyetler yapabilmek i¢in yaklasik 5 ay gibi bir siire bulunmaktadir.

2.2. Veri Hazirlama (Data Preparation)

Verinin makine 6grenmesi modeline uygun hale ddniistiiriilmesi asamasidir. Verilerin kullanima hazir hale
getirilmesi stlirecidir. Ham verilerin islenebilir verilere déntistiiriilmesi giiriiltiiden arindirilmasidir. Bu
amacla toplam 6.729 kayittan 1080 (%16) tanesi (6rnegin giiz déneminde derslere girip bahar doneminde
katilmayan veya kaydini sildiren égrencilerin kayitlar1) silinmistir. 0BS'den alinan veri setinde égrencilerin
her bir dersten aldig1 vize, mazeret, final ve biitiinleme sinavlarina ait puanlar vardir. Bu puanlarin her biri
bir satir olarak kayithidir. Oncelikle her bir égrenci icin ¢ok sayida satirdan olusan bu kayitlar1 dénem
bazinda gruplandirilmistir ve ortalamalar1 alinmistir. Daha sonra satirlardan olusan vize, mazeret, final ve
biitlinleme sinav notlari stitunlara déniistiiriilerek 6znitelik haline getirilmistir.

2.3. Algoritmalarin Uygulanmasi (Applying the Algorithms)

Veri tanimlama ve toplama asamasindan sonra modelin gelistirilmesi agamasina ge¢ilmistir. Bunun i¢in
makine 6grenmesi algoritmalar1 uygulanmistir. Basar1 ve basarisizligin nedenlerini incelemek i¢in yapilan
analizlerde lojistik regresyon ve zaman serisi gibi istatistiksel yontemler kullanilabilir (Ortiz ve Dehon,
2008; Ortiz ve Dehon, 2013). Ancak bir ya da birden ¢cok degiskenin sonuglarina bagli olarak bagka bir
degiskenin alabilecegi degerlerin tahmin edilmesinde karar agaglar1 (Nandeshwar vd., 2011; Delen, 2011),
destek vektor makineleri (Huang ve Fang, 2013), rasgele ormanlar (Vandamme vd., 2007; Delen, 2010), ve
yapay sinir aglar1 (Vandamme vd., 2007; Delen, 2010) daha verimlidir ve daha dogru sonuclar verir. Makine
O0grenmesi yontemleri bilinen verilere dayali olarak yeni verilerin sonuglarini basarili bir sekilde tahmin
edebilen modeller olusturmaktadir. Bu baglamda 6grencilerin akademik performansini tahmin etmek igin
daha 6nce yapilan ¢alismalara benzer sekilde lineer regresyon (LR), rastgele orman (RO), destek vektor
makineleri DVM) ve k-en yakin komsular (kNN) uygulanmistir (Ak¢apinar vd., 2019; Cruz-Jesus vd., 2020;
Zabriskie vd., 2019). Bdylece basarisiz olma potansiyeli ve dersi/okulu birakma olasilig1 olan 6grenciler
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belirlenebilecektir. Boliim, fakiilte ve tliniversite kategorilerinde verilerin %70'i egitim verisi, %30'u test
verisi olarak dagitilmistir. Tablo 2 egitim ve test verilerinin kategorilere gére dagiliminmi géstermektedir.

Tablo 2. Egitim ve Test Verilerinin Kategorilere gére Dagilimi
(The Distribution of Training and Test Data According to The Categories)

Akademik birim Egitim verisi Testverisi Veri Seti
Sinif Ogretmenligi Bolimii 299 127 426
Egitim Fakdiltesi 1.666 713 2.379
Universite 3.955 1.694 5.649

2.3.1. Regresyon modelleri (Regression models)

Regresyon modelleri, makine 6grenmesinin 6nemli bir dali olup bagimli bir degisken ile bir veya daha fazla
bagimsiz degisken arasindaki iliskiyi modellemeyi amaglar. Regresyon analizinin temel amaci, bagiml
degiskenin (hedef degisken) degerlerini tahmin edebilmek i¢cin bagimsiz degiskenlerin (6zellikler) etkilerini
anlamaktir. Regresyon modelleri, 6zellikle stirekli ve nicel verilerin tahmin edilmesinde yaygin olarak
kullanilir. Siirekli veriler, belirli bir aralikta herhangi bir degeri alabilen veri tiirleridir. Bu ¢alismada
kullanilan veriler stirekli ve nicel verileri icerdigi icin regresyon modelleri kullanilmistir. Bu ¢alismada
kullanilan regresyon modelleri sunlardir: Rastgele Orman (RO), Lineer Regresyon (LR), K-En Yakin Komsu
(kNN) ve Destek Vektor Makinesi (DVM).

2.3.1.1. Rastgele orman (Random forest)

Karar Agacglari hem regresyon hem de siniflandirma problemlerini ele alabilen denetimli bir makine
6grenmesi teknigidir (Breiman, 2001; aktaran Costa-Mendes vd., 2020). Karar agaci, agacin i¢ diigimlerinin
bagimsiz degiskenleri icerdigi ve yapraklarin olas1 hedef siniflara karsilik geldigi bir aga¢ yapisi bigimine
sahip bir siniflandirma modeli olusturur. Her dahili diiglimtin, degiskenin alabilecegi olas1 degerlere karsilik
gelen birka¢ dali vardir. Bir karar agacinin olusturulmasy, her yinelemede, verilerin homojenligine dayal
olarak agaca girmek icin bir degiskenin secildigi yinelemeli bir siirece dayanir.

Bir karar agaci, bir dizi sorunun cevaplarina bagh olarak bir degiskeni basarili basarisiz seklinde
siniflandirmaya izin verir. En ilgili sorularin sirasini belirlemek i¢in 6zyinelemeli bir "bdl ve fethet" islemi
yuriitiir. Bu agaglar karar siireci ve temel faktorler (soru sirasi) hakkinda kapsamli bilgi saglar. Bir agacgtan
elde edilen sonuglarin okunmasi, diger yontemlerle elde edilen sonuglarin okunmasindan daha kolaydir.

Rastgele Orman (Breiman, 2001; aktaran Costa-Mendes vd., 2020), rastgele karar aga¢larinin birlesiminden
olusan bir makine 6grenmesi ydntemidir. Karar agaci hedef degiskenler agisindan homojen simiflar
olusturmak icin tahmin degiskenlerini sirayla bir dizi b6liim ve alt boliime ayiran bir makine 6grenme
algoritmasidir. Rastgele bir karar agacinda her diiglimde en iyi béliinme rastgele degisken secimiyle
gerceklestirilir (Amit ve Geman, 1997; aktaran Costa-Mendes vd., 2020).

2.3.1.2. Destek vektor makineleri (Support vector machines)

DVM, siniflandirma ve regresyon sorunlarini ele almak icin popiiler bir makine 6grenmesi yontemidir
(Cortes & Vapnik, 1995). DVM her bir gdzlemin olasi iki siniftan birine ait oldugu bir siniflandirma
problemine odaklanir. Bdylece her bir sinifin 6rneklerini ikinci sinifin érneklerinden ayiran en iyi alt kiime
belirlenir (Hastie vd., 2017; Akt. Cruz-Jesus vd., 2020).

2.3.1.3. Lineer regresyon (Linear regression)

Regresyon, bagimsiz degiskenler ile bagimli degisken arasindaki iliskiyi en iyi aciklayan fonksiyonu elde
etmek i¢in uygulanan istatistiksel tekniklerdir (Kudyaba ve Hoptroff, 2001; aktaran Cihan vd., 2017). Sinif
olarak tanmimlanan 6znitelik bagimli degisken, geri kalan 6znitelikler ise bagimsiz degiskenler olarak
tanimlanir. Regresyon denetimli 6grenmedir. Regresyon analizi degiskenler arasinda neden-sonug
iliskisinin bulunmasina olanak saglayan bir analiz yontemidir.

2.3.1.4. K-en yakin komsular (kNN) (K-nearest neighbors)

kNN, hem siniflandirma hem de regresyon problemlerini ¢6zmek icin kullanilabilecek bir makine 6grenmesi
teknigidir (Cover ve Hart, 1967). Bu ydntem, belirli siniflardan olusan bir 6rneklem setindeki gézlem
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degerlerini kullanarak, érnege dahil edilecek yeni bir gézlemin sinifin1 belirlemek icin kullanilir. Bir
regresyon problemi durumunda algoritma, arama uzayindaki daha yakin (Oklid uzakligina gore) veri
noktalarinin ayni hedef sinifa ait olma olasiliginin daha ytiksek olmasi gerektigini varsayar. Kullanilan
formiil Denklem 1'de verilmistir.

dCoy) = (50 (ou - x5)° (1)

kNN algoritmasi, egitim setindeki her bir nokta cifti arasindaki mesafeyi hesaplar ve daha sonra, cogunluk
oyu kullanarak yeni bir veri noktas1 p'yi siniflandirir. Egitim setinden, p'ye daha yakin olan K noktalarini
dikkate alarak p'yi K komsularinin ¢gogunlugunun ait oldugu sinifa atar.

3. Deneyler ve Sonuclar (Experiments and Results)

Tim deneysel asama Orange makine 6grenmesi yazilimi ile gerceklestirilmistir (Ratra ve Gulia, 2020). Sekil
1'de bu calisma icin tasarlanan is akisi semasi gosterilmektedir. Veriler, sinif 6gretmenligi bélimiinde
O6grenim goren 426, egitim fakiiltesinde 6grenim géren 2.379 ve lniversitede 6grenim goéren 5.649
6grencinin 2017-2018 giiz ve bahar dénemi genel not ortalamalarini icermektedir. Veri setindeki her bir
gozlem yeterli sayida egitim verisi 6rnegi ile temsil edilebildigi icin 6n isleme asamasinda herhangi bir veri
seti dengesizligi olusmamistir. Modelin tasariminda giiz donemi genel not ortalamalari bagimsiz degisken
olarak kullanilmistir. Agiklanmasi gereken degisken ise bahar dénemi genel not ortalamalariydi. Tablo 3
model degiskenlerini gostermektedir.
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Sekil 1. Gelistirilen Modelin Is Akis Semasi (Workflow of The Model Developed)

Tablo 3. Model Degiskenleri (Model Variables)
Oznitelikler Hedef degisken Meta

2017-2018 2017-2018
Giliz donemi Bahar donemi

stdID

Tablo 4'te 2017-2018 Bahar siitununda yer alan degerler gercek degerlerdir. LR, RO, DVM ve kNN
stitunlarindaki degerler ise ilgili modelin tahmin ettigi degerlerdir. Ornegin boliim kategorisinde std1
numarali 6grencinin bahar yariyili genel not ortalamasi 3.05’dir. LR, RO, DVM ve kNN modellerinin tahmin
edilen degerleri sirasiyla 3,16, 3,00, 3,17 ve 3,18'dir. ilk érnekte gériildiigii gibi modeller yaklasik 0,10
puanlik sapma ile dogru tahmin yapmaktadir.
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Tablo 4. Tahmin Modellerinin Olasiliklar1 ve Nihai Kararlar1 (Probabilities and Final Decisions of Prediction Models)

2017- 2017
stdid LR RO DVM kNN 2018 )
Bahar 2018 Gliz

stdl 3,16 3,00 317 3,18 3,05 3,00

¢ std2 277 291 280 287 318 2,37
= std3 346 343 346 333 345 3,50
“ std4 313 312 314 312 321 2,95
std5 3,02 319 3,04 304 374 2,78
stdl 2,98 301 300 307 327 2,86

o std2 244 240 248 241 185 2,22
T std3 2,74 281 277 285 2,88 2,58
S std4 387 365 386 368 400 3,92
std5 3,40 3,35 340 340 344 3,36
stdl 262 254 264 2,70 2,84 2,54

2 std2 161 169 163 158 026 1,46
§ std3 343 343 345 348 333 3,40
£ std4 151 134 153 148 138 1,35
std5 388 343 390 371 3,09 3,88

VM yontemleri 6l¢iilmiis verileri analiz eder ve benzer durumlardaki 6rneklerin sonuglarini tahmin eder. Bu
yontemlerin iki tiirii regresyon ve siniflandirma algoritmalaridir. Regresyon algoritmalar: stirekli olan
degerleri tahmin ederken, siniflandirma algoritmalar1 kategorik degerleri tahmin eder. Sonug olarak temel
fark, cikt1 degiskeninin regresyon icin sayisal (veya siirekli), siniflandirma icin ise kategorik (veya ayrik)
olmasidir. Yani bagimsiz degisken siirekli bir degiskendir. Bu nedenle tahmin sonuclarinin dogrulugu
regresyon metrikleri ile 6lciilmiistiir. Genel not ortalamalari i¢in 6ngériilen degerler dort farkli metrik
(Belirlilik Katsayisi-CoD, Ortalama Mutlak Hata-MAE, Ortalama Kare Hata-MSE ve Kék Ortalama Kare
Hatas1-RMSE) kullanilarak degerlendirilmistir (Botchkarev, 2018; Botchkarev, 2019; Willmott & Matsuura,
2005). Bir VM modelinin dogruluk katsayisi (R?) ne kadar yiiksek olursa, tahmin edilen degerler gercek
degerlere o kadar yakin olur. MSE, RMSE ve MAE degerleri ise modelin hata 6l¢iisiidiir. Diisiik degerler
modelin yiiksek performans gdsterdigi anlamina gelir. Bu ¢alismada modellerin performanslar1 RMSE, MAE
ve R? metrikleri ile hesaplanmistir. Korelasyon katsayisinin (R?) 1,00 olmasi bagimli degisken ile bagimsiz
degiskenler arasinda miikemmel bir pozitif iligkiyi gésterir; -1,00 tamamen negatif bir iliskidir; 0,00 ise
herhangi bir iliskinin olmadigin1 gosterir. Korelasyon katsayisinin mutlak degeri 0,70-1,00 arasinda ise
yliksek diizeyde bir iliski, 0,70-0,30 arasinda ise orta diizeyde bir iliski ve 0,30-0.00 arasinda ise diisiik
diizeyde bir iliski vardir (Biytkdztirk, 2008, sayfa 32). Tablo 5'te 6grencilerin dénem sonu genel not
ortalamalarinin tahminine iliskin analiz sonuglar:1 gosterilmektedir.
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Tablo 5. LR, RO, DVM ve kNN Modellerinin Performans Olt;ijtleri (LR, RF, SVM, and kNN Models’ Performance Criteria)
Model RMSE MAE R2
LR 0,453 0,290 0,455

E RO 0434 0280 0,499
S DVM 0457 0,289 0443

kNN 0480 0312 0,387

LR 0393 0296 0,543
£ RO 0398 0300 0530
% DVM 0393 0295 0542

kNN 0,396 0299 0,534
o LR 0413 0315 0,723
% RO 0422 0320 0712
“E’ DVM 0414 0315 0,723
=)

kNN 0,419 0,319 0,715

Boliim kategorisinde en yiiksek R? (0,499) degerini RO algoritmasi vermistir. Bu bulguya gére béliim
kategorisinde tahmin edilen veriler ile gercek veriler arasinda orta diizeyde bir korelasyon vardir. Ayrica
MAE degerine (0,280) gore gercek veriler 0,280 puan yukar1 veya asagl sapma ile dogru tahmin edilmistir.
Tahmin sonuglarinin gergek sonuglara ne kadar yakin oldugunu dl¢gmeye olanak taniyan bu metrik hata
degeri ne kadar diisiik ise o kadar iyi sonuclar tretilmektedir MAE icin kullanilan formiil Denklem 2’de
verilmistir. Sonug olarak RO algoritmasi 6rnekleri %93,00 oraninda dogru simiflandirmistir.

MAE — 2:i=1|(yi;)\(xi))|E"'; (2)

Fakiilte kategorisinde en yiiksek R? (0,543) degerini LR algoritmas1 vermistir. Bu bulguya gore fakiilte
kategorisinde tahmin edilen veriler ile gercek veriler arasinda orta diizeyde bir korelasyon vardir. Bununla
birlikte MAE degerine (0,296) gore, gercek veriler 0,296 puan yukari veya asagi sapma ile dogru tahmin
edilmistir. Sonug olarak LR algoritmasi 6rnekleri %92,60 oraninda dogru smiflandirmistir.

Universite kategorisinde ise en yiiksek R? (0,723) degerini LR ve DVM algoritmalar: vermistir. Bu bulguya
gore Universite kategorisinde tahmin edilen veriler ile gercek veriler arasinda yiliksek diizeyde bir
korelasyon vardir. Ayrica MAE degerine (0,315) gore, gercek degeri 0,315 puan yukari veya asag1 sapma ile
dogru tahmin edilmistir. Sonu¢ olarak LR ve DVM algoritmalar1 6rnekleri %92,13 oraninda dogru
siniflandirmistir.

4. Tartisma ve Sonug¢ (Discussion and Conclusion)

Bu ¢alismada basarisiz olma potansiyeli ve ilerleyen donemlerde dersi ya da okulu birakma ihtimali yiiksek
olan 6grencileri belirlemek i¢cin makine 6grenmesi yontemlerine dayali yeni bir model onerilmistir.
Ogrencilerin bir 6nceki déneme ait donem sonu not ortalamalarini veri madenciligi yéntemleri ile analiz
ederek sonraki donemlerde alabilecegi donem sonu not ortalamalarin1 3 kategoride (Boliim, Fakiilte,
Universite bazinda) tahmin edecek yeni bir model énerilmistir. Veri seti boliim, fakiilte ve iiniversite geneli
olacak sekilde kategorilere ayrilmistir. Ciinkii gelistirilen modelin basarimi kategori bazinda da
degerlendirilecektir. Ayrica dort makine 6grenmesi yonteminin (LR, RO DVM ve kNN) performans
gostergeleri karsilagtirilmistir. Kisaca bu g¢alismada li¢ parametreye odaklanilmistir. Birincisi tek bir
bagimsiz degisken ile akademik basar1 tahmini yapmak. Ikincisi dért makine 6grenmesi yénteminin (LR,
kNN, SVM ve RF) performans gostergelerini karsilastirmak. Ugiinciisii ise 3 farkh kategoride (Boliim,
Fakiilte, Universite) tahmin sonuglarini karsilastirmaktir.

Universite kategorisindeki LR, RO, DVM ve kNN algoritmalarinda égrencilerin bir énceki déneme ait genel
not ortalamalari ile bir sonraki yariyll genel not ortalamalar1 arasinda yiiksek diizeyde bir korelasyon
bulunmustur. Algoritmalarin ytliksek performans gostergelerinin yani sira tahminlerin tek degisken
kullanilarak yapilmis olmasi ¢alismanin 6zgiinliigiinii gostermektedir. Bulgular, 6grencilerin bir dnceki
yariylldaki genel not ortalamalarinin bir sonraki yariyillda alacaklar1 genel not ortalamalarimi yiiksek
diizeyde acikladigini ifade etmeye olanak saglamaktadir.
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Boliim ve fakiilte kategorilerinde LR, RO, DVM ve kNN algoritmalari 6grencilerin bir 6nceki dénem genel not
ortalamalart ile bir sonraki donem genel not ortalamalar arasinda orta diizeyde bir korelasyon oldugunu
ortaya koymustur.

Literatlirde 6nceki dénem sonu not ortalamasina (tek bir degisken ile) dayali olarak dénem sonu not
ortalamalarinin tahmin edildigi herhangi bir ¢alismaya rastlanmamistir. Bu ytlizden arastirma sonuglari
6grencilerin akademik basar1 puanlarini ¢esitli demografik ve sosyo-ekonomik degiskenlere dayali olarak
tahmin etmeye calisan arastirmalar ile karsilastirilmistir. Hoffait ve Schyns (2017) cesitli demografik
ozelliklerine dayali olarak basarisizlik riski yiiksek olan 6grencileri belirlemek icin veri madenciligi
teknikleri ile yeni bir model gelistirmistir. LR, yapay sinir aglar1 (YSA) ve RO yontemlerinin performans
gostergelerini karsilastirmistir. Basarisizlik riski yiiksek olan 6grencileri %90 dogruluk ile tahmin
edebilmistir. Waheed ve ark. (2020) akademik acidan disiik performans riski tasiyan ve dersi birakma
potansiyeli olan 6grencileri derin 6grenme modelleri ile belirlemistir. Ogrencilerin demografik 6zellikleri ile
birlikte LMS'deki toplam 54 6grenci davranis 6zelligi ile bir model gelistirmistir. Model ortalama %88
oraninda dogru siniflandirma yapmustir. Elde ettigi sonuglarin karar verme stireglerine katkida bulunacagin
iddia etmektedir. Benzer sekilde Xu ve ark. (2019) de 6grencilerin internet kullanimi davranis 6zellikleri ile
akademik performanslar1 arasindaki iliskiyi makine 6grenmesi yontemleri ile incelemistir. Benzer sekilde
Bernacki ve ark. (2020) 6grencilerin LMS'de biraktiklar: dijital izlere dayali olarak akademik basari
puanlarini tahmin etmeye calismistir. Dersi tekrar etmesi gereken 6grencileri %75 basar1 orani ile dogru
tahmin etmistir. Ahmad ve Shahzadi (2018) ise 6grencilerin ders ¢alisma aliskanliklari, 6grenme becerileri
ve akademik etkilesim oOzellikleri ile akademik performanslar1 arasindaki iliskiyi makine 6grenmesi
yontemleri ile belirlemistir. Onerdikleri modelin %85 oraninda dogru tahmin yaptigi sonucunu bulmustur.
Sonug olarak yiiksek diizeyde bir iliski bulmustur ve makine 6grenmesi tekniklerinin egitim-6gretim
yonetiminin gelistirilmesine katkida bulunacagin1i savunmaktadir. Makine 6grenmesi yontemleri
ogrencilerin demografik ve sosyo-ekonomik 6zellikleri ile akademik performanslari arasindaki iliskinin
belirlenmesinde ¢ok basarili sonuclar vermektedir (Cruz-Jesus vd., 2020; Costa-Mendes vd., 2020). Ancak
dikkat edilirse bu calismalarin hepsinde tahmin modelinin ¢ok sayida bagimsiz degisken ile kuruldugu
gortilebilir.

Kisaca onerilen model 6grencilerin dénem sonu not ortalamalarini tek bir degisken ile yiliz lizerinden
ortalama 7 puan sapma ile dogru tahmin etmektedir. D6nem sonu not ortalamalarimin tahmin edilmesi
sayesinde basarisiz olma riski olan ya da okulu birakma riski olan 6grenciler 6nceden belirlenebilir. Egitim-
Ogretim otoritelerine bu 6grencilere diizeltici faaliyetler uygulayabilmeleri icin firsatlar verilebilir. LMS'lere
makine 6grenmesi yontemleri ile akademik performans tahmini yapan modiiller eklenebilir. Boylece
otomatik ve hizli bir sekilde en dogru tahminler yapilabilir. Kisaca makine 6grenmesi yontemleri ile
yapilacak akademik basar1 tahmini sayesinde 6grenme-6gretme siiregleri daha etkili ve daha verimli bir
sekilde yonetilebilir. Zamaninda ve hedef odakl bireysel miidahaleler yapilmasi saglanabilir.

Sonug olarak; bu arastirma, 6grencinin akademik basar1 diizeyini tespit etmede farkli degiskenler, farkh
algoritmalar ve farkli bir yaklasim kullansa da elde edilen sonuglar énceki arastirmalarla uyumludur ve
makine 6grenmesi yontemlerinin 6grenci akademik motivasyonunu tahmin etmede etkili bir model
olusturabilecegini dogrulamaktadir. LR, RO, DVM ve kNN modellerinin basarim oranlari ¢ok yiiksek diizeyde
bulunmustur. Ayrica bu modellerin Béliim, Fakiilte ve Universite kategorileri icin de uygulanabilecegi
gorilmiistiir. Bu tiir veriye dayali calismalarin karar alma siireclerine ¢ok 6nemli katkilar saglayabilecegi
soylenebilir. Ancak o6grencilerin desteklenmesi, karar alma siireglerinin ydnetilmesi ve Ogrencilerin
katiliminin saglanmasi i¢in diizeltici stratejiler gelistirilmesi de gerekmektedir.

Bu calismada, Tiirkiye'deki bir devlet tiniversitesindeki 6grencilerin verileri kullanilarak 6grencilerin 6nceki
donem genel not ortalamalarinin veri madenciligi yontemleri kullanilarak analiz edilmesi ve 6grencilerin
sonraki donemlerde alabilecekleri nihai genel not ortalamalarinin tahmin edilmesi amag¢lanmistir. Bu
nedenle gelecekteki arastirmalarda farkli egitim diizeyindeki 6grenciler tlizerinde c¢alisilabilir. Ayrica
ogrencilerin akademik performanslarini etkileyen cesitli bireysel farkliliklar dikkate alinarak gelecek
calismalar planlanabilir. Son olarak farkli iilkelerde de benzer c¢alismalar yapilabilir. Boylece farkl
kiilttirlerdeki durum karsilastirilabilir.
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Derin Ogrenme, Bitki zararlilarinin erken dénemde, etkili bir sekilde tespit edilip kontrol altina
Transfer Ogrenimi, alinmalarini saglamak bitkilerin korunmasina, iiriin veriminin artirilmasina ve tarim
Gortintii On 1§Ieme, ekonomisindeki kayiplarin azaltilmasina yardimci olmaktadir. Bu ¢alismada, bitki
Bitki Zararlis zararlhlarinin smiflandirilmasi i¢in derin 6grenme tabanli yontemler Onerilmistir.
Siniflandirma, Ayn1 zamanda farkll goriinti 6n isleme tekniklerinin performansa etkisi
Akilli Tarim. arastirllmistir. Onerilen modeller, 6nceden egitilmis bes farkli derin sinir ag:

(GoogLeNet, ResNet-18, ResNet-101, VGG-16 ve VGG-19) ile transfer 6grenimi ve bu
aglardan ¢ikarilan 6znitelikler ile Destek Vektor Makinesi smiflandiricisini
kullanmaktadir. Ayrica yesil renk kanali ¢ikarimi, veri artirimi, histogram esitleme,
derin 6grenme tabanli segmentasyon ile arka plan eliminasyonu gibi farkl goriintii
On isleme teknikleri ayr1 ayr1 ve birlikte kullanilarak kapsamli bir performans analizi
yapilmistir. Deneyler, sirasiyla 10 ve 40 bitki zararlisi tiirii igeren Li ve DO veri setleri
tizerinde gergeklestirilmistir. Deneyler sonucunda iki veri setinde de veri artirimi ve
ResNet-101 agi ile transfer 6grenimi yontemi kullanilarak sirasiyla %96.36 ve %99.63
dogruluk ile en yiiksek performanslar elde edilmistir. Deneysel sonuglar, 6nerilen
modellerin bitki zararlhis1 kontroliinde etkin bir sekilde kullanilabilecegini
gostermektedir.

CLASSIFICATION OF INSECT PESTS WITH DEEP LEARNING AND IMAGE
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Insect Pest Classification, impact of various image preprocessing techniques on performance has been
Smart Agriculture. investigated. The proposed models utilize transfer learning with five different pre-

trained deep neural networks (GoogLeNet, ResNet-18, ResNet-101, VGG-16, and VGG-
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results indicate that the proposed models can be effectively used in insect pest
control.
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CLASSIFICATION OF INSECT PESTS WITH DEEP LEARNING AND IMAGE PREPROCESSING
TECHNIQUES
Sevval Ezgi EZE, Selcan KAPLAN BERKAYA1t
1 Eskisehir Technical University, Faculty of Engineering, Department of Computer Engineering, Eskisehir,
Turkiye
Highlights
e Deep learning-based models are proposed for insect pest classification.

e The impact of various image preprocessing techniques on performance has been investigated.
e Experiments on two datasets showed that the proposed models are effective for insect pest control.

Purpose and Scope

Early and effective insect pest detection and control help to protect plants, increase crop yields, and reduce losses
in the agricultural economy. In this paper, deep learning-based methods are proposed for classifying insect pests.
Additionally, the impact of various image preprocessing techniques on performance has been investigated.
Design/methodology/approach

The proposed models utilize transfer learning with five different pre-trained deep neural networks (GoogLeNet,
ResNet-18, ResNet-101, VGG-16, and VGG-19), and Support Vector Machine classifier with features extracted from
these networks. Furthermore, a comprehensive performance analysis is conducted using various image
preprocessing techniques such as color channels, color model transformation, data augmentation, histogram
equalization, and background elimination with segmentation, individually and in combination. The experiments
were conducted on the Li and DO datasets containing 10 and 40 insect pest species, respectively.

Findings

As aresult of the experiments, the highest performances were obtained on both datasets, with accuracy rates of 96.3
and 99.63%, respectively, using data augmentation and transfer learning with the ResNet-101 network. *
experimental results indicate that the proposed models can be effectively used in insect pest control. The propo:
models achieve high performance comparable to or surpassing results reported in the literature.

Practical implications

This paper demonstrates that deep learning-based methods can achieve high accuracy in identifying insect pests
and suggests several practical implications for agricultural practices and pest management: improved insect pest
classification and pest control strategies, reduced agricultural losses, and data-driven decision-making.

Social Implications

The research on deep learning-based methods for detecting and controlling insect pests has the potential to impact
society in several significant ways: 1) Agricultural Sustainability and Environmental Impact: The proposed models'
high accuracy rates in early pest detection can lead to more targeted pest control strategies. This precision reduces
the need for broad-spectrum pesticides, contributing to a decrease in chemical usage in agriculture. As a result, the
environmental impact of farming can be minimized, promoting more sustainable practices and reducing harm to
non-target species and ecosystems, 2) Economic Benefits and Food Security: Effective detection and control of
insect pests can lead to increased crop yields and reduced agricultural losses.

Originality

Various deep learning models and image preprocessing techniques were utilized to conduct a comprehensive
performance analysis. With the new methods employed in experiments on two different datasets, results
comparable to or superior to those in the literature were achieved.
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1. Giris (Introduction)

Tarim, insanlarin saglikli bir yasam siirmeleri i¢cin temel gida iirtinlerinin tretimi, kalitelerinin artirilmasi, bu
iirtinlerin uygun sartlarda depolanmasi ve islenip degerlendirilmesi ile ilgilenen bir sektdrdiir. Diinya niifusu
artmaya devam ettikce mahsul verimliligini, ekonomik istikrar1 ve cevrenin korunmasini saglamak igin
strdiirtlebilir ve dayanikli tarim uygulamalarina yonelik talep artmaktadir. Tarimda verimli gida {iretimi
saglamak dnemlidir ve tarimla ilgili cogu calismada, liriinii korumaya yonelik olarak iklim degisikliginin mahsuller
iizerindeki yan etkisi, toprak saglhiginin bozulmasi, su kithigi, hasere ve hastalik yonetimi gibi ¢6ziime ihtiya¢ duyan
sorunlara, yenilikci teknolojiler ile cevap veren konular ele alinmaktadir. Bitkinin kalitesinde, gelisiminde ve
fiziksel yapisinda olumsuz etkiye neden olmalarindan dolay1 baslica tarim sorunlardan biri zararl boceklerdir.
Karmasik yapilara ve farkl tiirler arasinda goriiniis benzerligine sahip olmalari, bu zararli béceklerin dogal
ortamindan ayirt edilebilmesini zorlastirmaktadir. Mahsul hastaliklarina ve énemli {iriin kayiplarina neden olan
zararli boceklerin yayillmasinin 6nlenmesi icin mahsullerdeki bu zararlilarin erken dénemde tespiti ve
siniflandirilmasi olduk¢a 6nemlidir. Bu sorunun ¢éziimiine yonelik olarak son zamanlarda goriintii isleme ve derin
6grenme tekniklerine dayali cesitli yontemler gelistirilmistir (Distante vd., 2020).

(Xia vd., 2018) ¢alismasinda 24 siifli mahsul zararhlarini iceren Xiel veri setindeki (Xie vd., 2015) goriintiilerde
boceklerin hizli ve dogru bir sekilde tespit edilmesi icin VGG-19 ag1 kullanilmistir. Ayrica yazarlar, 6n isleme adimi
olarak, veri setinin kii¢lik olmasi sebebiyle tiim goriintiileri 90 -, 180 -, 270 - acgilarda déndiirerek veri artirimyi,
ayni zamanda verilerin gecerliligini saglamak amaciyla goriintiilerdeki piksel degerlerini rastgele degistiren, bazi
piksel noktalarini beyazlatan bazi piksel noktalarini karartan tuz ve biber giiriiltiisiinii gortntiilere eklemisler ve
%89.22 mAP (mean Average Precision) degerine ulasmiglardir. (Xie vd., 2018) ¢alismasinda yazarlar hasere
gorintiilerinin siniflandirilmasinda ¢ok seviyeli 6grenme 6zniteliklerini iceren temsilleri olusturmak i¢in ii¢ adim
izlemislerdir. Ilk adim olan denetimsiz sézliik 6grenme asamasinda, goriintii parcalarindan 6zniteliklerin
cikarilmasi hedeflenmistir. Ikinci adim, 6znitelik kodlama asamasinda goriintii par¢alarinin éznitelikleri, 6nceden
olusturulan sézliige goére kodlanir. Ugiincii ve son adimda ¢ok seviyeli bir 6rnekleme siireci uygulanir. Bu siiregte,
parca diizeyindeki 6zniteliklerin yanlis hizalama sorununu ¢6zmek icin filtreler birden cok 6lgekte uygulanir ve
bu cesitli havuzlama seviyeleriyle birlestirilerek 6zniteliklerin daha dogru bir sekilde ¢ikarilmasini saglamaktadir.
Bu li¢ adimin birlesimi ile hasere goriintiilerinin ¢ok seviyeli 6grenme o6zniteliklerine dontstiriilmesini
saglamislardir. Deneyleri dort veri seti lizerinde gergeklestirmislerdir. Kendi olusturduklar1 DO veri setinde
%389.30 dogruluk degeri olmak iizere en yiiksek sonucu D1 (Xiao vd. 2012) veri setinde %98.6 siniflandirma
dogrulugu ile elde etmislerdir.

(Thenmozhi ve Reddy, 2019) calismasinda yazarlar, AlexNet, ResNet, GoogLeNet ve VGGNet gibi 6nceden egitilmis
derin sinir aglarini ii¢ farkli genel veri seti NBAIR, Xiel ve DO tizerinde transfer 6grenme yontemini kullanarak
deneylerini gergeklestirmislerdir. Agin asir1 uyumunu 6nlemek icin yansitma, 6lgeklendirme, déndiirme ve
goruntiilerin konumunu degistirme gibi veri artirma teknikleri de uygulamislardir. Deneyler sonucunda ulastiklari
dogruluk degerleri NBAIR'de %96.75, Xiel'de %97.47 ve D0’da %95.97’dir. (Wu vd., 2019) ¢alismalarinda, 102
sinifa ait 75.000'den fazla goriintii iceren IP102 adl biiyiik 61¢ekli bir veri seti tanitilmistir. Yazarlar, destek vektor
makinesi (SVM) ve K-En yakin komsu siniflandiricisini kullanarak %49.50 dogruluk elde etmislerdir. (Nanni vd.,
2020) ¢alismasinda, bitki zararlilarini siniflandirmak i¢in gériintiiniin en 6nemli piksellerini vurgulamak amaciyla
belirginlik yontemleri ve evrisimsel sinir aglarinin (CNN, ing. Convolutional Neural Network) kombinasyonuna
dayanan otomatik bir siniflandirici 6nerilmistir. Onerilen yéntemin performans degerlendirmesini, 10 simfli bir
veri seti (Deng vd., 2018) ve 102 simifli IP102 veri seti (Wu vd., 2019) iizerinde gerceklestirmislerdir. Onerilen
yaklasimlari ile, kii¢iik 6lcekli veri setinde %92.43 ve IP102 veri setinde ise %61.93 basar1 oranina ulagsmislardir.
(Li vd., 2020) calismasinda ise yazarlar, manuel olarak toplanan ve on farkli mahsul zararlsi tiiriini iceren Li
olarak adlandirdiklari yeni bir veri seti olusturmuslardir. Bu veri setinde zararli siniflandirmasi i¢in dnceden
egitilmis VGG-16, VGG-19, ResNet50, ResNet-152 ve GoogLeNet aglar1 kullanarak yaptiklar: deneyler sonucunda
en yiiksek performans olan %96.67 dogruluk degerine ince ayar yaptiklar1 GooglLeNet modeliyle ulagsmislardir.
(Yang vd., 2021b) calismasinda, yazarlar sera ortamindaki beyaz sineklerin taninmasi ve sayimi icin, seradan
toplanan kendi olusturduklari veri seti tizerinde goriintii isleme teknikleri kullanmistir. Calismalarinda, zararlilari
tespit etmek icin HSI renk uzayinin I bileseninde Prewitt operatorii ve Lab renk uzayinin b bileseninde Canny
operatori kullanan bir yontem dnermislerdir. Bu yontem ile, gortntiileri iki farkli renk uzayinda isleyerek ve
cogunluk oylama uyguladiklari topluluk 6grenme ile %95.73 tanima dogrulugu elde etmislerdir. (Chen vd., 2023)
calismasinda yazarlar, biber hastaliklarinin ve zararlilarinin taninmasinda HSV renk uzayini kullanan CNN'lere
dayali bir tanima yontemi dnermislerdir. Onerdikleri algoritma ile, RGB renk uzay: ile %66.15 hassasiyet ve
%151.48 kesinlik, HSV renk uzay ile %72.44 hassasiyet ve %63.26 kesinlik degeri elde etmislerdir. (Toscano vd.,
2024) galismasinda, koza kurdu popiilasyonlarinin siniflandirilma performansinin iyilestirilmesi icin transfer
ogrenme tekniklerinin kullanimi arastirilmistir. Makine 6grenimi algoritmalarinin performansini artirmak
amaciyla drnek tabanli, 6znitelik tabanli ve parametre tabanli transfer 6grenme teknikleri tizerinde durulmustur.
Az 6rnekli ve az Oznitelikli veri setleri kullanilarak, koza kurdu saldir1 seviyesini tahmin etmek icin iklim
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degiskenlerini de dahil etmislerdir. Sonuglar, az 6rnekli durumda %90.79, az 6znitelikli durumda ise %96.28
dogrulukla, transfer 6grenme tekniklerinin siniflandirma performansini iyilestirdigini géstermistir.

Siniflandirma asamalarinin performansinin artirilmast igin goriintiilerin kalitesinin artirilmas1 ve gorsel
ozelliklerinin iyilestirilmesine ihtiya¢ duyulmaktadir. Bu ¢alismada, bitki zararlilarinin etkili bir sekilde tespit
edilip kontrol altina alinmalarini saglamak amaciyla, farkli gériintii 6n isleme ve derin 6grenme tekniklerine dayali
siiflandirma modelleri énerilmistir. Onerilen modeller, GoogLeNet (Szegedy vd., 2015), ResNet-18 (He vd., 2016),
ResNet-101 (He vd., 2016), VGG-16 (Simonyan ve Zisserman, 2014) ve VGG-19 (Simonyan ve Zisserman, 2014)
gibi 6nceden egitilmis bes farkl derin sinir ag1 ile transfer 6grenimi ve bu aglardan ¢ikarilan 6znitelikler ile Destek
Vektor Makinesi (SVM) siniflandiricisini kullanmaktadir. Deneyler, sirasiyla 10 ve 40 bitki zararls tiirii iceren Li
ve DO veri setleri lizerinde gerceklestirilmistir. Bitki zararlilarinin tespitinde, renkleri ve kontrasti dengelemek ve
gorintiiyli daha anlamli bir sekilde analiz etmek i¢in farkl 6n isleme tekniklerinin etkisi iizerine ¢alisilmistir. Renk
kanaly, veri artirimi, histogram esitleme, segmentasyon ile arka plan eliminasyonu gibi farkli gériintii 6n isleme
teknikleri ayr1 ayri ve birlikte kullanilarak kapsamli bir performans analizi yapilmistir.

Makalenin genel akisi su sekilde organize edilmistir: Bolim 2’de kullanilan veri setlerinin igerigi hakkinda bilgi
verilmis, dnerilen siniflandirma modelleri ve kullanilan farkli gériintii 6n isleme teknikleri ayrintili bir sekilde
aciklanmistir. B6lim 3’te deneysel ¢alismalar ve bu ¢alismalarin sonuglar: sunulmustur. B6liim 4’te ise, son olarak
calisma ile ilgili genel degerlendirmeler ve gelecek ¢alismalar icin oneriler yer almaktadir.

2. Materyal ve Yontem (Material and Method)
2.1. Veri Seti (Dataset)

Bu ¢alismada, performans dl¢imii i¢in iki farkl veri seti kullanilmistir. Bunlardan ilki, (Li vd., 2020) calismasinda
olusturulan ve Gryllotalpa, Leathopper, Locust, Oriental Fruit Fly, Pieris Rapae Linnaeus, Snail, Spodoptera Litura,
Stinkbug, Cydia Pomonella, Weevil olmak tizere 10 farkl sinifa ait toplamda 5689 goriintii iceren bir mahsul
zararlis1 veri setidir. Sekil 1'de, Li veri setindeki her bir sinifa ait 6rnek bir goriintii verilmistir. Li veri seti, Google,
Baidu, Yahoo ve Bing gibi popiiler arama motorlarindan elde edilen gorsellerle birlikte, Li vd. tarafindan Apple 7
Plus cep telefonu kullanilarak dis mekan c¢ekimleri yapilarak olusturulmustur. Bu hasereler genellikle kiiciik
boyutlara sahip olduklarindan dogal ortamlarinda ¢iplak gozle bile hizli bir sekilde tespit etmek ve 6zellikle tarlaya
bulastiklarinda kurtulmak zordur. Bu sebeple mahsul veriminde biiyiik kayiplara neden olabilirler. ikinci olarak
ise, (Xie vd., 2018) calismasinda olusturulan misir, soya fasulyesi, bugday ve kanola dahil olmak tizere birgok
yaygin tarla iirtiniinde bulunan tiirlerin ¢ogunu kapsayan 40 farkli bocek sinifini iceren ve 4508 RGB goriintiiden
olusan acik erisimli DO veri seti kullanilmistir. Sekil 2'de ise, DO veri setindeki siniflara ait 6rnek goériintiiler
listelenmistir.

Sekil 1. Li Veri Setindeki 10 Farkli Simfa Ait Ornek Gériintiiler (Sample Images of 10 Different Classes in the Li Dataset)
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Sekil 2. DO Veri Setindeki 40 Farkli Sinifa Ait Ornek Gériintiiler (Sample Images of 40 Different Classes in the D0 Dataset)

2.2. On isleme Teknikleri (Preprocessing Techniques)

Veriler, genellikle giiriiltli, bozulma, eksik ve tutarsiz bilgiler gibi ¢esitli sorunlar icerebilir. Bu nedenle, veri analizi
ve diger veri odakli uygulamalarda giivenilir sonuclar elde etmek icin 6ncelikle 6n isleme adimlarinin
gerceklestirilmesi gerekmektedir. Veri on isleme, verilerdeki giiriiltiiyii azaltmak, eksik veya tutarsiz verileri
diizeltmek, gereksiz 6zellikleri temizlemek ve genel olarak veri kiimesinin homojenligini saglamak i¢in kullanilan
farkl teknikleri icermektedir. Siiflandirma ve tespit uygulamalarinda kullanilan veri setlerini hazirlamak i¢in
farkli 6n isleme yontemleri mevcuttur. Bu adimlar, veri olarak goriintiiler ele alindiginda déndiirme, temizleme,
veri artirimi ve renk modeli doniisiimi gibi siniflandirma algoritmalarinin daha giivenilir ve etkili olmasim
saglamak i¢in kritik 6neme sahip olan uygulamalardir (Maharana vd., 2023).

Goriinti 6n isleme siirecinde, farkli renk kanallar1 ve renk modelleri 6nemli bir rol oynar. Goriintiilerin renklerini
temsil etmek icin kullanilan Kirmizi (R), Yesil (G), ve Mavi (B) olmak iizere ii¢ temel renk bileseni bulunmaktadir.
Bu renk bilesenleri, bir goriintiiniin renk paletini olusturan temel yap1 taslaridir. Yiiksek bir R degeri, gortintiideki
kirmizi tonlarin belirginligini artirirken, ytiksek bir G degeri yesil tonlarin ve yiiksek bir B degeri de mavi tonlarin
belirginligini artirir. Bu bilesenler, farkli oranlarda birleserek renklerin zenginligini olusturur ve gorsel deneyimi
cesitlendirir. Renk kanallarinin ayr1 ayri kullanimi ile karmasik goriintii isleme problemleri basit parcalara ayrilir
ve daha sonraki algoritma adimlari icin islem kolaylig1 saglanir.

Bu calismada farkli modellerin bitki zararlis1 siniflandirma i¢in 6nerilmesinin yani sira, goriintii 6n isleme
stirecinde, belirli renk kanali, histogram esitleme, segmentasyon ile arka plan eliminasyonu ve veri artiriminin
siniflandirma performansina etkisi arastirilmaktadir. Calismada kullanilan 6n isleme teknikleri, belirli renk kanali
iizerinden goriintiilere renk ayari, kontrast artirma ve renk dengelemesi yapilmasi gibi islemleri icermektedir.
Histogram esitleme, zayif kontrasth gorintiilerin kontrastini artirir ve goriintiiniin piksel degerlerinin dagilimim
degistirerek goriintiiyii daha net ve detayli hale getirir. Goriintiilerdeki zararlilarin genellikle yesil bitkiler
iizerinde oldugu degerlendirilerek, modele girdi olarak goriintiiniin G kanali verilmistir. Bu yesil renk kanalinin
cikarilmasiyla goriintiideki zararlilar daha belirgin hale gelmistir. Goriintiilerde arka plan karmasikligindan
kaynakli bocegi tespit edememe durumunu ortadan kaldirmaya yonelik derin 6grenme tabanl bir segmentasyon
yontemi olan ve piksel diizeyinde arka plana ait olasilik haritasini tahmin eden U-Net tabanli mimari (Qin vd.,
2020) kullanilarak bitki zararlilar1 segmente edilip, ardindan arka plan elimine edilmistir. Veri setindeki
gorintiilerin artirimy, bitki zararhlarinin taninmasi, tespiti ve kullanilan modelin 6grenimi agisindan kolaylik
saglamaktadir (Nanni vd., 2020). Veri artirinmi islemi; iki veri setinde de test verileri sabit tutularak, egitim
verilerine ¢esitli dondiirme ve yansitma yontemleri uygulanarak gerceklestirilmistir. Goriintiiler, 90° déndiirme
ve X yansima, 120° déndiirme ve Y yansima gibi yontemlerle artirllmistir. Veri artirimi sonrasinda her sinif igin ii¢
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kat artirnm yapilmistir. Gorlintiillerde veri artirimi, goriintii siniflandirma problemlerinde farkli tekniklerle
(dondiirme, 6lgeklendirme, yansima vb.) mevcut veri setini ¢gogaltarak modelin genelleme yetenegini iyilestirir ve
asir1 6grenmeyi azaltir. Bu yontem, 6zellikle kiiciik veri setlerinde faydaldir, ¢iinkii modelin daha ¢esitli ve zengin
bir veri ile egitilmesini saglar, bdylece dogruluk oranlarini artirir ve modelin daha saglam hale gelmesine yardimci
olur. Ayrica, veri artirimi siniflar arasindaki dengesizligi gidererek her sinifi esit derecede 6grenmeyi tesvik eder
ve modelin gercek diinya senaryolarinda daha iyi performans gostermesine katkida bulunur (Shorten ve
Khoshgoftaar, 2019). Tiim 6n isleme siirecine ait 6rnek goriintiiler Sekil 3'te sunulmaktadir.

(@ ) ©

(8

Sekil 3. On isleme Teknikleri Uygulanmis Ornek Gériintiiler. (a) Orijinal Goriintii, (b) 90° Déndiirme + X Yansima, (c) 120°
Dondiirme + Y Yansima, (d) X Yansima + Y Yansima (e) G Kanali Cikarimy, (f) Histogram Esitleme, (g) Segmentasyon ile Arka
Plan Eliminasyonu

2.3. Onerilen Stmiflandirma Modelleri (Proposed Classification Models)

Bu ¢alismada onerilen ilk yontem olan cesitli nceden egitilmis derin sinir aglari ile transfer 6grenimi, az sayida
egitim gorintiisiiyle bile yiiksek siniflandirma performansi elde edilebilmesine olanak saglamaktadir. Transfer
o6grenmede, 6nceden egitilmis bir model, farkl veri setlerinde kullanilabilir ve bu modelin daha 6nceden 6grendigi
Oznitelikler, diger gorevlerde de yararli olabilir. Bu nedenle, 6nceden egitilmis modeldeki belirli katmanlar
degistirilerek, yeni gorev icin yeniden egitilir ve yeni bir model olusturulur. Bu yéntem sayesinde model egitimi
esnasinda zamandan tasarruf saglanir. Transfer 6grenimi ile dnceden egitilmis bir sinir agini kullanmak, genellikle
bir sinir agini sifirdan egitmekten ¢ok daha hizli ve kolaydir. Bu aglar bir milyondan fazla goriintii izerinde
egitilmistir ve goriintiileri klavye, kahve kupasi, kalem ve bir¢ok hayvan gibi 1000 nesne kategorisine gore
siniflandirabilmektedir. ILSVRC yarismasinda, ImageNet veri kiimesi kullanilarak en iyi goériinti siiflandirma ve
nesne algilama modellerini belirlenmis ayni1 zamanda sinir aglarinin performansini artirmak ve genelleme
yeteneklerini gelistirmek icin kullanilmistir.

Calismada kullanilan énceden egitilmis aglar hakkinda detayl bilgiler Tablo 1’de verilmistir. Onceden egitilmis
aglar yardimiyla transfer 6grenme, segmentasyon, nesne tanima ve siniflandirma gibi ¢ok cesitli uygulama alani
icin model gelistirilebilir.

Tablo 1. Onceden Egitilmis Derin Sinir Aglar

Onceden Egitilmis A Girdi Goriintiisii Boyutu  Derinlik Katman Sayisi Aktivasyon (Oznitelik Sayisi)
ResNet-18 224x224 18 71 512

ResNet-101 224x224 101 347 2048

GoogLeNet 224x224 22 144 1024

VGG-16 224x224 16 41 512

VGG-19 224x224 19 47 512

ikinci yontemde ise, énceden egitilmis derin sinir aglarinin cesitli katmanlarindan elde edilen derin ve s13
oznitelikler ile SVM simflandiricisi kullanilmaktadir. Onceden egitilmis aglarin ara katmanlarindan ¢ikarilan sig
Oznitelikler, verinin temel 6zniteliklerini temsil eder. Bu 6znitelikler genellikle diisiik seviyeli, basit ve yerel
oznitelikleri icerir. Onceden egitilmis aglarin son katmanindan cikarilan derin éznitelikler ise, daha karmasik ve
soyut diizeyde veri 6zniteliklerini temsil eder. Bu 6znitelikler genellikle daha yiiksek seviyeli anlam tasirlar. Derin
katmanlar, daha 6nceki katmanlarin alt diizey 6zniteliklerini kullanarak daha yiiksek seviyeli o6znitelikleri
olusturur.
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Sekil 4’te onerilen derin 6grenme tabanli siniflandirma modellerinin genel cergevesi verilmistir.

Onceden Egitilmis Aglann Yiklenmesi

Onceden Egitilmis Aglar
* ResNet-18

+ ResNet-101 SVM ile Egitim Degerlendirme
« GoogleNet .
« VGG-16 Derin/Si§ Oznitelik @ Egitim Test
= VGG-19 Gikanmi Goriintlleri ; Goruntileri
) Spesifik Bzellikleri L —
Dilgiik Ditzey Ozslikleri  hgrenen Son SVMile L 4
Ofrenen likKatmanlar  gatmaniar Sinflandirma
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« VGG-16 R » Egitim
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| ile Siniflandirma ! Segenekleri ¢ Gériintliler]
Verl Setine Ait Ozellier!

Ggrenmek igin Yeni
Katmaniar

—A

| Gnceden Egitilmig
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Lol
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« Veri Artirimi
— Hi: $ » ResNet-101 ——— Sinif Etiketi
= Segmentasyon ile Arka
Orijinal Goriintl Plan Eliminasyonu
Sekil 4. Onerilen Modellerin Genel Cercevesi
3. Deneysel Sonuclar (Experimental Results)
Onerilen modellerin  performanslarimin ~ degerlendirilebilmesi  icin  kapsamli  deneysel ¢aligsmalar

gerceklestirilmistir. Tim deneylerde dogruluk (D), kesinlik (K, ing. precision), hassasiyet (H, ing. recall) ve F1
skoru (F1) gibi standart degerlendirme ol¢itleri kullanilmistir. Bu 6lgiitler, her modelin siniflandirma yetenegini
farkli agilardan degerlendirerek giivenilir bir karsilastirma yapilmasina olanak saglamaktadir. Deneyler, ytliksek
performansh bir Intel(R) Core (TM) i7-7700HQ, 2.80GHz islemci ve 16 GB RAM'e sahip bilgisayar ortaminda
gerceklestirilmistir. Deneylerde hiper parametrelerin dogru ayarlanmasi, modelin en iyi sonuclar1 elde etmesi
acisindan kritik 6neme sahiptir. Hiper parametre ayarlari, modelin 6grenme siirecini ve performansini etkileyen
onemli faktérlerdir. Calismada maksimum adim sayis1 5 ile 30 arasinda ayarlanmigtir. Ogrenme orani ve mini-
batch boyutu sirasiyla 0.001 ve 64 olarak ayarlandiginda modellerin en iyi sonuglar1 verdigi goriilmiistiir. Bu
nedenle, kullanilan yaklasimlarin etkisini degerlendirmek i¢in yapilan diger deneylerde parametreler bu
degerlerde sabit tutulmustur.

Deneysel c¢alismalar igin tarlalarda yaygin bulunan ve mahsul verimini etkileyen bitki zararlilarinin
goriintilerinden olusan orijinal 10 smifli Li ve 40 sinifl1 DO veri setlerindeki goriintiiler, %70 egitim ve %30 test
olmak iizere iki farkl alt gruba ayrilmistir. Egitim alt grubu, verilerin 68renme siireci i¢in ve test alt grubu ise
sadece performans 6l¢iimii i¢cin kullanilmistir. Onerilen modellerin performanslari, Li veri seti icin Tablo 2’de ve
DO veri seti icin Tablo 3’ te sunulmustur. Tablolarda, her bir modelin Li ve DO veri setlerindeki dogruluk, kesinlik,
hassasiyet ve F1 skorlar1 yer almaktadir. En yiiksek performansa sahip model kalin olarak isaretlenmistir. Bu
tablolar kullanilarak, orijinal goriintiilerde en ytliksek F1 skora sahip yontem belirlenmis, daha sonra farkl gériintii
6n isleme yontemlerinin performanslarinin karsilastirilmasi i¢in kullanilmistir.
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Tablo 2 incelendiginde, 6nerilen modellerin siniflandirma sonuglarina gore her bir performans 6l¢itii icin en
ylksek performans ResNet-101 ag ile transfer 6grenme yontemi kullanilarak elde edilmistir. Benzer sekilde, bu
veri seti lizerinde kullanilan tiim 6nceden egitilmis aglar i¢in kullanilan yontemler karsilastirildiginda ise transfer
6grenmenin diger iki yonteme kiyasla daha iyi performans gosterdigi gozlemlenmistir. Deneylerin ortalama test
slireleri transfer 6grenme, derin 6znitelikler ile SVM ve s18 6znitelikler ile SVM kullanildiginda sirasiyla 112, 15 ve
3 saniyedir. Tablo 3 incelendiginde, DO veri seti lizerinde yapilan deneylerde de Tablo 2’dekine benzer bir sonug
elde edilmistir. Bu sonug, ResNet-101 aginin DO veri setindeki 6znitelikleri de diger aglardan daha etkili bir sekilde
cikarabildigini ve genelleme yeteneginin diger mimarilere gore daha giiclii oldugunu gostermistir. Deneylerin
ortalama test siireleri transfer 6grenme, derin 6znitelikler ile SVM ve s1g 6znitelikler ile SVM kullanildiginda
sirasiyla 95, 27 ve 5 saniyedir.

Sonug olarak, Tablo 2 ve Tablo 3, her iki veri setinde de ResNet-101 aginin transfer 6grenme ve SVM ile
siniflandirma siirecinde diger aglara kiyasla belirgin olarak daha iistiin bir performans sagladigini ortaya
koymaktadir. Test stiresi karsilastirmasi yapildiginda transfer 6grenme yontemi daha yavas olmasina ragmen
dogruluk acisindan daha iyi performans gostermistir. Bu nedenle, ikinci asama olan farkli 6n isleme yontemleriyle
gerceklestirilen tiim deneylerde, dnceden egitilmis ag olarak ResNet-101 agi ile transfer 6grenme yonteminin
kullanilmasina karar verilmistir. Bu se¢im, modelin genel basar1 oranini artirmak ve gii¢lii bir temel 6grenme
yetenegi saglamak amaci ile yapilmistir. Ayrica, ayni yontemin sabit kalmasi, daha sonraki deneyler sirasinda
degiskenlikleri minimize ederek daha giivenilir ve basarili sonuclar elde etme olasiligini artirmaktadir.

Derin 6grenme modelleri genellikle kullanilan agin ne 6grendigini ve aga verilen girdinin hangi kisminin ¢ikti
sinifindan sorumlu oldugunu belirtmez. Bunu 6grenebilmek ve kullanilan aglarin tahminlerine goérsel aciklamalar
getirmek icin kullanilabilecek tekniklerden biri sinif aktivasyon haritalamadir. Sinif aktivasyon haritalama, egitim
setindeki 6n yargiyi belirlemek ve model dogrulugunu artirmak amaciyla da kullanilmaktadir. Eger agin tahminleri
yanlis 6zelliklere dayandirdigi kesfedilirse, veri seti lizerinde degisiklik yapilarak ag daha saglam hale getirilebilir.
Sekil 5, orijinal Li ve DO veri setlerinde, cesitli siniflara ait ResNet-101 ag1 ile elde edilen sinif aktivasyon
haritalarini géstermektedir. Burada kirmizi bolgeler tahmin edilen sinifa en ¢ok katkida bulunan boélgelerdir.

Tablo 2. Onerilen Modellerin Orijinal Li Veri Setindeki Performanslar1 (%) (D/K/H/F1)

Onceden Egitilmis A§  Transfer Ogrenme SVM ile Derin Oznitelikler SVM ile S1g Oznitelikler

GoogLeNet 94.89/94.82/94.50/94.66 92.78/92.52/92.51/92.51 80.34/79.18/78.52/78.85
ResNet-101 95.91/95.69/95.60/95.65  94.89/94.56/94.66/94.61 94.66/94.42/94.33/94.37
ResNet-18 94.77/94.53/94.36/94.44 91.93/91.79/91.33/91.56 91.36/91.45/90.78/91.11
VGG-16 93.86/93.62/93.46/93.62 91.88/91.52/91.15/91.34 90.68/89.92/90.25/90.08
VGG-19 94.49/94.20/93.99/94.09 92.67/92.28/92.12/92.20 89.43/89.05/88.89/88.97

Tablo 3. Onerilen Modellerin Orijinal DO Veri Setindeki Performanslar1 (%) (D/K/H/F1)

Onceden Egitilmis A§ ~ Transfer Ogrenme SVM ile Derin Oznitelikler SVM ile S13 Oznitelikler

GoogLeNet 99.41/99.37/99.36/99.37 98.89/98.95/98.84/98.89 98.89/98.95/98.84/98.89
ResNet-101 99.56/99.57/99.59/99.58  99.41/99.45/99.43/99.43 99.41/99.49/99.33/99.41
ResNet-18 99.33/99.46/99.30/99.38 98.74/98.61/98.57/98.59 98.74/98.61/98.57/98.59
VGG-16 99.26/99.06/99.27/99.16 97.78/98.02/97.62/97.82 98.30/98.32/98.28/98.30
VGG-19 98.96/99.01/98.95/98.98 98.15/98.28,/98.12/98.20 98.74/98.70/98.60,/98.65
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Sekil 5. Kullanilan Veri Setlerine Ait Ornek Goriintiilerdeki ResNet-101 Aktivasyon Haritast. (a) Li, (b) DO

Tablo 4. Onerilen Modellerin Farkli On isleme Yéntemleri ile Elde Edilen Performanslar: (%) (D/K/H/F1)

On isleme Yontemi Li Veri Seti DO Veri Seti

RGB (Orijinal) 95.91/95.69/95.60,/95.65 99.56/99.57/99.59/99.58
G Kanal Cikarimi 92.73/92.33/92.33/92.33 98.96,/98.80,/98.83/98.82
Veri Artirimi 96.36/96.19/95.91/96.06  99.63/99.68/99.67/99.68
Histogram Esitleme 94.83/94.52/94.30/94.41 99.19/99.26/99.28,/99.27
Histogram Esitleme+Veri Artirimi 95.17/95.01/94.65/94.83 99.26/99.34/99.35/99.34
Segmentasyon ile Arka Plan Eliminasyonu 93.30/93.10/92.86/92.98 98.52/98.61/98.30/98.46

Veri Artirimi+Segmentasyon ile Arka Plan Eliminasyonu 93.58/93.52/92.74/93.13 98.74/98.74/98.52/98.63

Tablo 4’te, segilen agin performansini daha da artirmak i¢in kullanilan farkli veri 6n isleme yontemleri ve sonuglar
verilmistir. Bu c¢alisma, ResNet-101 ag1 ile birlestirilen dogru 6n isleme yontemlerinin, hasere siniflandirma
modelinin performansini artirma potansiyelini gostermektedir. Bu asamada, veri seti 6ncelikle farkli 6n isleme
adimlarindan gecirilmis olup bunlar; goriintiiden G kanalinin ¢ikarilmasi, veri artirimi, histogram esitleme,
segmentasyon ile arka plan elimine etme ve kombinasyonlar1 seklindedir. On isleme asamasinda elde edilen
goriintiiler ResNet-101 ag1 ile transfer 6grenme kullanilarak elde edilen modele girdi olarak verilmistir.
Sonrasinda model egitim goriintiileri ile egitilmistir. Veri 6n isleme adimlari, modelin daha etkili bir sekilde
6grenmesine ve genel performansimi artirmaya yonelik cesitli islemleri icermektedir. Histogram esitleme
kontrast1 artirirken, veri artirimi, modelin cesitli agilardan 6grenme yetenegini artirarak asir1 uyuma karsi daha
direncli bir yap1 olusturmaktadir.

Sonuglar incelendiginde, RGB goriintiiler izerindeki orijinal veri seti kullanildigindaki sonuc ile kiyaslandiginda,
G kanalinin yeterli performans gésteremedigi goriilmektedir. Bu durum, yesil renk kanal ¢ikariminin tek basina
goriintl verilerini yeterince temsil etmekte yetersiz kaldigini isaret etmektedir. Buradan modelin 6znitelik
¢ikarimi ve siniflandirma yetenegini sinirladigi sonucuna varilmistir. Histogram esitleme orijinal veri setindeki
sonuc ile yakin performans gdstermistir. Bu yontemin renk bilgisi ve 6znitelik ¢ikarimi siireclerinde etkili
oldugunu ortaya koymaktadir. Histogram esitleme, goriintiiniin kontrastini artirarak daha belirgin 6zelliklerin
ortaya ¢ikmasina olanak tanir ve daha dogru ve ayrintili 6zniteliklerin elde edilmesine katk: saglar. Arka plan
eliminasyonunun orijinal veri setindeki sonug ile kiyaslandiginda daha basarisiz oldugu gézlemlenmistir. Burada
kullanilan iki asamali yaklasimda, 6ncelikle U-net kullanilarak bitki zararllari arka plandan ayrilmis, ilk asama
olan segmentasyon asamasindan elde edilen zararlh gorintiileri kullanilarak siniflandirma asamasina gegilmistir.
Bu yaklasimin performansi, zararli segmentasyonunun dogruluguna ve modelin bu segmente edilmis verilerden
6grenme yetenegine baglidir. Arka plan eliminasyonunda kullanilan segmentasyon ydnteminin gorintiyi
maskeleme esnasinda zararl ve arka planin benzer olmasi sebebiyle yaniltict maskelemeler yaptigi goriilmustir.
Ayrica bazi zararl tiirlerinin siniflandirilmasinda arka plan bilgisinin 6nemli olabilecegi degerlendirilmistir.
Ornegin belirli zararh tiirlerinin sadece belirli bitki tiirlerinde bulunmasi ve bu bitkilerin varhgl zararlinin
siniflandirilmasinda yardimci olabilir. Arka plani tamamen kaldirmak, bu tiir bir bilgi kaybina yol agarak
siniflandirma performansini olumsuz etkileyebilmektedir. Veri artirimi ile veri setleri ¢esitli yansitma, déndiirme
yontemleri ile li¢ kat artirllmistir ve modelin performansi lizerinde olumlu olarak belirgin bir etkisi oldugu
gozlemlenmistir. RGB goriintli lizerinde uygulanan veri artirnminin her iki veri setinde de en yiiksek basari
sonuclarini elde etmede etkili oldugu tespit edilmistir. Sonug olarak, bu calisma, ResNet-101 agiyla birlestirilen
belirli 6n isleme ydntemlerinin, 6zellikle RGB gorintii lizerinde uygulanan veri artiriminin, bitki zararhsi
siniflandirma modelinin performansini artirmada 6nemli bir rol oynayabilecegini géstermistir. Bu sonuglar, bitki
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zararlilarinin etkili bir sekilde simiflandirilmasi i¢in uygun 6n isleme stratejilerinin seg¢ilmesinin 6nemini
vurgulamistir.

4. Sonuc ve Tartisma (Result and Discussion)

Bitkilerin korunmasi i¢in, bitki zararhlarinin dogru bir sekilde taninmasi olduk¢a 6nemlidir. Bunlarin erken tespiti,
tarim ekonomisindeki kayiplarin azaltilmasina yardimci olmaktadir. Son zamanlarda derin 6grenme tabanl
yontemler, hizli ve dogru bir bitki zararlisi1 siniflandiricisi gelistirmenin en etkili yollarindan biri haline gelmistir.
Bu yaklasim, biiytik veri setlerini isleyebilme yetenegi ve karmasik 6znitelikleri otomatik olarak ¢ikarma kabiliyeti
sayesinde, cesitli bitki zararhlarini dogru bir sekilde tanimlamak i¢in gii¢lii bir ara¢ sunmaktadir.

Bu ¢alismada bitki zararhlarinin tespiti ve siniflandirilmasi igin, ilk yontem olarak dnceden egitilmis aglar ile
transfer 6greniminden yararlanilmistir. ikinci yontem olarak bu aglardan ¢ikarilan hem derin hem de sig
oznitelikler kullanilarak SVM siniflandiricisi ile simiflandirma islemi gerceklestirilmistir. Ayrica farkli 6n isleme
yontemlerinin, dnceden egitilmis derin sinir aglarinin 6zniteliklerini kullanarak transfer 6grenme ile siniflandirma
performansini nasil etkiledigi arastirilmistir. Model i¢in en uygun o6zniteliklerin segilmesi ve veri setinden
kaynaklanan zorluklarin giderilmesi ile her iki veri setinin de kalitesi artirilmistir. Calismada histogram esitleme,
veri artirimi ve goriintiiniin G renk kanali ¢ikarim ve U-Net mimarisi kullanilarak segmentasyon ile arka plani
elimine etme gibi 6n isleme tekniklerinin bitki zararlis1 tespit ve siniflandirma performansina olan etkisi

Olgilmustiir.

Tablo 5. Onerilen Calismanin Literatiirde Yer Alan Benzer Calismalar ile Karsilagtirmasi

Veri seti
Referans (#S1if, Onisleme Yontemi  Model Performans (%) Islem siiresi (sn)
#GOriintii)
(Xia vd,, . . . ol
2018) Xiel (24,1440) Veri artirimi VGG-19 mAP: 89.22 Egitim: 40320
(Thenmozhi DO (40, 4508) D: 95.97 -
ve Reddy, Xiel (24,1440) Veri artirimi CNN D:97.47 -
2019) NBAIR (40) D: 96.75 -
. . Veri artirimi
(Livd, 2020)  Li(10,5869) Arka plan temizleme GoogLeNet D:96.67 -
. IP102 (102, CNN . )
gl\ézr(l)r)n vd, 75222) Veri artirimi Belirginlik b: 6193
Deng (10,563) yontemi D: 92.43 -
Li (10, 5869) Veri artirimi D: 96.78 -
1P102 (102 Derin dznitelikler STN (Spatial
(Yang vd., 75222) ’ Kendi olusturduklart1 ~ Transformer D:73.29 Test: 165
2021a) Oznitelikler Networks)
Ozel Veri Seti . ResNet-50
(58, 7344) Veri artirimi D:96.50 -
(Yang vd., Karar agaglari
2021b) Ozel Veri Seti Renk uzay1 analizi Topluluk D: 95.73 F1:93.56 -
0grenme
(Chen vd., PlantVillage (2, Renk modeli ) . i
2023) 2475) déniisimii CNN K: 63.26, H: 72.44
1P102 (102, D: 71.60, H: 71.20, )
75222) F1:71.40
(Wang vd., . ConvNeXt ve D: 98.50, H: 98.20, i
2023) DO (40,4508)  Veri artirim SwinTransformer _F1: 98.40
D:93.10, H: 92.90
Insect (9, 2251) F1: 93.00 -
S . D:96.36, K: 96.19
Onerilen i ’ ’ :
Model Li (10, 5869) Veri artimm ResNet-101ile  H:95.91,F1:96.06  cot 22070
Transfer 6grenme  D: 99.63, K: 99.68,
DO0(40, 4508) Test: 164.39

H:99.67, F1: 99.68

Onerilen modellerin performanslari, bitki goriintiilerindeki zararhlarin taninmasi alaninda literatiirde yer alan
onceki ¢calismalarla karsilastirilarak kapsamli bir sekilde analiz edilmistir. Literatiirde farkl bitki zararlisi tiirleri
ve saylilart ile tespiti, siniflandirmasi ve segmentasyonu olmak iizere ¢esitli uygulama alanlarinda gesitli yontemler
ile bitki goriintiilerinden olusan farkh veri setlerine odaklanan bircok sayida ¢alisma bulunmaktadir. Onerilen
modellerin iki veri setinde de elde ettigi en yliksek performans, diger calismalarin sonuglariyla birlikte Tablo 5' te
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sunulmustur. Bu karsilastirma siirecinde, ¢alismalardaki siif ve goriintii sayilari, kullanilan veri setleri,
siniflandirma ydntemleri ve siniflandirma dogrulugu, kesinlik, hassasiyet ve F1 skoru gibi performans 6l¢iitleri
gibi cesitli faktorler dikkate alinmistir. Onerilen modeller, 6nceki calismalarla karsilastirildiginda siniflandirma
dogrulugu ve diger performans metrikleri acisindan benzer veya daha iistiin bir performans sergilemistir. Bu
sonuglar, 6nerilen modellerin bitki zararlisi siniflandirma konusunda etkili bir ¢6ziim sundugunu géstermektedir.
Ayrica, bu ¢alismada literatiirdeki ¢ogu ¢alismadan farkli olarak deneylerin islem stireleri de verilmistir.

Gelecek calismalarda, bitki zararlilarinin tespiti ve siiflandirilmasi icin daha genis sinmif sayisina sahip cesitli veri
setleri kullanilarak modelin genelleme kabiliyetinin artirilmas1 hedeflenmektedir. Yeni nesil derin 6grenme
mimarileri ve gelismis transfer 6grenme teknikleri ile performans iyilestirmelerinin yapilmasi planlanmaktadir.
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