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ABSTRACT

Sandwich panels are used in many sectors that require structural weight savings such as
defence, aviation and automotive industry. The most important factor over the mechanical
strength of sandwich panels is the core design. The core design of sandwich panels with
periodic cells is formed by repetitive production of the unit cell geometry. In this study; the
compressive strength of the developed reinforced core cell was experimentally investigated
under quasi-static compression load, and the test results were compared with the
conventional honeycomb core. Experimental test samples were carried out by Fused
Deposition Modeling (FDM) using PLA filament material. When the experimental test results
for two different core designs were compared, it was determined that the reinforced core
cell produced at 20% filling rate increased the maximum crushing resistance of the core by
28.54% and the energy absorbing capacity by 23.4%. According to the observed deformation
behaviours, it was determined that the reinforced core cell kept the deformation load on the
core axis during the compression test and delayed the core wall buckling. In addition, it was
determined that the filling rate determined during production was effective on the
deformation of the core and compression strength.

FDM Yontemi ile Uretilen Giiclendirilmis Cekirdek
Hiicrelerin Basin¢ Dayanimi, Enerji Sontimleme
Ozellikleri ve Deformasyon Modlarinin Incelenmesi

OZET

Sandvig¢ paneller savunma sanayisi, havacilik ve otomotiv gibi yapisal agirlik tasarrufu
gerektiren bircok alanda kullanilmaktadir. Sandvi¢ panellerin mekanik performansi biiyiik
oranda cekirdek tasarimindan etkilenmektedir. Periyodik hiicrelere sahip sandvig
panellerin cekirdek tasarimi ise birim hiicre geometrisinin tekrarl olarak tretilmesi ile
olusturulmaktadir. Bu ¢alismada; gelistirilen gii¢clendirilmis cekirdek hiicrenin basma
mukavemeti yar1 statik basma yiikii altinda deneysel olarak incelenmis, test sonuclari
geleneksel bal petegi cekirdek ile karsilastirilmistir. Deneysel test numuneleri Eklemeli
imalat Yéntemi ile PLA Filament kullanilarak gerceklestirilmistir. iki farkli cekirdek tasarimi
icin deneysel test sonuglari kiyaslandiginda, %20 doluluk oraninda iretilen gii¢clendirilmis
cekirdek hiicrenin, cekirdegin maksimum ezilme direncini %28.54 oraninda, enerji
soniimleme kapasitesini ise %23.4 oraninda arttirdigi tespit edilmistir. Cekirdeklerin
deformasyon davranislari incelendiginde, gii¢clendirilmis cekirdek hiicrenin basma testi
sirasinda deformasyon yiikiini cekirdek ekseninde tutugu, duvar ayrilmasin geciktirdigi
tespit edilmistir. Ayrica Uretim esnasinda belirlenen doluluk oraninin cekirdegin
deformasyonu ve sikisma direnci lizerinde etkili oldugu belirlenmistir.
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1. Introduction

The design and functionality of engineering materials have been one of the important issues that
researchers have focused on for centuries. With the developing production technologies, the usage
areas of engineering materials with different properties have increased even more. New structural
components with advanced features are used in the design and production of transportation vehicles
such as airplanes, high-speed trains and automotive, and even satellites [1]. In the design of these
components, low density and weight as well as high mechanical strength factors are taken into account.
Moreover, the contribution of easy manufacturability and sustainable materials to the design is
important.

With the development of three-dimensional printers, it has become possible to produce parts with
complex geometries. The additive manufacturing method, which is a much faster and cheaper
production technique compared to traditional production methods, is being used in more and more
areas [2, 3, 4]. The fact that the production parameters can be easily changed also brings many
advantages in terms of optimization studies. Depending on the usage areas of the products to be
developed, researchers can use filaments produced from different materials and optimize the weight
or mechanical strength of the product in accordance with the preferences [4, 5]. In addition, it can be
said that the additive manufacturing technique, which does not create waste during production,
minimizes the negative environmental effects. This flexible production technique has become an
increasingly popular subject in academic studies due to the advantages it provides.

Optimization of engineering designs aims to reveal the most efficient design by optimizing parameters
such as mechanical strength, weight, production time and cost. Structural weight was the most
important factor affecting the energy consumption of light transportation systems and thus carbon
dioxide emissions [6, 7]. For this reason, while increasing the structural mechanical strength, other
parameters should be optimized at certain rates.

When the studies in the related literature are examined, it is seen that instead of increasing the material
thickness in order to save weight while increasing the strength of the structural components, the use
of sandwich panels as body components in the structural design is recommended [8-10]. Sandwich
structures consist of two thin surface plates separated by a core structure. Although sandwich panels
have low weight, they have high crush resistance and bending strength [11]. Surface plates are usually
produced using aluminium and its alloys, steels, titanium and composite materials [12]. The core
design of the sandwich structure is one of the most important factors affecting the mechanical
performance under different loads [13, 14]. For this reason, studies on the mechanical performance of
sandwich panels generally focus on core design [19]. It is stated that the mechanical properties of
sandwich structures are mainly affected by three factors: density of the core, material properties and
core geometry [15]. Many types of periodic core structures, often defined as cellular structures, have
been proposed and developed to further improve the mechanical properties of sandwich structures
[16,17].

Although different core geometries are used in sandwich structures, one of the most used core
structures is honeycomb cells with hexagonal geometry [8]. Sandwich structures with honeycomb core
are preferred due to their high energy absorption capacity, lightness, high shear and compression
stiffness, sound insulation and high corrosion resistance [18-20]. The honeycomb core structure
consists of periodic core unit cells similar to the corrugated core, but unlike the corrugated core
structure, about 90-99 percent of the cores consist of open spaces [21]. It is observed in the studies in
the literature that the hexagonal honeycomb core dimensions determine the density of the sandwich
structure and in this direction, the cell density is increased in order to obtain more durable structures
[22]. In order to benefit from the mechanical advantages of hexagonal honeycomb core structures in
different areas, it is important to understand the mechanical properties of these structures.
Compression, bending, impact and tensile tests are the most commonly used methods for determining
the mechanical properties of core structures.

Crupid et al,, in their study, examined the mechanical properties of the panels by applying bending and
impact tests to aluminum honeycomb sandwich panels. They observed that the energy absorption
capacity of the sandwich panel was strongly influenced by the size of the honeycomb cells [23]. Aktay
et al. applied experimental tests to composite sandwich panels and stated that core deformation is the
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determining factor for the energy absorption capacity of sandwich panels [24]. Wu and Jiang focused
on investigating the compression behavior of hexagonal honeycomb structures under static and
dynamic loading conditions. For higher energy dissipation under quasi-static loading conditions, they
recommended the use of honeycomb structures made of high-strength material with small cell size and
low core height [25]. Yamashita and Gotoh investigated the effect of cell shape and honeycomb cell wall
thickness on crushing behavior by examining the quasi-static compression response of aluminium
honeycomb structures. Experimental test results showed that the damage occurred in all cases, the
crushing strength was higher for smaller cell angle, and also the effect of honeycomb thickness on
crushing strength [26]. In order to determine the damage types and mechanical properties, bending
tests were performed on sandwich structures with hexagonal honeycomb cores and it was determined
that the damage occurred when the surface plate exceeded the mechanical strengths [27]. In another
study, the researchers examined the behavior of sandwich panels under quasi-static compression load
and stated that the cores have high energy absorption ability and crushing force [28]. When the
literature studies were evaluated, it was determined that the mechanical properties of cores with
honeycomb geometry depend on their relative density, cell geometry and elastic modulus. In addition,
more experimental studies are needed to determine the deformation failure modes of hexagonal
honeycomb core sandwich panel cores.

In this study, a new core cell design was developed to examine and improve the effect of core design
on the mechanical strength of the sandwich panel. For this purpose, an experimental study was
conducted to examine the mechanical properties and damage modes of hexagonal honeycomb core
structures produced using additive manufacturing technology under compression force. In
experimental studies, the effect of core design on mechanical strength was compared by using samples
with traditional honeycomb core design and reinforced core design.

In this study, an experimental study was carried out to examine and improve the effect of core design
on the mechanical strength of the sandwich panel. For this purpose, an experimental study was
conducted to examine the mechanical properties and deformation modes of hexagonal honeycomb
core structures produced using additive manufacturing technology under compression force. In
experimental studies, the effect of core design on mechanical strength was compared by using samples
with traditional honeycomb core design and reinforced core design.

2. Material and Method

In order to increase the mechanical strength of the hexagonal honeycomb core structure under axial
compression load, reinforced core cell was used. The reinforced core cell has conical support bars to
increase the mechanical strength of the cell walls and maintain cell integrity during deformation.

The reinforced core unit cell design and the full cross-sectional view of the cell components are given
in Figure 1. Conical support bars aim to provide load transfer under crushing load by connecting to the
cell walls. The transfer filler will connect the surface and core cells both when connecting the tapered
support bars and when using surface plates for sandwich panels.

Core unit cell
wall

Conical
support bars

Transfer fillers

Figure 1. Reinforced core unit cell design

In order to experimentally determine the mechanical performance of the core cell design, three-
dimensional solid models of honeycomb (HC) and reinforced core cell (RC) samples consisting of 3x3
unit cells were created using solid modelling software. The core dimensions are 27.2 x 46.54 x 47.96
mm, the cell wall thickness is 2 mm, and the outer circumference diameter of the hexagonal unit cell is
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20 mm. The diameter of the conical support bars of the HC and RC samples is 3 mm (Figure 2). The
conical support bars in the cores of the HC and RC samples are designed to make an angle of 55° from
the base plane. The isometric and top views of the core cell models are given in Figure 3.

N\
&)
N
2 mm 35
\(

(b)

Figure 2. Dimensions of the sandwich panel core: a) isometric view, b) full section view

Hexagonal honeycomb cores, whose solid models were prepared, were sliced and converted into STL
format. The production of the cores was carried out on the Creality Ender 3 branded 3D printer using
the Fused Deposition Modeling (FDM) method (Figure 4). PLA (Polylactic acid) filament was used in
the production of the samples, and three of each sample were produced. The properties of the PLA
filament material supplied by the supplier were given in Table 1.

i
3

Figure 3. Images of core solid models

Isometric view

Top view

Figure 4. Production of samples with a 3D printer
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Table 1. Technical properties of PLA filament

Tensile
. . Density Elasticity Elongation at
Material Colour Diameter (kg/m3) modulus (MPa) st(ll'\:gi;h break (%)
PLA Grey 1.75 1240 1500 50 7

In determining the printing temperatures for the production of the samples, the brochure information
of the PLA material manufacturer was taken as reference, the nozzle temperature was determined as
220 °C and the table temperature 70 °C. Productions were carried out at room temperature. A single
filament material from the same package was used for the production of all samples. The samples
consist of 227 layers. The printing parameters used in the production of the experimental samples are
given in Table 2.

Table 2. Printing parameters used in the production of samples

Parameter Value
Nozzle diameter (mm) 0.40
Nozzle temperature (°C) 220
Bad temperature (°C) 70
Layer height (mm) 0.12
Print speed (mm/min) 50
Fill rate (%) 20
Filament diameter (mm) 1.75
Fill geometry Lines
3d printer brand Creality Ender 3 S1
Production method FDM

The weights of the experimental test samples, three of which were produced for each core design, were
weighed with a Precision brand precision balance, and the results are given in Table 3.

Table 3. Weight values of samples

Sample Average Average weight
type weight (gr) difference (%)
HC 19.40
20.77
RC 23.43

In this study, it is aimed to compare the mechanical properties of the weakest cell wall and core designs
by producing with the lowest compression density. While low fill rate saves weight, it can cause
negative effects on mechanical strength. Therefore, the effect of fill rate on mechanical strength should
be examined. Figure 5 shows the gaps in the core cell walls produced with 20% fill rate.

Figure 5. The gaps in the internal structure of the samples produced with 20% fill rate

In order to determine the compression strength of cores with different geometries and to observe the
deformation under compression load, quasi-static compression tests were applied to the samples. The
tests were carried out in the Shimadzu Autograph AGS-X 100 KN capacity compression device in
Kastamonu University Central Research Laboratory at a compression speed of 1 mm/s and in
accordance with ASTM C365/365M standards.

Honeycomb core geometry show high strength to vertical loads because their cell walls are difficult to
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fold, but they are weaker to lateral loads. For this reason, in the experiments carried out, the samples
were placed in the test device in a horizontal position (Figure 6b). Thus, it is aimed to evaluate the
contribution of conical support bars to lateral deformation. Experiments were repeated three times for
each type of sample to ensure experimental accuracy. The compression test was continued until
fracture occurred in the samples. As a result of the experiments, force-displacement graphs of the
samples were obtained. The images of the samples placed on the test setup and compression test device
are given in Figure 6a.

b)

Figure 6. a) Compression test setup, b) placement of samples

3. Experimental Findings

3.1. Investigation of the effect of core design on compression strength

During the compression tests, the deformation changes of the core samples were recorded with a
camera, while the force-displacement curves of the samples were measured by the load and
displacement sensors connected to the compression test device. The deformation modes in the samples
are given in Figure 7.

€ =3 mm € =4 mm

Figure 7. Deformation modes in the samples

As a result of the experimental study, force-displacement curves of hexagonal honeycomb cores with
different core designs were obtained. Mechanical performance of hexagonal honeycomb cores; the
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maximum crushing force (F,4xs) and the total energy absorbed (SE) were evaluated over the
performance criteria. Maximum crush strength is the maximum strength of the core against
compression load.

Absorbed energy is the amount of energy that the core absorbs by undergoing plastic deformation
against the impact load. Maximum crushing force and total absorbed energy values are widely used
parameters in the academic literature to evaluate the mechanical performance of structures [29]. The
force-displacements curves obtained as a result of the compression test of HC and RC samples are given

in Figure 8.
3500 T T T T T 3500 T T T T T
HC_1 RC_1
3000 1 ——HC2 4 3000 4 ——RC2
——HC_3 ——RC 3
25004 B 2500 4 B
Z 20004 - g 2000 - e
3 51
15 5]
£ 1500 B £ 1500 B
1000 H B 1000 B
500 B 500 B
0 T T T T T 0 T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Displacement (mm) Displacement (mm)

Figure 8. Force - displacements curves of core samples

When the force - displacements curves and maximum crush force values of HC and RC samples with
hexagonal honeycomb core structure are examined, it is revealed that the conical support bars added

to the cell walls increase the crushing strength of the cell. Average F,qxs values of cores are given in
Table 4.

Table 4. Average maximum crushing force values of the samples

Core Difference ratio
Type Average F,q.s (N) (%)
HC 2076.87
28.54
RC 2669.79

While the hexagonal honeycomb HC sample had a maximum strength of 2076.87 N, the crushing
resistance of the reinforced core unit cell increased up to 2669.79 N. This increase indicates that the
compressive load strength has increased by approximately 28%. Conical support bars increased the
axial deformation resistance by allowing the cell walls to move as a whole.

According to the force-displacement curves of the RC samples, it is seen that the force value fluctuates
just before the maximum crushing strength is reached. This fluctuation was caused by the formation of
high mechanical strength -induced cracks in the conical support bars during deformation (Figure 8).
Studies in the academic literature have shown that printing parameters under loading conditions, as
well as load range and frequency, can affect crack formation in samples [30].

The integral of the area under the force-strain curve gives the total energy absorbed through a specific
crushing distance (d) by the samples. Equation 1 is used to calculate the amount of energy absorbed by

the samples. Calculated absorbed energy values are given in Table 5. Compared to the conventional HC
sample, the RC sample absorbs approximately 23.4% more compression force.

SE = f e e ()d6 1)

where d is crushing distance and F (§) is the instantaneous force at displacement &.
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Table 5. Absorbed energy values

Core Average Absorbed Difference
Type Energy (J) ratio (%)
HC 6881.27
23.4
RC 8491.12

3.2. Investigation of the effect of core design on deformation modes

Although hexagonal honeycomb cores show high resistance to vertical loads applied along the cell
walls, they are more sensitive to horizontal loads. Horizontal loads force the cell walls to fold. In this
study, conical support bars added to the cell walls increased the crushing strength of the cores. The
deformation formations of the core were observed and the deformation modes in the core were
determined. In Figure 9, deformation formations occurring in HC samples produced from PLA material
were given.

Figure 9. Deformation modes of the HC sample

When the effects of the compression load on the core are examined; It was determined that with the
increase of the compression load, the core showed elastic behavior in the first stage and as a result, the
unit cell structure began to deteriorate (Figure 9a). Studies in the literature confirm that the
components produced with PLA material show elastic deformation behavior at low load values and
subsequently have plastic deformation behavior after a peak load [31, 32]. As the crushing continued,
cracks occurred in the layers forming the cell walls, and fractures occurred along a plane (Figure 9b).
As the crushing increased, the cracked cell walls were broken and separated from the body. As the
compression force reached the maximum point, a sudden break occurred as can be seen from the force-
displacement curve of the HC sample (Figure 9c). Researchers revealed that the 3D-printed samples
had a lower peak stress than that of the filaments and showed even lower ductility. It is thought that
the sudden fractures in the core as a result of high stress are caused by the low ductility of the imprinted
PLA filament [33, 34]. Thus, the deformation resistance of the cells decreased.

€ =4mm

Figure 10. Deformation modes of the RC sample

When the deformation modes of the RC sample are examined, it is seen that the deformation first starts
from the conical support bars. In the first stage of the deformation, the cell walls showed plastic
deformation behaviour and with the continuation of the crushing, the conical support bars started to
separate from the layer adhesion point. This behaviour caused fluctuations at the maximum point of
the force-displacement curve. Also, the fractures in the conical support bars started to occur in the
same direction (Figure 10a). As the deformation continued, cracks occurred in the weakened cell walls
in this plane (Figure 10b). With the breakage of the conical support bars, the cell walls weakened and
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fractures occurred (Figure 10c).

4. Discussion and Conclusion

In this study, the mechanical performance and deformation formation of HC and RC samples produced
using PLA-based hexagonal honeycomb core structure with two different core designs under
compression load were investigated. As a result of the evaluated mechanical performance and
deformation formations:

It has been determined that the changes made in the core design have a significant effect on the weight
and mechanical behavior of the core. Conical support bars added to the core walls of the traditionally
used HC design increased the core weight by an average of 20.77%.

The highest maximum compression force load was measured as 2669.79 N in the PLA-based hexagonal
honeycomb RC sample, and the lowest compression force load was 2076.87 N in the HC sample. The
improved RC design increased the maximum crushing strength of the cores under compression load
by an average of 28.54% compared to the HC samples.

Deformations in the conical support bars caused fluctuations in the force-displacement curves of the
cores.

The RC sample formed by adding conical support bars to the cell walls absorbs an average of 6881.27
] of compression energy, while the HC sample absorbs an average of 8491.12 J. The improved RC design
increased the total absorbed energy value of the cores under compression load by 23.4% compared to
the HC samples.

When the deformation behavior of the hexagonal honeycomb RC and HC samples under compression
load was examined, it was observed that the core first underwent elastic deformation and the core cell
walls expanded with the increase in compression load.

With the progression of the deformation, cracking firstly occurred in the core cell walls of the HC
sample, while the onset of deformation was observed in the conical support bars of the RC sample.
Fractures occurred along an axis in the cell wall. With the increase in the compression load, the cell
walls broke and the core completely lost its resistance.

When the experimental test results and deformation formations are examined together, the production
gaps in the cores produced with 20% filling ratio directed the deformation. Although the gaps in the
middle of the conical support bars caused weakening and earlier fracture, it still increased the crushing
resistance of the nucleus and delayed cell wall ruptures. Conical support bars also preserved the
integrity of the core walls. The results show that the core design has an effect on the deformation
behavior of the sandwich panels.
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ABSTRACT

Diabetes mellitus has been on the rise recently. Diabetes can adversely affect different
organs in the human body, along with blood flow. Diabetic retinopia is a type of diabetes
that causes vision loss as a result of sugar destroying the vessels in the retina of the eye.
Diabetic retinopia is one of the most important causes of blindness. Optic disc segmentation
can help specialists in identifying these diseases. However, there are some obstacles, such
as different brightness states on the images. Vessel noise can reduce segmentation success.
This is because blood vessels can cut the edges of the optic disc. The aim in this study is to
remove blood vessels from the images and then successfully segment the optic disc. Within
the scope of the study, a new approach named LinkNetRCB7 based on LinkNet was
developed. Successful results were obtained in the trainings made with LinkNetRCB7 data
sets. The blood vessels and optic disc segmentation accuracy was 98.50% in the STARE
dataset and 98.85% in the DRISHTI GS. A decision support system including these stages
has been proposed within the scope of the study. There is no decision support system that
includes deep learning and image processing algorithms for diabetic retinopia in the
current literature.

Kan Damar1 ve Optik Disk Boliitlemesi icin Karar

Destek Sistemi

0Z

Son zamanlarda seker hastaligi hizla artmaktadir. Seker hastaligl insan viicudunda farkl
organlari kan akisiyla birlikte olumsuz etkileyebilmektedr. Diyabetik retinopi, sekerin
gozilin retina tabakasindaki damalari tahrip etmesi sonucu gérme kaybina neden olan bir
diyabet tiiriidiir. Diyabetik retinopi, korliigiin en 6nemli sebeplerindendir. Optik disk
boéliitlemesi bu hastaliklarin belirlenmesinde uzmanlara yardimci olabilmektedir. Ancak
burada goriintliler tlizerindeki farkli parlaklik durumlar1 gibi bazi engeller ortaya
cikmaktadir. Damar giiriltiisii bolitleme basarisini diistirebilmektedir. Bunun nedeni, kan
damarlarinin optik diskin kenarlarini kesebilmesidir. Bu ¢alismada amag, kan damarlarini
goriintiilerden ¢ikarmak ve ardindan optik diski basarili bir sekilde béliitlemektir. Calisma
kapsaminda LinkNet'e dayali LinkNetRCB7 adli yeni bir yaklasim gelistirildi. LinkNetRCB7
veri setleri ile yapilan egitimlerde basarili sonuclar elde etmistir. Kan damarlar1 ve optik
disk boliitleme dogrulugu, STARE veri setinde %98.50 ve DRISHTI GS'de %98.85 olarak
hesaplandi. Bu asamalari igeren bir karar destek sistemi calisma kapsaminda onerilmistir.
Mevcut literatiirde diyabetik retinopi i¢in derin 6grenme ve goriintii isleme algoritmalarini
iceren bir karar destek sistemi goriilmemektedir.
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1. Introduction

Diabetes is increasing rapidly throughout the world. There are about 650 million people affected by
diabetes. Diabetic retinopathy is one of the types of diabetes. Diabetic retinotopia is an eye disease that
can lead to blindness. Diabetes damages the blood vessels in the eye. This can lead to blood leakage.
This leads to vision loss, blurred vision, or swelling [1]. By 2040, 600 million people will have diabetes
and 200 million will have diabetic retinopathy [2]. DR is a leading cause of blindness in the United
States. In 2020, there will be about 12000-24000 new cases annually. Diabetes is responsible for 40%
of the total healthcare expenditure in the US [3]. Diabetic retinopathy can be prevented by early
diagnosis. Experts can examine fundus images of the eyes to diagnose DR. However, there are many
challenges, such as professionals' skills, contrast differences, image noise, and financial limitations [4].
The discovery of DR often occurs after severe damage has already occurred. In fact, visual examination
is inferior in detecting vascular changes [5]. For these reasons, we need practical methods to detect
diabetic retinopathy [6].

Experts can diagnose diabetic retinopathy using images segmented into the optic disc (OD). Computer-
assisted methods such as image processing and deep learning can be used to perform ODS with high
accuracy. However, blood interferes with the correct segmentation of OD. This is because OD may be
subdivided by blood vessels. Thus, the vessels cover the optic nerve area [7]. Therefore, removal of this
noise in fundus images is critical for ODS. Therefore, ODS and BVS are usually used in studies. The main
challenge for the healthcare industry is to provide high- quality services at an affordable cost. Decision
support systems (DSS) help the expert to make the right decision. DSS shorten the diagnosis time and
increase the accuracy [8].

LinkNet is effective segmentation model. And it has some more succesful types such as LinkNetB7.
There is no study that includes a decision support system with LinkNet on diabetic retinopaty in the
literature. This paper presents in summary:

1. We presented a new model called LinkNetRCB?7.

2. We used a way including deep learning and image processing algorithms.
3. A decision support system was developed in this study. Figure 1 illustrates proposed approach.

. —
. — .

Figure 1. Overview of proposed approach
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1.1. Related Works

In the literature, some studies used only image processing for segmentation. Maison et al. used a
Gaussian filter based method for BVS. They used only image processing operations such as Clahe,
morphological operations, and histogram equalization. They achieved 95.72% accuracy for the dataset
DRIVE [9]. Image processing can be used for both mask correction and image segmentation. Shao et al.
used kvsd-based kmeans as their method. Then they used pre- and post-processing for mask
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correction. In this way, small disturbances can be removed from the masks. In this study, an accuracy
0f 95.83% was calculated for BVS [10]. Millan and Marruga present a review of optic disk segmentation.
They used the active contour technique (image processing). They achieved an accuracy of 85.67% [7].
Some studies do not use image processing for segmentation of blood vessels. Wang presents BTS-DSN
that is based FCN. They achieved 0.8249% F1 in a rigid dataset. They used only the green channel to
highlight non-specific vessels [11].

Image processing and deep learning are usually used together for better segmentation. Jiang et al.
presented an MFI network based on the UNet. This study shows that the green channel has the highest
accuracy. They used gamma correction and Clahe for preprocessing. Using the dataset STARE, an
accuracy of 97.60% was achieved in BVS [12]. Yang et al. proposed LC-KSVD for BVS. They used
preprocessing such as Clahe and bottom hat transformation. With Clahe, the blood vessels become
more visible. Thus, algorithms can detect more easily. HRF, drive, and stare datasets were used. With
the HRF dataset, they achieved 95.17% accuracy [13]. Another example of the combined use of image
processing and Deep Learning is the RV-Net model proposed by Boudegga et al. In this study, an
accuracy of 98.19% was achieved using the Drive dataset [14].

Correct removal of vascular noise from the image with predicted vascular masks is important to reduce
losses. Inpaint functions are used for this purpose. Zhou et al. emphasize that vessels in retinal images
affect segmentation accuracy. In this study, an inpainting algorithm with estimated blood vessel masks
was used to obtain clean images. Then, optical segmentation was performed. Image processing and
deep learning were used together. The cube coefficients (DI) were 95.5% for the DRISHTI-GS dataset
for ODS [15]. In the study by Almazroa et al. an approach for segmentation of blood vessels was
proposed. They used image processing algorithms such as top-hat filter and roi-based thresholding.
Inpaint was used to fill voids corresponding to the masks. Segmentation of the optic disk was then
performed. Using the Magrabi dataset, a cube accuracy of 90.1% was achieved [16].

In Deep Learning algorithms, overfitting is a problem that reduces the accuracy of training. Overfitting
can be avoided by dividing the images into patches. In the study by Ma et al. this method was used. They
proposed a WA mesh with residual blocks for BVS. They achieved an accuracy of 95.66% and an F1
score of 82.22% for the drive dataset [17]. Another study using patches was proposed by Browatzki et
al. called Vlight. This model is based on Unet and Resnet. They achieved 96.71% on Chase [18].

The literature states that UNet is often preferred for BVS and ODS due to its high accuracy. Sanchez
Brea et al. used UNET. They used the drive, stare, chase, RC-SLO, and IOSTAR datasets. They achieved
96% accuracy for IOSTAR and 97% for RC-SLO. Different numbers were used: 1, 10, 20 [19]. Lin et al.
presented a study-based UNET. They achieved an accuracy of 96.08% for the hut. They mention a OD
and fovea segmentation [20].

There are many studies based on UNet that improve the accuracy of education. Granley et al. have
presented the HBA-UNet model. This model includes four resnet layers. A cube coefficient of 94.7%
was obtained in the ADAM dataset and 94.7% in the REFUGE dataset. They calculated the effect of
ResNet by 2% using UNet [6]. Laibacher et al. proposed a study. They developed M2U-Net: naming-
based Unet. They used it to drive and chase datasets. In this study, they used Deep Learning to segment
blood vessels. They achieved 80.91% dice accuracy on DRIVE and 80.06% on CHASE [21]. Lei et al.
present Light Unet. In this work, a cube coefficient of 99.740 was obtained on the hut. ResNet-101 was
used as the baseline network. In this study, the pooling layers were reduced to prevent the loss of
important information [22]. Liu et al. proposed DDSC. DDSC is a model based on UNet. Cross entropy
was used as the loss function. They achieved 97.80% on the DRISHTI-GS and 96.01% on the Refuge
dataset [23].

The use of encoders improves the accuracy of image segmentation. This method is called transfer
learning. Efficient types are effective models as encoders. Kamble et al. used Unet++ with
efficientNetB4. In this study, the datasets REFUGE, DRISTHI-GS. and IDRiD were used. No dataset
contains fovea and optic disk masks together. For this reason, the optic disk and fovea masks were
merged. They achieved 95.73% accuracy in segmenting the optic disk with the Refuge dataset [24]. Lin
et al. chose Resnet as the encoder. The main model was UNet for optic disk segmentation. They used
image normalization and Clahe histogram equalization in the preprocessing step. These algorithms
increase the contrast. This makes it easier to see the blood vessels in the image. They achieved 89.1%
accuracy for the optic disk [25]. We can improve the contrast difference and segmentation accuracy by
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data normalization, gamma correction, and median filter. Jia et al. presented a model based on a dense
U-mesh. They achieved 96.98% accuracy on a data set of DRIVE. They used images in the green channel.
Then they used data normalization, gamma correction and median filter [26].

DSS can help clinicians by trying to guess the best probability among options. Recently, deep learning
algorithms have been used for cancer detection in the model component of DSS [27]. Sivanesh et al.
proposed a study titled DSS with data mining. They used the algorithm CART to classify various
diseases such as heart and diabetes with datasets containing numerical values such as age, pain type,
and serum cholesterol in mg/ [8]. In another study observers and observers in mammography reviews
many studies, inter-variability is a critical problem and reduces this variability. They used Bayes for
classification in DSS [28].

2. Materials and Methods

Study has two stages, blood vessel removal, and optic disc segmentation. In the blood vessel
segmentation stage, we trained model with datasets. With the model trained at this stage, the data set
used in the segmentation stage is cleaned of noise.

2.1. Datasets

The study consists of two phases: Segmentation of blood vessels and optic disc. We used CHASE (28
samples), DRIVE (20 samples), HRF (45 samples), and STARE (20 samples) datasets in the blood vessel
removal phase. We merged these datasets into one dataset called Blood Vessel Dataset (BVD). The BVD
contains 113 images and masks. For optic disc segmentation, we used ARIA (120 samples), DRISTHI-
GS1 (101 samples), MESSIDOR (1200 samples), STARE (80 samples) and IDRiD (20 samples). We
merged these datasets into a new dataset called Optic Disc Segmentation Dataset. The Optic Disc
Segmentation Dataset (ODSD) contains 1420 images and masks. Table 1 demonstrates dataset

distribution.
Table 1. Description of Datasets
Dataset Training (70%) Validation (20%) Test (10%)
BVD 80 22 11
ODSD 1000 280 140

2.2. Image preprocess

We used data augmentation to prevent overfitting. This is another way to increase accuracy. Horizontal,
vertical flips and shifts were applied. According to the literature, the studies generally use a maximum
input size of 512x512, but the images in the datasets are larger. So there is pixel loss. For this reason,
datasets were divided into 16 slices. And we used an input size of 256x256. So we have achieved an
input size of 1024x1024.

2.2.1. Used filters and parameters

eLoss function: MSE (Mean Squared Error) + Dice Loss were used together. MSE measures the
average of the squares of the errors [29]. Dice Loss decreases excessive segmentation errors, and the
MSE reduces general image elaborations [30].

LossFunction = MSEloss + DICEloss (1)

*Optimizer: We used The ADAMW optimizer ADAMW has better and faster results than ADAM [31].
We used weightDecay=0.05. With WeightDecay optimization algorithm decays the weight at each
step of training.

2.2.2. Color channels

We used the median filter. It makes the images smoother. Then we divided all the images into RGB
channels. As shown in Figure 2, the blood vessels are most visible in the green channel.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 15



Akyel & Arici Gazi Muhendislik Bilimleri Dergisi: 9(1), 2023

Image Green Channel Red Channel Blue Channel

Figure 2. Images with Different Color Channels

2.2.3. Contrast enhancement

4)
We convert images with the green channel to grayscale. The contrast is sharper in the green channel,
after which normalization and Clahe (adaptive histogram equalization) were performed. Clahe was
used in preprocessing to improve the contrast. Then Gaussian blur was used. It facilitates the

detection of edges. With gamma correction, the image quality was increased (set to 1.2). Figure 3
shows the process.

Green Channel Image

Gray image Normalization Clahe GaussBlur

Figure 3. Contrast Enhancement Process

2.3. LinkNet

LinkNet uses batch normalization between convolutional layers followed by ReLU nonlinearity. This
model uses an encoder-decoder structure. /2 means a stride of 2. LinkNet has eight blocks, four
encoders, and four decoders [32]. The architecture of LinkNet is shown in Figure 7. The original
LinkNet uses ResNet18 as the encoder. Compared to SegNet, ENet, Dilation10, VGG16, and ResNet101,
LinkNet has the highest IoU. LinkNet is used for image segmentation [33]. LinkNet has high accuracy
and a short epoch time. LinkNet has 11.5M parameters. There are studies according to which LinkNet
has higher accuracy than UNet. According to Natarajan et al, LinkNet results better than UNet in
segmentation [34].

2.4. EfficientnetB7 and ResNetC

The mobile inverted bottleneck is the main part of EffcientNet models [35]. Types of EfficientNet types
have different numbers of this. EfficientNetB7 is the most successful model in EfficientNet types [36].
EfficientNetB7 can be seen in Figure 4. EfficientNet is generally used as an encoder in different types of
segmentation. Chetoui et al. used EfficientNet in DR. They achieved successful results [37]. ResNetC
includes 4 ResNet blocks. ResNetC network can be seen in Figure 5. ResNetC has almost 2 % higher
dice accuracy than the basic ResNet architecture in the PH2 dataset [38].
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Figure 4. EfficientNetB7 Architecture

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 16



Akyel & Arici Gazi Muhendislik Bilimleri Dergisi: 9(1), 2023

XIndeniity XIndentiy
<
9
| g - o z c
z ~ |2 H ML a 12
gl |5 R 9| |
e HyE 1 H INE HINE
ol |5 8l |2 gl |3 o |2
X 8 kS X s a
& :
= X Indentity X Indentity e
n 2
- )
« 3
3
5 5 5 § F
g | [g] | al 13 . ARE a3 L
z | sl |5 al |3 al |3 & RE
L L@ B -3
H E HNE H INE HNE
8| |2 ol |2 8 |3 of 1%
X 3 é X S 5
X Indentity
< <
(L] 0
o
< = < © b 4
= 3| 1§58 |3 sl |g& =
W T A0 > S>> 0© g r —>
=3 = o £ 1 5 M e
X o [=] o o
= =
F(X) F(X)

Figure 5. ResNet and ResNetC Architecture
2.5. Proposed model: LinkNet-RCB7

This model is based on LinkNetB7 [39]. We choose ADAMW. If there are potentially two classes,
sigmoid is a suiTable output function [40]. Table 2 shows hyperparameters.

Table 2. Hyperparameters applied in models

Parameter Blood Vessel Removal Optic Disc Segmentation
Batch Size 16 16

Input Size 256 256

weightDecay 0.025 0.025

Learning Rate 0.001 0.001

Number of Epochs 500 500

Optimizer ADAMW ADAMW

Loss Function MSE + Dice Loss MSE + Dice Loss

EfficientNetB7 was chosen as the encoder. This is the best type among others (BO-
B7) [41]. In this paper, a new model was presented named LinkNetRCB7. ResNetC blocks were used in
the last layer and middle block. Thanks to this, more features can be obtained. Middle block contains 3
ResNetC blocks. With this block, accuracy increased by about 1%. In figure 6, proposed model can be
seen. We used seven blocks that belong to EfficientnetB7.
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Figure 6. Proposed Model Architecture

2.6. Blood vessels removal

LinkNetRCB7 model was run with the blood vessel datasets. In the second stage, we used image
processing. This allowed us to eliminate blood vessels by almost 99%. Figure 7 shows the process.
Steps for the removal of blood vessels:

e The model was run for 500 epochs.

e We used morphological operations (opening, closing).

e Then we used the connectedComponentsWithStats function to remove small and unconnected

objects.
e The test dataset was cleaned from noise using the model.
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Figure 7. Blood Vessel Segmentation Stage Results
2.7. Optic disc segmentation

The dataset was cleared of noise in this step using a model trained in the blood vessel removal phase.
e The model was run for 500 epochs with the cleaned dataset.
e We used morphological operations (OPENING, CLOSING) to remove residual noise on the
masks.
e Post-processing: the connectedComponentsWithStats function was used to remove small and
unconnected objects.
e The test dataset was segmented with the trained model.

a

Figure 8. Optic Disc Segmentatlon Stage Results

3. Decision Support System

DSS helps decision-makers organize information and model outcomes. It is a computerized system that
supports. A DSS consists of 3 components: GUI, data management, and model [42]. Disease to
physician's decision support these systems based on classification algorithms that help diagnose
systems. Clinical decision-making, such as diagnosis support systems based on patient data, are
interactive software systems that help physicians [43]. In a study, DSS was designed to assist decision-
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makers [44]. In this research, the goal is to assist experts in making decisions. We have developed a
DSS for blood vessel removal and optic disk segmentation in fundus images. This DSS can help experts
in decision-making. It can also reduce diagnostic time and cost. The goal is to only help in diagnosis and
not to make decisions instead of experts. In proposed DSS, seven different datasets were used. These
datasets form the database part. They contain different sizes and numbers of images. LinkNetRCB7 is
a model that was developed in this work.

We used Tkinter to develop a user interface for proposed model. It has a simple design to make it easy
to use. There are three buttons. The "Load” button allows users to select images in .jpeg, jpg, gif, and
png formats. Then pressing the "Remove Noise” button will remove the noise in the fundus images.
Then the user can select a cleaned image or an image with noise. Finally, pressing the Segmentation
button segments the selected image. We give users the choice of selecting noisy or clean images. If the
experts think the removal phase is bad, they can choose another option. In summary, a user can do the
following

1. Select the noisy or clean image with the LOAD button.

2. Remove blood vessels from the images.

3. Segmentation of the optic nerve head.

4. User can find three images as the report in the program folder. These are the original image, the
cleaned image, and the segmented image.

In Figure 9, the general structure of proposed DSS can be seen. Figure 10 shows that the removal of
noise and the segmentation process.

Stare
Drive
DATABASE MODEL
(IMAGES) Deep Leaming GUI
Refuge (LinkNetRCB7) +
Messidor | DRISHITI-GS Image Processing
Figure 9. Structure of Proposed DSS
A. SELECTING IMAGE B. REMOVE NOISES
‘ CLINICAL DECISION SUPPORT SYSTEM | CLINICAL DECISION SUPPORT SYSTEM
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- - . -

C. OPTIC DISC SEGMENTATION
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Figure 10. Gui of Proposed DSS
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4. Results

4.1. Results of blood vessel segmentation

Different models were used in training stage. Table 3 demonstrates blood vessel segmentation results.
Table 4 compares studies (DI= Dice coefficient, ACC: Accuracy, S.E.: Sensitivity, S.P.: Specificity). These
studies uses different datasets. Because of this, the proposed model has run with the different dataset
to correct comparisons.

- Model accuracy Model accuracy
-~ Tain — Tain At -
—— oSt 091 - Tost
0.8 0 8
07
> 0.7
g g 06
o -]
] v
4 05
0.6 <
04
0.5 03
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0 100 00 W 0 500 0 100 00 W 40 500
Epoch Epoch
Blood Vessel Training with Stare Dataset Optic Disc Segmentation Training with Stare Dataset
Figure 11. Graphics of Training.
Table 3. Blood Vessel Segmentation
Model ACC mloU DI SE S.P. F1 Dataset
UNet 93.80 80.50 79.70 80.55 96.30 81.00 Stare
UNet++ 96.20 82.30 80.70 82.15 97.20 82.70 Stare
C-Net 96.70 83.10 82.80 83.20 98.10 83.70 Stare
LinkNetB7 97.20 84.60 83.10 86.30 98.30 84.10 Stare
Proposed Model 97.95 84.20 85.40 87.20 98.30 86.25 Drive
Proposed Model 97.60 83.65 84.50 86.30 97.40 86.20 Chase
Proposed Model 98.50 85.85 85.75 88.10 99.40 86.50 Stare
Proposed Model 97.50 83.30 84.10 86.80 97.80 84.30 HRF
Proposed Model 96.30 82.20 85.00 85.30 96.70 83.50 BVD
Table 4. Comparison of Models in Blood Vessel Segmentation
DRIVE CHASE STARE HRF
Refe- Acc F1 DI Acc F1 DI Acc F1 DI Acc F1 DI
rence
[12] 97.05 83.18 - 97.62 81.50 - 97.66 84.83 - - - -
[17] 95.66 82,22 - - - - 96.45 82.23 - - - -
[21] 96.30 - 80.91 97.03 - 80.06 - - - - - -
[13] 94.21 76.73 - - - - 94.77 72.60 - 95.17 7449 -
[9] 9572 - - - - - - - - - - -
[14] 98.19 - - - - - 98.16 - - - - -
[19] 92.00 - 71.00 95.00 - 74.00 95.00 - 69.00 93.00 - 60.00
[18] 95.65 82.99 - 96.71 81.94 - - - - - - -
[10] 95.83 75.45 - - - - 95.31 69.04 - 95.49 7093 -
[26] 9698 - - - - - - - - - - -
[11] 95.61 82.49 - 96.27 79.83 - 96.74 84.21 - - - -

Proposed97.95 86.25 85.40 97.60 86.20  84.50 98.50 86.50 85.75 97.50 84.30 84.10

For blood vessel segmentation, we used different datasets in cross-training. Table 5 demonstrates
obtained results. And figure 12 indicates predicted masks with other models.
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Table 5. Cross-training test results in blood vessel segmentation

TRAIN DATASETS

DRIVE CHASE STARE HRF
Test Dataset Acc DI Acc DI Acc DI Acc DI
DRIVE - - 94.15 81.70 96.90 84.15 96.30 83.75
CHASE 96.10 83.40 - - 96.00 84.00 95.75 82.80
STARE 97.00 84.20 95.50 83.10 - - 96.40 83.95
HRF 96.00 83.20 93.80 81.65 95.80 83.85 - -

Chase DB1
Image_04R

Drive: 26

HRF: 08_h

Stare:im0163

Image

Ground Truth

UNet

UNet++

C-Net

LinkNetB7 Proposed Model

Figure 12. Mask Predictions of Blood Vessel Segmentation with Different Models

4.2. Results of optic disc segmentation

We used five models in the training stages. Table 6 shows the results of these models with different
datasets. Table 7 demonstrates the comparison of studies. Table 8 shows the results of the cross-

training tests.
Table 6. Optic Disc Segmentation
Model ACC mloU DI SE S.P. F1 Dataset
UNet 93.85 90.20 92.80 92.70 95.10 93.20 DRISHTI-GS
UNet++ 96.15 92.10 94.60 94.40 96.50 95.05 DRISHTI-GS
C-Net 96.25 92.20 95.30 94.90 97.10 95.50 DRISHTI-GS
LinkNetB7 98.10 93.80 96.60 96.40 98.50 97.40 DRISHTI-GS
Proposed 98.65 93.40 98.00 97.10 98.75 98.00 ARIA
Proposed 95.95 91.20 94.40 95.60 95.90 96.00 MESSIDOR
Proposed 98.25 93.05 98.10 97.30 98.80 97.75 REFUGE
Proposed 98.85 93.50 98.30 97.50 99.10 98.00 DRISHTI-GS
Proposed 97.50 92.30 97.25 96.10 97.80 97.35 0DSD
Table 7. Comparison of Optic Disc Segmentation
DRISHTI-GS REFUGE MESSIDOR

Reference ACC DI mloU AcCC DI mloU AcCC DI mloU
[23] - 97.80 - - 96.01 - - -- -
[24] - - - - 94.70 - - - -
[6] - 97.84 - - 95.73 - - - -
[15] - 95.50 - - - - - - -
[16] - - - - - - 86.60 - -
[22] - 99.74 93.26 - 98.22 88.53 - - -
[20] - - - - 96.08 - - - -
Proposed 98.85 98.30 93.50 98.25 97.75 93.05 95.95 96.00 91.20
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Table 8. Cross-training test results in optic disk segmentation

TRAIN DATASETS

DRISHTI-GS REFUGE MESSIDOR ARIA
Test Dataset Acc DI Acc DI Acc DI Acc DI
DRISHTI-GS - - 98.10 97.25 95.60 94.20 98.40 98.00
REFUGE 98.70 97.80 - - 94.80 94.00 98.30 97.80
MESSIDOR 96.00 95.00 96.50 96.40 93.70 93.20 96.90 96.30
ARIA 98.50 97.85 97.10 96.90 94.20 93.80 - -

Figure 13 demonstrates predicted masks with different models.

Image Ground Truth UNet UNet++ C-Net LinkNet87 Proposed Model

Figure 13. Mask Predictions of Optic Disc Segmentation with Different Models.
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4.3. Ablation studies

We chose LinkNet as the base model. Then we add the EfficientNetB7 and ResNetC models to the base
model and look at their effects on the base model. We used Accuracy, F1, MeanloU, and Dice Accuracy
and presented the test results in Tables 9 and 10.

Table 9. Ablation Study in Blood Vessel Removal Stage with BVD Dataset

Parameter ACC meanloU DI F1

Baseline model 90.25 77.00 79.22 77.80
Baseline model + ResNet 91.05 78.35 80.20 78.75
Baseline model + ResNetC 92.20 79.15 81.10 79.45
Baseline model + EfficienNetB7 95.40 82.25 84.10 82.30
Baseline model + EfficienNetB7 + ResNet 95.60 81.75 84.60 83.00
Baseline model + EfficienNetB7 + ResNetC 96.30 82.20 85.00 83.50

Table 10. Ablation Study in Lesion Segmentation Stage with ODSD dataset

Parameter ACC meanloU DI F1

Baseline model 94.00 89.30 93.90 93.00
Baseline model + ResNet 94.30 89.70 94.10 93.30
Baseline model + ResNetC 94.50 90.00 94.40 93.60
Baseline model + EfficienNetB7 96.50 91.20 96.00 95.70
Baseline model + EfficienNetB7 + ResNet 97.00 91.90 96.70 96.20
Baseline model + EfficienNetB7 + ResNetC 97.50 92.30 97.25 97.35

5. Conclusion

In this study LinkNetRCB7 was developed for image segmentation. This model has obtained successful
results. In blood vessel segmentation, the proposed model is the most successful model except for two
studies on only accuracy parameter. It is seen in the literature that vessel noise becomes more
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prominent in the green color channel. Therefore, the green color channel was preferred in the study
and increased success was achieved.

In ODS, the proposed model has also good results. As a result, this study proposed a DSS with a new
model called LinkNet-RC7. High accuracy values were obtained in BVS and ODS stages. There is no such
study in the literature that includes DSS with ODS and BVS. These and similar studies may be promising
for the early diagnosis of diabetic retinopia.

In future studies, pixel loss can be further reduced by increasing the number of slices. In addition,
comparisons can be made by experimenting with different color spaces such as HSV for the images to
be trained.
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ABSTRACT

In connection with industrialization, technological developments and population growth,
the need for energy is increasing and supplying the energy needed for the welfare of
countries and societies is of great importance. Increasing energy need requires emphasis
on energy resources all over the world, providing the highest level of benefit from these
resources, and establishing efficiency and effectiveness in terms of the use and production
of resources. In this study, it is aimed to determine the efficiency and the efficiency change
in Turkish coal mining and to determine the appropriate arrangements to be made in line
with the analysis result. Periodic efficiency analysis has been carried out regarding the
Turkish Coal Enterprises Institution and the Turkish Hard Coal Enterprise Institution,
which are producing lignite and hard coal in Tiirkiye, and the issues that need to be done at
the point of ensuring efficiency have been tried to be determined. In the study, in which the
period 2001-2020 was chosen as the review period, the activities related to lignite and hard
coal mining were determined by the data envelopment analysis method. According to the
results of the analysis, there is a variable activity in lignite and hard coal mining by periods.
According to the results of the data envelopment analysis, it is observed that there is a need
for regulations regarding maximizing salable production and net sales according to the
current investment expenditure and operating expense in coal enterprises in the years
when efficiency is not in question.

Turkiye’de Komiir Madenciliginde Etkinlik
Degisimi

0Z

Sanayilesme, teknolojik gelismeler ve niifus artisi ile baglantili olarak enerji ihtiyaci giderek
artmakta ve tilkelerin, toplumlarin refahi i¢in ihtiya¢ duyulan enerjinin temini biiyiik nem
arz etmektedir. Artan enerji ihtiyaci tiim diinyada enerji kaynaklari iizerinde 6nemle
durulmasini, bu kaynaklardan en iist diizeyde faydanin saglanmasini, kaynaklarin kullanimi
ve iUretimi agisindan etkinligin, verimliligin tesis edilmesini gerekli kilmaktadir. Bu
calismada, Tiirkiye komiir madenciliginde etkinligin ve etkinlikteki degisimin belirlenmesi
ve analiz sonucu dogrultusunda yapilmasi uygun goriilen diizenlemelerin belirlenmesi
amaclanmistir. Tirkiye’de linyit ile taskomiirii liretiminde bulunan Tirkiye Komiir
Isletmeleri Kurumu ve Tiirkiye Taskémiirii Kurumu’'na iliskin olarak dénemsel etkinlik
analizi gerceklestirilmis ve etkinligin saglanmasi noktasinda yapilmasi gerekli olan
hususlar belirlenmeye calisimistir. Inceleme dénemi olarak 2001-2020 doéneminin
secildigi calismada, linyit ve taskomiirii madenciligine iliskin etkinlikler, veri zarflama
analizi yontemi ile belirlenmistir. Analiz sonucuna gore linyit ve taskomiirii madenciliginde
donemler itibariyle degisken bir etkinlik mevcuttur. Veri zarflama analizi sonuglarina gore,
etkinligin s6z konusu olmadig yillarda komiir isletmelerinde, mevcut yatirim harcamasi ve
faaliyet giderine gore satilabilir iiretim ve net satisin en tst diizeye ¢ikarilmasina iliskin
diizenlemelere ihtiyac¢ oldugu, gézlenmektedir.

To cite this article: M. E. Atukalp and A. Kesimal, “Efficiency Change in Coal Mining in Tirkiye,” Gazi
Journal of Engineering Sciences, vol. 9, no. 1, pp. 27-36, 2023. doi:10.30855/gmbd.0705049

AKADEMIK
YAYINCILIK



1. Glrl$ (Introduction)

Sanayilesme, teknolojik gelismeler ve niifus artisi ile baglantili olarak enerji ihtiyaci giderek artmakta
ve llkelerin, toplumlarin refahi i¢in ihtiya¢ duyulan enerjinin temini biiyiik 6nem arz etmektedir. Artan
enerji ihtiyaci tim diinyada enerji kaynaklar iizerinde énemle durulmasini, bu kaynaklardan en iist
diizeyde faydanin saglanmasini, kaynaklarin kullanimi ve {iretimi agisindan etkinligin, verimliligin tesis
edilmesini gerekli kilmaktadir. Artan enerji ihtiyacin1 karsilayabilmek icin birincil-ikincil veya
yenilenebilir-yenilenemez seklinde siniflandirmalara tabi tutulan enerji kaynaklarindan daha fazla
yararlanilmaya calisilmalidir.

Ulkeler icin elektrik basta olmak iizere ikincil enerji kaynaklarina olan ihtiya¢ birincil enerji
kaynaklarinin 6nemini somutlastirmaktadir. Elektrik enerjisi iiretiminde kaynak dagilimi arasinda
kémiir, %38’lik deger ile en yiiksek paya sahiptir [1]. ikincil enerji kaynaklarinin olusturulmasinda,
petrol, dogalgaz, komiir, odun gibi dogrudan tiiketilebilen enerji kaynaklarindan olusan birincil enerji
kaynaklar1 kullanilmaktadir. Artan enerji ihtiyac1 tiim diinyada mevcut ve yeni enerji kaynaklari
lizerinde 6nemle durulmasini gerektirmektedir.

Koémiir iiretimi, komiiriin dogal kosullarina, teknolojik gelismelere ve ekonomik tiretim miktarina bagh
olarak acik ocak isletmeciligi ve yeralti isletmeciligi seklinde yapilmaktadir. Uretim bicimini etkileyen
bu faktorler, maden yatag ve iizerindeki toprak ortiiniin kalinligi, maden yataginin yayilimi, tiretim
yonteminin maliyetleri, liretim yontemleri sonucu olusacak maden kaybi ve zararlari, gelistirme
maliyetleri, iklim, topografya, isgiici kullanim imkani, sermaye olanaklari, hedeflenen islemlerin
surekligi seklinde siralanabilir [2].

Turkiye’deki komiir rezervleri temel olarak linyit ve taskomiri olarak sinmiflandirilabilir. Tirkiye,
komiir rezervi, Uretim payi, tilketim 6zellikleri dikkate alindiginda linyit a¢isindan 6ncelige sahip bir
tilkedir. Tiirkiye, diinya Olgeginde gerek rezerv gerekse iliretim miktar1 bakimindan linyitte orta
diizeyde, tagskomiiriinde (antrasit) ise alt diizeyde yer almaktadir. Yillar itibariyle kaynak bazinda
birincil enerji Uretimi, linyit ve taskdmiiri odakl olarak ele alindiginda 1970-1975 ddneminde
tagkomiiri tiretiminin, 1976’dan sonra linyit liretiminin fazla oldugu gorilmektedir [1].

Tiirkiye’de linyit kaynag Elektrik Uretim Anonim Sirketi, Tiirkiye Kémiir Isletmeleri Kurumu (TKi),
Maden Tetkik ve Arama Genel Miidiirliigii olmak tizere ti¢ kamu kurulusunda ve 6zel sektor ruhsat
sinirlan igerisinde bulunmaktadir [1; 3]. Turkiye’de taskomiirii rezervleri Zonguldak Havzasinda
bulunmaktadir. Tagkémiiri liretimi Tiirkiye Taskomiirti Kurumu (TTK) ve TTK'nin imtiyaz sahasinda
rodovans usulti ile ¢alisan 6zel sektor tarafindan gergeklestirilmektedir [4].

Turkiye’de satilabilir komir iiretimi, Kasim 2020’de 5.861.210 ton/ay linyit, 106.711 ton/ay
tagkomiirii olmak tizere ger¢eklesmistir. Buna gore linyit liretimi bir 6nceki yilin ayni ayina gore %18,1
azalmistir. Tagkomiirii liretimi ise 6nceki yilin ayni ayina goére %6,6 artmistir [5].

Tim enerji kaynaklar ile ilgili spesifik degerlendirmeler yapilabilmekle birlikte, birincil enerji
kaynaklari arasinda yer alan komiiriin elektrik iiretiminde, sanayi, konut ve ticari 1sitma sistemlerinde
vb. kullanilmakta oldugu ve rezerv Omrii nedeniyle oneme sahip oldugu belirtilebilir. Enerji
kaynaklarinin tamami gibi komiirden saglanabilecek en iist diizey faydanin elde edilmesi, kaynaklarin
kullanimi ve iiretim acgisindan etkinligin ve verimliligin saglanmasi gerekliligini beraberinde
getirmektedir.

Bu kapsamda komiir madenciligi, komiire iliskin teknik analizler, birincil enerji kaynag1 olarak
koémiiriin enerji iretimine katkilari, madencilik yontemleri vb. boyutlar1 ile analizlerde ele
alinmaktadir. Tiirkiye’de ve yabanac iilkelerde, komiir ve komiir madenciligi hususunda yapilmis
bir¢ok analiz bulunmaktadir. Bu analizlerden etkinlik 6l¢iimiinii konu alanlar incelendiginde, bir
tilkedeki komiir madenciligi isletmelerinin ve komiir madenciligi tiretim yontemlerinin etkinligi, bir
koémiir isletmesinin yillar itibariyle gosterdigi etkinlik, farkl iki tilkenin kémiir madenciligine iliskin
etkinlik kiyaslamasi gibi konularin arastirildig1 gézlenmektedir.

Turkiye ve yabanci tlilkelerde komiir madenciligine iliskin olarak yapilmis etkinlik analizi calismalari
Tablo 1'de yer almaktir.
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Tablo 1. Komiir madenciligi etkinligi ¢alismalari (Studies on coal mining efficiency)

Yazar

Calisma (Ulke-Dénem-Analiz Konusu)

Kulshreshtha ve Parikh [6]

Hindistan’da yeralti ve agik ocak komiir madenciliginin 1985-1997 doénemindeki
etkinliginin incelenmesi,

Uygun vd. [7]

Tiirkiye Kémiir Isletmeleri Kurumu’na bagh Garp Linyitleri Isletmesi Miidiirliigi (GLI)
yeralti ve agikocak isletmelerinin 1985-2002 doénemindeki tiretim yontemlerinin
verimliliginin karsilastirilmasi

Tong ve Ding [8]

Cin'deki komiir madenlerinde giivenlik girdilerinin uygun olmayan sekilde tahsisinin
yayginlagmasi nedeniyle komiir madenciligi operasyonlarinda sik¢a kazalarin meydana
geldigini belirttikleri calismalari

Fang vd. [9]

Cin ve ABD’deki komiir isletmelerinin 2001-2005 doénemindeki teknik etkinliginin
karsilastirilmasi

Cimen [10]

TKi’'nin 8 isletmesinin 2006-2009 dénemindeki etkinliklerinin, siiper etkinliklerinin ve
toplam faktor verimliliklerinin analiz edilmesi

Aydin ve Onsoy [11]

Zonguldak Tagskomiirii Havzasi komiir isletmelerinin 2005-2008 yillar1 arasindaki isgiici,
sermaye, ara girdi kismi faktor verimlilikleri ve toplam faktor verimliliklerinin analiz
edilmesi

Bakirci vd. [12]

2003-2010 yillar1 arasinda Tiirkiye kdmiir isletmelerinin verimliliginin dl¢tilmesi

Song vd. [13]

2006-2011 donemine dayali verilerle 36 Cin komiir isletmesinin operasyonel
verimliliginin incelenmesi. Kémiir isletmelerinin i¢ yapisina gore liretimin tiretim stireci
ve Kkirlilik aritma siireci olarak ayrilarak her iki siiregteki verimliliklerin
degerlendirilmesi ve liretim kaybinin nedenleri ve cevre verimliligi analiz edilmesi.

Kasap [14]

Tirkiye'nin 2000-2015 yillar1 arasindaki enerji tretiminde koémiir kullaniminin
gelisiminin, toplam faktor verimlilik indeksinden yararlanarak incelenmesi

Li ve Yang [15]

Cin'deki 39 sanayi sektoriiniin 2003-2014 yillar1 arasinda kémiir girdisi ve atik su
kontroliine iliskin degiskenleri kullanarak toplam faktdr verimliliginin incelenmesi

2007-2013 doneminde Vietnam komiir madenciligi endiistrisindeki toplam faktor

Phuong [16] verimliligi ve verimlilik degisikliklerinin analiz edilmesi
Livd. [17] 2011-2016 doneminde, 24 Cin ilinde kdmiir iiretim verimliliklerinin ve arazi hasarinin
) degerlendirilmesi
Cin'de mikro diizey komiir isletmelerinin lretim verimliliginin ve koémiir madeni
Wu vd. [18] verilerini kullanarak komiir isletmesi girdi ve ¢ikt1 faktorlerinin verimliliginin analiz
edilmesi
Xue vd. [19] Cin'deki 30 ilde komiir kaynaklarinin verimliliginin 2000-2015 déneminde 6l¢iilmesi ve

komiir kaynaklarinin verimliligi tizerinde etkili olan faktdrlerin analiz edilmesi

isletmeler icin amaglarina ulasma dogrultusunda gosterilen cabalarin, beklenen ve planlanan
sonuglara uygunlugu etkinlik olarak tanimlanmaktadir. Kémiir madenciligi ile ilgili olarak sinirh
kaynaklar1 kullanima kazandiran bir organizasyonun etkin ve verimli operasyonlara sahip olmasi
gerek ilgili organizasyon gerekse tilke acisindan 6neme sahip olup, kontrol edilmelidir.

Bu c¢alismanin amaci Tirkiye’de komiir madenciliginde etkinligin ele alinan faaliyet donemleri
itibariyle analiz edilmesi ve bu hususta analiz ile baglantilh olarak yapilmasi uygun olabilecek
diizenlemelerin ortaya konulmasidir. Calismada Tiirkiye’de linyit ve tagkomiirii liretimi faaliyetlerinde
bulunan TKI ve TTK'ya iliskin etkinlik analizinin yapilmasi planlanmistir. Bu kapsamda TKI ve TTK'nin
2001-2020 ddénemi itibariyle gelir ve liretim noktasinda etkinlikleri analiz edilmistir. Calismada daha
sonra TKi ve TTK'nin yillar itibariyle etkinlikleri degerlendirilerek, kémiir madenciligi icin etkin
olunmayan dénemlerde etkinligin saglanmasi noktasinda gerekli diizenlemelerden bahsedilmistir.

Literatiirde yer alan ¢alismalarda karar verme birimi olarak komiir isletmelerinin se¢ilmesi suretiyle
isletmelerin etkinligi incelenmekte olup ilgili isletmelerin etkinlik karsilastirmasi gerceklestirilmistir.
Bu ¢alismanin 6zgiin degeri ise karar verme birimi olarak yillarin ele alinmasi suretiyle linyit ve tas
koémiiri isletmeciliginde donemsel etkinliklerin incelenmesi olup, bu kapsamda etkin olunmayan
donemlerde etkinligin saglanmasi noktasinda gerekli diizenlemelerin ele alinmasi 6neme sahiptir.

2. Analiz Yontemi ve Veri Seti (Analysis Method and Data Set)

Tiirkiye’de linyit kémiirii ve tas kémiirii isletmeciligi noktasinda TKi ve TTK'nin ele alinan dénem
boyunca etkinlik degisiminin belirlenmesi bu béliimde ele alinmistir. Béliimde analizin yapilacagi
yontem ve ele alinacak veri seti aciklanmistir.

Performans gelistirme ¢alismalarinda, kaynaklarin tam kapasitede kullanilmasina ulasmak noktasinda
etkinlik ol¢timleri yararhdir [20]. Etkinlik 6l¢ciimiinde kullanilan yontemler oran analizi, parametrik
yontemler ve parametrik olmayan yontemler olarak tice ayrilmaktadir.
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Oran analizi, tek girdi ve tek cikti ile uygulanan ve etkinlik 6l¢timiinde kullanilan teknikler arasinda en
basit ve en yaygin kullanilan yontemdir.

Parametrik yontemlerde, etkinlik analizi yapilacak sanayi dalina iliskin tiretim fonksiyonunun analitik
bir yapiya sahip oldugu varsayillmakta ve fonksiyonun parametrelerinin belirlenmesine
calisilmaktadir. Parametrik yontemlerde tiretim fonksiyonu tanimlanmasinda, ¢ogunlukla tek cikti ve
bircok girdi iliskilendirilmektedir. Bircok girdi ve bir¢ok ¢iktinin iliskilendirildigi parametrik
yontemler de bulunmaktadir [21]. Parametrik yontemler arasinda en yaygin kullanilani veri zarflama
analizidir.

Parametrik olmayan yoéntemler, liretim fonksiyonu icin analitik formun varligini 6ngérmeyen,
matematiksel programlamayi ¢6ziim teknigi olarak benimseyen yontemlerdir. Bu yontemler, bircok
girdi ve bir¢cok ciktinin s6z konusu oldugu iiretim ortamlarinda etkinlik 6l¢iimii i¢in uygun yapiya
sahiptirler [21]. Parametrik yontemlerin aksine birden fazla girdi ve ¢ikti degiskeninin yer almasi
parametrik olmayan ydntemlerin avantajidir. Ote yandan rassal hata terimi icermedikleri icin hatalari
modele aktararak etkinlik sinirinin yanls tespit edilmesine neden olmak seklinde dezavantaji da
bulunmaktadir [22].

2.1. Veri zarflama analizi (Data envelopment analysis)

Veri zarflama analizi (VZA), birbirlerine benzer, ayni tiir girdiler kullanarak ayni tiir ¢iktilar lireten
ekonomik karar verme birimlerinin (KVB) karsilastirmali etkinliklerinin 6l¢iilmesi amaciyla
gelistirilmistir [23].

VZA yardimiyla; ele alinan KVB’lerin yonetimlerini degerlendirmek, KVB’lerde etkinsizlige neden olan
kaynaklari ve etkinsizlik miktarlarini belirlemek, sinirli kaynaklarin istenilen ¢iktilarin iiretilmesinde
daha etkin kullanacak birimlere yodnlendirilmesi fikrine temel olusturarak kaynaklarin birimler
arasinda yeniden atanmasini saglamak seklinde siralanabilecek amaclar gergeklestirilebilmektedir
[24].

VZA modelleri, girdi ve ¢ikt1 odakli olarak incelenebilmektedirler. Girdi odakli modeller, ¢iktilarin sabit
olmasi durumunda girdilerin miimkiin oldugunca azaltilabilmesi esasina dayanmaktadir. Girdi odakl
modelde etkin olmayan bir KVB, ¢iktilar kontrol altinda iken girdilerin azaltilmasi yoluyla etkin hale
getirilebilecektir. Cikti odakli modeller ise girdilerin sabit olmasi durumunda g¢iktilarin mimkiin
oldugunca artirilabilmesi esasina dayanmaktadir. Cikti odakli modelde ise etkin olmayan bir KVB,
girdiler sabit tutulurken ¢iktilarin artirilmasi yoluyla etkin hale getirilebilecektir [25].

VZA sonucunda etkinligi 6l¢tilmek istenen KVB'ler icin 0 ile 1 arasinda degisen bir etkinlik degeri
hesaplanmakta, etkin KVB’lerin etkinlik degerleri 1 olarak belirlenmekte, etkinlik degeri, 1’den diisiik
olan (0 ila 1 arasinda olan) diger karar verme birimleri ise etkin bulunmamaktadir.

Veri zarflama analizinde kullanilan yontemler temel olarak, Charnes-Cooper-Rhodes (CCR) yontemi,
Banker-Charnes-Cooper (BCC) yontemi olarak siralanabilir. BCC modeli ile saf teknik etkinlik 6l¢lim,
CCR modeli ile ise saf teknik etkinlik ve dlcek etkinligi ortaya koyan toplam etkinlik (toplam teknik
etkinlik) ol¢limi yapilmaktadir [26; 27]. Buna gore saf teknik etkinlik ve toplam teknik etkinlik
degerlerini ortaya koyan VZA ile KVB’lerin uygun dlgekte faaliyet gdsterip gostermedigini ortaya koyan
Olcek etkinligi degerleri de elde edilmektedir.

2.2.1. CCR modeli (CCR model)

CCR modeli, Charnes, Cooper ve Rhodes [28] tarafindan 1978 yilinda 6lcege gore sabit getiri varsayimi
alinda tanimlanmigtir. Charnes, Cooper ve Rhodes tarafindan gelistirilen VZA modelinin
uygulamasinda, kesirli programlama modeli ve dogrusal programlama modeli, daha sonra dual model
olusturulmustur [27]. Kesirli ve dogrusal programlama modellerinde referans karar birimlerinin
hesaplanmasi giigliigii bulunmaktadir. Dual model, bu gii¢liigii ortadan kaldirmaktadir. CCR i¢in ¢iktiya
yonelik dual model (1) no’lu esitlikte gosterilmistir [21; 22; 29].
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2.2.2. BCC modeli (BCC model)

Banker-Charnes-Cooper (1984) [30] tarafindan gelistirilen BCC modeli ise dlgege gore degisken getiri
varsayimi altinda etkinlik 6l¢limii yapmaktadir. Cikti odakli BCC modellerinde, ¢iktilarin en tist diizeye
¢ikarilmasi amacinin bulunmasi nedeniyle etkinlik degerinin minimum olmasi hedeflenmektedir.

BCC modelinin ¢iktiya yonelik dual modeli (2) no’lu formiilde gosterilmistir [22].

m N
E, = maksimum f§ + ¢ (Z o + Z Ur") (2)
r=1

i=1

Modelin kisitlari;
n
inj 9j—xl-k+0'i_ =0 9].)0-]:_’0-; = 0
j=1
- N r=1,..,s
Zyrj 9]- =By —oF =0
j=1 L= 1, e, m

2.2. Veri seti (Data set)

Analizde 2001-2020 dénemi, KVB olarak ele alinmig olup kdmdir isletmelerinin her bir yildaki etkinligi
olciilecektir. Etkinlik 6lciimiinde girdi degiskeni olarak yatirim harcamalari (TL), faaliyet giderleri (TL),
cikt1 degiskeni olarak ise net satislar (TL), satilabilir tiretim (ton) kullanilmustir. Veriler TKi ve TTK’dan
elde edilmistir. Veri zarflama analizi DEAP 2.1. programu ile yapilmistir.

KVB’lerin belirlenmesinde, ele alinan girdi ve ¢ikti1 degiskeni sayilari ile ilgili dikkat edilmesi gereken
kurallar bulunmaktadir. Bunlar girdi ve ¢ikti sayisinin ¢arpimindan daha fazla sayida KVB kullanilmasi
ya da girdi ve ¢ikt1 sayis1 toplamindan fazla sayida KVB’nin analize dahil edilmesi seklinde ele alinabilir
[31]. KVB olarak ele alinan, diger ifade ile etkinligi karsilastirilan yil sayis1 ve degisken sayisi toplami
ele alindiginda bu kurallarin karsilandigi goriilmektedir.

Analiz ¢ikt1 odakl veri zarflama analizi yontemi ile gerceklestirilmistir. Cikt1 odakl yaklasimda mevcut
yatirim harcamalar ve faaliyet giderleri ile baglantili olarak ortaya ¢ikarilmasi miimkiin olan en ¢ok
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satilabilir komiir liretimi ve komiir net satis gelirinin belirlenmesi esas alinarak komiir madenciligine
iliskin analiz gerceklestirmistir. Bunun sonucunda yatirim harcamalarinin etkin kullanimi sonucu,
personel motivasyonunu artirici ilicretlendirmenin veya ¢alisma ortaminin iyilestirmesini saglayan
planlamalarin, mekanizasyon harcamalarinin, komiir iiretiminde ve satislarda sebep olacag artis ele
alinabilecektir. Bu dogrultuda yapilacak incelemeler, komiir madenciliginde etkinlikte artis1 saglayacak
olan liretim ve gelir maksimizasyonuna isaret edecektir.

Donemsel analizde kiyaslamanin yapilabilmesi icin Tiirk Lirasi ile ifade edilen yatirim harcamalari,
faaliyet giderleri ve net satislar degiskenleri icin Tiirkiye Istatistik Kurumu (TUIK) verilerinden
yararlanilarak elde edilen deflator (2009=100) ile reel degerler elde edilerek analize dahil edilmistir.

3. Bulgular (resuits)

Tiirkiye'de linyit ve taskdomiirii madenciliginde etkinlik analizinde 6lcege gore sabit getiri varsayimi
altinda CCR Modeli ve dlcege gore degisken getiri varsayimi altinda BCC modelinden yararlanilmistir.
Analiz sonucunda CCR modeli ile toplam teknik etkinlik, BCC modeli ile saf teknik etkinlik ve 6lgek
etkinligi degerleri elde edilmistir.

TKi’nin 2001-2020 dénemindeki etkinlik sonuglari Tablo 2’de verilmistir.

Tablo 2. TKi etkinlik degerleri (TKI efficiency values)

vil TTE STE OE 0GGD
2001 1,000 1,000 1,000 -

2002 1,000 1,000 1,000 -

2003 0,731 0,785 0,931 azalan
2004 0,731 0,735 0,994 artan
2005 0,799 0,934 0,856 azalan
2006 0,702 0,769 0,912 azalan
2007 0,899 0,940 0,956 azalan
2008 1,000 1,000 1,000 -
2009 0,952 0,955 0,997 artan
2010 0,866 0,869 0,997 artan
2011 1,000 1,000 1,000 -

2012 0,969 1,000 0,969 azalan
2013 0,797 0,803 0,993 artan
2014 0,645 0,712 0,906 azalan
2015 0,641 0,661 0,970 artan
2016 0,656 0,678 0,967 artan
2017 0,650 0,670 0,971 artan
2018 0,948 1,000 0,948 azalan
2019 1,000 1,000 1,000 -
2020 1,000 1,000 1,000

Ortalama 0,849 0,875 0,968

TTE : Toplam teknik etkinlik STE : Safteknik etkinlik

OE : Olgek etkinligi OGGD: Olgege gore getiri degisimi

Tablo 2’de yer alan sonuglara gore 2001, 2002, 2008, 2011, 2019 ve 2020 yillari, linyit madenciliginde
TKi'nin saf teknik etkinlik, 6lcek etkinligi ve toplam etkinlige sahip oldugu yillardir. 2003, 2004, 2005,
2006, 2007, 2009, 2010, 2013, 2014, 2015, 2016 ve 2017 yillarinda TKI saf teknik, Olcek ve toplam
etkinlige sahip degildir. Bu yillarda TKi’nin etkin olmama nedeni, kémiir isletmesi tarafindan ilgili
yillarda yapilan yatirim harcamalar1 ve faaliyet giderlerine kiyasla meydana getirilebilecek en iist
diizeyde satilabilir tiretim miktarinin ve net satislarin gerceklesmemis olmasidir. Diger bir ifade ile
ilgili y1llarda mevcut yatirim harcamasi ve faaliyet gideri ele alindiginda TKi’nin daha fazla satilabilir
liretim ve net satis gerceklestirmesi gerektigi halde gerceklestirmemesi etkinligin meydana
gelmemesini saglamustir. Ote yandan ilgili yillarda TKi 6l¢ek etkinligine de sahip degildir.

2012 ve 2018 yilinda ise linyit komiirii madenciliginde 6lcek etkinligi olmasa dahi, mevcut girdilerle
en iist diizeyde kémiir iiretimi ve satisinin oldugu, bu nedenle TKi’nin saf teknik etkin oldugu
goriilmektedir.

TKi’'nin saf teknik etkinlik, 6lcek etkinligi ve bilesimi olan toplam teknik etkinlik degerleri ve degisimi
2001-2020 dénemi itibariyle Sekil 1’de goriilmektedir.
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Sekil 1. TKI etkinlik degerlerinin yillar itibariyle goriiniimii (View of TKI efficiency values by years)

Sekil 1 incelendiginde 2003-2007 déneminde, 2009, 2010 yilinda ve 2013-2017 doneminde saf tek
etkinligin azalis gosterdigi goriilmekte olup, s6z konusu yillarda mevcut yatirim harcamasi ve faaliyet
giderine karsilik en iist diizeyde satilabilir komiir tiretimi ve satisin meydana gelmedigi soylenebilir.

Ele alinan yilda girdilerinin ayni oranda artirilmasi durumunda ¢ikt1 seviyesindeki artisin girdi
seviyesindeki artistan fazla olmasi durumu oOlgege gore artan getiri, ¢cikti seviyelerindeki artisin
girdilerindeki artistan az olmasi durumu 6lcege gore azalan getiri, artisin girdi ve ¢cikti seviyesinde ayni
kalmasi durumu dlgege gore sabit getiri s6z konusu olacaktir [32]. Buna gore Tablo 2 6lcege gore getiri
degisimi sonuclarina gore 2004, 2009, 2010, 2013, 2015, 2016, 2017 yillarinda her ne kadar etkinlik
soz konusu olmasa da &lgcege gore etkinlik degisim verilerine gore, bu yillarda yatirim ve faaliyet
giderinde meydana gelen 1 birimlik artisa karsin iiretim ve satis diizeyinde daha c¢ok artis
gozlemlenmistir.

TTK'nin 2001-2020 dénemindeki etkinlik sonugclari Tablo 3’te verilmistir. Tablo 3’te yer alan sonugclara
gore 2001, 2002, 2004, 2008 ve 2010 yillar taskomiiri madenciliginde TTK'nin saf teknik etkinlik,
Olcek etkinligi ve toplam etkinlige sahip oldugu yillardir. Bu yillarda yatirim harcamalar1 ve faaliyet
giderleri ele alindiginda iiretim ve satis maksimize edilmistir. 2003, 2005, 2006, 2009, 2013, 2016,
2017 ve 2018 yillarinda TTK saf teknik, 6lcek ve toplam etkinlige sahip degildir. Ilgili yillarda mevcut
yatirim harcamasi ve faaliyet giderine gore TTK'nin satilabilir {iretim ve net satisin en st diizeye
cikarilmadigi sdylenebilir.

Tablo 3. TTK etkinlik degerleri (TTK efficiency values)

Yil TTE STE OE OGGD
2001 1,000 1,000 1,000 -

2002 1,000 1,000 1,000 -

2003 0,989 0,993 0,997 azalan
2004 1,000 1,000 1,000 -

2005 0,874 0,923 0,947 artan
2006 0,583 0,934 0,625 azalan
2007 0,999 1,000 0,999 azalan
2008 1,000 1,000 1,000 -

2009 0,938 0,949 0,988 artan
2010 1,000 1,000 1,000 -

2011 0,921 1,000 0,921 artan
2012 0,827 1,000 0,827 artan
2013 0,743 0,856 0,869 artan
2014 0,770 1,000 0,770 artan
2015 0,561 1,000 0,561 artan
2016 0,471 0,620 0,759 artan
2017 0,549 0,696 0,788 artan
2018 0,507 0,835 0,608 artan
2019 0,514 1,000 0,514 artan
2020 0,470 1,000 0,470 artan
Ortalama 0,786 0,940 0,832

TTE : Toplam teknik etkinlik STE : Saf teknik etkinlik

OE : Olgek etkinligi OGGD : Olgege gore getiri degisimi

2007, 2011, 2012, 2014, 2015, 2019 ve 2020 yilinda ise taskomiirii madenciliginde 6lgek etkinligi
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olmasa dahi, mevcut girdilerle en iist diizeyde komiir liretimi ve satisinin oldugu, bu nedenle TTK'nin
saf teknik etkin oldugu goriilmektedir.

Saf teknik etkinlik, 6lcek etkinligi ve bilesimi olan toplam teknik etkinlik degerleri ve degisimi TTK igin
2001-2020 dénemi itibariyle Sekil 2’de goriilmektedir.
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Sekil 2. TTK etkinlik degerlerinin yillar itibariyle goriiniimii (View of TTK efficiency values by years)

Sekil 2’ye gore 2003, 2005, 2006, 2009, 2013, 2016, 2017, 2018 yillarinda saf teknik etkinlik azalmistir.
Buna gore ilgili yillarda mevcut yatirim harcamasi ve faaliyet giderine karsilik satilabilir komiir tiretim
ve satisin maksimize edilmedigi anlasiimaktadir. Ote yandan Tablo 3 6lgege gore getiri degisimi
sonuglarina gore 2005, 2009, 2013, 2016, 2017, 2018 yillarinda etkinlik s6z konusu olmasa da 6lcege
gore etkinlik degisim verilerine gore, bu yillarda yatirim ve faaliyet giderinde meydana gelen artisin
Olcegine gore, daha cok liretim ve satis artis1 gozlemlenmistir.

TKi ve TTK'nin etkin olmadig1 yillarda ilgili isletmelerin ciktilarini (net satis ve satilabilir {iretim)
artirmasi, etkin olmalarim saglayacaktir. TKi ve TTK’nin etkin olmadiklar yillarda etkin olabilmeleri
amaciyla ciktilarinin mevcut duruma gore sahip olmasi gereken artis yiizdesi, diger bir ifade ile etkinlik
amaciyla hedeflenmesi gereken ciktilara ulasmak igin c¢iktilarim1 yiizde kag¢ artirmalarinin gerekli
oldugunu gosteren degerler Tablo 4’te verilmistir.

Tablo 4. Hedef degisim yiizdeleri (Target change percentages)

- TKi TTK

! Net satislar Satilabilir iiretim | Net satiglar Satilabilir iiretim
2001 --
2002
2003 27 27 4 1
2004 36 47
2005 7 7 17 8
2006 30 30 7 55
2007 6 8 --
2008
2009 5 7 7 5
2010 15 18 - -
2011
2012
2013 25 61 25 17
2014 40 136
2015 51 173
2016 47 175 80 61
2017 49 157 44 51
2018 20 35
2019
2020

VZA analiz yontemi sonucunda, etkinligin saglanmasi i¢in ilgili ¢iktilarin olmasi gereken degerler
belirlenmektedir. Tablo 4 verilerine gore 2010 yilina kadar TKi’de hem iiretim hem satista hedeflenen
artislarin yakin oldugu, 2014 sonrasinda ise liretimde hedeflenmesi gereken diizeyin ¢ok yiliksek
oldugu goriilmektedir. TTK'da ise analizin herhangi bir yilinda iiretim ve satis arasinda 6nemli bir
hedef farklihigr bulunmamaktadir. TKi icin 2018 ve sonrasinda, TTK icin ise 2019 ve sonrasinda
etkinligin ve bu dogrultuda olmasi gereken (hedeflenen) komiir liretim ve satis degerlerinin saglandig
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goriilmektedir.

4. Sonuglar ve Tartlsma (Results and Discussion)

Tiirkiye icin komiir iretiminin artirilarak enerji ihtiyacinin karsilanmasi ve noktada enerji tiretiminde
yararlanilacak yerli komiir iretimin artirilmasi éneme sahiptir. Koémiir madenciliginde gelisme
saglanabilmesi icin mevcut kaynaklarin etkin kullanimi énem arz etmektedir. Bu dogrultuda enerji
politikalarinda linyit ve taskomiirii liretimine oOnem verilmesi gerekmektedir. Mevcut kdmiir
rezervlerinin enerji, cevre ve ekonomi vb. tim sartlar dikkate alinarak en uygun sekilde isletilip
liretimde artisin saglanmasi ve tiim enerji kaynaklari dikkate alindiginda kémiiriin 6nemli bir alternatif
olma avantajina sahip olma durumunun siirdiirtilebilirligi i¢in tiretimde etkinligin tespit edilmesi ve
artirillmasina iligskin calismalara yer verilmesi gerekmektedir. Bu dogrultuda da komiir madenciliginde
sinirh kaynaklar ile hedeflere ulasilma derecesinin belirlenmesi icin performans odlglimlerinin
yapilmasi gerekmektedir. Bu ¢alismada linyit ve taskomiirii isletmelerinin iiretim ve satis geliri
dogrultusunda etkinligi analiz edilmistir.

Komiir madenciliginin biitiin olarak ele alinmasi ile linyit ve taskomiirii madenciliginin etkinlik
degisiminin belirlenmesi amaciyla calismada, linyit ve taskdomiiric madenciliginin yillar itibariyle
etkinliginin analizi yapilmistir. Analiz sonucuna gore linyit ve taskomiirii madenciliginde donemler
itibariyle degisken bir etkinlik mevcuttur. Etkin olunmayan yillarda TKi ve TTK’'nin etkin olmama
nedeni, kdmiir isletmesi tarafindan ilgili yillarda yapilan yatirim harcamalar1 ve faaliyet giderlerine
kiyasla meydana getirilebilecek en st diizeyde satilabilir tiretim miktarinin ve net satislarin
gerceklesmemis olmasidir.

Uretime ihtiyac diizeyi, cevre ve ekonomik optimizasyon hususlar1 da dikkate alinarak, komiir
isletmeleri icin, s6z konusu girdilerle (yatirim harcamasi ve faaliyet gideri) daha fazla iiretimin ve /veya
satisin gerceklestirilmesi hususunda yapilmasi gereken iyilestirmeler, ¢iktilarin en st diizeye
cikarilmasina iliskin diizenlemeler, isletmelerin etkin hale gelmelerini saglayacaktir. TKi ve TTK icin
incelenen yillarin son déneminde ait sonuglar ele alindiginda etkinligin devamliliginin saglandig:
goriilmektedir.
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ABSTRACT

Keywords: steel, bolted Today, the use of steel structural systems is increasing rapidly due to its features such as
connection, corrosion, high strength, fast manufacturing and ductility. Despite to the superlative properties of steel
tensile strength, ductility material, there are also some disadvantages like the formation of corrosion. Corrosion
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Farkl Tipte Korozyon Hasarl Celik Bulonlu
Birlesimlerin Yapisal Davranisi

0Z
Gilinlimiizde yiiksek dayanim, hizli imalat ve siineklik gibi 6zelliklerinden dolay: ¢elik
tagiyrct  sistemlerinin - kullanimi  hizla artmaktadir. Celik malzemenin iistiin
ozelliklerinin yaninda korozyon olusumu gibi bazi dezavantajlart da bulunmaktadir.
Celik tastyict sistemlerde ozellikle birlesim bolgelerinde meydana gelen korozyon
hasar1 biiylik 6neme sahiptir. Birlesim bolgelerindeki yapisal elemanlarda veya birlesim
araglarinda olusacak biiyiikk bir hasar yapinin biiyiik dl¢lide zarar gérmesine sebep
olabilmektedir. Bu c¢aligmada, S235 kalitesinde g¢elikten imal edilmis 6 mm
kalinligindaki bulonlu birlesimli levhalarda farkli korozyon hasarlari olugmast
durumunda eksenel ¢ekme kuvveti etkisi altindaki yapisal davranis deneysel olarak
incelenmistir. Bulonlu birlesimli deney numuneleri i¢in sadece bulonda hizlandirilmig
korozyon, hem levhada hem bulonda hizlandirilmis korozyon ve sadece bulonda yapay
korozyon hasar1 olmak {izere 3 farkl: tipte korozyon olusturulmustur. Korozyon miktari
kiitlece %10 malzeme kaybi olacak sekilde iiniform veya yapay korozyon olarak
olusturulmustur. Bulonlu birlesimli levha deney numunelerinde farkli tipte korozyon
Anahtar Kelimeler: Celik, hasarlart igin gozlenen yapisal davramig farkliliklari, tasima kapasitesindeki ve
bulonlu birlesim, korozyon, stineklikteki degisimler incelenmis ve en siinek davranig hem levhada hem bulonda
cekme dayanimy, siineklik korozyon olan deney numunelerinde elde edilmistir.
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1. Introduction

The use of steel structural systems is becoming more common today due to its high strength, fast
manufacturing, ductility, energy consumption capacity, etc. Structures such as steel bridges, port and
parking lots are directly exposed to external environmental conditions. Corrosion may occur within
the steel structural elements due to exposure to different corrosive environmental conditions such as
humidity, temperature difference, soil effect, acid rain, etc. [1]. Corrosion is the physical and chemical
deterioration of metals or metal alloys under environmental effects. With the formation of corrosion,
mass loss emerges in the metal as a result of the physical and chemical reactions in the metal, and there
is no behavioral difference proportional to the mass loss [2]. Research continues to study the changes
in structural behavior that occur as a result of corrosion damage in steel structural system elements
and connections. Wu et al. (2017) examined the ultimate load bearing capacity of beams in their
experimental study for different corrosion zones and different corrosion thickness parameters in steel
beams composed of I sections [3]. Saad-Eldeen et al. (2014) examined the behavior of box-section steel
beams damaged by corrosion under vertical load experimentally and using finite element analysis [4].
Ahn et al. (2017) carried out an experimental study under artificial corrosion on high-strength bolted
joint specimens that transfer loads by friction force [5]. Zhao et al. (2020) investigated pitting corrosion
in Q345 steel. They concluded that there is no relationship between mass loss and strength [6]. Zhang
et al. (2021) examined the effect of the interaction between corrosion and high temperature on the
mechanical properties of Q355 structural steel [7]. Jiang et al. (2022) examined preload loss of high-
strength bolts in friction joints considering the effects of corrosion damage and fatigue loading. [8].

In this study, for bolted joint plate specimens made of S235 steel, 10% accelerated uniform corrosion
by mass was formed on bolt and plate, 10% accelerated uniform corrosion by mass was formed only
on the bolt and 10% artificial corrosion by mass was formed only on the bolt, and these were tested
under the effect of axial tensile force. As a result, the bearing capacity and behavior differences in bolted
connections with different corrosion damage were examined.

2. Experimental Study

In practice, it is generally observed that corrosion damage in steel structural members occurs in web-
to-flange joint areas, weld seams or bolted connection regions of the bearing elements. Steel
construction systems can be protected against corrosion with paint or various coatings, however
environmental factors can also cause corrosion damage on steel elements by eroding the coatings [9].
In this study, the effect of corrosion damage on bearing capacity and structural behavior formed on all
elements in the joint area and on only bolts in bolted joint plate test specimens under the influence of
axial tensile force was examined. Types of corrosion and corrosion zones on the connections are shown
in Table 1. Since corrosion causes mass loss in metals, corrosion damage is formed in 2 different types
in this study. In the first type application, the elements were exposed to accelerated corrosion in NaCl
solution as shown in Figure 1.

Table 1. Types of corrosion and corrosion zones on the connections

Specimen Corrosion zone

gg; Non-corroded (reference specimens)

SB1-c A .

SB2-c Accelerated corrosion in bolt and joint area
SB1-bc .

SB2-be Accelerated corrosion only on bolts

SB1-ac e .

SB2-ac Artificial corrosion only on bolts

T T 2=

Pee 00|00 oo

SPECIMENS DC SUPPLY POWER

— \ STAINLESS STELL PLATE

Figure 1. Schematic view of accelerated corrosion test setup
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The accelerated corrosion formation test setup and the appearance of the bolts after they are placed in
the solution are shown in Figure 2. In the second type of application, considering that corrosion causes
mass loss in metals, artificial corrosion application was performed by mechanically reducing the bolt
cross-section as shown in Figure 3. Corrosion damage on the bolts was applied so as to have 10% loss
in mass.

Figure 3. Artificial corrosion application

In the accelerated corrosion test setup, the specimens were immersed in a solution containing 3.5%
NaCl. In the experimental setup, stainless steel plate was used as the cathode region and specimens
were used as the anode region. With a current of 1 Ampere supplied from the DC power source, electron
flow occurred from the test specimens to the stainless steel plate. In the areas of the specimens in
contact with the solution, a loss in mass occurred over time. Accelerated corrosion can be applied by
keeping the current or voltage fixed [10]. In this experimental study, the current was kept fixed in
accelerated corrosion application. In addition, the time period in which the mass losses are to occur in
the specimens calculated using the Faraday's equation (Equation 1) in ASM Handbook (1992) was
determined [11].

Lt.Ay
A = n.F (1)
Where, M: mass of dissolved metal, I: current (A), t: time (second), Aw: atomic unit weight of iron, n:

atomic valence of iron (since the rust formed is often Fe(OH)2 n is taken as 2 or 3), F: Faraday constant
(96500 coulombs)

In the artificial corrosion application, after calculating the amount of weight to be corroded, the bolt
masses were reduced by 10% (in the amount of 2 grams) with the help of a grinding machine so that
the surfaces of the cut parts in the threaded shank part of the bolts were to be flat (Figure 4).

Figure 4. Accelerated and artificial corrosion of the bolts

A total of 8 test specimens were produced, two each the corrosion-free reference specimens and the
test specimens with artificial and accelerated corrosion applied. The thickness of bolted joint plates
made of S235 steel is 6 mm. Reference (corrosion-free), accelerated corroded and artificially corroded
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bolt specimens are shown in Figure 4. Grade 8.8 M12 bolts were used in bolted connections.

Corrosion-free reference bolted plate specimens are named as SB1 and SB2, the specimens with
accelerated corrosion applied on the bolt and plate are named as SB1-c and SB2-c. The specimens with
accelerated corrosion applied only on the bolts are named as SB1-bc and SB2-bc. The specimens with
artificial corrosion applied only on the bolts are named as SB1-ac and SB2-ac. Details of test specimens
with bolted connections are shown in Figure 5 [12].

x x
M12 Bolt
o
/ )
o *x x
© w0
= G O &
B| |50 =]
- o @)
5 E— 2 (u\l) *x
[}
o
X X
100

Figure 5. Test specimen details with bolted joint

Test specimens with corrosion damage were subjected to axial tensile test using a testing device with
110 kN capacity (Figure 6). For the axial tensile test, the constant speed applied to the jaws of the
testing device was set as 2 mm/min.

Figure 6. Axial tensile test device

The tensile stress-strain diagrams obtained from the axial tensile tests for the corrosion-free reference
test specimens are given in Figure 7. The tensile stress-strain diagrams obtained for the test specimens
with accelerated corrosion on the bolt and plate are given in Figure 8. The tensile stress-strain
diagrams obtained for the test specimens with accelerated corrosion on the bolt are given in Figure 9.
The tensile stress-strain diagrams obtained for the test specimens with artificial corrosion on the bolt
are given in Figure 10.

The pre-test and post-test appearances of the bolted joint test specimens are shown in Figure 11. The
comparison of the stress values for all test specimens is given in Table 2 whereas the comparison of
the unit elongation values is given in Table 3. In addition, the regions where fracture occurred in the
samples as a result of the axial tensile test are shown in Table 4.
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Figure 7. The tensile stress-strain diagrams for the reference test specimens
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Figure 8. The tensile stress-strain diagrams for the test specimens with accelerated corrosion on the bolt and plate
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Figure 9. The tensile stress-strain diagrams for the test specimens with accelerated corrosion on the bolt
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Figure 10. The tensile stress-strain diagrams for the test specimens with artificial corrosion on the bolt
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Before After
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SB1-c SB2-c
SB1-bc SB2-bc
SB1-ac SB2-ac

Figure 11. The pre-test and post-test appearances of test specimens
3. Comparison Of Test Results

When Table 2 is examined, it is seen that the greatest decrease in average yield stress and average
maximum tensile stress is observed in the test specimens with accelerated corrosion applied on bolt
and plate. In general, it is observed that there was a decrease in the average unit elongation values in
the test specimens with corrosion applied compared to the reference corrosion-free specimens (Table
3).
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Table 2. Comparison of average stresses

Yield stress Average Fyave./ Maximum Average
Specimen F Yield Stress  Fyave.ret. Tensile Maximum Fimave./
no (KdPa) Fy,ave. Stress, Fim Tensile Stress Fmave-ret.
(MPa) (MPa) Fmave.(MPa)
SB-1 189.51 272.59
SB-2 177.84 183.68 1.00 266.48 269.54 1.00
SB1-c 181.94 254.36
SB2-c 173.81 177.87 0.96 251.31 25284 0.94
SB1-bc 193.01 260.59
SB2-bc 199.18 196.10 1.07 285.01 27280 Lo1
SB1-ac 190.83 272.20
SB2-ac 176.86 183.85 1.00 255.11 263.65 0.98
Table 3. Comparison of elongations
Lo Average Average -
Yielding Lo Fracture Ductility
. > Yielding . Fracture X
Specimen elongation > elongation . Euave. / ratio
elongation elongation
no & &u Euave.ref. &/ gy
(mm /mm) Ey,ave. (mm /mm) Euave.
(mm/mm) (mm/mm)
SB-1 0.02570 0.16156
SB-2 002377 0.02474 017616 0.16886 1.00 6.82
SB1-c 0.02371 0.15122
SB2-c 002351 0.02361 016269 0.15696 0.93 6.64
SB1-bc 0.03386 0.11954
SB2-be 0.03342 0.03364 019620 0.15787 0.93 4.69
SB1-ac 0.02937 0.15989
SB2-ac 0.03105 0.03020 015928 0.15959 0.95 5.28
Table 4. Type of corrosion and fracture zones on the connections

Specimen Corrosion type Fracture zone

SB-1 - Net section region of plate

SB-2 - Net section region of plate

SB1-c Uniform Net section region of plate

SB2-c Uniform Net section region of plate

SB1-bc Uniform Sliding of bolt thread

SB2-bc Uniform Sliding of bolt thread

SB1-ac Artificial Net section region of plate

SB2-ac Artificial Net section region of plate

As a result of the tensile test, in case of the specimens with 10% corrosion by mass only on the bolt
(SB1-bc and SB2-bc), scraping occurred between the nut and bolt since it was not fully clamped with
the nut due to the fact the threads on the bolt were reduced after corrosion. In the other specimens, the
fracture occurred in the area of the loss (net area) of the plate, as shown in Table 4. In the specimens
with corrosion only on bolt (SB1-bc and SB2-bc), the average yield unit elongation was found to be
36% higher than the reference specimen due to the reduction of the diameters of the bolts as a result
of corrosion and the larger space between the bolt holes and the bolt compared to the other specimens.

In the specimens with artificial corrosion on the bolt (SB1-ac and SB2-ac), the average yield unit
elongation was obtained 22% higher. The reason for this is that the bolt was cut and the bolt moved in
the direction of some tensile force inside the bolt hole. It was determined that the average yield unit
elongation of the specimens with corrosion on both plate and bolt (SB1-c and SB2-c) was 5% lower
than the reference sample. Compared to the corrosion-free specimens, the elongation at break
decreased by 7% on average in the specimens with corrosion on both the plate and bolt and in the
specimens with corrosion only on the bolt, and the elongation at break decreased by 5% on average in
the specimens with artificial corrosion on the bolt.

As a result of the tensile tests, compared to the corrosion-free specimens, there was an average 1%
increase in maximum tensile stresses in case of the specimens with corrosion on the bolt, an average
of 6% decrease in the same in case of the specimens with corrosion on both the plate and bolt, and an
average of 2% decrease in the same in case of the specimens with artificial corrosion on the bolt.
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In addition, the tensile stress-strain diagrams obtained from the axial tensile tests for all test specimens
are shown in Figure 12 comparatively. When the diagram in Figure 12 is examined, it is seen that there
is not a big difference between the maximum tensile stresses and yield stresses. The difference between
yield and rupture elongation is due to the larger gap between the bolt and the bolt hole as a result of
corrosion formed on the bolt shank. In the specimens with corrosion on both the plate and bolt (SB1-c
and SB2-c), the corrosion occurred only on the plate surface and the head and threaded part of the bolt,
due to the absence of NaCl solution penetrating between the bolt hole and the bolt, and the yield and
rupture elongation of the specimens were obtained close to the reference samples.

—SBI
~—SB2

?

% ——SBl-¢
% “SB2-c
i — SBI-be
Z — SB2-be
e = e SBl-ac

- = SB2-ac

0 002 0,04 0.06 0.08 0.1 0,12 0.14 0,16 0,18 02
Tensile strain (mm/mm)

Figure 12. Comparison of the tensile stress-strain diagrams for all test secimens
4. Conclusion

Under the effect of environmental conditions, corrosion damage may occur within the body of steel
structural members, and corrosion causes loss in metal mass. As the corrosion formation time
increases, the mass loss in the material also increases, and the mechanical properties vary. Within the
scope of this study, 10% corrosion damage by mass was formed on the bolted joint steel plate test
specimens, and the test specimens were subjected to axial tensile test. As a result of the tests, it was
observed that the bolt did not break for 10% corrosion amount on the plate joints, however scraping
could occur due to the corrosion damage on the threads in the threaded part of the bolt. The test
specimens with accelerated corrosion on the bolt and plate were the specimens whose strength
decreased the most since the net area of the plate decreased as a result of corrosion. It was determined
that the reduction in strength in the corroded specimens did not cause a decrease in proportion to the
mass loss, due to the fact that corrosion creates chemical changes in the metal. As a result of corrosion,
the rate of decrease in elongation at fracture of the elements is higher than the decrease in their
strength. Therefore, for corroded specimens, the ductility rate of the elements decreased. The ductility
ratio of the specimens exposed to artificial corrosion is higher than the other specimens.
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Atmosferik Tiirbiilansin Gauss Isinin Uzerindeki
Etkisi

0Z

Bu ¢alismada atmosferik tiirbiilans ortaminda yayilan Gauss 1sinlarinin alici diizleme ulasan
alan ifadesi kullanilarak, ¢alisma dalga boyu, kaynak boyutu ve alici agikligi yaricap
uzunlugu parametrelerinin, serbest alan optik haberlesme sistemlerinin en 6nemli giirtiltii
kaynagi olan parildama iizerinde etkileri analiz edilmistir. Atmosferi modelleyebilmek icin
dalga optiginde yar alan rastgele faz ekran modeli kullamlmigtir. Ayrica yayilma
mesafesinin 1s1min alic1 diizlem yogunlugunu nasil etkiledigini incelemek amaciyla farkl
mesafelerde yayilan Gauss isinlarinin yogunluk profilleri incelenmistir ve tiirbiilansh
atmosferde bu 1sinin tasidigi bilginin uzak mesafelere iletilmesine katki saglayacak
parametreler tlizerinde calisiilmistir. Elde edilen sonuglar, tiirbiilanshi bir atmosferde
yayilan, biiyiik kaynak boyutuna ve diisiik ¢alisma dalga boyuna sahip Gauss 1sinlarinin
parildama degerlerinin az olmasi, 1siin orijinal profilini korudugu sonucuna
ulastirmaktadir. Alict agiklig1 yaricapinin artmasi, sistemde daha fazla 1s1in algilanmasini
saglamasindan dolay1 parildama degerinde azalmay1 saglamaktadir. Bu sonuglarin kablosuz

Anahtar Kelimeler: Gauss 1511, optik haberlesme sistemlerinin bir 6rnegi olan ve tiirbiilansh atmosferde calisan serbest
Rastgele faz ekran modeli, alan optik haberlesme sistem tasarimlar1 igin ¢ikis noktasi olabilecegi ve sistem
Tirbiilans, Optik iletisim performansini iyilestirilmesine katki saglayabilecegi dngoriilmektedir.
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1. Glrl$ (Introduction)

Mevcut kablosuz radyo frekansi haberlesme sistemleri icin alternatif ve tamamlayic1 bir teknoloji
olarak ortaya cikan serbest alan optik kablosuz haberlesme sistemleri, biiyiik bant genisligi ve daha
yiiksek veri hizlari i¢in artan taleplere ¢6ziim olabilecegi diisiincesiyle son zamanlarda oldukga ilgi
gormektedir [1,2]. Askeri uygulamalarda, uzaktan algilama sistemlerinde, dogal felaket durumlarinda,
radyo astronomi uygulamalari gibi ¢esitli uygulamalarda kullanilan serbest alan optik kablosuz
haberlesme sistemleri, fiber ya da koaksiyel kablolu sistemlere gore biiyiik bant genisligi ve ytliksek
hizda veri iletimi saglanmasinin yaninda network ekipmanlarina direkt baglanabilme, diisiik gii¢
tiiketimi, yliksek giivenlikli olmasi bu haberlesmeyi daha da popiiler hale getirmektedir [3,4].

Serbest alan optik haberlesme sistemlerinde veri iletimi icin yayilma ortami olarak atmosferin
kullanilmasi, sistemin performansini ciddi derecede etkilemektedir. Atmosfer ortaminda hareket eden
optik 1sinlar, atmosfer boyunca yagmur, kar, riizgar ve sis gibi hava kosullarina maruz kalarak sistem
performansini olumsuz yonde etkileyen emilme, sacilma ve kirilma indisi dalgalanmalarindan olumsuz
etkilenmektedir [4,5]. Sicaklik ve riizgar hizindaki ani degisim, atmosferin kirilma indisinde rastgele
degisikliklere sebep olarak, serbest alan optik haberlesme sistemlerinin menzilini ve alicida 151n
yogunlugunun azalmasina neden olarak sistem performansini énemli dl¢iide sinirlandiran atmosferik
tiirbiilansa yol agmaktadir [6,7]. Sistem performansini tespit etmek amaciyla gesitli atmosferik kosullar
altinda optik parildama indisi arastirilmaktadir [8]. Arastirmacilar, optik haberlesme uygulamalarinda
tiirbiilans kaynakli olumsuzluklar1 en aza indirebilmek ve sistem performansini arttirabilmek icin
birgok ¢alismalar yapmaktadir. Bu calismalar icerinde en ¢ok tercih edilen 1s1n ¢esidi, 151n tiirlerinin
¢ogunlugunun genlik profillerinin ¢ekirdegini olusturan, bir lazer kaynagi tarafindan kolaylikla
saglanabilen, iyi karakterize edilebilen ve {lizerinde degisim yapmanin kolay oldugu Gauss isinlaridir

[9].

Serbest alan optik iletisim sistemlerinde kullanilan isinlarin, optik sistemler araciligiyla yayilim
ozelliklerinin bilinmesi ve karakteristik parametrelerinin net bir sekilde tanimlanmasi, lazer
kaynaklarinin uygulamalarinin basarisinda 6nemli bir etkiye sahiptir. Bu yilizden arastirmacilar
haberlesme sistemi performansini iyilestirmek adina kullanilan isinlara etki eden parametreleri
incelemektedir [9]. Literatiirde, bircok farkli optik 1sin tiliriiniin parildama degeri iizerinde 151n
parametrelerinin etkileri arastirilmis olmasina ragmen [3, 10] Gauss 1sinlarinin parildama indisine bu
parametrelerin etkisini ayrintili inceleyen g¢alismalar yer almamaktadir. Bu ¢alismada, atmosferik
tiirbiilans ortaminda yayilan Gauss 1sinin parildama degeri lizerinde, kaynak boyutu, dalga boyu ve alic1
acikligl yarigap uzunlugu gibi sistem parametrelerinin etkileri incelenmistir. Ayrica farkli yayilma
mesafelerinde Gauss 1sinin alic1 diizlemdeki yogunlugunun nasil etkilendigi analiz edilmistir.

2. Teorik Forml"llasyon (Theoretical Formiilation)

Gauss 1sminin, kaynak diizlemdeki modellemesi silindirik koordinat sisteminde denklem 1’de
verilmistir [12].

4 (5,99) = exp (—) (1)

Denklem 1’de yer alan (s, ¢) kaynak diizlem enine koordinatlarini, u,(s, ¢) 1sinlarin kaynak diizlem
alaniny, o kaynak boyutunu temsil etmektedir.

Rastgele ve homojen olmayan bir yapiya sahip olan atmosferik tiirbiilansi modellemek analitik
yaklasimlar kullanilarak zor ve uzun formiilasyonlar1 ¢6zmeyi gerektirmektedir. Bircok arastirmaci, bu
durumu hafifletmek amaciyla rastgele faz ekran modelini gelistirmislerdir. Bu metot, her 1s1n tiiriine
rahatlikla uygulanabilen, verici ve alic1 arasindaki mesafeyi Sekil 1’ de gosterildigi gibi yeterli sayida
ince faz ekranlariyla daha kisa araliklara bélerek tiirbiilansh atmosferi modellemeyi amac¢lamaktadir
[10,11]. Bu ekranlar arasindaki mesafe, birikmis tiirbiilansin Rytov varyansini zayif tiirbiilans
araliginda tutacak kadar kisa belirlenmelidir [12,13]. Atmosferin, Fourier déniisiimii ve rastgele faz
ekran modelinin birlesimiyle modellenebildigi dalga optigi, atmosferik tiirbiilans yoluyla optik 1s1nin
yayilimini modellemek icinde kullanilmaktadir [14].

Rastgele ortamda yayilan optik 1sinlarin davranisi, ortami nitel ve nicel olarak karakterize ederek

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 47



Elmabruk & Segilmis Gazi Mihendislik Bilimleri Dergisi: 9(1), 2023

anlagilmaktadir. Huygens-Fresnel integrali, tiirbiilansh ortamda 1s1n yayilimini karakterize etmek i¢in
en 6nemli modelleme tiirlerinden biridir [15]. L yayilma mesafesini alarak alici tarafa ulasan 1sin
denklem 2’deki gibi modellenmektedir.

Ng. AL araliklarma yerlestirilen rastgele faz ekran sayist

Al

Kaynak Diizlem

Dilzlem

-
|
I
I

—

Sekil 1. Rastgele faz ekran modeli tasarimi (Random phase screen model design)

Rastgele ortamda yayilan optik 1sinlarin davranisi, ortami nitel ve nicel olarak karakterize ederek
anlagilmaktadir. Huygens-Fresnel integrali, tiirbiilansh ortamda 1s1n yayilimini karakterize etmek i¢in
en 6nemli modelleme tiirlerinden biridir [15]. L yayilma mesafesini alarak alici tarafa ulasan 1sin
denklem 2’deki gibi modellenmektedir.

(L) = ZexpGkL) [, 17, us (exp [5 (r = )] d?s )

U, fs(r, L) tiirbiilans olmayan ortamda yayilan isinlarin alic1 diizlemdeki alanini, (r) alic1 diizlemin

enine koordinatin, k = 27” ise dalga numarasini ifade etmektedir. Denklem 2, iki boyutlu Fourier
doniisiim islemine sahip oldugundan asagida verilen denklemde yeniden yazilmaktadir [15].

U (r, L) = FHU(OH D] 3)

Denklem 3'te, F~1ters Fourier doniisimiini, f uzaysal frekansi temsil etmektedir. H(f) ise transfer
fonksiyonunu ifade eder ve denklem 4’teki gibi gdsterilmektedir.

71.2
H() = exp [JL (k — 2= 162)] )
Kullanilan rastgele faz ekran modeli, yayllma mesafesinin ince faz ekran diizlemleriyle ayrilmis

N,araliklarina AL = L/N;boliinmesi yoluyla tiirbiilansin etkisini temsil eder. Boylece n. diizlemdeki
alic1 alan1 denklem 5’teki gibi ifade edilmektedir [11, 15, 16].

u,(r,nAL) = F‘l[F[uS(r, (n-— 1)AL)exp(j¢(r))]H(f)] (5)

Burada ¢(r) bireysel ekranlarin faz gii¢ spektral yogunlugunu, F Fourier doniisiim operatorini
belirtmektedir. Von-Karman spektrumunun gii¢ spektral yogunlugu denklem 6 ile ifade edilir [11, 12,

15].
.0036LC2K2LL/3
By (F) = L0 exp[—1.126513|f|?] (6)

(L31f]12+1)

Denklem 6’da yer alan, L, [tiirbiilansh ortamin sirasiyla dis ve i¢ 6lgeklerini temsil etmektedir. Son
olarak, 1s1nin alia diizlem iizerindeki yogunlugu, alic1 diizlemin kompleks eslenigi ile ¢arpilmasiyla
denklem 7 ‘de gosterildigi gibi hesaplanmaktadir.
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((r, 1) = =5 w(r, L (r, L) (7)

Denklem 7’de, <> ifadesi ortalamayi belirtmektedir ve I.(r,L) alici alan yogunlugunu temsil
etmektedir.u,. (r, L)bir dizi faz ekranindan gegctikten sonra aliciya ulasan isinlarin alici diizlem alanini
ifade etmektedir. Denklem 7’deki pratikte tiirbiilans seviyesine bagl olan, iist ortalama limiti N,teorik
olarak sonsuza yaklasir ve giivenilir sonuglar alabilmek i¢in 500'e ayarlamak yeterli olmaktadir
[11,15,16].

Serbest alan optik sistem haberlesmesinde, optik 1sinlarin atmosfer boyunca yayilmasina etki eden
kirllma indisindeki ani degisimlerin sebep oldugu parildama sistem performansini biiyiik dl¢lide
etkilemektedir [2]. Bu durumdan dolay1 sistem performansini tespit etmek amaciyla parildama
bilgisinden yararlanilmaktadir. Alic1 diizlemin belirli bir konumdaki parildama indisi denklem 8’de
verilmistir [10,16].

2 _ <F@®L>

b*(r,L) = <Ip(r.L)>2 (8)

b?(r, L) parildama indisini temsil etmektedir. Nokta benzeri parildama (point-like scintillation) indisi
denklem 8 araciligiyla hesaplanir. Al aciklik yaricapinin 7., (0,5AL/m)%%ifadesinden biiyiik oldugu
durumda, ac¢iklik ortalamali parildama (aperture averaged scintillation or power scintillation) indisine
gecis yapilir ve denklem 9 ve 10’daki gibi ifade edilir [16].

<PZ(L)>

b*(L) = <P (L)>Z 1 ()
0,5vVmry  0,5vTry
P.(L) = f—o,Sx/Err 0.5V L. (rx,ry, L)drxdry (10)

P.(L), dairesel agiklik yarigapi uzunlugu r.olan alic1 diizlemdeki 1s1in, anlik giiclinii géstermektedir
[16].

3. Deneysel Sonu(,‘lar (Experimental Results)

Giivenilir ve dogru sonuclar elde edebilmek i¢in yapilan calismalarda belirtilen kisitlamalara gore
rastgele faz ekran modeli kullanilmistir [13, 17]. Kullanilan rastgele faz ekran modelinin sonucu, Ref
19’un analitik formiilasyonuna karsi test edilmistir ve sonuglar Sekil 2’de gosterilmistir. Kaynak ile alict
diizlem arasi 512 x 512 1zgara boyutu, 30 adet rastgele ara faz ekranina boliinmiistiir. Sonuclar,
egrilerin genel egilimlerini ortaya ¢ikarmak icin yeterli oldugu diisiiniilen 500 gerceklestirme sayisi
kullanilarak elde edilen grafiklerde sunulmustur. Von-Karman spektrumu i¢ dlgegi ve dis 6lgegi
sirasiyla sifira ve sonsuza ayarlanmistir. Isinin icerdigi yaklasik olarak tiim giiciin uyumunu saglamak
icin kaynak diizlem boyutlarini 10 cm x 10 cm olarak secilmistir. 0.5 cm kaynak boyutuna, 1550 nm
calisma dalga boyuna sahip, kirilma indisi yap1 sabiti 10~1*m~2/3 oldugu parametreler dahilinde
yapilan karsilastirma sonucunda birbirine yakin egriler elde edilmistir. Bu sonug kullanilan rastgele faz
ekran modelinin dogrulugunu ispat etmektedir.

0.25

—Rastgele Faz Ekran Modeli o7
---Analitik Formiilasyon

2 _ 4014
c =10

r =8cm
r

e
N

a, = 0.5cm
A=1550 nm

Parildama indeksi ( b%)
o
o -
- I

0.05

0
0.5 1 1.5 2 25 3 3.5 4 4.5 5
Yayilma mesafesi ( km)

Sekil 2.Rastgele faz ekran modeli ve analitik formiilasyon ile Gauss 1sinin parildama degeri(Scintillation value of Gaussian beam
using random phase screen method and analytical formulation)
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Sekil 3. Atmosfer boyunca yayilan Gauss 1sinlarin farkli yayilma mesafesinde ortalama yogunluk grafikleri (Average intensity of
Gaussian beam propagating in turbulence at different propagation distances (L))

Sekil 3’de, 1550 nm ¢alisma dalga boyuna, 8 cm alic1 agiklik yarigap uzunluguna ve 0.5 cm kaynak
boyutuna sahip Gauss 1sinlarinin 0.5, 1, 3 ve 5 km yayillma mesafesinde alic1 diizlemdeki normalize
edilmis yogunluk degerinin iki boyutlu hali yer almaktadir. Bu grafige gore, artan yayllma mesafesiyle,
optik 1s1nin daha ¢ok genisledigi, orijinal profilinin bozuldugu sonucuna ulasilmaktadir [18]. Serbest
alan optik sistem haberlesmesinde iletim ortaminin mesafesi arttiginda, optik 1s1n tirbiilansh
atmosferden ve diger 15in parametrelerinden daha fazla etkilendigi i¢in sistem performansi olumsuz

etkilenmektedir.

0.21,

e
[}

0.19]

e
-
©
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~

0.16
600 700 800 900 1000 1100 1200 1300 1400 1500 1600
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Sekil 4. Dalga boyunun Gauss 1sinlarin parildama indisine etkisi (Scintillation variation of Gaussian beam
with different operating wavelenghts)

Sekil 4’te, haberlesme sistemleri i¢in biiyiilk 6neme sahip ¢alisma dalga boyunun atmosferik
tlrbiilansta yayilan Gauss 1sinlarinin parildama degeri tizerinde etkileri incelenmistir. 0.5 cm kaynak
boyutuna ve 8 cm alic1 agiklik yarigap uzunluguna sahip Gauss 1sinin parildama degeri 5 km yayilma
mesafesi dahilinde hesaplanmistir. Dalga boyu arttik¢a Gauss 1sinlarin parildama seviyelerinde artis
oldugu Sekil 3’te gozlemlenmektedir. Bu sonuca sebep olan durum, tiirbiilansin etkilerinden daha ¢ok

1sinin kirimim etkileridir [3].

Tiirbiilansh bir ortamda yayilan optik isinlarin parildama degerini etkileyen bir diger parametre 1s1nin
kaynak boyutudur. 5 km yayilma mesafesinde, 1550 nm ¢alisma dalga boyuna, 8 cm alic1 agiklik yarigap
uzunluguna sahip Gauss Isinlarinin parildama degerini iceren grafik Sekil 5’te yer almaktadir.

Elde edilen grafige gore, artan kaynak boyutuna gore, parildama degerinin azalmasi, gii¢lii tiirbiilansh
ortamda yayilan Gauss 1sinlarin daha az bozulmaya ugrayarak alic1 diizlemde bu isinlarin orijinal

profillerine yakin elde edildikleri sonucuna ulagsmaktayiz [15].

Sekil 6’te, 1550 nm ¢alisma dalga boyuna, 0,5 cm kaynak boyutuna sahip Gauss 1sinin parildama

50
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indisinin alic1 agiklik yarigap uzunluguna gore nasil degistigi incelenmektedir. Elde edilen sonuca gore,
alict agikligl yarigap uzunlugunun arttirillmasiyla alicinin daha fazla dolasan yiiki algilamasi
saglanacagindan, parildama degerinde bir azalis g6zlemlenmektedir [3,15].

0.25
Cn?=10""
r= 8 cm
02 A=1550 nm

Parildama indeksi ( b?)
° =
= )

0.05

0 2 4 14 16 18 20

8 10 12
Kaynak boyutu (cm )
Sekil 5. Kaynak boyutunun Gauss 1sinlarin parildama indisine etkisi (Scintillation variation of Gaussian beam
with different source sizes)
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Sekil 6. Alic1 agiklik yarigapinin Gauss 1sinlarin parildama indisine etkisi (Scintillation variation of Gaussian beam
with different receiver aperture radius)

Sekil 6’te, 1550 nm ¢alisma dalga boyuna, 0,5 cm kaynak boyutuna sahip Gauss 1sinin parildama
indisinin alic1 agiklik yarigap uzunluguna gore nasil degistigi incelenmektedir. Elde edilen sonuca gore,
alict agikligl yarigap uzunlugunun arttirillmasiyla alicinin daha fazla dolasan yiiki algilamasi
saglanacagindan, parildama degerinde bir azalis g6zlemlenmektedir [3,15].

4. Degerlendirme (conclusion)

Bu c¢alismada, atmosferik tiirbiilans ortaminda yayilan Gauss i1sinlarinin sistem parametrelerinin
parildama {Uzerindeki etkileri rastgele faz ekran metodu kullanilarak incelenmistir. Sonuglar
incelediginde, gliclii tiirbiilans atmosfer ortaminda ve biiyiik alict acikliga sahip sistemlerde, Gauss
1isinlarinin kaynak boyutu arttik¢a daha az bozulmaya ugrayarak orijinal profillerini koruyabildikleri
gorilmiistiir. Ayrica giiglii tiirblilans ortaminda, artan yayilma mesafesine bagh olarak optik 151n daha
fazla bozulmaya ugramaktadir ve sistem performansi olumsuz olarak etkilenmektedir. Sonug olarak
optik sistem haberlesme sistemlerinin performansini artirmak i¢in alic1 diizlem iizerinde algilanan
optik 1s1n1n giic miktariin arttirilmasi veya parildama seviyesinin diisiiriilmesi gerekmektedir. Bu
nedenle, bu ¢alisma dahilinde haberlesme sistemleri tasarlanirken hangi 1sin parametrelerinin hangi
sayisal degerlerde daha iyi performans sagladigl sonucuna ulasilmasi, serbest alan optik sistem
haberlesmesi uygulamalari i¢in biiyiik dnem arz etmektedir.
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ABSTRACT

Rapid advancements in the automotive and electronics industries have required the
adoption of high-performance engineering polymers with better strength and less weight.
The current research compared and evaluated the mechanical behavior, volumetric
shrinkage, and rheological properties of two high performance engineering polymers, 40%
glass fiber reinforced and 30% glass fiber reinforced. Tensile rods and rectangular bar-type
specimens were injected, under three process conditions, respectively. The values of tensile
strength, strain (%), impact strength, volumetric shrinkage, melt flow index and density
were obtained from the injection tests. The results exposed that the mechanical properties
of 40 % glass fiber reinforced PPS polymer is superior than those of 30% glass fiber
reinforced PEI polymer as a result of amount of glass fiber. Furthermore, due to the semi-
crystalline form of the PPS polymer, the highest dimensional stability related with shrinkage
has been obtained. Finally, this study has proven that glass fiber added high performance
advanced polymers display great potential in engineering applications, and may provide a
good potential for the development and application of electronics and automotive. Tensile
stress values for PPS increased rapidly up to 1.50 % strain and then remained constant until
2.211%.

Cam Elyaf ile Gii¢lendirilmis Yiksek Performansl

[leri Polimerlerin Analizi

0Z

Otomotiv ve elektronik endiistrilerindeki hizli gelismeler, daha iyi mukavemet ve daha az
agirlik ile yiiksek performansli miihendislik polimerlerinin benimsenmesini gerektirmistir.
Mevcut arastirma, %40 cam elyaf takviyeli ve %30 cam elyaf takviyeli iki yiiksek
performansh miihendislik polimerinin mekanik davranisini, hacimsel biiziilmesini ve
reolojik 6zelliklerini karsilastirdi ve degerlendirdi. Cekme ¢ubuklari ve dikdoértgen cubuk
tipi numuneler sirasiyla {i¢ islem kosulu altinda enjekte edildi. Enjeksiyon testlerinden
cekme mukavemeti, gerinim (%), darbe mukavemeti, hacimsel biiziilme, eriyik akis indeksi
ve yogunluk degerleri elde edilmistir. Elde edilen sonuclar, %40 cam elyaf takviyeli PPS
polimerinin mekanik 6zelliklerinin, cam elyaf miktarinin bir sonucu olarak %30 cam elyaf
takviyeli PEI polimerinden daha {istiin oldugunu ortaya koymustur. Ayrica PPS polimerinin
yar1 kristal yapisindan dolayi biiziilme ile ilgili en yiiksek boyutsal kararlilik elde edilmistir.
Son olarak, bu c¢alisma, cam elyafi katkili yiliksek performansh ileri polimerlerin
miithendislik uygulamalarinda biiyiik bir potansiyel sergiledigini ve elektronik ve
otomotivin gelistirilmesi ve uygulanmasi i¢in iyi bir potansiyel saglayabilecegini
kanitlamistir. PPS i¢in ¢ekme gerilimi degerleri, %1.50 gerinime kadar hizla artmis ve
ardindan %2.211'e kadar sabit kalmistir.

To cite this article: H. Oktem, H. Karasungur and A. Eroglu, “Analysis of High Performance Advanced
Polymers Reinforced with Glass Fiber,” Gazi Journal of Engineering Sciences, vol. 9, no. 1, pp. 53-62,
2023. doi:10.30855/gmbd.0705052
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1. INTRODUCTION

Advances in materials science have illustrated an important role in the production of polymer materials
with properties such as high strength, low weight and ability to operate at high temperatures in critical
regions [1, 2]. These polymers exhibit properties such as high strength, rigidity, high hardness,
resistance to extreme chemicals, good thermal resistance, excellent chemical resistance and superior
bending strength [3]. Due to the difficulty in forming high-performance advanced engineering
polymers, a good polymer melting system, screw geometry providing a comfortable filling, and a well-
designed cooling system are required [4]. The mold shrinkage of injection molding polymers is
influenced by part wall thickness, runner type and dimensions, mold temperature, melt temperature,
and injection pressure. These conditions affect to learn how and why the injection molding polymers
shrink. There are very few studies in the literature on high-performance advanced polymers and there
has not been enough research on the problems encountered in the industry. Especially, many studies
have been carried out on mechanical, tribological, dimensional and melt flow characteristics on general
purpose and engineering polymers [5, 6]. Some researchers have injected tensile rod and rectangular
bar in plastic injection process with general purpose polymers such as Polypropylene under different
process conditions. In their study, they investigated the mechanical, dimensional and flow properties
of the injected plastic specimens. As a result, they stated that the injection conditions had an effect on
all properties [7]. In other study, researchers have worked on determining the plastic injection process
conditions in bottle production with Polyethylene Terephthalate (PET) type polymer. In this current
study, the effect of injection process conditions on the volumetric shrinkage values in the direction
parallel and perpendicular to the flow were investigated. From the research, they explained that the
most effective process condition on volumetric shrinkage is the melt temperature [8]. Similarly, in
another study, volumetric shrinkage and warpage of optical lenses in plastic injection process using
Polymethyl Methacrylate (PMMA) polymer were investigated. They introduced that the packing
pressure is an important factor on the dimensional quality of the process parameters [9].

Higher strength and stiffness at elevated temperatures is obtained with glass or carbon fiber
reinforcement. Numerous studies have been conducted on glass fiber reinforced general and
engineering polymers. In these studies, mechanical properties such as strength and toughness of
general purpose polymers were investigated by adding 10%, 20%, 30% and 40% glass fiber
reinforcement [10]. In other study, hybrid composites were developed with the reinforcement of both
glass fiber and carbon fiber. In studies, it has been explained that glass fiber and carbon fiber
reinforcement increase tensile, bending and impact strength and decrease toughness [11-12]. As a
different approach, they produced new materials in plastic injection method by mixing recycled PET
fibers and original PET fibers. The mechanical and flow properties of the obtained polymer materials
were evaluated. As a result, it was concluded that both reinforcement materials provided positive
improvements [13]. In particular, high performance advanced engineering polymers such as PPS
(Polypropylene Sulfide) and Polyetherimide (PEI) gain many advantages. Because of its high strength,
low weight ratio, rigidity, thermal resistance, dimensional stability and good tribological properties, it
has started to find rapid use in the fields of space, automobile, electronics and sports. A group of
researchers investigated that the mechanical and tribological properties of polymer materials such as
PA (Polyamide-PA), PPS and PPS/PA powder-granule mixture [14]. In similar study, researchers
reported that it is important to show the effect of carbon fiber reinforcement on the mechanical
behavior of PEEK (Polyether ether Ketone) polymer [15]. In the study, it has developed a composite
material with PPS polymer matrix reinforced with e-glass. They claimed that as the glass reinforcement
ratio increased, there was a visible increase in the mechanical, thermal and electrical properties of the
developed composite [16]. Unlike the previously mentioned publications, the influence of cooling rate
on PPS polymer and carbon fiber reinforced PPS polymer was investigated. From this research, the
high crystallization caused by the slow cooling rate increased the modulus of elasticity and yield stress
but the strength and toughness decreased [17].

In the mentioned studies are examined, it has been determined that there are some important points
in the literature that are missing and waiting for a solution. For this reason, the purposed study has
been carried out in order to both close the gap in the literature and support the developments in the
industry. In particular, plastic injection tests were carried out by selecting two very important polymer
materials such as PPS and PEL Further, results have been obtained regarding the most outstanding
properties of these polymers. At the end of the current study, the advantages and disadvantages of both
polymers of PPS with 40 % glass fiber and PEI with 30 % glass fiber were compared and reliable results
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were obtained.
2. Material and Method
2.1 Plastic injection tests

In this study, using three process of two different high performance engineering polymers (PPS and
PEI), a total of 18 tests were performed to the three-level orthogonal Taguchi design [19]. In the
injection tests, the tensile strength, impact toughness, shrinkage, melt flow index and density were
determined by using injection conditions such as melt temperature, injection pressure and runners
(Table 1-2). In this study, three parameters are most effective parameters on mechanical, dimensional
and rheological properties were selected from plastic manufacturer catalogue.

Table 1. Experiments plan for PPS polymer

Process

- L level 1L level I11. level
Conditions
Melt temperature (°C) 320 330 340
Injection pressure(Bar) 80 100 120
Runners (A-B-C) 1 2 3

Table 2.Experiments plan for PEI polymer

Process I level L level 1L level
Conditions
Melt temperature (°C) 350 360 370
Injection pressure(Bar) 80 100 120
Runners (A-B-C) 1 2 3

2.2. Experimental procedure

In this study, PPS and PEI polymers were used to realize ENGEL-Factory injection machine. PPS and
PEI polymers were tested in condition of the injection time 3 s, packing time is 6 s, cooling time is 10 s,
mold open-close time and total cycle time is 20 s. The injection machine specifications are given in
Table 3. Plastic mold in situ are shown in Fig.1 and plastic samples are displayed in Figure 2 and 3.

Table 3. Injection machine specifications

Setups Value
Max injection pressure 140 bar
Max clamp force 60t
Max screw stroke 100 mm
Screw diameter 30 mm
Max injection flow 85 cm3/s

Figure 1. The finished of Plastic molds for plastic specimens
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Figure 3. Tensile test specimens for PEI

3. Testing and Measurement Methods

Total of 18 tensile tests were conducted to obtain the values of tensile strength (MPa) and strain (%)
in accordance with ASTM D-638 [20]. The testing speed was 100 mm/min at least three times 3
specimens were tested in a MACRONA model instrument as shown in Figure 4.

(b) PEI

Figure 4. The tensile tests of polymers
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[zod impact tests (totally 18) of PPS and PEI specimens were carried out to collect the values of impact
strength (KJ/m2) accordance with ASTM D-256 [26]. The izod notched (V) method in impact tests were
performed by using an INSTRON instrument Ceast 9050 model as shown in Figure 5. Hammer energy
of 5.5 ] was used and the striking velocity was 3.80 m/s. For the specimens, notch izod impact test was
made using a motion cutting machine.

Figure 5. The tensile tests of polymers

Dimensional measurements were performed to obtain the values of shrinkage (%) in flow and
transverse directions in accordance with ASTM D-638 [21]. The bar specimens of PPS and PEI polymers
were measured by the digital caliper with accuracy of 0.01 at least three times as shown in Figure 6.

(b) PEI

(c) PPS d) PEI

Figure 6. Measurement of shrinkage calculations in flow and transverse
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Melt flow index test accordance with ASTM 1238-D [22] was carried out in an INPROS model
instrument in Figure 7. Test conditions are 5 kg of mass, of displacement of 30 mm, temperatures of
310 °C, 240 °C and 345 °C for polymers of PPS and PEI], respectively.

Figure 7. Melt flow index test of polymers

In order to determine the solid density of polymer materials of PPS and PEI, a series of measurements
were carried out using a RADWAG brand AS 220 X 2 model devices with 0.2 mg sensitivity. Density
measurements applied to the polymers are shown in Figure 8, respectively.

1 647261

£

(a) PPS (b) PEI
Figure 8. Measurement of solid density for PPS and PEI

4. Results and Discussion

In this section, the experimental results obtained from tensile test, impact test, volumetric shrinkage,
melt flow analysis and density measurements of PPS and PEI polymer specimens, discussions and their
relation with the literature are discussed.
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Figures 9 and 10 show the Force (N)-Elongation (mm) graphs of both polymers during the tensile test.
As seen from Figure 9, it can be seen that the PPS polymer exhibits a rapid elongation (3.4 mm)
behavior up to a load of 3400 N, and then falls rapidly after this point. From Figure 10, it can be seen
that the PEI polymer exhibits a rapid elongation (5 mm) up to 2400 N load, and it decreases rapidly
after this point. Comparing both polymers, PPS has tighter bonds, carrying higher load and showing
less strain, while PEI has weaker bonds, causing it to carry less load and show more strain [ 3, 23].

Pak

0 02 04 06 08 1 12 14 16 18 2 2 24 2 28 3 2 34 38
Bong ()

Figure 9. Tensile test of PPS (Force in X axis-elongation in Y axis)
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Figure 10. Tensile test of PEI (Force in X axis-elongation in Y axis)

Figure 11 indicates the variation of stress-strain of PPS and PEI polymer. From Figure 11, it can be
observed that the tensile stress increases with increasing strain values for both two polymers. Tensile
stress values for PPS increased rapidly up to 1.50 % strain and then remained constant until 2.211%.
After this point, it continued steadily with a slight increase. As a result, the PPS polymer broke when
the tensile stress was 180 MPa and the strain was 3.66 %. On the other hand, the tensile stress of PEI
increased rapidly up to a strain of 3.33 % and then continued at a strain of 4.413% with small increases-
decreases. From this point, PEI polymer broke at tensile stress of 60 MPa and the strain of 4.33 %.
Comparing both polymers, it is seen that PPS material exhibits better mechanical properties than PEL
This is why, better interfacial bonding between fiber and matrix in PPS polymer, better tensile
properties of PPS [3, 4, 24]. Figure 12 shows a tensile strength-strain graph obtained from a single
injection condition both for PPS and PEI among nine injection conditions in Table 1 and 2.

The most effective method to determine the impact toughness of a polymer material is to perform
impact notch testing. Table 4 indicates the impact strength values and the differences between those
for polymer materials measured from the V-notched izod impact test. From Table 4, it can be seen that
the impact strength values of the PPS polymer are generally higher than the values of the PEI polymer.
As seen from Table 4, it has been determined that the most important injection condition affecting the
change in impact strength for both PPS and PEI polymer materials is the runner type. The highest
impact strength value is 14.88 K] /m?, while the smallest impact strength value is 7.28 K] /m2 [18]. Since
the glass fiber additive ratio in each polymer material is close to each other, great differences in impact
resistance values were not observed [18].
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Figure 11. Tensile stress-strain curves for PPS and PEI
Table 4. Impact Strength values of PPS and PEI
Polymer materials
PPS PEI Differences
11.55 10.94 0.62
10.96 10.71 0.25
14.88 10.02 4.86
11.69 9.89 1.80
9.89 12.64 2.75
Impact Strength 11.63 12.02 0.39
(Izod Notched) 11.17 10.82 0.35
(KJ/m?) 9.24 7.28 1.96
9.60 11.8 2.20
Table 5. Shrinkage results for PPS and PEI
. . Melt
Polymer Shrinkage (%) Shrinkage (%) .
materials (flow direction) (transverse) flow index
(cm3/10min)
0.164 1.00 30.6
0.191 0.90
0.364 0.40
0.318 0.65
PPS 0.182 0.90
0.245 1.05
0.201 0.85
0.382 0.35
0.218 0.95
0.182 0.75 8.94
0.255 0.60
0.345 0.55
0.373 0.50
PEI 0.100 0.95
0.218 0.60
0.236 0.50
0.391 0.65
0.200 0.80

Dimensional change can be determined with the volumetric shrinkage. Table 5 gives the values of
shrinkage at directions of melt flow, transverse and depth for PPS and PEI polymers. In Table 5, it can
be seen that the lowest shrinkage values for both PPS and PEI are obtained in the flow direction
whereas the highest values are measured in transverse direction for PPS. The amount of crystallinity
of polymer materials affects the shrinkage indirectly; therefore, it can be assumed by the semi-
crystalline materials (PPS) have higher shrinkage rates than amorphous materials (PEI) [25].

Melt flow index of PPS and PEI vary from 30.4 g/cm3 to 8.94 g/cm3 in Table 5. From this Table, it can
be stated that the flowability of PPS polymer are faster than the polymers of PEL Therefore, this
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polymer has been preferred in many applications. Additionally, solid density of PPS and PEI were found
in 1.647 g/cm3 and 1.627 g/cm3, respectively.

5. Conclusions

This paper focused on the performance of high performance advanced polymers of PPS and PEI by
evaluating the mechanical behavior, rheological characteristic and dimensional property. The obtained
results can be expressed in the following:

¢ The plastic injection tests for both PPS and PEI polymers were conducted to reduce the time of
experiments based on Taguchi design.

« From tensile tests, it can be understood that the tensile strength values of the PPS polymer are higher
than that of the PEI polymer. In contrast, the strain values of PPS polymer are smaller than those of
PEL

« It can be found that the most effective parameter on the tensile strength is the type of runner type
among the three injection conditions. In similar way, the conditions of temperature and the type of
runner are very significant on the shrinkage.

« The tensile strength of PPS increases with the increase the content of glass fiber, but strain values
indicates decreasing trend with increasing of glass fiber content. This result indicates that the
mechanical behavior of PPS is better than that of PEI.

» The best impact toughness was achieved with PPS polymer material while low impact toughness was
obtained from PEI polymer. This result was associated with the injection conditions of melt
temperature, injection pressure and runner type.

¢ The volumetric shrinkage of PPS and PEI polymer is between international standards. Additionally, it
can be concluded that the best shrinkage values for both PPS and PEI are obtained in the melt flow
direction whereas the higher values are measured in transverse direction for PPS. It can be assumed
that the content of glass fiber affects the dimensional stability of PPS specimens.

 The addition of glass fiber has no important effect on the melt flow characteristic of the polymers but
also PPS of the melt flow index is higher than that of PEI. In addition to this, the solid density value of
both polymers is very close to each other.

¢ As a result, this current study shows that high performance advanced polymers such as PPS and PEI
can be used effectively and safely in the automotive, aerospace, electronics and sports industries due
to their properties such as high strength, medium toughness and good dimensional stability.
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ABSTRACT

Keywords: Educational data Studies on academic performance prediction, a sub-branch of Educational Data Mining, have
mining, imbalanced da'tas'et, increased in recent years. Educational datasets in real environments often have class
multiclass dataset, prediction imbalanced and multi-class target variables. However, studies with these datasets are very

few. In this context, in this study, with the ethical no decision of 23.05.2022-286783, using
the data set of Marmara University (MU) Faculty of Technology (TF) students, a student

a* Marmara University,
Institute For Graduate Studies In Pure

and Applied Sciences, graduation status estimation was made with the multiclass imbalanced educational dataset

Department of Computer Engineering to identify the students at risk. 1394 samples and 11 features were obtained through data
34730 - Istanbul, Tiirkiye preprocessing and feature selection (FS) stages. 153 students belonging to 2016 were used

Orcid: 0000-0003-2411-4937 for robustness control. 3 different datasets containing 11, 7 and 5 features obtained with 7

e mail: esra@marmara.edu.tr different FS were created. Using 9 different sampling methods and 16 different machine

learning algorithms, 750 different models were created. Models were checked for
robustness. F1 Score and Repeated Stratified 5*5 fold-CV were used as success criteria.
Hyperparameter settings were made with GridSearchCV. As a result, although ROS+RF was

b Marmara University,
Vocational School Of Technical Sciences,
Computer Technologies

34730 - [stanbul, Tiirkiye the most successful algorithm with an F1 Score of 0.9935, the most successful and most
Orcid: 0000-0003-3875-1793 consistent models were the 7-featured None+ET, None+MLP, None+Bagging DT and
None+RF models. With these models, the decision support system web application was

¢Marmara University, developed and presented to MU TF faculty members.

Faculty Of Technology,
Plectrical And Becironies ineineerns— Cok Sinifli ve Dengesiz Egitimsel Veri Kiimesiyle
Oreia:0000-0001:8296:06%%  Yiiksekogretim Planlama ve Karar Destek Sistemi:
.. Teknoloji Fakiiltesi Ornegi

0Z

Egitimsel Veri Madenciliginin alt dali olan akademik performans tahminiyle ilgili
calismalarin son yillarda attign goriildii. Gergek ortamlarda egitimsel veri kiimeleri
cogunlukla simif dengesizligine ve ¢ok sinifli hedef degiskene sahip oldugu ancak bu veri
kiimesi ile yapilan ¢alismalarin literatiirde az oldugu gorildii. Bu baglamda, bu calismada,
23.05.2022-286783 etik no karari ile Marmara Universitesi (MU) Teknoloji Fakiiltesi (TF)
ogrencilerine ait veri seti kullanilarak, cok sinifli dengesiz egitimsel veri kiimesiyle, riskli
ogrencileri tespit etmek icin 6grenci mezuniyet durum tahmini yapildi. Veri 6n isleme ve
ozellik secimi (FS) asamalariyla 1394 6rneklem ve 11 6zellik elde edildi. 2016 yilina ait 153
6grenci saglamlik kontrolii i¢in kullanildi. 7 farkli FS ile elde edilen 11, 7 ve 5 6zellik igeren
3 farkl veri kiimesi olusturuldu. 9 farkli 6rnekleme yontemi ve 16 farkli makine 6grenmesi
algoritmasi kullanilarak birbirinden farkli 750 model olusturuldu. Modellere saglamlik
kontrolii yapildi. Basari 6l¢iitii olarak F1 Score ve Repeated Stratified 5*5 fold-CV kullanildi.
Hiper parametre ayarlar1 GridSearchCV ile yapildi. Sonug¢ olarak RandomOverSampler +

Anahtar Kelimeler: Egitimsel RandomForest F1 Score 0.9935 degeriyle en basarili algoritma olmasina ragmen, en basaril

Veri Madenciligi, Dengesiz Veri ve en tutarli modeller 7 6zellikli, None+ET, None+MLP, None+Bagging DT ve None+RF
Kiimesi, Cok Sinifli Veri Kiimesi, modelleri oldu. Bu modellerle karar destek sistemi web uygulamasi gelistirilerek MU TF
Tahmin 6gretim tiyelerine sunuldu
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1. Giri§ (Introduction)

“Yiiksekogretimin amaci, 68rencileri, ilgi ve yetenekleri yoniinde yurt kalkinmasina ve ihtiyaglarina
cevap verecek, ayn1 zamanda kendi gecim ve mutlulugunu saglayacak bir meslegin bilgi, beceri,
davranis ve genel kiltiiriine sahip, vatandaslar olarak yetistirmektir.” [Yiiksek6gretim Kanunu. Madde
4/a/7][1]. Bu baglamda, 6grencilerin dogru meslek se¢gmesi, akademik performansinin gelistirilmesi,
iyilestirilmesi ve takibinin yapilmasi cok 6nemlidir. Béliimii birakma ihtimali olan 68rencileri 6nceden
tespit etmek, ihtiyaclarini gidermek, 6grencilere basarisinin artmasi yoniinde destek vermek ve
okudugu béliime geri kazandirmak yliksekdgretimin amaglarindandir. Yanlis b6liim se¢iminden dolay1
bolimii birakma ihtimali olan 6grencilerin 6nceden tespit edilerek, dogru meslege heniiz
yiiksekodgretime baslamadan yonlendirilmesi ise hem 6grencinin hem ytliksekgretimin hem de tilkenin
lehinedir.

“Egitim teknolojisini liretmek, gelistirmek, kullanmak, yayginlastirmak Yiiksekégretim Kurumlarinin
gorevlerindendir.” [Yiiksekogretim Kanunu. Madde 12/h][1]. Egitim Teknolojisi, egitimde performans
artisini saglamak icin teknolojinin egitim alaninda kullanilmasidir [2]. Son yillarda, egitim alaninda
kullanilan Egitsel Veri Madenciligi (Educational Data Mining -EDM) ydntemi kullaniminda artis vardir.
Uluslararasi Egitim Veri Madenciligi Dernegi, EDM’yi, “egitim ortamlarindan gelen benzersiz ve giderek
daha biyiik 6lcekli verileri kesfetmek icin yontemler gelistirmek ve bu yontemleri 6grencileri ve icinde
ogrendikleri ortamlar1 daha iyi anlamak icin kullanmakla ilgilenen, gelismekte olan bir disiplindir.”
seklinde tanimlar [3]. EDM ydntemi, egitim verilerini analiz ederek, makine 6grenme yontemleri ile

0grenme deneyimini ve kurumsal etkinligi gelistirmek i¢cin modeller gelistirir.

EDM kullanarak gelistirilen modelin basarisi, bircok kritere baghdir. Makine 6grenmesi algoritmalarini
segmeden once kullanilacak verinin dogru analiz edilmesi biiyiik énem tasir. Bu nedenle egitim
verilerinin biiyiikligi, karmasikligl goz oniine alindiginda, egitim verisinin 6n islem asamasinda ¢ok
iyi organize edilmesi gerekir. Ayrica veri kiimesindeki hedef degiskene ait sinif dagilimindaki oranlar
arasinda biiyiik farklar varsa, veri kiimesinde dengesizlik olusur [4]. Bu tiir veri kiimelerine dengesiz
(imbalanced)(ID) veri kiimesi denir. Veri kiimesinde bu sekilde sinif dengesizligi probleminin olmasi
model basarisinda oldukga etkilidir. Cok kii¢iik oranda bulunan sinif, azinlik sinif olarak adlandirilir.
Gergek yasam verilerinde, genellikle azinlik sinifi daha énemlidir ve azinlik sinifina ait verinin taninma
oranini iyilestirmek icin farkli yontemler uygulanir [5]. Ciinkii ¢ogu siniflandirma algoritmasinin
O0grenme siireci cogunlukla ¢ogunluk sinifi 6rneklerine karsi ényargilidir, yani azinlik sinifina ait
olanlar modelleme siirecinde dogru sekilde modellenemez [6]. Bu problemi ¢6zmek ve azinlik sinifina
ait olan verinin de siniflandirma dogrulugunu artirmak icin, veri diizeyinde yeniden 6rnekleme ve
algoritma diizeyinde modifiye edilmis 6grenme algoritmalari seklinde iki ana yaklasim vardir [7].

Veri kiimesindeki hedef degisken kategorik ve sayisal olabilir. Kategorik degiskenler,
siniflanabilir(nominal) ve siralanabilir(ordinal) seklinde; sayisal degiskenler ise kesikli ve siirekli
olarak ikiye ayrilirlar [8]. Bu sekilde kategorik degiskenlerden siniflanabilir veya siralanabilir olan
hedef degiskenler ikili ve ¢ok sinifli (multiclass) (MC) olarak ayrilir. Hedef degisken sayisal degerler
oldugunda “regresyon problemi”, ikili nominal sinifli degerler oldugunda “siniflandirma problemi” ve
¢ok simifli degerler oldugunda ise “cok smifli siniflandirma problemi (multiclass classification
problem)” olarak adlandirilir. Perceptron, Lojistik Regresyon ve Destek Vektér Makineleri gibi
siniflandirma algoritmalarinda en yaygin ayar yalnizca iki sinifi icerecek sekildedir, bu nedenle ¢ok
sinifli siniflandirmay1 dogal olarak desteklemez. Bu problemi ¢6zmek {izere tasarlanan ¢ok sinifl veri
kiimesini ikili smnifli veri kiimesine bolerek model olusturan One-vs-Rest ve One-vs-One seklinde
yaklagim vardir [9].

Bu calismada, Marmara Universitesi (MU) Ogrenci Isleri Daire Baskanligi (OIDB)'nin E-44174047-
730.03.01-286783 etik kurul karari ile MU Teknoloji Fakiiltesi (TF) mithendislik égrencilerine ait 319
Oznitelik ve 4023 6rneklem iceren veri kiimesi kullanildi. Cok sinifli dengesiz egitimsel veri kiimesi ile
makine 68renmesi yontemleri kullanarak 6grenci mezuniyet tahmini yapan karar destek sistemi
gelistirilmesi amaglandi.

Calismanin diger ¢alismalardan en 6nemli farki, veri kiimesinin hem c¢oklu simif hem de sinif
dengesizligi problemlerine sahip olan bir egitimsel veri kiimesi olmasidir. Literatiir Arastirmasi
boéliimiinde ayrintili bir sekilde agiklandigi ve Sekil 1.'de goriildiigi gibi ¢ok sinifli dengesiz egitimsel
veri kiimesi ile yapilan ¢alismalarin 2010-2011 yillarindan itibaren arttig1 goriildii. Bu baglamda, veri
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kiimesinin 6zgiin olmasi bu ¢aligmanin en énemli 6zgiinliigiidiir. Ek olarak, MU TF Ogretim Uyelerinin
kullanabilecegi bir karar destek sistemi web uygulamasi yapildi. Yontem olarak farkli makine
Ogrenmesi algoritmalari ve farkli érnekleme yontemleriyle modelleme yapilarak, farkli modellere ait
karsilastirmali sonuglarin elde edilmesi, literatiire farkli ¢6ziimler sunulmasi agisindan faydali olacagi

ongorildi.
60 [ Google Scholar
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Sekil 1. Bilimsel veri kaynaklari ve EDM, MC ve ID disiplinlerindeki ¢alismalarin yillara gore dagilimi (Scientific data sources and
distribution of studies on disciplines EDM, MC and ID according to years)

1.1. Literatiir arastirmasi (Literature research)

Literatiir arastirmasi sirasinda, Sekil 2’den de anlasildig1 gibi EDM, ID ve MC disiplinleri ile ayr1 ayr1
yapilan ¢alismalarin 2000’1i yillardan 6nce bagladig1 goriildi. Son yillarda EDM, ID ve MC disiplinlerinin
ayni veri kiimesinde kullanildig1 ¢alismalarin sayisinin ise arttigi goriildii. Bu ¢alismalarin icinden ¢ok
sinifli ve dengesiz egitimsel veri kiimesi ile ilgili olanlarin 6zet bilgileri Tablo 1.’de gosterildi. Ayrica
yapilan bu ¢alismalarin ¢ogunlukla, liniversiteye kayit yaptirmis ve okudugu béliime ait ders notu olan
ogrencilerin performans tahmini tizerine oldugu goriildii. Diger yandan heniiz tniversite tercihinde
bulunmamis ve iiniversiteye yerlesmemis aday 6grencilerin ders notu, yariyil dénemi gibi akademik
bilgileri olmadigindan bu sekilde 6grenci performans tahminini yapan ¢alismanin yok denecek kadar
az oldugu goriildi. Yiiksekdgretim verilerinde ¢ok siifli ve dengesiz veri kiimesi problemi tespit edildi.
Mevcut ¢alismalar, dgrencilerin 6grenci performans tahminini gelistirmeye odaklansa da, ¢ok sinifli
dengesiz egitimsel veri kiimesi ile 6grenci performans tahmini lizerinde yapilan ¢alismalarin az oldugu
goriildii. Literatlirdeki bu boslugu doldurmak iizere, bu ¢alismada ¢ok sinifli ve dengesiz egitimsel veri
kiimesi tizerinde 6grenci performansini makine 6grenmesi algoritmalari ile tahminlenmesi ve bu
modeller kullanilarak gelistirilen bir karar destek sistemi web uygulamasi yapildi.

200000 ——Y W 2021-2022
73280 33573 [ 2016-2020
2011 - 2015
150000 2006 - 2010
B 2001 - 2005
B ...-2000
100000
19538
\
29929 577 241 46
50000 \.. 1139 415 55
9253 5
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Sekil 2. EDM, MC ve ID disiplinlerinde yapilan galismalarin yillara gére dagilimi (Distribution of studies on disciplines EDM, MC and ID
according to years)

Ozetlemek gerekirse, Tablo 1.’de ve Sekil 1’de belirtilen literatiir aragtirmasi sonuglari neticesinde bu
calismada, makine 6grenmesi algoritmalari ve érnekleme ydntemleri kullanilarak ¢ok simifli dengesiz
egitimsel veri kiimesi lizerinde mezuniyet tahmini yapan modeller olusturuldu ve en tutarli modeller
kullanilarak pilot bir karar destek sistemi web uygulamasi gelistirildi. Boylece, lniversiteye
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baslamadan, béliime kayit yaptirdiklari takdirde, sinifta kalma ihtimali, boliimii terk etme ihtimali olan
riskli 6grencilerin dénceden tahmin edilebilmesi ve bu &grencilerle ilgili iyilestirme g¢alismasinin
yapilmasina imkan sunuldu. Ozgiin ¢calismada 6nerilen yontemin literatiirde EDM disiplinine yeni bir
katki saglayacag diistiniildu.

Tablo 1. Literatlrde ¢ok sinifli ve dengesiz egitimsel veri kiimesi ile ilgili yapilan galismalar (Studies on multi-class and imbalanced
educational dataset in the literature)

No Veri Kiimesi  Orneklem  Ozellik Hedef  Makine Yeniden Cross Basari Sonug
Sayisi Sayisi Sinif Ogrenmesi  Ornekleme Validation Metrikleri
Sayisi Yontemleri (cv)
1 UCI Machine 403 5 3 SVM SMOTE - Accuracy, Basarili
[11] Learning Sensitivity,
Specificity,
G-mean
2 A university 1282 10 5 RF, DT, SVM, SMOTE 10 fold CV F Measure RF +
[12] NB, KNN, LR SMOTE en
basarili
3 Two 650 19 4 XGBoost, RF, Borderline Shuffle 5-fold Accuracy, RF +
[13] universities ve ve ve KNN, ANN, SMOTE, ROS, cv Recall, SVM
394 19 4 SVM, DT, LR, SMOTE, Precision, F1 ~ SMOTE en
NB SMOTE-ENN, Score basarili
SVMSMOTE,
SMOTETomek
4 Kaggle 480 16 3 Stacking, RF, SMOTE, 10-fold CV Accuracy, G- SMOTE +
[14] Kalboard 360 LR, KNN, DT, Borderline Mean RF %83 F1
LMS CART, SVM SMOTE, Score en
SMOTETomek basarili
5 A university 1334 43 7 RF, Boosting, 10-fold CV Accuracy, RF
[15] Bagging, NB, ROC
SVM, NN, LR,
KNN, DT C4.5
6 A university 101617 19 3 RF, Gradient SMOTE Holdout Accuracy Smote + RF
[16] Boost, %85.03
AdaBoost, accuracy
DT
7 A university 497 18 ? RF, ? 10 Fold CV precision, RF ve
[17] Adaboost, specificity, Adaboost
Stochastic recall, kappa  F-score
GBM, metrics,bala 66.67%
xgbTree, nced
ca5 accuracy, F-
score
8 Kaggle 480 16 3 LDA, LR, RT, SMOTE 5ve 10 Fold CV  confusion LR %86
[18] Kalboard 360 KNN, NB, matrix (CM),  accuracy
LMS SVM accuracy,
precision,
recall, Fl-
Score
9 A university 6882 15 3 Gradient SMOTE, ? ? MLP +
[19] Boost, Borderline Borderline
Adaboost, SMOTE, SMOTE en
RF, MLP SVMSMOTE basarili
ADASYN
10 Kaggle 480 16 3 Gradient RUS 10 Fold cVv CcMm, SMOTE +
[20] Kalboard 360 Boost, SVM, ROS Accuracy, PCA SVM
LMS KNN, CART, SMOTE AUC, Kappa, %94
MLP, LDA Precision, Accuracy
Recall en basarih

Bu baglamda ¢alismanin genel diizeni su sekilde organize edildi: Materyal ve Yontem béliimii altinda
ilk 6nce tasarlanan sistem mimarisi belirtildi. Veri setinin tanitimi ve iizerinde yapilan 6n isleme ve
ozellik secimiyle ilgili bilgiler materyal yontemi kisminda agiklandiktan sonra yéntem bolimiiniin
altinda kullanilan makine 6grenmesi algoritmalari ile tasarlanan sistem ve performans kriterleri ile
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elde edilen bulgular paylasildiktan sonra Karsilastirma boliimiinde, literatiirle ilgili karsilagtirma ve bu
calismadaki en basarili ve en tutarli sonuglarin karsilastirmasi yaparak, ¢alismanin giiglii ve zayif
yonleri ile gelistirilebilir yonleri belirtildi. “Web Uygulamas1” alt bashg1 altinda gelistirilen web
uygulamasi karar destek sistemi anlatildiktan sonra “Sonu¢” béliimiinde ¢alismayla ilgili ulasilan
sonuglar, oneriler ve gelecek ¢alismalara iligkin goriisler paylasildi.

2. Materyal ve Yontem (Material and Method)

Bu ¢alismada, veri analizine dayali makine dgrenmesi ile tahminleme modeli gelistirildi. Bunun igin
gerekli olan siiregler verinin temin edilmesi, verinin islenmesi ve makine 6grenmesi algoritmasi ile
modellenmesi seklinde yapildi. Bu baglamda, her siirecin verimini artiracak yazilimsal ve donanimsal
materyaller kullanildi. Calisma boyunca, MacBook Pro: 2.3Ghz Dual-Core Intel Core i5 donanimi ve
Python Jupyter ve WEKA yazilimlari kullanildi.

2.1. Veri kiimesi (Dataset)

Bu calismada, MU OIDB’nin E-16110545-302.08.01-2100040487 etik no karari ile MU TF miihendislik
ogrencilerine ait veri kiimesi kullanildi. Elde edilen veri kiimesinde 319 adet 6zellik ve 4023 adet
orneklem tespit edildi. Veri kiimesi iizerinde istatistiksel analizler yapildiginda TF’de Bilgisayar
Miihendisligi (Miih.), Elektrik-Elektronik Miih., Makine Miih., Mekatronik Miih., Metalurji ve Malzeme
Miih. ve Tekstil Miih. olmak iizere 6 boliim oldugu gorildii. Sekil 3'te TF béliimlerinin ilk 6grenci kayit
yili ve ilk 6grenci mezun yillar gosterildi.

B Agima Tarihi [l ik Mezun Tarihi
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Sekil 3. MU TF 2021 Subat ayina kadar béliimlere ait agilma ve mezun yillar1 (MU TF opening and graduation years of departments
until February 2021)

TF de bulunan 6 bsliimdeki toplam 4023 égrencinin mezuniyet durumlan “Aktif”, “Aktif Degil”, “Ilisigi
Kesilmis” ve “Mezun” seklinde oldugu goriildii ve bolimlere gére 6grenci mezuniyet durum dagilimlari
Sekil 4.’teki gibi gosterildi.

B Aktf [ Axtif Degil 1 llisigi Kesilmis [ Mezun
500
418 410 413 428
405 380
400
300
200
100
0
QO e ~ & o &
o & il 3 & S
& & < N & N
© Ol & N @ N
@ < N A 4

Sekil 4. MU TF béliimlerine gore 6grenci ve 6grenci durum dagilimlari (Student and student status distributions according to MU TF
departments)
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Sekil 4 incelendiginde, “Mezun” durumda olan égrenci sayisinin 1480 iken, “ilisigi Kesilmis” durumda
olan 6grenci sayisinin 371 ve “Aktif Degil” durumda olan 6grenci sayisinin ise sadece 11 oldugu
goriildii. Bu baglamda toplam 4023 égrenciden sadece %9.2 si “ilisigi Kesilmis” durumda olan 6grenci
oldugu tespit edildi. Bu durumda mezuniyet durum dagilimlari arasindaki farkin ¢ok oldugu gorildi.
Bu nedenle bu veri setinin dengesiz bir veri seti oldugu belirlendi.

2.2.Veri 0n isleme (Data preprocessing)

MU TF 6grenci veri kiimesi Sekil 5’teki veri 6nisleme adimlari sirasiyla uygulandi. Oncelikle, mezuniyet
durumu bilinmeyen Aktif ve Aktif Degil durumundaki 2172 6grenci, OSYM verisi bos olan 401 égrenci
ile tiniversiteye kayitlanma sekli OSYM olmayan 56 6grenci, gereksiz érnekler oldugu icin veri
kiimesinden ¢ikarildi. Ozellik miithendisligi yontemleri ile gereksiz 6zellikler veri kiimesinden ¢ikarildi.
Daha sonra 6zellik ¢ikarimi ile kategorik 6zellikler islendi ve yeni dzellikler elde edildi. Eksik aykir1
degerler asamasinda bos olan degerler, ilgili 6zelligin ortalamasi ile giincellendi. U¢ degerler kontrol
edildi ve olmadig goriildii. Kategorik degiskenlerden bos olanlar Diger verisi ile giincellendi. One hot
encoding islemi ile veri kiimesi sayisallastirildi. Son olarak o6zellik 6lceklendirme yapildi ve 4023
ogrenciden, hedef degiskeni 1158 “Mezun”, 110 “Kaydi Silindi” ve 126 “Yatay Geg¢is / Program
Degisikligi” mezuniyet durumlarini iceren toplam 1394 6grenci elde edildi.

2.3. Ozellik secimi (Feature Selection)

Ham veri setinde bu calismanin amacina uygun olarak kullanilacak verileri iceren Ogrenci Bilgileri,
Ogrenci OSYM Bilgileri, 0SYM Detay, OSYM Lise, OSYM Lise 2014, Ogrenci Bilgiler Kalanlar ve il ilge
tablolar1 kullanildiginda, 6zellik sayisi, 319’den ilk olarak 81’e indirildi. Devaminda, Sekil 5’te belirtilen
“Gereksiz Ozellikler” asamasi uygulandi ve 6zellik sayis1 81’den 20’e indirildi.

Sekil 5'teki “Gereksiz Ozellikler” asamasindan sonra su ozellikler elde edildi: BirimAdi, Cinsiyet,
DogumYerill, DogumTarihi, KayitYili, Sinif, EgitimYariYili, Durum, MezuniyetTarihi, MezunGANO,
OgrenciDurumKodID, OsymKayitYili, LiseNotu, osymOkulTuru, YerPuaniSirasi, YerBolumTercihSirasi,
MtokOgrencisi, osymOkulBirincisi, KontenjanTuru, UniversiteYerlestirmeSirasi. Korelasyon haritasi
¢ikarild1 ve yiiksek korelasyona sahip 6zelliklerin oldugu goriildii. Bunlardan DogumTarihi, KayitYili,
MezuniyetTarihi, OsymKayitYili ile; Sinif, MezuniyetTarihi ve EgitimYariyih ile, MtokOgrencisi,
OsymKayitYili ile gibi 6zellikler birbiriyle korelasyonu yiiksek ciktigl icin birer tanesi birakilarak
ylksek korelasyonlu diger 6zellikler kaldirildi. “Eksik&Aykiri Degerler” asamasinda, bos olan degerler
giincellendi. Son durumda, veri 6n isleme asamalari tamamlandiginda bu ¢alismada kullanilan ve Tablo
2’de ayrintilari verilen 4023 6grenci ve 319 o6zellikten, toplam 1394 6grenci ve 11 6zellik elde edildi.

Data Preprocessing

Redundant §Redundant Feature Missing & Digitization Feature
Samples Features Extraction Outliers 9 Scale

* 4023 ogrenci * Tek bir gozlemi * DogumYeri, *Kategorik *Sirasiz kategorik ~ * Min-Max
verisinden, olan kolonlar, LiseOkulTuru, degiskenlerdeki degiskenler oldugu  Normalization
mezuniyet durumu KayitlanmaSekli bos degerlere icin One-Hot- yapildi.
bilinmeyen Aktif ve  * Cift kolonlar, gibi kategorik Diger atamasi Encoding yapildi.
Aktif Degil oOznitelikler, sinif yapildi. * Standardizasyon
durumunda olan * %75 ve lzeri sayilan ¢ok fazla yapildi.
2172 6grenci, verisi NULL olan oldugu igin *Sayisal

kolonlar, gruplanarak degiskenlerdeki
* OSYM sinavi ile azaltildi. bos degerlere,
Universiteye kayit ~ * Anlamsiz kolonlar MEAN -
yaptirmadig igin listeden ¢ikarild. * Cikti sinif degeri  ORTALAMA

Ozel Misafir
Ogrenciler
grubundaki 48
ogrenci ve Aftan
gelen 8 6grenci,

* OSYM verisi bos
olan 401 dgrenci

listeden ¢ikarildi.

Son durumda, 319
ozellikten
yukaridaki kosullari
saglamayan 22
ozellik segildi.

binary halden, ¢ok
sinifll degiskene
cevrildi. "Mezun",
"Kaydi Silindi" ve
"Yatay Gegis ile
Ayrildi" geklinde 3

sinifli hale getirildi.

atamasi yapildi.

*Ug degerler
(Outlier values)
kontrol edildi ve

olmadigi gorilda.

Sekil 5. Veri dnisleme asamalari ve yapilan islemler (Data preprocessing stages and operations)
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Tablo 2. Ozellik degerleri ve aciklamalar: (Feature values and descriptions)

Ozellik Tiir Degerler Toplam Ogrenci Aciklama
Sayis1

Birim Ad1 Kategorik Bilgisayar Miih 14 Ogrencilerin tercih ettigi
Elektrik-Elektronik Miih 178 bélimlerdir.
Makine Miith 365 Bilgisayar Miihendisligi mezun
Mekatronik Miih 355 vermedigi i¢in listeden ¢ikarild.
MetalurjiveMalzeme Miih 345
Tekstil Mith 137

Cinsiyet ikili (Boolean) Kadin: 0 316 Cinsiyet. Ogrencilerin cinsiyetleri.
Erkek: 1 1078

Dogum Yeri Kategorik Akdeniz 89 Ogrencilerin dogum yerleri,

Boélge Dogu Anadolu 185 bélgelere gore gruplandirilarak yeni
Ege 91 ozellik olusturuldu.
Giineydogu Anadolu 70
i¢ Anadolu 194
Karadeniz 393
Marmara 372

Lise Notu Sayisal 142 <= L.N. <= 500 Puan araligidir. Normalize edilerek 0

- 1 arahigina indirildi.

Lise Okul Turu Kategorik Anadolu Lisesi 533 Ogrencilerin kayitlanma sekilleri 39
Anadolu Meslek Lisesi 72 farkl tirdedir, gruplandirilarak yeni
Anadolu Ogretmen Lisesi 87 ozellik olusturuldu.
Anadolu Teknik Lisesi 242
Fen Lisesi 59
Imamhatip Lisesi 11
Meslek Lisesi 118
Normal Lise 111
Ozel Lise 69
Teknik Lise 92
0SYM Sayisal 15141<=Y.P.S.<=413695 Puan siralama. Normalize edilerek 0
Yerlestirme - 1 arahigina indirildi.
Sirasi
Tercih Sirasi Sayisal 1<=TS.<=28 Tercih sirasi. Normalize edilerek 0 -

1 arahigina indirildi.

Universite Sayisal 1<=UYS<=56 Universite yerlestirme sirasi.
Yerlestirme Normalize edilerek 0- 1 araligina
Sirasi indirildi.
Mtok Ogrencisi ikili (Boolean) Evet: 1 474 MTOK égrencisi mi?
Hayir: 0 920
Okul Birincisi mi ikili (Boolean) Evet: 1 55 Okul Birincisi mi? Ogrencilerin
Hayir: 0 1339 liseden birincilikle mi mezun

oldugunu goésteren ozellik

Mezuniyet Kategorik Kayd: silindi 110 Ogrencilerin mezuniyet durumlarini
Durum Mezun oldu 1158 gosteren heden degisken
(Hedef Degisken) Yatay Gegis / Program 126

Degisikligi

2.4. Verinin egitim ve saglamlik veri setine boliinmesi (Splitting data into training and robustness dataset)

Temizlenmis (Prepared) veri seti olusturulduktan sonra, makine 6grenmesi ile olusturulan modellerin
saglamligini kontrol etmek i¢in, 2016 yilinda kayit yapan 6grenciler kullanildi. Bu nedenle, 2016 yilinda
kayit yapan 153 dgrenci, temizlenmis veri listesinden saglamlik verisi olarak ayrildi. Veri kiimesinde
2016 y1li disinda kayit yapan ve 1029 tane “Mezun”, 100 tane “Kaydi Silindi” ve 112 tane “Yatay Gegis
/ Program Degisikligi” mezuniyet durumlarini igeren toplam 1241 6grenci modeli egitmek ve
dogrulama yapmak iizere kullanildi. Son durumda Sekil 6’de modeli egitmek tizere kullanilan veri
kiimesinin sinif dengesizligi ve ¢cok smifli siniflandirma problemlerine sahip oldugu goriilda.

Sekil 7’de goriildiigi gibi veri onisleme ve 6zellik se¢imi tamamlandiktan sonra, hazirlanmis veri
saglamlik verisi, egitim verisi ve test verisi olarak ayrildi ve makine 6grenme algoritmalari egitilip,
modeller olusturuldu ve son modellerden pilot bir karar destek web uygulamasi yapildi. Onisleme ve
o0zellik seciminden sonra elde edilen hazirlanmis veri kiimesinden 2016 yilina ait 6grenci bilgileri
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saglamlik testinde kullanilmak iizere ayrildi. Boylece, saglamlik testinde her smiftan 6rnek olmasi
saglandi. Daha sonra, 2016 yili hari¢ olan egitim verisi, sinif dengesizligi probleminde kullanimi
onerilen Repeated Stratified 5*5 fold ¢apraz gecerleme yontemi ile egitildi. Boylece egitim setinden
elde edilen her 6rneklemde, her siniftan drnek olmasi saglandi. Dongli tamamlanana kadar egitim
verisine, sirasiyla makine 6grenmesi algoritmalar1 uygulandi ve modeller olusturuldu.

Yatay Gegis / Progra... Kaydi silindi
9,0% 8,1%

Mezun oldu

Sekil 6. Model olusturmak i¢in kullanilan 1241 6grencinin hedef 6zelligi dagilimlari (Target feature distributions of 1241 students
used to create the model)

2.5. YOntem (Method)

g

Ozelik Hazirlanmig
Veri

Sekil 7. Genel akis semasi(General flow chart)

3 ayr1 yontem ile egitim yaparak modeller olusturuldu:

1. yontemde, makine dgrenmesi algoritmalari yeniden érnekleme(resampling) yapilmadan ve hiper
parametreler her algoritmaya 6zel belirlenerek modeller olusturuldu.

2. yontemde, egitim verisine yeniden 6rnekleme ydntemleri uygulanarak ve hiper parametreler her
algoritmaya 6zel belirlenerek modeller olusturuldu.

3.yontemde, saglamlik verisi hari¢ tiim veri setine yeniden 6rnekleme yontemleri uygulanarak ve hiper
parametreler her algoritmaya 6zel belirlenerek modeller olusturuldu.

Her 3 yontemde de her dongiide olusan modelin F1 Score, Recall, Accuracy, ROC Area, confusion matrix
gibi performans ol¢iim degerleri elde edildi. Ayrica saglamlik testinde kullanmak ic¢in, egitim
sonucunda olusan her model, .pkl dosya formatinda, dosya sistemine kayit edildi. Ddngiiler
tamamlandiktan sonra tiim degerlerin ortalama sonuglari alindu.

Ek olarak, Sekil 5.’teki Ozellik Segimi asamasinda elde edilen 1241 satir ve 11 6zellik iceren hazirlanmis
veri seti, Pearson, Chi-2, Mutual-Info, RFE, Logistics, RF, Anova F Test seklindeki 6zellik secimi
yontemleri ile tekrar ele alindi. Elde edilen sonuglara gore, 1., 2. ve 3. yontemler, 7 tane en ¢ok
kullanilan 6zellik ve 5 tane en ¢ok kullanilan 6zellik ile ayrica egitildi. Boylece Tablo 3’te gosterildigi
gibi, 3 farkl1 yontem ve 3 farkl 6zellik se¢imi ile toplam 9 ¢esit model tiirii igeren 750 model elde edildi.
Tiim olusan modeller i¢in saglamlik kontrolii yapildi ve egitilen modellerin Test F1 score degerleri ile
karsilastirilarak, tutarlilik oranlari elde edildi. En bagarili ve en tutarl ilk 4 model secildi ve Django-
Python frameworku kullanilarak, pilot bir karar destek web uygulamasi yapildi.
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Tablo 3. Yontemler sonucunda olusan model sayilari (Number of models resulting from the methods)

11 ozellikle 7 ozellikle 5 ozellikle
Model Saglamlik kontrolii Model Saglamlik kontrolii Model Saglamlik kontrolii
Sayisi yapilan model sayisi1 Sayisi yapilan model sayis1  Sayis1  yapilan model sayis1
1. yéntem 16 16 16 16 16 16
2.yontem 117 117 117 117 117 117
3. yontem 117 117 117 117 117 117
Toplam 250 250 250 250 250 250

Bu calismada kullanilan siniflandirma algoritmalari, Sekil 8'de gosterildi. Ayrca kullanilan makine
Ogrenmesi algoritmalarinin parametreleri, GridSearchCV yontemi kullanilarak optimize edildi.

Simif dengesizligi probleminin ¢6ziimiinde, azinlik smifina ait olan verinin de simiflandirma
dogrulugunu artirmak i¢in, veri dlizeyinde yeniden 6rnekleme ve algoritma diizeyinde modifiye
edilmis 6grenme algoritmalari seklinde iki ana yaklasim oldugu literatiirde bulundu[7]. Bu ¢alismada,
veri kiimesine uygun olan ornekleme yontemlerinden, SMOTE, SMOTENC, Borderline SMOTE,
SVMSMOTE, ADASYN, Random Over-sampling ve hibrit yontemlerden SMOTE - ENN, SMOTE - Tomek
kullanildi.

Dengesiz veri kiimelerinde, hold out cross validation, k-fold cross validation, Repeated random
subsampling validation her siniftan 6rneklem almayabileceginden 6tiirii kullaniminin uygun olmadigi
goriildii. StratifiedKFold, katmanli kivrimlar: déndiiren bir k-fold ¢esidi oldugu ve her iterasyonda, her
set, tam set olarak her bir hedef siniftan yaklasik olarak ayni yiizdede 6rnek icerdigi goriildii. Boylece,
ozellikle dengesiz veri kiimelerinde, dogrulama veya egitim verilerinde belirli bir sinifin fazla
bulunmasini engelledigi tespit edildi. Boylece, az érneklem igeren siniflarin da egitilmesi saglandi. Bu
nedenle dengesiz veri setinde kullaniminin uygun oldugu goriildi. Bu ¢alismada da kullanilan veri
kiimesinde sinif dengesizligi problemi oldugu icin, Repeated Stratified 5*5-fold cross-validation
yontemi kullanildi.

Random Forest (RF)
ExtraTrees
AdaBoost (AB) €N K-Nearest Neighbors (KNN)
Bagging with DT
GradientBoosting (GB) 99 Naive Bayes (NB)
A Bagging with SVM
g0 Support Vector Machine (SVM)
| I Desicion Trees (DT)
Logistic Regression (LR)
[ Topluluk Metotlari
Balanced Bagging (BB)
Balanced Random
Forest (BRF)
Modifiye Edilmig
Dengeli Topluluk :ele:;k:;lr
Algoritmalari go!

B P i
rFercepuons

Derin Ogrenme

Easy Ensamble (EE) Multilayer Perceptron (MLP)

Sekil 8. Modellemede kullanilan makine 6grenmesi algoritmalari. (Machine learning algorithms used in modeling)
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3. Bulgular (rindings)

Sinif dengesizligi problemi olan veri kiimelerinde, performans 6l¢iimii olarak Dogruluk/Accuracy
degerinin kullanilmasinin yaniltici basari orani saglayabildigi goriildi. Bu nedenle Dogruluk/Accuracy
yerine, dengesiz veri setlerinde kullanimi giivenilir olan F1 Puani/F1 Score, Dengeli
Dogruluk/Balanced Accuracy degerleri kullanildi. Dogruluk/Accuracy, Geri Cagirma/Recall ve
Ozgiinliik/Specificity degerleri ayrica incelendi. Ayrica, bu calismada dengesiz simf dagilhimi oldugu
icin, Dogruluk/Accuracy degerinin basar1 oraninda Dengeli Dogruluk/Balanced Accuracy ve F1
Puani/F1 Score yiikseldiginde diisiis olmas1 ihtimali oldugu belirtildi.

3.1. Ozellik secimi (Feature Selection)

Tablo 4’te goriildiigii lizere, Pearson, Chi-2, Mutual-Info, RFE, Logistics, RF ve Anova F testleri ile 6zellik
sayist 5 oldugunda iken dzellikler karsilastirildi. Degerler incelendiginde, Cinsiyet, DogumYeriBolge
gibi demografik bilgilerin ve Osym Okul Birincisi ve Lise Okul Tiiri olan lise akademik bilgilerin de en
az etkili olan 6zellikler oldugu goriildii. Bu degerlere gore, 1., 2. ve 3. yontemler 7 6zellikli ve 5 6zellikli
olarak calistirilarak hem test sonuglari hem de saglamlik sonuclari elde edildi ve karsilastirma tablolari
olusturuldu.

Tablo 4. Ozelliklerin feature=5 oldugunda 6nem siralamalarina gére karsilagtirmali tablosu (Comparative table of features in order
of importance when feature=5)

Feature Pearson  Chi-2 Mutual-Info RFE Logistics RF Anova F Test Total

MtokOgrencisi Evet Evet Evet Evet Evet Hayir  Evet 6
YerBolumTercihSirasi Hayir Evet Hayir Evet Evet Evet Evet 5
LiseNotu Evet Hayir Evet Evet Hayir Evet Evet 5
BirimAdi Evet Evet Evet Evet Evet Hayir  Hayir 5
YerPuaniSirasi Evet Hayir Evet Hayir Hayir Evet Evet 4
KayitYili Evet Hayir Evet Hayir Hayir Evet Evet 4
MarmaraUniYerlestirmeSirasi Hayir Hayir Hayir Evet Hayir Evet Hayir 2
OsymOkulBirincisi Hayir Evet Hayir Hayir Hayir Hayir  Hayir 1
LiseOkulTuru Hayir Evet Hayir Hayir Hayir Hayir  Hayir 1
DogumYeriBolge Hayir Hayir Hayir Hayir Hayir Hayir  Hayir 0
Cinsiyet Hayir Hayir Hayir Hayir Hayir Hayir  Hayir 0

3.2.11, 7 ve 5 ozellik iceren verinin 1. yonteme gore model sonuglari (Model results of data containing 11, 7
and 5 features according to method 1)

7 ve 5 ozellik kullanilarak yapilan modellerin sonuglarinin 11 &zellik iceren 1. yontem modelinin F1
Score basari ve saglamlik sonuclariyla kiyas tablosu Tablo 5.'te gosterildi. Bu tabloya gore 7 6zellik ile
elde edilen degerlerin, 11 o6zellik ile elde edilen degerlerle olduk¢a benzerlik gdsterdigi gorildi.
Adaboost ve SVM algoritmalarinda ciddi yiikselis oldugu goriildii. Adaboost saglamlik degerinde de
ciddi yiikselis oldu. Bununla beraber, RF, MLP, GradientBoost, ET, BalancedBagging ve Bagging DT
algoritmalar1 neredeyse ayni sonucu verdi. Bu tabloya bakildiginda, model olarak 7 o6zellikli
kullanilmasi maliyet ve zaman agisindan olduk¢a mantikli goriildii.

3.3.11, 7 ve 5 ozellik iceren verinin 2. yonteme gore model sonuglari (Model results of the data containing 11,
7 and 5 features according to the 2nd method)

7 ve 5 ozellik kullanilarak yapilan modellerin sonuglarinin 11 &zellik iceren 2. yontem modelinin F1
Score basar1 ve saglamlik sonuclariyla kiyas tablosu Tablo 6.'da gosterildi. Tablo 3.13 ve Tablo 3.12
deki degerler karsilastirildiginda, sadece egitim setine yapilan yeniden érnekleme neticesinde ve
saglamlik sonuclarina gore, 1. yontem ile olusturulan modellerin degerlerini kullanmak, maliyet ve
zaman acisindan daha verimli oldugu gorildi. Cinki en yiiksek degerlerin 1. ve 2. yontem
sonuglarinda hemen hemen ayni oldugu goriildii.
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Tablo 5. 11, 7 ve 5 6zellik iceren verinin 1. yonteme gore modellendiginde elde edilen sonuglar (The results obtained when the data
containing 11, 7 and 5 features are modeled according to the 1st method)

1. Yontem 11 6zellik 7 ozellik 5 ozellik
Model Yontem Test F1 Robustness TestF1 Robustness TestF1 Robustness
Score F1 Score Score F1 Score Score F1 Score

1 AdaBoost None 0.7748 0.6864 0.8126 0.7501 0.7663 0.7200

2 Bagging DT None 0.8302 0.7719 0.8199 0.7696 0.7634 0.6740

3 Bagging SVC None 0.7712 0.7612 0.7374 0.6086 0.6369 0.2530

4 BalancedBagging None 0.8154 0.7582 0.8050 0.7581 0.7280 0.4853

5 Balanced-RF None 0.6410 0.4943 0.6372 0.5224 0.5594 0.3955

6 BernoulliNB None 0.5082 0.3989 0.5250 0.2893 0.5579 0.2644

7 DT None 0.7698 0.7089 0.7062 0.7083 0.6782 0.5301

8 Easy Ensemble None 0.5908 0.4468 0.5995 0.4578 0.5185 0.4484

9 ET None 0.8187 0.7704 0.8222 0.7713 0.7819 0.6757

10 GaussianNB None 0.6976 0.6366 0 0.7714 nan 0.7618

11 Gradient Boost None 0.8250 0.7408 0.8264 0.7487 0.7716 0.7322

12 KNN None 0.7577 0.7180 0.7729 0.7185 0.7327 0.6118

13 LR None 0.8188 0.7282 0 0.7714 nan 0.7597

14 MLP None 0.8255 0.7714 0.8285 0.7714 0.7719 0.7049

15 RF None 0.8341 0.7685 0.8292 0.7666 0.7891 0.7013

16 SVM None 0.7676 0.7508 0.8248 0.6076 0.7657 0.6699

En yiiksek degerler: 0.82-0.83 0.77 0.82-0.83 0.77 0.77-0.78 0.70-0.76

Tablo 6. 11, 7 ve 5 6zellik iceren verinin 2. yonteme gore modellendiginde elde edilen sonuglar (The results obtained when the data
containing 11, 7 and 5 features are modeled according to the 2nd method)

2. Yontem 11 ozellik ile 7 ozellik ile 5 ozellik ile
Model Yontem Test Robustness Test Robustness Test Robustness
F1 F1 Score F1 F1 Score F1 F1 Score
Score Score Score
AdaBoost ROS 0.7734 0.7299 SVM SMOTE 0.7761 0.7248 Borderline  0.6879 0.3171
SMOTE2
Bagging DT SVM SMOTE 0.8203 0.7531 SVM SMOTE 0.7973 0.7474 ROS 0.7287 0.5884
Bagging SVC ~ SVM SMOTE 0.7501 0.7465 Borderline  0.7344 0.5372 Borderline 0.6916 0.4053
SMOTE2 SMOTE2
BernoulliNB SVM SMOTE 0.6521 0.6524 SVM SMOTE 0.6010 0.5313 SVM SMOTE 0.5961 0.3898
Decision Tree BorderlineSMOTE2 0.7803 0.7135 SMOTENC 0.7621 0.6228 ROS 0.6968 0.6856
Extra Trees ROS 0.8196 0.7713 ROS 0.8221 0.7714 SMOTENC 0.7171 0.4017
GaussianNB SVM SMOTE 0.5776 0.5133 ROS 0.5996 0.4696 SVM SMOTE 0.5985 0.3724
Gradient SVM SMOTE 0.8194 0.7179 SVM SMOTE 0.8138 0.7276 SVM SMOTE 0.7189 0.4564
Boost
KNN ROS 0.7522 0.7147 ROS 0.7729 0.7185 ROS 0.7327 0.6118
LR SVM SMOTE 0.7451 0.6420 SVM SMOTE 0.7317 0.6999 SVM SMOTE 0.6934 0.3784
MLP SVM SMOTE 0.7982 0.7702 ROS 0.8195 0.7726 SVM SMOTE 0.7223 0.3300
RF ROS 0.8263 0.7705 ROS 0.8174 0.7714 Borderline  0.7258 0.5851
SMOTE1
SVM SVM SMOTE 0.7568 0.7501 SVM SMOTE 0.7503 0.6544 SVM SMOTE 0.7130 0.3201
En yiiksek degerler: 0.82 - 0.77 0.82 0.77 0.72 - 0.68
0.83 0.73
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3.4.11,7 ve 5 ozellik iceren verinin 3. yonteme gore model sonugclari (Model results of data containing 11, 7
and 5 features according to the 3rd method)

7 ve 5 ozellik kullanilarak yapilan modellerin sonuglarinin 11 6zellik iceren 3. ydntem modelinin F1
Score basar1 ve saglamlik sonuglariyla kiyas tablosu Tablo 7’de gdsterildi.

Tablo 7. 11, 7 ve 5 6zellik iceren verinin 3. yonteme gore modellendiginde elde edilen sonuglar (The results obtained when the data
containing 11, 7 and 5 features are modeled according to the 3rd method)

3. Yontem 11 ozellik ile 7 ozellik ile 5 ozellik ile
Model Yontem Test F1 Robust- Test F1 Robust- Test F1 Robust-
Score ness F1 Score ness F1 Score ness F1
Socre Socre Socre
AdaBoost ROS 0.9542 0.7101 SMOTENC 0.6546 0.3978 SMOTEENN 0.6387 0.3043
Bagging DT SVM 0.7884 0.7468 ROS 0.9599 0.7547 ROS 0.9342 0.5390
SMOTE
Bagging SVC ~ SMOTEENN  0.9697 0.6866 SMOTEENN 0.8488  0.4840 SMOTEENN  0.7581 0.2027
Bernoulli SVM 0.6824 0.6314 SVM 0.5735 0.4105 SVM 0.5806 0.3635
NB SMOTE SMOTE SMOTE
Decision Tree  ROS 0.8790 0.6836 BorderlineSMO 0.7742 0.7401 SMOTEENN 0.8814 0.3287
TE2
ExtraTrees ROS 0.9917 0.7713 ROS 0.9929 0.7713 ROS 0.9842 0.6649
Gaussian SVM 0.6324 0.4832 SVM 0.5687 0.4138 SMOTEENN 0.6038 0.2043
NB SMOTE SMOTE
Gradient SVM 0.8349 0.7031 SVM 0.7765 0.7125 SMOTEENN 0.7441 0.2947
Boost SMOTE SMOTE
KNN SMOTEENN 0.9883 0.5293 SMOTEENN 0.9866 0.5284 SMOTEENN 0.9826 0.3352
LR SVM 0.7193 0.6617 SMOTEENN 0.5967 0.4355 SMOTEENN 0.6306 0.1805
SMOTE
MLP SVM 0.6951 0.7721 SVM 0.6080 0.7714 SMOTEENN 0.5678 0.1458
SMOTE SMOTE
RF ROS 0.9935 0.7709 ROS 0.9870 0.7706 ROS 0.9719 0.6574
SVM SMOTEENN 0.9862 0.7216 SMOTEENN 0.8718 0.5364 SMOTEENN 0.7723 0.1813
En yiiksek degerler: 0.99 0.77 0.99 0.77 0.97-0.98 0.65-0.66

Tablo 3.14, Tablo 6 ve Tablo 5’teki degerler karsilastirildiginda, tiim veri setine yapilan yeniden
ornekleme neticesinde ve saglamlik sonuglarina gore, 1. yontem ile olusturulan modellerin degerlerini
kullanmak, maliyet ve zaman agisindan daha verimli oldugu goriildii. Clinkii en yiiksek degerlerin 1. ve
3. yontem sonuglarinda hemen hemen ayni oldugu goriildi.

Ek olarak, tablolar incelendiginde, 5 6zellik ile model gelistirildiginde, hem test F1 Score degerinde,
hem de saglamlik testlerinde ciddi diisiisler oldu. Ancak 7 6zellik ile yapilan sonuglarin, 11 6zellik
kullanarak yapilan sonuglarla benzer oldugu goriildii.

Sonug olarak Tablo 5’de belirtilen en basarili ve en tutarli ilk 4 modelin, 7 6zellikle olusturulan modelin
degerleri arasindaki F1 Score Basar1 Orami ve tutarlilik degeri yakin oldugu goriildi. Sekil 9'da
goriildigii iizere bu modellere ait 7 6zellik iceren modellerin web uygulamasinda kullanilmasina karar
verildi. ET, MLP, Bagging DT ve RF algoritmalariyla 1. ydntem olan ve yeniden drneklem yapilmadan
olusturulan 7 6zellikli modeller, karar destek sistemi web uygulamasinda kullanildi.

W TestF1Score M Saglamiik F1Score

‘Yontem+Model

Sekil 9. En basarili ve en tutarli modellerin test ve saglamlik F1 Score yiizdeleri (Testing and robustness F1 Score percentages of the
most successful and consistent models)
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4. Calismanin Giiglii ve Zayif Yonleri (Strengths and Aspects of the Study)

Giiclii Yonler;

e Bucalismaya baglamadan 6nce sistematik literatiir incelemesi yapildi.

e Literatiirde daha 6nce kullanilmayan yeni bir veri seti ile calisma yapildi.

e MU’nde alaninda yapilan ilk ¢calisma oldu.

o Tirkiyedeki tezlerde ¢ok smifli ve dengesiz egitimsel veri kiimesi kullanilarak daha 6nce tez
¢alismasi yapilmadi.

e Ogrenciler heniiz kayit olmadan, erken uyar1 sistemi olarak ¢alisma yapild1 ve bu sekilde de
literatiirde calismanin yok denecek kadar az oldugu goriildii.

e Topluluk algoritmalarla, hem ¢ok sinifli hem dengesiz veri hem de egitimsel verisinde kabul
edilebilir, bagarili sonuglar elde edildi.

e En basarili ve en tutarli modellerle pilot bir karar destek sistemi web uygulamasi yapildi ve
MU TF 6gretim iiyelerinin kullanimina sunuldu.

Zayif Yonler;

e MU TF yeni agilmis bir fakiiltedir ve heniiz ¢ok fazla mezun vermedi.

e Boliimler ayni yilda acilip, ayni yilda mezun vermeye baslamadi.

e Af, miihendislik tamamlama gibi farkl tiirdeki dgrenciler de veri kiimesinde yer aldu.

e (Calismada kullanilan toplam 6grenci sayis1 1394 oldu ve veri kiimesi sinif dengesizligine
sahipti. Daha ¢ok 6grenci bilgisi iceren bir veri seti ile calismak daha bagarili sonuglar verebilir
diye diistintildi.

e Baz algoritmalar, ¢ok sinifli ve dengesiz veri setinde basarili sonug vermedi.

5. Web Uygulamasi (web Application)

Tartismalar boliimiinde yapilan incelemeler ve karsilastirmalar sonucunda, olusturulan karar destek
sistemi web uygulamasi i¢in secilen modeller, yeniden érnekleme yapilmadan, 7 dzellikle olusturulan
ve Sekil 9'da F1 Score degerleri gosterilen None-RF, None-MLP, None-Bagging DT ve None-ET
algoritmalarina ait modeller oldu.

Web uygulamasi i¢in, Django Python frameworku kullanildi, Docker iizerinde ¢alistirildi. Baslangicta,
yetkilendirme ile sayfaya giris yapilmasi saglandi. Boylece, web uygulamasindaki giivenlik iist diizeye
cikarildi. Sekil 10.’daki gibi, 6grenciye ait 7 6zellik bilgisinin ekrandan girilmesi saglandi ve tahmin et
butonu ile girilen 6zellik bilgilerine gore, 4 model ayr1 ayr1 tahmin yaparak, sonuglari grafik seklinde
Sekil 11.’deki gibi gosterildi. Bu pilot calisma, MU TF égretim tiyelerinin, kullanabilecegi bir uygulama
olarak gelistirildi.

w® Marmara (1) se W . w® Marmara
) Oniversitesi Yuksekogretim Planlama ) Universites
Karar Destek Sistemi: Teknoloji Fakultesi Ornegi
Ogrenci Bilgileri Wosouiets ovu
[P v r——, -
ahin st P
v
OLYM Verteytome Puas Swan OITM Yerlegtome Biium Tercd Swom
Marmars Universten Yerleytome Se v M runiyet Ourwm (Actes)
Vatoy Gogy | Progem Codyhsdy
=
Tahminler

Mo rumyet Ourum (Torma)

Sekil 10. Karar Destek Sistemi web uygulamasinda 6grenci bilgilerinin girildigi sayfa (The page where student information is entered
in the Decision Support System web application)
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Tahminler
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RandomForest Tahminleyici Oranlan = MLP Tahminleyici Oranlan
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T Kayd Slade 00N
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/ -
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Sekil 11. Karar Destek Sistemi web uygulamasinda yapilan tahmin sonuglari (Prediction results made in Decision Support System web
application)

6. Sonuclar ve Karsilastirma (results and Comparison)

Egitimsel Veri Madenciligi (EDM) disiplininin bir alt dali olan 6grenci performans tahmini ile ilgili
yapilan calismalar son yillarda artti. Yapilan literatiir taramasinda, bu alanda ¢ok simifli ve dengesiz
egitimsel veri kiimesi ile ilgili yapilan ¢alismalarin olduk¢a az oldugu goriildii. Ayrica bu sekilde veri
kiimesiyle hentiz boliime kayit olmayan 6grencilerin mezuniyet tahminini yapan erken uyari sistemi
seklinde bir calisma yok denecek kadar az oldugu goriildii. Literatiirdeki bu boslugun doldurulmasi
amaciyla, bu tez calismasinda, ¢ok sinifli ve dengesiz egitimsel veri kiimesi kullanarak, 6grenciler hentiz
liniversiteye baslamadan riskli 6grencilerin mezuniyet tahminini yaparak, bu 6grencilerin risklerini
engelleyebilecek bir karar destek oneri sistemi calismasi yapildi. Bu ¢alismada, 23.05.2022-286783
etik no karari ile MU TF égrenci verileri kullanildi. MU TF 2010-2021 yillarinda égrenim géren, 6
boliime ait 4023 6grenci igerisinden, 6n islem asamasindan sonra kalan 1394 6grenci ve 11 6zellik
lizerinde calisildi.

Kullanilan veri kiimesi ¢ok sinifli ve sinif dengesizligi olan egitimsel bir veri kiimesi oldu. Cok sinifly,
dengesiz bir EDM veri kiimesi iizerinde yapilan arastirmada, basar1 tahminine yonelik 6nerilen model,
birka¢ yontem kullanarak gelistirilen modeller arasinda en basarili sonug veren yéntem tlizerine insa
edildi. Bu yontemlerden birincisi, topluluk yontemleri kullanarak basar1 tahminini yapmak oldu. Bir
digeri, yeniden drnekleme yontemleriyle beraber kullanilan geleneksel siniflandirma algoritmalari ile
model liretmek oldu. Ve sonuncusu ise, dengesiz veri setlerinde kullanmak iizere modifiye edilmis
topluluk metotlariyla model iiretmek oldu.

Toplamda, 9 tane yeniden 6rnekleme yontemi kullanildi. 3 tane modifiye edilmis topluluk algoritmasi,
7 tane geleneksel siniflandirma algoritmasi, 6 tane topluluk algoritmasi olmak iizere 16 farkl algoritma
ile calisildi ve karsilastirmalar yapildi. Kategorik veriler iizerinde One-Hot-Encoding ile 6zellik
milthendisligi yapildi ve veriler [0, 1] araligina normalizasyon ile getirildi. Daha sonra egitim
agsamasinda algoritmalar i¢in GridSearchCV kullanilarak hiper-parametre ayarlamasi yapildi. 2016
yilinda kayit olan 153 6grenci saglamlik verisi olarak ayrildi. Dengesiz veri setleri kullaniminda uygun
oldugu icin repeated stratified 5*5-fold cross-validation kullanildi. Bu asamada olusturulan tiim
modeller, saglamlik kontrolii i¢in kayit edildi. Ve tiim degerlerin ortalamasi alinarak, son model basar1
degerleri belirlendi.
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Elde edilen sonuglar ile ¢ok sinifli dengesiz egitimsel veri kiimesinde, topluluk algoritmalarinin,
yeniden ornekleme yontemiyle beraber kullanilan geleneksel siniflandirma algoritmalarindan daha
basarili oldugu goriildii. Modellerin basarili olmasiyla beraber, tutarli olmasi da bu tez ¢alismasinda
incelendi. Daha sonra Pearson, Chi-2, Mutual-Info, RFE, Logistics, RF ve Anova F testleri olmak iizere 7
farkl ozellik secimi algoritmasi kullanilarak, FS karsilastirmasi yapildi. Her 3 yontem de, 7 6zellik ve 5
ozellik i¢in tekrar ¢alistirildi ve saglamlik testleri yapildi.

Sonuc¢ olarak RandomOverSampler+RandomForest F1 Score 0.9935 degeriyle en basarili algoritma
olmasina ragmen, sirasiyla en tutarli olan None+ExtraTrees F1 Score 0.8187, None+MLP F1 Score
0.8255, None+Bagging DesicionTree F1 Score 0.8302 ve None+RandomForest F1 score 0.8341
degeriyle en tutarli 4 model oldugu gorildi. Bu modellerin 11 6zellikli ve 7 6zellikli degerleri birbirine
¢ok yakin oldugu tespit edildi. Bu nedenle maliyet, zaman acisindan diisiintildiigiinde, 7 6zellikle
olusturulan modellerin kullanilmasina karar verildi.

Son olarak, en basarih ve en tutarli 4 model ile MU TF Ogretim Uyelerinin kullanabilecegi pilot bir
“Karar Destek Sistemi Web Uygulamas1” yapildi. Bu uygulamada, yetkiye baglh olarak, 6gretim {iyeleri,
ogrenci bilgilerini girerek, 4 tahminleyici tizerinden 6grenci mezuniyet tahmini bilgisini ald1.

Bu baglamda, bu ¢alisma ve literatiir ¢alismalar1 arasinda bazi benzerliklerin ve farkliliklarin oldugu
goriildii. Oncelikle kullanilan veri kiimeleri farkhi oldugu i¢in sonuglarla ilgili karsilastirma yapilmadi
ancak literatiirdeki ¢alismalarin basari degerlerine benzer ve yiiksek basar1 degerleri elde edildi. Cok
sinifli dengesiz veri kiimesi ile ilgili kullanilan yontemlerin benzer oldugu goriildi. Yani, hem tiim veri
setine ornekleme yapilmasi literatiirdeki ¢alismalarda da kullanildi hem de bu ¢alismada kullanilan
makine 6grenmesi algoritmalar1 ve orneklem yontemleri farkli farkl literatiirdeki calismalarda
kullanildi. Ancak literatiirden farkli olarak daha tutarli oldugu goézlemlenen, sadece egitim veri
kiimesine orneklem yontemlerinin uygulanmasi, yontem olarak bu calismada kullanildi. Ayrica
literatlirdeki ¢alismalardan farkli olarak bu c¢alismada saglamlik kontrolii yapildi ve en basarili
algoritmalarin tutarli olup olmadig1 kontrol edildi. Ayrica literatiirdeki ¢alismalardan farkh olarak
dengesiz veri kiimesinde kullanimi daha uygun olan Repeated Stratified 5*5-fold cross-validation
yontemi bu ¢alismada kullanildi. Ayrica literatiirdeki ¢alismalardan farkli olarak, en tutarli modellerin
kullanildig1 karar destek sistemi web uygulamasi yapildi. Yine 7 farkhi 6zellik se¢cim ydntemleri
kullanarak elde edilen veri uzunlugu ayni ancak 6zellik sayisi farkli toplam 3 farkh veri kiimesi ile tiim
yontemler denenerek sonugclarin karsilagtirilmasi literatiirden farkli olarak bu ¢alismada yapildi.

Gelecekte, calismanin gelistirilebilir yonleri olarak dncelikle calismanin zayif yonleri belirlendi. Ayrica
dengesiz veri kiimesine karsi daha dayanikli algoritmalar1 ¢alismaya dahil ederek basarinin artip
artmadig1 test edilebilir. Yine ¢alismaya dahil edilmeyen ama literatiirde gilincel olan 6rneklem
yontemleri sisteme eklenip, basarinin artip artmadigi test edilebilir. MU’nden basar1 durumunu daha
belirgin tahmin etmemizi saglayacak yeni 6zellikler iceren veri listesi alinarak veri 6n isleme ve 6zellik
secimi kismi calismada gelistirilebilir. Anomali tespiti gibi farkli kapsamlardaki calismalara ait
yontemler incelenerek ¢ok sinifli dengesiz egitimsel veri kiimesinde denenerek basarinin artip
artmadigl test edilebilir. Literatiirdeki calismalarda kullanilan dncelikle agik kaynak veri kiimeleri ile
bu calismanin yéntem bdliimii test edilerek, bu calismanin yonteminin genellestirilebilirligi
tartisilabilir. Ayrica énerilen ¢oziimiin genelligini degerlendirmek icin bu ¢alisma MU’nin diger
boliimlerine ve baska tiniversitelere de uygulanarak, bircok 68renciden elde edilen veriler lizerinde
daha fazla arastirma yapilip, olusturulan sistemin genellestirilip genellestirilemeyecegi arastirilabilir.
Sadece 6gretim iiyelerinin kullanimina sunulan karar destek sistemi pilot web uygulamasi, 6grencilerin
de kullanabilecegi sekilde gelistirilebilir.

Son olarak, ¢ok sinifli dengesiz egitimsel veri kiimesi kullanarak yapilan bu calisma ulusal alanda
alaninda tek olmasi dolayisiyla, gelecekteki calismalar icin bu c¢alismanin ilham kaynagi olduguna
inanilmaktadir.
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ABSTRACT

Keywords: Wall thickness, Deep drawing is the process of producing cups using a punch to shape the desired shape by
Angular deep drawing, pushing the sheet from the center into the die cavity between the die and the blank holder.
Limit drawing ratio, As the sheet flows into the die cavity between the punch and the die, the cup is formed by

Rectangular cups convert to the special shape of the die. This study was carried out to determine the effect of

* Purat University geometric parameters of the die on the limit drawing ratio and cup wall thinning in deep
Technology Faculty, drawing of rectangular cups. In the study, angles of a=0°, a=3°, a=6° and a=9° are given to
Dept. of Mechanical Engineering the die upper surface/blank holder lower surface. The blank holder force and punch speed
23119 - Elanig, Tirkiye has applied to 1800 daN and 4 mm/s, respectively. The gap between the die/punch is 1.2
0m:;?gﬁtgf;giﬁg?;fé mm. The bottom of punch and edge radii and the die throat radii were used at 6 mm. St37
' o steel sheet with a thickness of 0.9 mm was used in the experiments. In order to determine
the wall thickness changes of the cups, the cup was precisely cut from the edge corners
“Corresponding author: along its height and the wall surface was divided into grids at 10x10 mm intervals from the
cozek@firatedutr end of the base radii towards the rim. Wall thickness changes were measured on Mitutoyo
LH-600E precision linear measuring gauge with a precision of 0.001 with a point contact.
Significant wall thickness changes is occurred in the cups and ranged from 0.371 to 0.910
mm. The maximum wall thickness change occurred in the lower corners of the cup and was
determined as 0.373 mm. The limit drawing ratio has been obtained 3=1.6 at a=0° and
=2.31 for a=9°. As a result, it has been determined that the die geometry has a significant
effect on the limit drawing ratio and wall thickness changes by giving angles to the upper
surface of the die and the lower surface of the blank holder for the production rectangular

cup.

Dikdortgen Kaplarin Derin Cekilmesinde Kalip
Geometrisinin Kap Cidar Kalinliklar1 Uzerindeki
Etkisi

0z

Derin ¢ekme, sac1 merkezden matris-pot ¢gemberi arasinda kalip bosluguna iterek istenen

sekle getirmek icin stampa kullanilarak kaplarin iretilmesi islemidir. Stampa ve kalip

arasinda sac kalip bosluguna aktig1 sirada kalibin 6zel seklini alarak kap olusmaktadir. Bu

calisma dikdortgen kaplarin derin ¢cekilmesinde kalibin geometrik parametrelerinin limit

cekme orani ve kap kesit incelmeleri tizerindeki etkisini belirlemek amaciyla yapilmistir.

Calismada, matris list ylizeyine/pot ¢emberi alt yiizeyine 0=0°, a=3°, a=6° ve a=9°lik agilar

verilmistir. Baski plakas1 kuvveti 1800 daN ve stampa hizi da 4 mm/s uygulanmistir.

Matris/stampa arasi bosluk 1.2 mm dir. Stampa u¢ ve kenar radytsleri ile matris agiz

radyiisleri 6 mm alinmistir. Deneylerde kalinligt 0,9 mm olan St37 celiginden sac

kullanilmistir. Kaplardaki cidar kalinlik degisimlerinin tespit edilmesi amaciyla kap hassas

bir bicimde yiiksekligi boyunca kenar koselerinden kesilmis ve duvar ylizeyi taban radytisii

bitiminden agiz kismina dogru 10x10 mm araliklarla i1zgaralara boliinmiistiir. Kalinlik

degisimleri Mitutoyo LH-600E hassas dogrusal 6l¢iim mihengiri cihazinda noktasal temasl

ug ile 0.001 hassasiyetinde oOl¢iilmiistiir. Kaplarda énemli kalinlik degisimleri meydana

gelmis ve 0,371-0,910 mm araliginda olmustur. Maksimum kalinlik degisimi kabin alt

koselerinde meydana gelmis ve 0,373 mm olarak belirlenmistir. Limit cekme orani, a=0de

Anahtar Kelimeler: Cidar B=1,6 iken a=9° i¢in B=2,31 olarak elde edilmistir. Sonug olarak, dikdértgen kesitli kaplarin

kalinhig, Acili derin gekme, uretilmelerinde, matris {st yiizeyine/pot ¢emberi alt yiizeyine agilar verilerek kalip

__ Limit gekme oran, geometrisinin, limit cekme orani ve kap cidar kalinlik degisimleri iizerinde dnemli bir

Dikdortgen kesitli kaplar . o : e

etkisinin oldugu tespit edilmistir.
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1. Glrl$ (Introduction)

Derin ¢ekme, zimba kuvveti uygulanarak malzemenin kalip bosluguna akisidir. Limit ¢ekme orani ve
kalinlik dagilimi herhangi bir malzeme icin sekillendirilebilirlik géstergeleridir. Derin ¢ekmede, diiz
ince tabakalar arasinda saci istenen sekle getirmek i¢in bir zimba kullanilarak saci merkez kismindan
kalip bosluguna iterek kaplar iiretilmektedir. Baski plakasi, burusmayi 6nlemek ve kalip bosluguna
malzeme akisini kontrol etmek icin gerekli olan baski plakasi kuvvetini olusturmaktadir. Zimba, saci
kalip bosluguna dogru iterken ayni anda zimba ve kalip arasinda sac kalip bosluguna dogru aktigi
sirada kalibin 6zel seklini alarak kap olusmaktadir. Sac sekillendirme islemleri dogal olarak bir cekme
islemidir. Tek bir asamada elde edilebilecek deformasyon miktar1 cekme kararsizligi, kulaklanma veya
yirtilma ile sinirlandirilabilir. Boylece gerekli kaplar minimum hata ve hasarsiz bir bicimde elde
edilebilirler.

Otomotiv ve uzay endiistrisinde sac sekillendirme islemi yaygin olarak kullanilan bir imalat
yontemidir. Sac sekillendirme sac malzemenin, boyun verme, ¢atlak gibi herhangi bir hasar olmaksizin,
istenilen sekle doniistiirmek amaciyla plastik olarak deforme oldugu bir deformasyon islemidir [1].
Derin ¢ekme islemleri, otomotiv govdeleri, yapisal parg¢alar, mutfak esyalari ve icecek kutulari gibi hafif,
daha yiiksek mukavemetli, diisiik yogunluklu ve korozyona dayanikl iirtinler iiretmek icin sacin bir
zimba kuvvetinin etkisi ile kalip bosluguna itilerek sac metalin istenen sekle dontistiirildigi tiretim
yontemleridir [2]. Metal sekillendirme islemlerinde en 6nemli model olan sonlu elemanlar metodunda
(SEM), sayisal hesaplama veya bilgisayar destekli miihendislik (BDM), iiriin gelistirme maliyetlerini
diistirmekte ve zaman kaybini 6nlemektedir. Ayni zamanda en diisiik maliyette gerekli diizeltmeleri ve
iyilestirmeyi yapmak icin her adimda geri bildirimde bulunan ve triin gelistirmenin ilk asamasindan
simtlasyon tekniklerine kadar verimli kullanimini da gerektirmektedir [3]. Zaman ve maliyetin yani
sira derin ¢ekme islemi geometrik ve malzeme parametrelerinden etkilenir. Kalip boslugu, zimba ucu
yarigapi, kalip yarigapr ve zimba boyutlar1 gibi geometrik parametrelerin etkisi énemlidir. Ayrica
geometrik parametreler kadar elastikiyet gibi malzeme 6zellikleri, plastisite ve anizotropinin de etkisi
vardir. Bu parametrelerin yanlis tespit edilmesi burusma, yirtilma, kulaklanma ve geri yaylanma gibi
hasarlarin olusmasi ile sonuclanmaktadir [4]. Zein vd. derin ¢ekme islemi icin sonlu elemanlar yontemi
ile kalip tasarim parametreleri ile islenmemis parcanin tahmini incelme ve kalinlik dagilimim
incelemislerdir [5]. Reddi vd. sac sekillendirme islemi sirasinda kalinlik degisimi tizerinde geometrik
parametrelerin etkisini analiz etmek icin bir deneysel ve analiz g¢alismasi uygulamislardir [6].
Sekillendirme islemi yoluyla kaliteli irtintin gelistirilmesi icin ilkel sacin son geometrisinin dogru bir
sekilde belirlenmesi 6nemlidir. Geometrisi dogru belirlenmeyen bir ilkel sac cekme sirasinda gerinim
ve gerilmelerin dagilimina yol acar. Hafif ve mekanik 6zellikleri yliksek olan malzemelere talep giin
gectikce artmaktadir. Aliiminyum ve aliiminyum alasimlari iyi korozyon direnci, diistik sicakliklarda
yiksek mukavemet ve iyi stineklik 6zellikleri nedeniyle miihendislik tasarimlarinda yaygin olarak
kullanilmaktadir [7]. Bir¢ok iiretim alaninda aliiminyum ve aliiminyum alasimlarinda sac
sekillendirme hizli teknolojik gelismeler ve {iriin maliyetinin diisiirilmesi kilit faktorler haline
gelmistir [8].

Derin cekme, basit ve genis olarak kullanilan sekillendirme yontemlerinden biridir. Diiz bir yiizey
tizerindeki zimba basincindan olusur [9]. Sac par¢a oldugu gibi zimba aracilig1 ile zimba ve kalibin
yuzeyleri arasinda 3 boyutlu bir sekilde akarak zimba tarafindan kalip bosluguna itilmekte ve iiriinii
elde etmek i¢in taslak parca kalip ve baski plakasi arasinda baski plakasi kuvveti ile sikistirllmaktadir
[10]. Bouchaala vd. AA2090 Al-Li alasiminin sonlu elemanlar metodu ile derin ¢ekme modelinde
kalinlik dagilimi iizerinde anizotropik ve izotropik verim fonksiyonlarinin etkisini arastirmislardir
[11]. Anizotropinin, sac metallerin sekillendirilmesinde ve tanimlanmasinda biiyiik bir etkisi vardir ve
bu nedenle iiretim siireglerinin dogru tasarimi 6nemlidir. Sac metalin sekillendirilebilirligindeki
anizotropi, sekillendirme islemi sirasinda plastik deformasyon ile ilk anizotropiye yol acan termo-
mekanik isleme gecmisinin bir kombinasyondur [12]. Das vd. sonlu elemanlar metodunu kullanarak ve
HYPERWORKS-6.10 yazilimi ile modellenen silindirik derin cekme kaplarindaki kulaklanmalari analiz
etmislerdir [13]. Pawan vd. ABAQUS yazilimi yardimiyla kulaklanma yiiksekligi yiizdesini azaltmak icin
ilkel par¢anin baslangictaki boyutlarinin ve seklinin degistirilmesini sayisal olarak gelistirmis ve tespit
etmislerdir [14]. Bouchaala vd. ABAQUS sonlu elemanlar yazilimini kullanarak AA1050 ve AA1100
aliminyum alasimlar i¢in 3B silindirik derin ¢cekme modelinin simiilasyonunu yapmislardir. Derin
¢cekme isleminde kulaklanma hasarlarini tahmini olarak arastirmiglar, zimba kése radytisi ve kalip
radyisiiniin  kaptaki kulaklanmalar tizerindeki etkisini analiz ederek ve yiizde kulaklanma
yiiksekliklerini en aza indirmek i¢in sayisal bir model gelistirmislerdir [15].
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Son yillarda, derin ¢ekme siireci ile imalatin bircok endiistride genis bir uygulama yelpazesine sahip
oldugu kanitlanmistir. Farkli boyutlarda cesitli simetrik veya asimetrik metal saclardan kaplari
hasarsiz ve istenilen boyutta iliretme yeterligi bircok arastirma calismasinin ilgisini ¢cekmistir [16].
Derin ¢ekme ile imalatin mutfak esyalari, otomotiv, uzay ve savunma gibi bir¢ok alanda, havacilik ve
ozellikle gida ambalaj endiistrilerinde yaygin uygulamlar1 vardir [17]. Colgan vd. derin ¢ekme
islemlerinin deneysel ve sonlu eleman analizi (SEA) ¢alismalarini birlestirmeye yo6nelik ilk calismalari
yapmislardir. Calismada, derin ¢ekme islemi iizerinde zimba ve kalib radyiisi, zimba hizi, zimba
kuvveti, siirtiinme ve c¢ekme derinliginin etkisini arastirmiglardir. Arastirma ayni zamanda bir
tavlanmis ¢elik ve birde tavlanmamis yumusak celigin haddeleme isleminin anizotropik etkisinin derin
cekilmesinde cekme derinligi tizerindeki etkisi karsilastirilarak yapilmistir [18]. Hasan vd. kare kaplar1
konik kaliplar araciligiyla iiretirken geometrik ve siirtiinme parametrelerinin LCO tizerindeki etkilerini
arastirmiglardir [19]. Optimum degerleri elde etmek icin sayisal ve deneysel yontemleri kullanarak
yapmislardir. Elde ettikleri sonuglara gore LCO piring i¢in 3.1 ve alliminyum i¢in ise 3.15'e kadar artmis
oldugunu gostermislerdir. Hassan vd. tarafindan asimetrik sekilli kaplarin LCO’'n1 gelistirmek amaciyla
bir ¢alisma yapilmistir [20]. Baski plakasiz konik kaliplarda dértgen kesitli kaplari, yonca yapragi
seklinde, giil yaprag: seklinde, y1ldiz ve iicgen seklinde iiretmislerdir. islemin gecerliligini kanitlamak
icin sayisal analiz yonteminde kullanilmis ve ¢alisma en homojen olmayan sekildeki yildiz kesitli kabin
liretilmesi icin deneysel olarak da yapilmistir. LCO piring icin 3,44 ve aliiminyum i¢in 3,37 olarak elde
edilmistir. Dhaiban vd. tarafindan derin ¢ekme kuvveti, gerilme dagilimlarinin ve birgok geometrik
parametrelerin LCO iizerindeki etkisini gormek amaciyla ANSYS/APDL yazilimi kullanilarak bir SEM
hazirlanmis ve sayisal sonuglar deneysel olarak kanitlanmistir. LCO 2.26’ya kadar olan eliptik sekilli
kaplar basarili bir sekilde iiretilmistir [21]. Zein vd. derin ¢ekme islemlerinde geri esnemeyi ve
incelmeyi incelemek icin sayisal bir analiz ¢alismasin1 tanimlamislardir [22]. Deneysel sonuglarin
gecerliligine karsi ABAQUS programi kullanilarak SEM gelistirilmistir. Bu model iiriiniin istenen
derinligini elde etmede zimba hareketi i¢in geri yaylanmadaki etkilerinin gerekli toleransini tahmin
etmeye yardimci olmustur. Kalip radytisii, zimba ucu radyiisii, radyal bosluk, baski plakasi kuvveti ve
sivi yaglayici gibi parametrelerin etkisi verilmistir. Chen vd. tarafindan ayni sekilde, derin cekme islemi
lizerinde servo zimbalama ile iliskili degisik parametrelerin etkisinin oldugunu ifade etmislerdir [23].
Calismalarinda hem olagan parametreyi hem de servo press ile ilgili olan parametreyi birlestirerek
nihai irinin yirtilmasina neden olan faktorleri vurgulamislardir. Derin ¢ekme islemine
arastirmacilarin ilgisini ¢eken bir diger derin ¢ekme islemi Sekillendirme Limit Diyagrami (SLD)
analizidir. Derin cekme islemindeki deformasyon mekanizmasi lokalize boyun vermenin baslangictaki
hasar olusumunu tahmin etmek i¢in tek bir kritere bagh kalmay1 imkansiz yapmaktadir. Hussaini vd.
calismalarinda 06zel alasimli malzemeler igin deneysel ve teorik SLD analizleri tzerinde
yogunlasmislardir [24]. Derinligi diisiik simetrik kaplarin derin ¢ekilmesinde kalip geometrisi, zimba
kuvveti ve litilleme gibi parametrelerin etkisini incelemek amaciyla sayisal ve deneysel analizler
yapilmistir. Deneysel sonuglarin dogrulanmasi amaciyla LS-Dyna yazilimi kullanilarak bir SEM
gelistirilmistir. Pressleme yiikiinii ve maksimum incelmeyi etkileyen ilkel parg¢a kalinliginin biiyiik bir
etkiye sahip oldugu, zimba hizinin ise 6nemli bir etki gostermedigi tespit edilmistir. Sayisal analizden
tespit ettikleri verilerin uygulama verileri ile ayni sonuglar1 sagladigi kanitlanmistir [25].

Derin ¢ekme isleminde herhangi bir imalat hatasinin meydana gelmesi ¢ok istenmeyen bir durumdur
ve kullanilan takimlar ve kaliplar pahalidir. Her tiirli yeniden tasarim, iirtiniin nihai maliyetinde
onemli bir artisa yol agmaktadir [26]. Korkmaz vd. AISI420 paslanmaz celiginin delinebilirligini
ThirdWave Advantedge yazilimi kullanarak delme simiilasyonlari ile incelenmislerdir. Calismalarinda
kaplamasiz karbiir matkap ile li¢ farkli kesme hizi ve ii¢ farkli ilerleme miktarinda delme
parametrelerinin ilerleme kuvveti, tork ve sicaklik iizerindeki etkilerini analiz etmislerdir. ilerleme
miktar1 arttikca ilerleme kuvveti ve moment degerlerinin arttigini, kesme hizinin artmasiyla ilerleme
kuvveti ve moment degerlerinin azalma egilimine girdigini tespit etmislerdir [27]. Nas vd.
sertlestirilmis AISI H13 sicak is takim c¢eliginin farkli isleme parametreleri icin elektro erozyon isleme
yontemi ile delinmesinde, isleme parametrelerinin delik ¢ap1 ve kalitesi lizerindeki etkilerini deneysel
tasarim Taguchi yontemi ile incelemislerdir. Deneysel sonuclar1 varyans analizi (ANOVA) ve
sinyal/giirtlti (S/N) orani kullanarak degerlendirmislerdir. Delik ¢apinin 6l¢iisel dogrulugu tizerinde
en etkili isleme parametresinin elektrot malzemesi, en az etki eden isleme parametresinin ise vurum
stresi oldugunu ifade etmislerdir [28]. Meral vd. ferritik paslanmaz celigin kaplamali ve kaplamasiz
karbiir matkap ile delinmesinde olusan ilerleme kuvveti, ylizey puriizliiliigii ve ¢captan sapma lizerinde
ilerleme miktar1 ve kesme hizinin etkilerini deneysel ve istatistiksel olarak analiz etmislerdir. Delme
parametrelerinin isleme sonuclar1 tizerindeki etki seviyelerini belirlemek amaciyla varyans analizi
uygulamislardir. Sonuglara gore, ilerleme miktar: arttik¢a ilerleme kuvveti ve ylizey plriizliligiintin
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arttigini, captan sapmanin azaldigini, deneysel ve istatistiksel sonuglara gore ise yiizey piiriizliligi ve
¢aptan sapma kaplamali karbiir ugta kaplamasiz uca gore ortalama %>5.8 ve %8.3, ilerleme kuvveti icin
kaplamali karbiir u¢ta kaplamasiz uca gore ortalama %10 daha iyi performans gosterdigini
belirtmislerdir [29]. Ozlii vd. kaplamasiz ve TiB2 kaplamali kesici takimlar ile AA6061 alasiminin
tornalanmasinda yiizey puriizliligi iizerinde kesme parametrelerinin etkilerini sogutma sivisi
kullanilmadan deneysel olarak arastirmiglardir. isleme deneyleri sonucunda elde edilen verileri
istatiksel olarak analiz ederek en iyi islenmis ytizey piiriizliligi icin optimum kesme parametrelerinin
seviyelerini belirlemislerdir. Varyans analiz sonuglarina gore ylizey piiriizliligiini etkileyen en etkili
parametrenin %64,28 orani ile ilerleme miktar1 oldugunu tespit etmislerdir [30]. Farkli sac
plakalardan derin sekil verme ile dikdortgensel parcalarin iiretilmesinde, ilkel plaka tiirii, baski plakasi
kuvveti ve zimba radyiisiine benzer ¢ok farkli bicimlendirme parametrelerinin 8 lizerindeki etkileri
hakkinda uygulamali olarak yapildigi cok calisma vardir. Bu calisma St37 saci kullanilarak dikdortgen
kaplarin derin ¢ekilmesinde plastik deformasyonu en aza indirmek icin kalibin geometrik
parametrelerinin limit cekme orani ve kap kesit incelmeleri iizerindeki etkisini tespit etmek amaciyla
yapimistir.

2. Malzeme ve Yontem (Material and Method)
2.1. Uygulanan yéntem ve malzeme se¢imi (Applied method and material selection)

Kalinlig1 0,9 mm olan St37 karbonlu sac deney malzemesi olarak kullanilmistir. St37 sacinin mekanik
ozelliklerinin belirlenmesinde markast SHIMADZU olan 5000 kN ¢ekme yiikiine sahip test cihazinda li¢
farkli yonde 0°, 45° ve 90° acilardaki hadde istikametinde 5 mm/dak ¢ekme hizinda cekme deneyleri
yapilmistir. Tablo 1’de St37 gelik sacinin element bilesim oranlari ve Tablo 2’de ise mekanik 6zellikleri
verilmistir. Kaliplar soguk is takim celigi (D3) malzemesinden iiretilmislerdir. Kalip dis piyasadan
temin edilmis ve mevcut sartlardaki haliyle kullanilmistir.

Tablo 1. St37 ¢elik sacinin kimyasal 6zellikleri (Chemical properties of St37 steel sheet)

C Mn P S Cr Mo
0.0442 0.242 0.109 0.0084 0.0114 0.0114
Ni Cu Nb Ti Sn Fe

0.0263 0.00451  0.00242  0.00028  0.0866 99.466

Tablo 2. St37 ¢elik sacin mekanik 6zellikleri (Mechanical properties of St37 steel sheet)

Hadde y6nii (°) Akma dayanimi Cekme dayamimi1 Uzama

(N/mm?) (N/mm?) (%)
0 181.53 316.83 35.99
45 207.34 327.79 34.08
90 193.46 310.53 34.22

Deney calismalarinin etkisini tespit etmek icin kalibin tlist ve baski plakasinin alt yiizeylerine farklh
acilar verilmistir. Stampa ve matris koselerindeki yaricaplar ayni secilmistir. Kullanilan numune saclar
55x75 mm ebatlarindan olmak uUzere adim adim 2,5 mm artiritlarak maksimum 95x115 mm
boyutlarinda dikdortgen kesilerek standart olciilerine getirilmis ve toplam 160 deney yapilmistir.
Deneysel calismalarin gerceklestirildigi deney diizenegi Sekil 1'de, deneylerde kullanilan kalip resmi
ve biyiikliikleri ise Sekil 2’de gosterilmistir.

Kuvvet degisim grafigi
Yiik hiicresi
(Load Cell)
CAS1500A Load cell
bag kabl,
(Indikator) aglanti kablosu
Stampa
Baski plakasi
yaylar1 (6 adet)
Baski plakas
Kaydedilen Kalip
stampa (Matris)
kuvvetleri

Sekil 1. Deney diizenegi (Experimental set-up)
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Derin ¢cekme islemleri 60-104 kN kapasitede hareket yont tek ve eksene dik olan bir hidrolik press
tezgahinda yapilmistir. Deney seti press tezgahina civata ve pabuglar araciligi ile baglanmis ve kalip
stampa hizi sabit 4 mm/sn alinmis, pot ¢emberi kuvvetini kontrol etmek amaciyla 6 adet yay
kullanilmis ve pot cemberi kuvveti sabit 1800 daN olarak uygulanmistir. Deney calismalari sirasinda
zimbaya etki eden kuvvetlerin belirlenebilmesinde CAS LS-20T marka 200-103 kN kapasitede
hassasiyeti +2 kg olan kuvvet belirleme o6zelligi tek yonlii olan bir kuvvet 6lgme dinamometresi
ayarlanmistir. Kuvvet 6lgme dinamometresinden tespit edilmis olan kuvvet sonuglarinin bilgisayar
ortamina gonderilmesi ve bunlarin kayit altina alinmasi icin ise markasi CAS 1500A olan bir indikator
kullanilarak kaydedilmis ve bu degerler RS232 baglantis1 araciligi ile DNC programi vasitasiyla
saniyede 10-! hizda kaydedilerek bilgisayara aktarilmistir.

—

|
— Stampa

i

! Baski plakasi
4

| z

i

Sac R i
a% .

Sekil 2. Uygulamalarda kullanilan kalip ve zimba boyutlari (The die and punch geometry used in the experiments)

Zimba-Matris arasi akiciligl kolaylastirmak amaciyla yogunlugu 15 °C’de 885 kg/m3 olan Shell Tellus
68 ozelliginde yag kullanilmistir. Deney calismalari, Tablo 3’de verilen ¢ekme parametreleri
kullanilarak yapilmistir.

Tablo 3. Plastik sekil verme parametreleri (Plastic forming parameters)

Cekme parametreleri

Kalip iist yiizey/Pot cemberi altyiizey acis, « (°) 0 3 6 9

Plastik sekil verme sicakligi (°C) 20 °C (Oda sicakligr)
Pot ¢emberi plakasi kuvveti (N) 1800
Matris/stampa radyiisii (mm) 6

2.2. ilkel parca ¢apinin belirlenmesi ve limit cekme oraninin hesabi (Determination of blank diameter and
calculation of limit drawing ratio)

Limit cekme orani (LCO), derin cekmede olciilebilen, sekillendirilebilirligin yaygin olarak kullanilan
ozelliklerinden biri olup, hasarl veya kirilma olmadan tek bir seferde ilkel par¢anin maksimum ¢apinin
kap maksimum capina oranidir. Derin ¢cekme uygulamalarinda silindir seklindeki kaplarin iyi bilinen
derin sekil verme yontemi dikdortgen sekilli veya sekilleri belli olmayan kaplara tatbik etmek igin
esdeger cap teorisi dogru sonuclar vermektedir [30, 32]. Dikdortgen sekilli kaplarin derin gekilerek
sekillendirilmesinde kalibin ve ilkel ilkel par¢anin geometrik biiyiiklikleri Sekil 3'de gosterilmistir.

A=llkel parca uzun kenari, B=ilkel parca kisa kenari, a=Stampa uzun kenari, b=Stampa kisa kenary,
rs=Stampa alt radyusu, rpc=Stampa kdse radyiisii, rm=kalip agiz radyusu, rac=kalip kdse radyusu,
t=Cekme sac1 kalinligi, w=Stampa-baski plakasi arasi bosluk degerini ifade etmektedir. rs=rpc=rm=ra.=6
mm, t=0,9 mm ve w=1,2 mm olarak alinmistir.

@Dmax, ilkel parcanin esdeger ¢ap1 olmak iizere ve bu ¢apa ait dikdortgen sacin baslangicta Sekil 4'te
ifade edildigi haliyle A uzunlugunda ve B genisligindeki dikdortgen ilkel par¢a boyutlari ile uzunlugu a
ve genisligi b olan dikdortgen zimba boyutlarinin késegen uzunluklarinin hesaplanmasi ile ilkel par¢a
¢api1 ve zimba ¢ap1 hesaplanmaktadir.

Esasinda dikdortgen kaplarin derin cekilmesindeki boyut faktorleri de silindirik sekil verme faktorleri
gibi hesaplanmaktadir. Bununla birlikte dikd6rtgen sekil vermede baska faktorlerinde dikkate alinmasi
gerekir. Dikdortgen sekil vermenin kayda deger bir bigimlendirme faktorii, kare olmasi halinde en/boy
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orani b/a=1 olurken dikdortgensel kapta en/boy orani b/a=1 olmamaktadir. Bu yiizden sinir sekil
verme katsayisi hesabinda degisik bir metot olarak esdeger ¢ap tespitinin yapilmasi gerekmektedir.

z
Gekme AT
stampasi \ al |  Baski plakasi

. E Cekme
i

L/ : saci
|

= /A

W Kalip
s
!
AY
1 X
. Tdc
!
i ]
H X
aills s ] e [ B (R W
: v
2l )
oy A .

Sekil 3. Dikdortgensel kabin derin ¢ekilmesinde kullanilan kalibin biiytikliikleri (Geometric dimensions of the die used in deep
drawing of rectangular cup) [36]

Baslangi¢ sac malzemenin genislik x uzunluk boyutlari ele alindiginda, esdeger ¢ap1 tespit etmek i¢in
“Pisagor esdeger ¢aplar1” hesabi yapilmaktadir. Pisagor esdeger ¢aplari Sekil 4'te gosterilmistir. Sekilde
aciklandig gibi bu ¢aplari ifade etmek i¢in dikdortgenin karsiliklh iki kosesi arasindaki uzunlugu goz
oniinde bulundurmaktadir. Boylece gecerli olan esdeger ¢aplar Pisagor metodu ile tespit edilmistir.
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Sekil 4. Dikdortgen kap igin ilkel parc¢a ortalama ¢ap1 (Dmax) ve zimba ortalama ¢apinin (dstampa) tespit edilmesi (Pisagor
esdeger caplar1) (Determination of blank sheet mean diameter (Dmax) and punch mean diameter (dstampa) for a rectangular cup (Pythagorean
equivalent diameters)) [40]

ODmax = VA? + B2 (1)
Q)dstampa =+vVa* + b? (2)

Denklem 1 ve denklem 2’de hesaplanmis olan esdeger ¢aplar kullanilarak limit ¢ekme orani (), 3
ifadesi goz 6niine alinarak belirlenmistir.

ﬁ _ _PDmax (3)

wdstampa

Burada, @Dmax parga ilkel esdeger ¢ap ve @dstampa 1Stampa esdeger ¢apini ifade etmektedir.
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2.3. Kaplarin cidar kalinlik degisimlerinin 6l¢tilmesi (Measuring wall thickness changes of cups)

Derin ¢cekme uygulamasi sirasinda plastik deformasyona ugrayan kabin lizerinde ¢ok farkl gerilmeler
olugmakta ve bu gerilmelerden dolay1 kabin cidar kalinliklarinda degisimler meydana gelmektedir
[45].

Kaplardaki cidar farkliliklarinin tespit edilmesi amaciyla deneylerden elde edilen kaplar hassas bir
bicimde yiiksekligi boyunca ve 6zellikle de kenar kose bolgesinden testere ile hassas bir bicimde
kesilerek haddeleme dogrultusu lizerinde 10 mm mesafelerde testere ile kesilmislerdir.

Kesilen kabin duvar yiizeyi taban radyiisii bitiminden itibaren kabin agiz kismina dogru 10x10 mm.
araliklarla 1zgaralara boliinmiistiir. Kesisim noktalar1 belirlenmis ve belirlenen noktalardan cidar kesit
degisimleri LH-600E modeli MITUTOYO marka hassas dogrusal 6l¢iim mihengiri cihazi ile belirlenen
kesisim noktalarindan, noktasal temaslh hassas ug ile 0.001 hassasiyetinde 6l¢tilmiistiir. Sekil 5a’da,
cidar kesit degisimlerinin dl¢iilmesinde kullanilan cihaz, Sekil 5b’de ise kesit degisimlerinin 6l¢iilmesi
gosterilmistir. Sekil 6’da, kesilmis numune iizerinde 8l¢iim noktalarinin gosterildigi ve 6l¢iim sonucu
elde edilen cidar kesit degisimi degerleri verilmistir.

Sekil 5. Kap cidar kalinlik degisimlerinin 6l¢iim yontemi: a) Kap cidar kalinlik degisimleri 6l¢tim cihazi, b) Kap cidar kalinhk
degisimlerinin 6l¢iilmesi (Measurement method of cup wall thickness changes: a) Cup wall thickness variation measuring device, b.
Measurement of cup wall thickness changes)

Sekil 6. Cidar kalinlik degisimlerinin 6l¢imii i¢cin kullanilan numune ve dlgiilen degerler (Sample and measured values used for
measurement of wall thickness changes)

3. Sonuclar ve Degerlendirilme (Results and Evaluation)

3.1. Kalip/baski plakasi ac¢isinin (a) kap cidar kalinlik degisimi tizerindeki etkisi (Effect of die/blank holder
angle (a) on cup wall thickness variation)

Derin cekmede saci sekillendirmenin basarili bir sonug vermesi cidar kalinliklarindaki farklilasmalarin
ongoriildiigi degerlerde tutulmus olmasi 6nemlidir. Kap cidar degisimleri ve genellikle de alt kose
radyiis bolgelerinde sac malzemenin kalitesine direkt etki yapmaktadir.

Stampa ile sac plaka arasindaki temasin neticesinde siirtiinmenin biliylimesi ile gerilmeler biytir.
Stampanin plastik sekil vermeye etkisini siirdiirmesi ile gerilme de ayni oranda siirekli biiylimeye
devam etmektedir. Gerilmedeki bu biiylime sacdaki cidar kesit degisiminin 6nemli miktarda
kiigiilmesine ve boylece elde edilen kapta cok fazla plastik sekil degisiminin meydana gelmesine sebep
olmaktadir [34, 35, 36, 38].
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Sekil 7-Sekil 10’da sabit KBPK=1800 daN’luk kuvvet altinda farkli limit ¢ekme oranlarinda farkl
kalip/baski plakasi agilarinda ¢ekilmis numunelerde kap yiiksekligine bagl olarak kap kesit incelme
degisimleri verilmistir.

Sekil 7’de 3=1,85 ve 1800 N pot ¢cemberi kuvveti uygulanarak kalip/pot ¢gemberi agis1 (o) nin hadde
dogrultusu ekseninde cidar kesit degisimleri lizerindeki etkisi gosterilmistir.

Sekilde gorildiigii gibi 0-10 mm araligindaki kap ytiiksekliklerinde cidar kesit degisimlerinin azaldigy,
yani sacda 6nemli sayilabilir incelmelerin meydana geldigi ve 0,371-0,910 mm arasinda oldugu sac
kalinligindaki degisimin yaklasik %20 civarinda diistiigii tespit edilmistir. 10 mm’den itibaren kap agiz
kisimlarina dogru cidar kalik degisimlerinin artis gosterdigi, 25 mm’den itibaren ise cidar kalinliginin
sac plaka kalinligini gectigi goriilmistiir. Kabin cidar kesitindeki bu degisim yaklasik %32’civarinda
olmaktadir. o’'nin her degeri icin kabin kesit cidar degisiminin ayni oranda oldugu tespit edilmistir. «
biiyiidiikce kap kesit incelmelerinin azaldigi gériilmektedir.

1:209 | | | |
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0,509
0,409
0,309
0,209
0,109
0,000

Kap cidar kalinhg (mm)
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Sekil 7. $=1.85 i¢in kalip/baski plaksi agisinin (a) cup yiiksekligine bagh olarak cup cidar kalinlig1 degisimleri tizerindeki etkisi
(Effect of die/blank holder angle () on cup wall thickness changes depending on height of cup for f=1.85)

Sekil 8’de $=1,95 ve BPK=1800 N icin a’'nin haddeleme dogrultusu hatti iizerinde cidar degisim kalinlig1
lizerindeki degisimi goriilmektedir. Sekil 8 ve Sekil 9’da gosterildigi tizere $=1,95 ve =2,20 i¢in kap
cidar kalinlik degisimleri maksimum seviyede degisim gostermektedir. Ancak 3=2,20’ye ulastiginda
numune alt kose kisimlarinda en biiyiik incelmenin meydana geldigi tespit edilmis ve bu deger 0,373
mm’ye kadar diismiistiir. Bu noktadaki incelme miktar1 hemen hemen %26 ile 9°lik matris/baski
plakasinda dl¢iilmistiir.

e | | | |
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Sekil 8. =1.95 i¢in kalip/baski plaksi agisinin (a) cup yiiksekligine bagh olarak cup cidar kalinligi degisimleri tizerindeki etkisi
(Effect of die/blank holder angle () on cup wall thickness changes depending on height of cup for f=1.95)

Baski plakasi kuvveti sabit ve BPK=1800 daN, a=0° ve a=3lik kaliplarda 6zellikle 3=1,85 ve $=1,95
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olmasi durumlarinda kap kesit incelmelerinde kayda deger oranda bir kalinlasmanin meydana geldigi,
kap agiz kisimlarinda gozle goriiliir bir bicimde ondiilasyonlarin, burusmalarin ve kirismalarin
fazlasiyla meydana geldigi tespit edilmistir. Deformasyon sertlesmesi malzemelerin sekillendirilmesini
etkileyen en onemli faktordiir. Malzemenin sekillendirilmesi esnasinda meydana gelen deformasyon
sertlesmesi kabin kalip bosluguna akisini, zimba kuvvetini, kaptaki kalinlik degisimlerini ve kaptaki
gerilmeleri dogrudan etkilemektedir [40, 41, 42].

Sekil 9°da =2,20 ve BPK=1800 daN altinda o’'nin haddeleme dogrultusu lizerinde kurs boyuna bagh
olarak kap kesit incelmelerinin degisimi verilmistir.

o'nin artmasinin kap boyunun artmasinda 6nemli bir etkisinin oldugu ancak kabin alt kdse
kisimlarinda ise asir1 kesit incelmelerine sebep oldugu, kap agiz kisimlarina dogru sacdaki kalinlik
degisiminin % 41 oraninda kayda deger bir kalinliga kadar ¢iktig1, bu artisin en fazla a=0°1ik matriste
oldugu goriilmistiir. Bu artis kap tust agiz kisimlarina dogru sac deformasyonunun zor olmasi
sonucunda sacda st iiste binmelerin bir neticesi oldugu seklinde ifade edilebilir.

o | | | | |
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Sekil 9. B=2.20 i¢in kalip/baski plaksi agisinin (a) cup yiiksekligine baglh olarak cup cidar kalinlig1 degisimleri tizerindeki etkisi
(Effect of die/blank holder angle (a) on cup wall thickness changes depending on height of cup for =2.20)

Sekil 10’da maksimum (=2,31 ve BPK=1800 N icin a’'nin haddeleme dogrultusunda kurs boyuna bagh
olarak kap kesit incelmelerinin degisimi verilmistir. Kap boyunun 0-10 mm arasinda olmasi
durumunda sacin cidar kesitlerinde kayda deger bir incelme ve bu degerin a=9° i¢in 0.371 mm’ye kadar
distiigii tespit edilmistir. Kap boyunun 10-45 mm arasindaki bolgesinde kesit kalinlasmalarinin
siirekli arttig1 ve kap agiz kisminda a=0° i¢in 0,972 mm, a=3° i¢in 0,962 mm, a=6° i¢in 0,918 ve a=92
icin 0,854 mm olarak dl¢iilmiistiir. Ozellikle a=0°-6° icin sac yigilmalarindan dolay: kap boyundaki
artisa bagh cidar kesit degisimleri artarak ozellikle 40-45 mm araliktaki kap boyunda malzeme
kalinligina esit ve hatta astigi goriilmektedir. Bu degerden sonra kalinlik sac kalinliginin {izerine ¢ikmis,
a=0da %56’lik bir artis gostererek 0,972 mm, diger biitiin matris agilarinda ise ortalama matris
boslugu degerine esit olarak o6l¢iilmistiir.

Sekil7-Sekil10 bir arada karsilastirildiklarinda o’ nin tiim degerleri icin cidar kesit degisimlerinin kabin
biitiin yiiksekliklerinde benzer bir degisim gosterdigi goriilmektedir. Limit cekme oraninin artmasina
bagh olarak, matris acisinin cidar kesit degisimleri iizerinde 6énemli bir etki yaptig1 net olarak fark
edilmektedir. Bu etkinin net olarak ¢ekilen numunenin 6zellikle list agiz kisimlarinda ¢ok daha yogun
oldugu gorilmiistiir. Bunun nedeni kalip/pot ¢emberi agisinin artmasina bagh olarak sac plakanin
matris icine dogru akisinin artan aciya baglh olarak daha rahat olusundan kaynaklanmis oldugu tahmin
edilmektedir.

Cidar kalinliklarindaki farklilagsmalar, matris geometrik sekline, pot ¢emberi kuvveti, matris kose
yaricaplari, kullanilan akici akiskanlar, stampa ilerleme hizi ve sac plaka yiizeyindeki siirtiinme
alaninin diizgiin olup olmamasi gibi farkl faktorlerin biiyiik bir oranda etkisinde kalmaktadir [7, 16,
17, 45].

a artikca, a=6° ve a=9°lik agilarda burusmalarin ¢ok net fark edilebilir bir sekilde azaldigy, 6zellikle
a=9°lik kaliplarda elde edilen kaplarda ondiilasyonlarin ve sacda iist iiste binmelerin ve burusmalarin
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fazla meydana gelmedigi tespit edilmistir. Bu durumun, matris/pot cemberi ylizey agisinin derin gekme
sirasinda sac malzemenin akisin1 kolaylastirdigini ve hasarsiz kaplarin elde edilebilecegini
gostermistir. Sac plakanin matris bosluguna kaymasini rahatlatmak amaciyla stampa ve matris
yaricaplarinin olmasi gereken 6lciilerde alinmasi gerekir. Olmasi gereken degerden daha fazla alinmasi
stampa ve matris yarigaplarinda, pot cemberi tesir alani azalacagindan, sac plakanin zimba ile temasta
olmayan alani artmakta ve sac plakada olumsuz burusmalar meydana gelmektedir [31, 33].
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Sekil 10. f=2.31 i¢in kalip/baski plaks1 agisinin (a) cup yiiksekligine bagh olarak cup cidar kalinhig1 degisimleri tizerindeki
etkisi (Effect of die/blank holder angle («) on cup wall thickness changes depending on height of cup for f=2.31)

o'nin hemen hemen tiim degerlerinde kap kesit incelmelerinde kayda deger bir farklilik oldugu tespit
edilmistir. Bu durum baski plakasi kuvvetinin yeterli olmamasindan kaynaklandigi ve dolayisi ile
plastik deformasyona ugrayan sac plakanin kap kenarlarinda meydana gelen ytlizey burusmalarindan
dolay1 matris boslugu icinde sikismasindan oldugu ve cidar kesit degisimlerinin artmasina neden
olmustur [38]. Kap kesit incelme degisiminde kayda deger bir degisim meydana gelmesine ragmen
maksimum incelme a=0° kalipta, minimum incelme ise a=9°lik kalipta oldugu tespit edilmistir. Bunun
sebebi, matris agisinin sacin kalip boslugu icine dogru itilmesini rahat bir sekilde gerceklestirmesi ve
dolayisiyla sac plakanin iist iiste toplanmasinin diistiriilmesinden kaynaklandigi diisiiniilmektedir [40].

Farkli matris/pot ¢cemberi agilari icin gergeklestirilen deneylerden tespit edilen 3 degerleri yaklasik
olarak ayni olup maksimum limit ¢ekme orami =2,31 olarak elde edilmistir. Yapilan g¢alismalar
neticesinde tespit edilen kap kesit incelme grafikleri degerlendirildiginde ¢ok farkli sonuglarin
olusmadig1 goriilmektedir. Kap kesit incelmelerinde etkili olan en temel parametrenin o oldugu tespit
edilmistir.

3.2. Kalip/baski plakasi agisinin (o) plastik sekillendirme tizerindeki etkisi (Effect of die/blank holder angle
(@) on plastic forming)

Oda sicakligr 20 °C’de ve sabit 1800 N pot cemberi kuvveti altinda maksimum f=2,31 ve farkll o
degerlerinde tretilen kaplar Sekil 11’de sirasiyla gosterilmistir.

Sekilde goruldigiu gibi derin ¢ekme islemlerinde dikdortgen kaplarin elde edilmesinde a’'nin 3
lizerindeki etkisi olduk¢a 6nemlidir. o'nin artmasina bagh olarak 'da artmaktadir. Bunun sebebi kalip
acisinin yiiksek olmasi durumunda sac plakanin kalip bosluguna dogru kolay bir sekilde gerceklesmis
olmasindandir. Zimba ile kalip icerisine itilmeye zorlanan sac plakanin ¢ekme-basma gerilmelerine
diren¢ meydana getirmesi a’nin artmasi ile azalmaktadir [44, 45, 46].

Sekil 11a ve Sekil 11b, incelendiginde, a=0° ve a=3° olan kaliplarda =2,31 maksimum olarak elde
edildigi, kap agiz kisimlarinda gozle goriliir bicimde ondiilasyonlarin, burusmalarin ve kirisikliklarin
oldugu, ancak a=6° 9°de elde edilen kaplarin daha diizgiin ve piriizsuz oldugu, gozle goriliir
hasarlarin olusmadigl, sadece belirli bir 6l¢iide kulaklanmalarin meydana geldigi goriilmektedir. «
artikca, ondiilasyonlarin, burusmalarin ve Kkirismalarin fazla meydana gelmedigi, a'nin sac
malzemenin akisini kolaylastirdigini ve hasarsiz kaplarin elde edilebilecegini gostermistir. Bunun en
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bliylik sebebinin kalip agisinin artisina bagh olarak eksenel kuvvette bir artisin olmasindan
kaynaklanmakta oldugu séylenebilir [37].

a) a=0°"

b) a=3°

c) a=6°"

d) a=9"

Sekil 11. Kalip iist yiizey agis1 ve pot cemberi alt ylizey agisina (o) bagh olarak =2,31 ve 1800 N sabit pot gemberi kuvvetinde

elde edilen kaplar (Cups obtained at depending on the angle of the die upper surface and the bottom surface of the blank holder for f=2.31 ve
constant BHF=1800 N)

ilkel parga cap1 biiyiidiikge sac plakada hasarlarin olusmasiyla kap incelmelerinin arttigl ve zimba
kuvvetinin artmasi gerilmelerin artmasina neden olmaktadir. Derin ¢ekme islemi sirasinda sacda
olusan ¢ok biiyiik gerilmelere direng¢ gdsteremeyen sac plakalarda catlaklar, yirtilmalar ve kopmalar
meydana gelmekte ve sekil verme agamasinda saglikli sonuglarin olusmasi imkansiz hale gelmekte
ve derin ¢ekme islemi basarisizlikla sonuglanmaktadir [32, 47]. Bask: plakasi kuvvetinin (BPK)
bliylik olmasi durumunda yirtilmalar genelde kabin taban koselerinde meydana gelmektedir.
BPK’nin diisiik olmasi halinde ise ondiilasyonlarin daha biiyiik olmasindan kaynaklanan ve kabin ag1z
kisimlarinda daha biiytik katlanmalar (Sekil 11a ve Sekil 11b) ve burusmalar meydana gelmekte, bu
da kabun iist bolgelerinde yirtilmalarin ve ¢atlamalarin olusmasinda etkili olmaktadir.

4 Sonu(;lar ve Tartlsma (Results and Discussion)

Bu ¢alismada, St37 celiginden dikdortgen kaplarin derin gekilebilirliginde kalip geometrisinin kap kesit
incelme degisimlerine olan etkisi uygulamal olarak incelenmistir. Elde edilen temel bulgular asagida
maddeler halinde agiklanmistir.

1. a biiytidiikce kap kesit incelmelerinin arttigi, bu durumun sac akisinin daha rahat oldugu, numune
agiz bolgelerindeki geri yaylanma oraninin numune taban bolgelerindeki geri yaylanma oranindan
daha az olmasi ve sekillendirme kuvvetine etki eden baslica parametrenin o oldugu tespit edilmistir.

2. adegerlerinin bliylimesi ile §’da biiyiimektedir. St37 sacinin sekillendirilmesinde a=0°"de elde edilen
=1,65 olurken, a=3-9° olmasi halinde 3=2,31 olarak elde edilebilmistir.

3. Ilkel parca boyutlarinin biiyiik 6l¢iilerde segilmesi durumunda, elde edilen kaplarda agiz kisimlarina
dogru ondiilasyonlar, kulaklanmalar ve sacda {ist liste binmeler ve yirtilmalar olusmaktadir. Kabin alt
taban koselerinde ve boydan boya yanal kése bolgelerinde istenilmeyen derecede incelmeler meydana
gelmektedir. o'nin artirilmasi halinde daha yiiksek 3 ve daha verimli ve uygun kaplarin iiretimi
yapilabilmektedir.

4. Farkli o i¢in gergeklestirilen deneylerden elde edilen 3 degerleri yaklasik olarak ayni olup maksimum
limit gekme orani f=2,31 olarak elde edilmis, ancak kii¢iik o degerlerinde elde edilen kaplarda hasarlar
ve yaygin olarak burusmalar olustugu gortilmistir.
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5. o artik¢a, ondiilasyonlarin, burusmalarin ve kirismalarin fazla meydana gelmedigi, kalip/baski
plakasi yiizey agisinin sac malzemenin akisini kolaylastirdigini ve daha hasarsiz kaplarin elde
edilebilecegini gostermistir (Sekil 11d).

6. B=2,31’e ulastiginda numune alt kisimdaki koselerde maksimum incelmenin meydana geldigi tespit
edilmis ve bu deger 0,373 mm’ye kadar diismiistiir. 0-10 mm araligindaki kap yiiksekliklerinde cidar
kesit degisimlerinin azaldigi, yani sacda énemli sayilabilir bir degerde incelme meydana geldigi ve
bunun hemen hemen 0,371-0,910 mm kadar oldugu, deneye tabi tutulan sac kalinligindaki degisimin
yaklasik %20 civarinda azaldig goériilmiistiir.

7. Yapilan calisma ile kap kesit incelmelerinde en etkili olan parametrenin matris/pot ¢cemberi yiizey
acisi oldugu tespit edilmistir.
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ABSTRACT

Due to its wide band gap value and large applications, tin dioxide (SnO2) is useful
multifunctional material. In this study, SnO2 thin film was grown by the Successive lonic
Layer Adsorption and Reaction (SILAR) method for 40 cycles on the silver interdigital
contact. Structural and morphological properties were investigated by XRD, SEM, and UV
analysis. XRD analysis was taken using Cu Ka source in the range of 20- 80 two theta and it
was observed that the crystal structure was formed. SEM analysis showed that the SnO2
material grew homogeneously on the glass surface. The Tauc graph was plotted using the
absorbance data. It was determined from the graph that the forbidden energy range was
3.81 eV. Urbach energy graph was also plotted which value was calculated as 0.46 eV. For
electrical characterization, I-V and resistivity measurements were also taken depending on
temperature by Keithley 2400 source meter and Lakeshore temperature controller. The
temperature-dependent resistance graph was plotted. The temperature-dependent
resistance graph showed that the resistivity decreased with increasing temperature.
Activation energies were calculated by drawing the temperature-dependent Arhenius
graph. The results showed that the SnO2z thin film could be used in future electrical
applications.

SILAR Yéntemiyle Uretilen SnO; Ince Filmin Yapisal,

Morfolojik ve Elektriksel Ozelliklerinin Incelenmesi
0Z

Genis bant aralig1 degeri ve genis uygulamalari nedeniyle kalay dioksit (Sn02) ¢ok islevli,
kullanigh bir malzemedir. Bu ¢alismada, SnO: ince film, giimiis interdigital kontak lizerine
40 doéngiide Ardisik Iyonik Tabaka Adsorpsiyon ve Reaksiyon (SILAR) yontemiyle
biiytitiildii. Yapisal ve morfolojik 6zellikler XRD, SEM ve UV analizleri ile incelendi. XRD
analizi 20 ila 80 iki teta araliginda Cu Ka kaynak kullanilarak alindi ve kristal yapinin
olustugu gozlemlendi. SEM analizi SnO2 malzemesinin cam yiizey lizerine homojen bigimde
bliytidiglinii gosterdi. Tauc grafigi, absorbans verileri kullanilarak ¢izildi. Grafikten yasak
enerji araliginin 3.81 eV oldugu belirlendi. Urbach enerji grafigi cizildi ve Urbach enerji
degeri 0.46 eV olarak hesaplandi. Elektriksel karakterizasyon i¢in Keithley 2400 kaynak
olcer ve Lakeshore sicaklik kontrolciisti cihazi ile sicakliga bagli olarak I-V dl¢limleri yapildi.
Sicakliga baglh direng grafigi cizildi. Sicakliga bagh direnc grafigi, artan sicaklikla direncin
azaldigim gosterdi. Sicakliga baglhh Arhenius grafigi cizelerek aktivasyon enerjileri
hesaplandi. Sonuglar, SnO:z ince filmin gelecekteki elektriksel uygulamalarda kulanilabilir
oldugunu gosterdi.
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Properties Of SnO2z Thin Film Grown by SILAR Method”, Gazi Journal of Engineering Sciences, vol. 9, no.
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1. Introduction

Tin dioxide (Sn02) is an easily available material with a wide band gap. These features allow it to be
used in wide areas such as gas sensor applications [1], catalysts [2], optoelectronic device applications
[3,4], etc. SnO2-based semiconductors present significant potential in gas sensors used to detect
combustible gases due to their high sensitivity and detection accuracy [5].

SnO2 has a wide bandgap (3.6 eV) and is an n-type semiconductor oxide. Compared to other elements
in the Group-IV periodic table, the element Sn is a unique property that combines transparency and
conductivity properties. These properties make it suitable for optically passive components in many
devices. Application areas such as catalytic support materials in solar cells and sensor applications etc.
activate the study of SnO: material [6]. It is very important to produce SnO: thin film with the
appropriate method with its wide usage area. The selection of the appropriate one among many
production methods also affects the cost.

Thin films are grown using physical and chemical techniques in academic and industrial studies.
Physical, chemical, technological, technical and economic properties play a role in the selection of
magnification technique. Physical vapor deposition method, sol-gel, chemical vapor deposition, spray
pyrolysis, etc. these techniques require high temperatures and pressures, hence using these techniques
thin film magnification becomes very costly.

SILAR is one of the newest thin-film growth methods. It is an aqueous solution technique that involves
a series of sequential reactions at the solution and substrate interface. It is a simple method that allows
thin films to be formed by immersing the substrate in a certain sequence in aqueous solutions
containing ions of each species and precipitating it on the substrate. The SILAR technique is
inexpensive, simple, and suitable for a wide range of precipitation. Since the reaction is carried out at
or around room temperature and under pressure that envelops the solutions, various base materials
such as insulators, semiconductors, metals and temperature-sensitive (such as polyester) can be used

[7].

Compared to other growth techniques, SILAR is a thin film growth method that is simple, applied at
low temperatures, does not require expensive equipment and does not waste material. By varying the
number of cycles, the film thickness and deposition rate can be easily controlled [8].

In this work, we prepared SnOz thin film grown by the SILAR method. The electrical properties of the
thin film are investigated.

2. Material and Method

In this work, the glass substrate was used. After cleaning the glass substrate, the interdigital contact
has evaporated on the glass substrate’s side. Then interdigital contact has been annealed under a
nitrogen atmosphere (300°C, 15 min). After this process, SnOz material was grown by the SILAR
method on the ready contacts.

To prepare the thin film, SnCls of 0.1 M as a source for Sn and aqueous ammonia solution (NH3-28%)
were used. As solvent deionized water was chosen and [Sn(NH3)4]** complex was obtained for
producing process. SnOz material was successfully grown on the substrates in the same order that we
used in our previous work [9].

One SILAR cycle includes four steps and each step is shown in Figure 1. Yildirim et. al. were investigated
the characteristics of SnO: thin films prepared by SILAR for 60, 80, 100 and 120 SILAR cycles [10].
Alfaro Cruz et. al. were studied the development of SnO2-ZnO thin films as a photocatalyst for obtaining
alternative fuels through photocatalytic reactions and they were used 60 SILAR cycle to produce SnOz-
ZnO thin films [11]. Based on the studies and our observations, 40 cycles is an optimized number
enough to grow SnOz thin film on the glass substrate. Thus, SnOz material was grown on both sides of
the glass substrate.
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One SILAR Cycle

)y

Hot Water Rinsing

Glass substrate

Silver interdigital contact

Figure 1. The schematic diagram of one SILAR cycle

3. Results and Discussion

The XRD pattern of the SnO2 thin film was given in Figure 2. The measurement was taken between 20
and 80 two theta degrees. The pattern indicates the existence of a SnO2 single phase as shown in Fig. 2.
The XRD pattern is in good agreement with the 01-078-1063 PDF card of the orthorhombic phase. The
peaks at 20 = 25, 26.89 and 29.7° correspond to the (111), (112) and (113) planes of SnO2, respectively.
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Figure 2. XRD pattern of SnOz thin film

Figure 3 shows SEM images taken using the FEI Quanta FEG 450 model SEM for different magnitudes
of SnOz thin film. The images show that the SnO2 material covers the entire surface. It was also observed
that cracks formed on the surface as a result of 40 SILAR cycles. In addition to the bright regions,
relatively dark regions are also seen in these images. Formations in dark areas consist of smaller grains
or blanks. In addition, it is observed that an intense layering is formed on the surface of the base
material. Besides, EDX results given in Table 1, also support the healthy growth of the structure.

Fig. 4 shows the band gap graph of the SnO2 thin film. The transition was plotted using the relative Tauc
plot given in formula 1.

_ A(h9-Eg)"
@=—— (9]

Here a is the absorption coefficient, hv is the photon energy, A is constant and n is an exponent
depending on the nature of the electronic transition ( n = 1/2 indicates a permissible direct transition
in SnO2 nanoparticles) [12]. The bandgap energy is identified by extrapolating the linear part of the
Tauc plot to the energy axis. The Tauc plot was plotted using (ahv)? versus hv. The band gap energy
was determined as 3.81 eV at the point where the line drawn on the straightest part of the graph
intersects the hv energy axis. The band gap energy value calculated using the absorption data is
compatible with the literature [13].
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Figure 3. SEM and EDX images of SnOz thin film

Table 1. Elements and their percentages in SnOz thin film.

Elements (%) Sn0; Thin Film
0 74.81
Sn 25.19
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Figure 4. Tauc's plot of optical bandgap for SnO2

The Urbach energy is related to the disorder of the particles under analysis. Figure 5 shows the Urbach
energy graph. The band tail energy or Urbach energy is related to the energy disorder at the band edge
of a semiconductor. The Urbach Tail values can be calculated with using formula 2 [14].

a = ageE/Ew (2

where, a is the absorption coefficient, oo is constant, E is the photon energy, and Euis the Urbach
energy. The Urbach energy was obtained by plotting In a versus. hv. SnOz thin film Urbach energy value
calculated to 0.46 eV. However, the calculated value was found to be compatible with the literature
[15].
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Figure 6 shows the current-voltage characteristics for the different temperatures of SILAR-deposited
SnOz thin films. The results show linear I-V relations under both forward and reverse bias indicating
a good Ohmic contact behavior of the studied film. It's clearly seen that the electrical characteristics of
SnOz2 thin film getting stabilized at high temperatures. All measurements were taken between -5 volt

and + 5 volts.
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Figure 6. Current -Voltage characteristic of SnOz thin film

If the number of charged particles in the environment increases and their kinetic energy is increased
by heat, the charges in the valence band will pass to the conduction band and move in the lattice, thus
initiating the electric current as well as increasing the current intensity. Thus, the resistance value of
the material decreases with increasing temperature. The resistance values of the SnO: thin film was
calculated from the slope of each temperature-dependent curve in the current-voltage graph and is
given in graph 7. It was observed that the resistance of the SnO2 material decreased with increasing

temperature.
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Figure 7. The plot of Resistance versus Temperature of SnOz thin film

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik

97



Corlu & Acar Gazi Muhendislik Bilimleri Dergisi: 9(1), 2023

Anincrease in the energies of the particles or a decrease in the activation energy means that the charges
move more easily and contribute to easier conduction. Therefore, the electrical conductivity equation
is empirically the Arrhenius equation, and the graph of In(c) - 1000/T drawn for conductivity can be
called the Arrhenius curve. The activation energies were estimated using the Arrhenius formula 3 [16]:

0 = oyexp(—E,/kgT) (3)

where oois a pre-exponential factor and E. is the activation energy of the DC conductivity and ks is the
Boltzmann constant. Figure 8 depicts Ino against temperature. It can be clearly stated that the
conductivity increases with increasing temperature. At low temperatures below 400 °K, the graph
stabilized [17]. The activation energies of the SnO: thin film in the high-temperature and low-
temperature regions were calculated from the slopes of the graph in Figure 8. The calculated activation
energies are compatible with the literature [18].
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Figure 8. The plot of Inc against 1000/T of SnOz thin film

3. Conclusion

In conclusion, SnO: thin film was produced by the SILAR method on glass substrate. XRD and SEM
studies have shown that the SnOz2 thin film has a semi-crystalline structure with orthorhombic phase
and covers the entire surface. The electrical properties were examined and the current-voltage results
showed linear curves showing that the thin film has ohmic properties. The resistance values decreased
with the increase in temperature. Using the Arrhenius formula, the activation energies for the two
temperature regions were calculated as 0.015 eV and 1.04 eV at 300 °K - 400 °K and 400 °K - 500 °K,
respectively. Thus, Sn02 and its relatively low cost make it preferred in some applications that require
a conductive layer on glass. As a result, SILAR was found to be a suitable method for coating SnO: thin
films. The thin film results show that tin dioxide material is successfully grown on silver interdigital
contact and it could be used in future electrical applications.
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ABSTRACT

Keywords: Shallow cryogenic This study investigates the affects of cryogenic treatment on the hardness, wear resistance,
treatment/deep cryogenic and microstructure changes of 1.2436 steel. The study applied shallow at -80 °C for 6 hours
treatment, 1.2436 steel, Hardness, and deep cryogenic treatment at -180 °C for 6 hours on quenched steel samples. In addition,
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Kriyojenik Islemin 1.2436 Celiginin Mikro Yapiss,
Sertligi ve Asinma Davranis1 Uzerindeki Etkileri

0Z

Bu calisma, kriyojenik islemin 1.2436 celiginin sertlik, asinma direnci ve mikro yap1
degisiklikleri lizerindeki etkilerini arastirmaktadir. Calismada su verilmis ¢elik numunelere
-80 °C'de 6 saat s1g ve -180 °C'de 6 saat derin kriyojenik islem uygulanmistir. Ayrica gelik
parcalar farkli asamalarda 300 °C'de 2 saat siireyle temperleme islemine tabi tutulmustur.
Mikroyap1 goriintiilerinde kriyojenik islemin 1.2436 ¢elikte daha homojen bir karbiir
dagihimi sagladigl goriilmiistiir. Kriyojenik islem ayni zamanda 1.2436 c¢eligin asinma
direncini ve sertligini de 6nemli 6lciide etkilemistir. Derin kriyojenik islem, sig kriyojenik

Anahtar Kelimeler: Si3 isleme gore daha yiiksek sertlik ve asinma direnci saglamistir. En yiiksek sertlik, su verme

kriyojenik islem/derin ile kriyojenik islem arasinda temperleme 1s1l isleminin uygulandigi numunede, en yiiksek

kriyojenik islem, 1.2436 celigi, asinma direnci ise su verme ve Kkriyojenik islemden sonra temperleme isil isleminin
sertlik, Mikro yap1, Asinma uygulandigi numunede elde edilmistir (QDCTT, %28.12 daha az asinma orani).
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1. Introduction

Metals are applied to various heat treatments to upgrade mechanical properties [1-3]. Known as
complementary to traditional heat treatment, cryogenic treatment enhances metals' microstructural
and mechanical properties [4-6]. High wear resistance is achieved in the material by forming very fine-
grained carbide precipitates in the nucleation regions with the cryogenic treatment and converting
residual austenite formed after conventional heat treatment into martensite [7-11]. The cryogenic
treatment is applied by gradually cooling the material to a sub-zero temperature, keeping it at this
temperature level for a certain time, and then gradually heating it to room temperature [12, 13].
Generally, two types of cryogenic processes, shallow and deep, are applied. Shallow cryogenic
treatment is performed from -50°C to -100°C. A deep cryogenic process is applied between -125 2C and
-196 2C [8, 12, 14].

Yildiz and Ozbek [6] have stated that deep cryogenic treatment applied on AISI 431 martensitic
stainless steel increased the hardness and yield strength of the steel sample by approximately 3.89%
and 7.03%. However, it was determined that the cryogenically treated sample was worn about 62%
less. Li et al.[15], in their study, they applied deep and shallow cryogenic treatment on 20CrNi2MoV
steel and found that deep cryogenic treatment provided more hardness and wear resistance. Darwin
et al. [16] studied the optimum cryogenic processing conditions for maximum wear resistance. Their
study using SR34 steel detected that the deep cryogenic process provided better results than the
shallow cryogenic process. On the other hand, Ozbek et al. [17] researched the effects of deep and
shallow cryogenic treatment on the hardness, wear resistance, and residual austenite phase of AISTH11
steel. Both types of cryogenic treatments reduced the residual austenite phase and improved
mechanical properties. Deep cryogenic treatment provided a more remarkable recovery than shallow
cryogenic treatment. Soleimany et al. [18] observed that deep cryogenic treatment on AISI H11 tool
steel provides more hardness and wear resistance increase than shallow cryogenic treatment. Ozbek
and Ozbek [7], in their study on Sverker 21 tool steel, observed that cryogenic treatment increased the
hardness, wear resistance, and impact energy of steel samples. The deep cryogenic process provided
better results than the shallow cryogenic process. Koneshlou et al. [19] subjected AISI H13 steel to deep
and shallow cryogenic treatment and found that deep cryogenic treatment provides superior hardness,
toughness, wear resistance, and tensile strength. Benselly et al. [20] reported that deep cryogenic
treatment had a more plus influence on the fatigue strength of En 353 steel.

Zhirafar et al. [4] investigated the effects of tempering heat treatment temperature applied after
cryogenic treatment on the mechanical properties of AISI 4340 steel. After quenching and deep
cryogenic treatment for 24 hours on the steel samples, tempering heat treatments were applied at 200,
300, and 455 °C. The highest hardness was obtained at the lowest tempering temperature, and it was
observed that the hardness decreased with increasing tempering temperature. Molinari et al. [21]
investigated the effects of tempering and cryogenic treatment sequence after quenching on the
hardness and wear resistance of AISI M2 steel. In the study, quenching + 550 °C for 2 hours double
tempering (Q+T+T), quenching + double tempering + 35 hours deep cryogenic treatment (Q+T+T+C),
quenching + deep cryogenic treatment + tempering (Q+C+T) and finally quenching + deep cryogenic
treatment + double tempering (Q+C+T+T) heat treatments were applied. The highest hardness and the
lowest wear were obtained in the sample that applied Q+T+T+C heat treatment. Baldissera and
Delprete [12] applied four different heat treatment groups on 18NiCrMo5 carburized steel: case
hardening + tempering (CH+T), case hardening + deep cryogenic treatment for 1 h + tempering
(CH+DCT+T), case hardening + deep cryogenic treatment for 24 h + tempering (CH+DCT+T) and case
hardening + tempering + deep cryogenic treatment for 24 h (CH+T+DCT). The highest tensile stress
was observed in the CH+T+DCT sample, while the highest hardness was observed in the CH+DCT+T
sample.

Many studies have shown that cryogenic treatment positively affects the mechanical properties of most
material types. However, shallow cryogenic treatment gives better results on mechanical properties
for some material types, while deep cryogenic treatment gives better results for some material types.
On the other hand, tempering after cryogenic treatment is recommended because of secondary carbide
precipitation [4] and residual stress reduction [22]. However, the effects of applying the tempering
heat treatment before or after the cryogenic treatment on the mechanical and microstructural
properties of 1.2436 steel are not yet known. For this reason, this study was carried out to close this
gap in the literature. In this study, after quenching on 1.2436 steel, deep and shallow cryogenic
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treatments were applied for 6 hours. After the quenching process, four different heat treatment cycles
were applied on the steel pieces: tempering treatment (QT), shallow cryogenic treatment+tempering
(QSCTT), deep cryogenic treatment+tempering (QDCTT), tempering+deep cryogenic treatment
(QTDCT), The effects of these heat treatment cycles on the microstructure, microhardness and wear
resistance of 1.2436 steel were investigated

2. Material and Methods

The chemical components of 1.2436 steel are in Table 1. 1.2436 steel specimens were subjected to
quenching after being kept at 920 °C for 25 minutes. Then, heat treatments were applied with different
types and different sequences. Table 2 presents the heat treatments applied in the study in detail.

The samples were grouped into QT, QSCTT, QDCTT, and QTDCT. The QT samples are tempered
immediately after quenching. QSCTT specimens were exposed to shallow cryogenic treatment after
quenching and then tempered. The QDCTT specimens were subjected to deep cryogenic treatment
after quenching and then tempered. QTDCT samples were tempered after quenching, and deep
cryogenic treatment was applied.

Table 1. Chemical components of 1.2436

Element Cr C w Mo \% Si Mn
Wt.% 11.58 2.28 0.59 0.24 0.14 0.25 0.4

Table 2. Details of heat treatments

Specimen Heat treat details

QT Quenching - Tempering (300 °C, two h)
QSCTT Quenching Shallow cryogenic treatment (-80 °C, six h) Tempering (300 °C, two h)
QDCTT Quenching Deep cryogenic treatment (-180 °C, six h) Tempering (300 °C, two h)
QTDCT Quenching Tempering at 300 °C for two h Deep cryogenic treatment (-180 °C, six h)

The surfaces of the parts were sanded, polished, and etched for the microstructure photographs.
Microstructure photos were taken with Quanta-FEG 250 SEM device. The hardness of the steel samples
was measured as a result of applying 500 grams of load in 20 seconds. Wear experiments were carried
out at a sliding distance of 900 m, load of 30 N, and speed of 0.75 m/s. TRD Wear pin-on-disk device
was used.

3. Findings and Discussion

Figure 1 shows the microstructure images of 1.2436 steel using an optical microscope. Carbide grains
in all samples are visible in the microstructure images. All samples have large and small sizes of
carbides. Large carbides are more concentrated in certain regions in the QT sample microstructure.
Carbide distribution is more homogeneous in all cryogenically treated samples. On the other hand, the
carbide content is higher in the deep cryogenically treated samples (Fig. 1c, 1d). From this, it can be
said that the cryogenic treatment provides carbide precipitation in 1.2436 steel and provides a more
homogeneous carbide distribution. Microstructure images were taken with SEM at 5000X
magnification to perform microstructural analysis more accurately. EDX confirmed it analyzes in
Figure 2 that the larger carbides in the microstructure images were M7Cs and the smaller ones were
M3sC carbides. Cementite (M3C/FesC) is a Fe-rich carbide with an orthorhombic crystal structure. M7Cs3
(Cr7Cs) has a hexagonal crystal structure. It is a carbide rich in Cr. It is founded in steels with moderate
to high-Cr content and only moderate quantities of other carbide-forming alloying elements [23]. EDX
analysis of the smaller carbides in the SEM images in Figure 2 confirmed that there are M3C carbides
with more Fe than Cr and some W and Mo. EDX analysis from the larger carbides confirmed the M7Cs
carbide with more Cr than Fe.
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Figure 2. Microstructure of steel samples and EDX analysis of carbides a) QT, b) QSCTT, ¢) QDCTT, d) QTDCT
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Figure 3. Microhardness change the graph of 1.2436 steel applied to different heat treatment cycles

Figure 4 shows the wear rates of 1.2436 steel specimens exposed to different heat-treatment cycles. In
wear test results, it was seen that the cryogenically treated samples were less worn. This has been
associated with the cryogenic treatment converting residual austenite to martensite, forming new
carbide precipitates and a more uniform carbide dispersion, thereby increasing hardness and wear
resistance. Deep cryogenic treatment provided a more wear resistance improvement than shallow
cryogenic treatment. This is thought to be thanks to the deep cryogenic treatment providing more
residual-austenite phase transformation and thus increasing the hardness. Among the deep
cryogenically treated specimens, the tempered sample exhibited better abrasion performance after
cryogenic treatment. The least worn sample is DCT+T. Compared to the QT sample, the QSCTT, QDCTT,
and QTDCT samples were worn approximately 18.75%, 28.12%, and 21.87% less, respectively.
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Figure 4. Wear rate change graph of 1.2436 steel applied to different heat treatment cycles

Figure 5 shows SEM images of worn surfaces of steel specimens after wear tests. It is seen that plastic
deformation and adhesive delamination in the form of layers are dominant on the worn surfaces of all
samples. In the adhesive delamination mechanism, flakes of material are pulled out from the surface
during the test sample sliding on the disc. In addition, oxide debris was formed during wear. In general,
it is seen that in all samples, wear occurs with the combination of plastic deformation and oxidation.
On the other hand, it is observed that microcracks are formed in the QT sample. Wear is likely to
increase further due to the rapid propagation of the first cracks formed in the early stages. The
cryogenic treatment appears to play a significant role in preventing the growth of cracks, as it
strengthens the microstructure by providing a smaller and more homogenous carbide distribution. In

addition, this behaviour may be related to the conversion of residual austenite in the microstructure to
martensite.
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4. Conclusions

This study applied different treatment cycles to 1.2436 steel, including quenching+tempering,
quenching + deep cryogenic treatment + tempering, quenching + shallow cryogenic treatment +
tempering, quenching + tempering + deep cryogenic treatment. The effects of cryogenic treatment
cycles applied under different conditions on microstructure, hardness, and wear resistance were
investigated. The results obtained in the study are as follows.

e As a result of all heat-treatment cycles, M3C and M-C3 carbides were formed in the steel
samples. After cryogenic treatment, more carbide precipitation and more homogeneous
carbide dispersion were observed in the steel samples. It was determined that the carbides in
the deep cryogenic treated samples were dense than the shallow cryogenic treatment.

e The hardness of the cryogenically treated pieces is higher than the untreated samples. The
deep cryogenic treatment produced a more significant increase in hardness. The greatest
increase in hardness was measured in the QTDCT sample at a rate of approximately 9.63%.

e  Wear tests have shown that cryogenic treatment has improved the wear resistance of 1.2436
steel. Samples with all cryogenic treatment cycles worn less than untreated samples. Both deep
cryogenic treated samples wore less than shallow cryogenically treated samples. The maximal
wear resistance was provided in the QDCTT specimen. Approximately 28.12% less worn
compared to the QT sample.
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ABSTRACT

Keywords: Random number, Nowadays, the successful transmission of data between end users, data protection and
encryption, deep learning, d'ata confidentiality are important issues. In our study, a system that ensures the transmission
communication of bitwise encrypted images in pixel color matrix information based on the Lehmer
algorithm for the generation of random keys over an end-to-end reliable communication
channel and guarantees accuracy validation has been created. Using the deep learning

20810 Maryland, del, metadata is created with th ties of the detected objects in the i
Amerika Birlesik Devietleri model, metadata is created wi e properties of the detected objects in the image scene.
Orcid: 0000-0001-8478-3126 In the study, structured data is created in Base64 encoding format after encryption is done
e mail: simayhosmeyve@gmail.com by the sender end of the message using the Lehmer algorithm. This message is transmitted
end-to-end to the receiving party over the secure transmission channel. Finally, the
encoded version of the image and the metadata information are extracted from the

at EyeCU Vision,
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Orcid: 0000-0002-0455-337X structured data exchange and transfer file containing the detection information of the

objects in the image scene in the message packet reaching the receiver end, and also,

¢ Canakkale Onsekiz Mart University, decryption is performed. On the receiver end, object detection results of the deep learning
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different data sets are for the Number of Pixels Change Rate (NPCR) 99.61%, the Unified

4 Smartin Information Average Changing Intensity (UACI) 14.70%, and also, the maximum average entropy value

Technologies LTD, is obtained 7.9999 for encrypted images. In our study, discussions and evaluations based
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- Lehmer Algoritmasi Tabanli Rastgele Anahtar ile
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smayhosmeyveagnaicon — Sifrelenmis GOruntileri Kullanarak Nesne Tespitli

Dogrulama Yoluyla Guvenli Mesaj Iletimi

0Z

Giinlimiizde son kullanicilar arasi verinin basarili iletimi, verinin korunmasi ve gizlilik
onemli konulardir. Calismamizda, ugtan uca (end-to-end) giivenilir bir iletisim kanal
izerinden rastgele anahtar liretimi icin Lehmer algoritmasi tabanli piksel renk matris
bilgilerinde bit bazinda sifrelenmis goriintiilerin iletilmesini saglayan ve dogruluk
gecerlemesini garanti eden bir sistem olusturulmustur. Derin 6grenme modeli kullanilarak
goriintii sahnesi icerisindeki tespit edilen nesnelerin o&zellikleri ile iist veri
olusturulmaktadir. Calismada, mesajin gondericisi tarafindan Lehmer algoritmasi
kullanilarak sifreleme yapildiktan sonra Base64 kodlama formatinda yapilandirilmis veri
olusturulmaktadir. Giivenli iletim kanali izerinden bu mesaj alici tarafa ugtan uca iletir. Son
olarak alic1 tarafa ulasan mesaj paketindeki goriintii sahnesi igerisindeki nesnelerin tespit
bilgilerini iceren yapilandirilmis veri degisim ve aktarim dosyasindan goriintiiniin
kodlanmis hali ve st veri bilgileri ayiklanarak sifre ¢oziimlemesi yapilmaktadir. Alict
tarafta derin 6grenme modelinin nesne tespit sonuclar1 bu dosyadan elde edilen de-
sifrelenmis bilgi ile kiyaslanarak mesajin dogrulugunun gecerlemesi seklinde nesnel
saglamasi da yapilmaktadir. Yapilan deneylerdeki ortalama degerler goz 6niine alindiginda

¢ farkl veri kiimesinden elde edilen veriler icin ortalama degerler olarak Piksel Sayisi
Degisim Hiz1 (NPCR) %99,61, Birlesik Ortalama Degisme Yogunlugu (UACI) %14,70 ve

Anahtar Kelimeler: Rastgele ortalama entropi degeri ise sifrelenmis goriintiler icin azami 7,9999 degerinde
sayl, sifreleme, derin 6grenme, olctilmiistiir. Calismamizda bilimsel bulgulara dayanan tartisma ve degerlendirmelere yer
veri iletigimi verilmektedir.

To cite this article: S. Hosmeyve, A. C. Bilecan, B. Karasulu and [. Unli, “Secure Message Transmission
Via Object Detection Verification Using Images Encoded With Lehmer Algorithm Based Random Key,”
Gazi Journal of Engineering Sciences, vol. 9, no. 1, pp. 108-127, 2023. doi:10.30855/gmbd.0705057



1. Glrl$ (Introduction)

Glnlmiizde veri miktarinin artmasiyla beraber c¢esitli ortamlardan (ses, goriintii, video) elde edilen
anlamlandirilmasi gereken ham veriler bulunmaktadir. Bu anlamlandirma icin ilk 6nce var olan ses
veya video sahnesindeki nesnelerin saglikli bir bicimde tespit edilmesi gerekmektedir. Ardindan veri
glvenligi icin veri iletimine temel olusturmasi adina sifreleme mekanizmalari ve algoritmalar siklikla
kullanilmaktadir.

Calismamizda veri sifrelemesini saglamak i¢in so6zde rastgele sayi tiretici olarak Lehmer Algoritmasi
secilmistir [1]. Uretilen sézde rastgele sayilar ile iiretilen anahtarlar goriintiilerin sifrelenmesinde
kaynak olarak kullanilmistir. Uretilen anahtarlarin mantiksal Ozel VEYA (eXclusive OR, XOR)
islemlerinde kullanilabilmesi icin goriintiiniin her bir piksel degeri goz 6niine alinarak 8 bit degerine
uygun normalizasyon islemi de yapilmistir. Béylece Lehmer algoritmasi tabanl elde edilen rastgele
anahtar goriintii sifreleme ve desifrelemede basariyla kullanilmistir.

Mesaj Kuyruklama Telemetri iletimi (Message Queueing Telemetry Transport, MQTT) [2, 3] protokolii,
iletisime dahil olan makinalar arasinda (machine-to-machine, M2M) mesaj gonderimi tabanh giivenli
bir iletisim protokoliidiir. Daha ¢ok Nesnelerin Interneti (Internet of Things, [0T) [4] ekosistemlerinde
kullanilir. Nesnelerin Interneti fiziksel nesneler arasi veya dis sistemlerle olusturulan veri aligverisi
veya nesneler arasi senkronizasyon saglayan bir iletisim agidir. Bu protokol, istek ile Yanit yapisina [5]
dayali olmakla beraber abone icin yayin (broadcast-to-subscriber) baglantisinda TCP/IP [6, 7]
baglantisi kurar. Bu sayede pek ¢ok isletim sistemlerinde kullanilabilir.

Derin 6g8renme, diistiik seviyeli 6zniteliklerin elde edilmesiyle olusturulan belirli bir siniflandirma
esnasinda daha yiiksek seviyeden anlamsal olarak zengin 6zniteliklerin 6grenilmesini amaclayan
glnliimiizde literatiirdeki calismalarda siklikla kullanilan basarimi yiiksek bir makine 6grenmesi alt
alanidir. Bu alt alandaki modeller, yogunlukla yapay sinir aglarinin katmanli yapisinin uygun sayida
hesapsal 68e ve katman ile derinlestirilerek, verinin filtrelenmesi ve belirgin 6zniteliklere dayanan
daha dogru bir smiflandirma ve tespit isleminin yapilabilmesini saglamaktadir. Buna literatiirde
siklikla Temsili Ogrenme (representation learning) denilmektedir [8].

Sadece Bir Kez Bak (You Only Look Once, YOLO) derin 6grenme modeli, nesne tespiti ve siniflandirma
alaninda son yillarda oldukca popiilerligi artmasi nedeniyle hem etkinligi hem de siniflandirma
basariminin yiiksek olusu ndan dolay: literatiirdeki ¢alismalarda tercih edilir olmustur [9]. YOLO
modeli transfer 6grenmeyi de kullanmasi nedeniyle 6nceden egitimli olarak ¢cok sayidaki sinifi
goriintiideki sahne icerisindeki kalan nesneleri sinirlayici kutu tabanli olarak tespit ve
siniflandirmasini yapabilmektedir. Calismamizda YOLO derin 6grenme modeli kullanilarak deneylerde
kullanilan gorintiilerin sahne igeriklerindeki nesneler hakkindaki bilgiler sifrelemesi yapilan
goriintiler ile birlikte alict makinelere iist veri (metadata) biciminde JavaScript Nesne Gosterimi
(JavaScript Object Notation, JSON) formath paket icerisinde MQTT giivenli iletisim kanali lizerinden
iletilmektedir.

Zit Dil Goriintii On Egitimi (Contrastive Language-Image Pretraining, CLIP) derin 6grenme modeli ile
calismamizda 6nceden egitilmis derin sinir agir modellerinin agirliklar1 kullanarak sifir 6rnek (zero
shot) ile 6grenme yontemi ile kullanicinin génderebilecegi goruntii cesitliligine karsi basarili bir
sekilde tahmin edebilmek hedeflenmistir [10]. CLIP modeli girdi olarak goriintii verisini alarak metin
ile eslestirmekte ve etiket olarak goriintiide en yogun olarak bulunan sinifi metin olarak vermektedir.
MQTT baglantisi ile veri iletiminde gonderilecek mesaj icerisinde gortintii iizerinden elde edilen
metinsel sonug alic1 i¢cin gonderinin basarili bir sekilde alindigina dair bir dogrulama araci olarak
kullanilmaktadir.

Calismamizin ana amaci uc¢tan uca (end-to-end) giivenilir bir iletisim kanali {izerinden Lehmer
algoritmasi tabanli sifrelenmis goriintiilerin iletilmesini saglayan bir sistem olusturulmasidir. Goriinti
iletimine ve goriintiilerdeki nesne ¢esitliligine dayanan dogrulama ve gecerleme basarimi tiim sistem
icin goz oniine alinmistir. Bu nedenle sistemin iletilen verideki sifreleme ve desifreleme dogrulugu
cesitli Olciitlerle olciilmiistiir. Literatiirde, sifre kirmaya yonelik diferansiyel ve lineer saldiriya
dayaniklilik basarimi olarak goriintii sifreleme yonteminin basarisini 6lgen bahsi gecen olciitler ile
sistemin ana amacina ulastig1 deneylerle kanitlanmistir. Ayrica, ilgili nesne siniflar1 bazinda nesne
tespitine dayanan basarimi calismamizdaki deneysel sonuglarla ortaya konulmustur. Literatiirdeki
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calismalara bakildiginda, sadece bit bazinda (bitwise) mantiksal Ozel VEYA (eXclusive OR, XOR) islemi
tabanlh sifreleme yaklagimlari, sézde rasgele say1 iiretiminde Dogrusal Eslesmeli Uretecler (Linear
Congruential Generator, LCG) kullanimi, YOLO [12] derin 68renme modeli kullanilarak sadece
ilgilenilen bolge (Region of Interest, ROI) tlzerinden kisith bilgiyle sifreleme yapilan deneyler
bulunmaktadir [11, 13-15]. Bu agidan 6nceki calismalarin aksine sadece ilgilenilen bolge degil,
calismamizdaki deneylerde kullanilan tam 6lgekli goriintillerin YOLO derin 6grenme modeli
kullanilarak sahne iceriklerindeki nesneler hakkindaki bilgilerin tam olarak ¢esitlerine gore elde
edilmesiyle olusan iist veri (metadata) kullanilmistir. Bu iist verinin yani sira bu sifrelemesi yapilan
gorlintiiler de Base64 ile kodlanarak (Base64 encoding) sifrelenmis goriintiiniin iletildigi alici
makinelere JavaScript Nesne Gosterimi (JavaScript Object Notation, JSON) formath veri paketi
icerisinde giivenli iletisim kanali lizerinden iletilmektedir. Calismamizin ele aldig giivenli iletim kanali
lizerinden sifrelenmis tam 6lcekli goriintiilerin iletimi ve desifreleme ile dogrulamasi adina nesne
tespitinde derin 6grenmenin kullanimi yoluyla uygun bir sistemin olusturulmasi sayesinde
literatlirdeki calismalara karsin temel farklilik ve 6ne cikan katki olugsmaktadir. Calismamizin literatiire
ana katkisi; genel kullanici igin giivenli kanaldan iletilen sifrelenmis gériintiideki nesnelerin siniflarinin
dogru tespitine dayanan bir sifreleme ila desifreleme tabanli nesne tespiti gecerlilemesini garanti
etmesidir. Buna gore; literatiirde siklikla kullanilan basarim orani yiiksek derin 6grenme modeline
dayanan altyapiyla kullanicinin gériintii iletiminde nesne cesiti kisithligina bagh kalmadan giivenilir
iletim kanali Uzerinden sifre kalitesi yiiksek oldugu ilgili saldiriya dayamiklilik o6lgtitleriyle
betimlenmistir. Bu sayede goriintiileri mesajlasma yoluyla ileten bu giivenilir sistemi kullanicinin
sorunsuzca kullaniminin saglanmistir.

Bu ¢calisma alt1 béliimden olusmaktadir. Ikinci boliimde literatiirdeki énceki calismalara yer verilmekte,
liglincii bolimde materyal ve yontem olarak Lehmer algoritmasi ile rastgele say1 iiretimi, derin
O0grenme ile nesne tespiti i¢in derin sinir ag1 modellerinden bahsedilmektedir. Dérdiincii béliimde
calismamizda temel altyapiyr olusturan onerilen sistemin detaylarina yer verilmektedir. Besinci
boliimde deneysel sonuglara yer verilirken, altinc1 béliimde ise bilimsel olgulara dayanan tartisma ve
degerlendirme sunulmaktadir.

2. Onceki Calismalar (related Work)

Sozde rastgele say1 iiretecleri ile goriintii sifreleme {izerine literatiirde yapilan ¢alismalar
incelendiginde Banthia ve Tiwari [11] 2013 yilindaki calismasinda Dogrusal Eslesmeli Uretecler
(Linear Congruential Generator, LCG) kapsaminda "ImageEncryptLCG" adiyla gecen “Dogrusal Uyumlu
Urete¢” algoritmasi ve "ImageEncryptionChaos" adiyla gecen kaotik haritalama algoritmalar1 bazli olan
algoritma ile orijinal sifrelenmis goriintiller arasinda bilimsel olgltler karsilastirmasini
incelemislerdir. Banthia ve Tiwari ismi gegen iki yontemin de secilen dogru parametre degerleri ile
basarili sonuglar verdigini goézlemlemislerdir. Calismamizda kullanilan Lehmer iireteci,
"ImageEncryptLCG" algoritmasinin diizenlenmis bir ¢esididir.

Viswanatha ve arkadaglan [12] 2022 yilindaki calismasinda YOLOv4'iin mimarisinden, performans
Olciitlerinden ve veri kiimesinin iceriginin basarim sonuclarina etkisinden bahsetmislerdir.
Viswanatha ve arkadaslarinin hayvan siniflandirmasi tlizerinde yaptiklar1 testte veri kiimesinin
biiyttiilmesi ile daha o6zellestirilmis ayrimlarin yapilabildiginden ve nesne konumlandirmalarinin
sonuglarda etkili oldugunu tespit etmislerdir. Arastirmacilar yaptiklar versiyon karsilastirmalarinda
YOLO’nun ikinci ana siiriimii olarak bilinen YOLOv4'{in hiz ve dogruluk i¢cin en yliksek sonuglari verdigi
sonucuna varmislardir.

Ogras ve Tir [13] 2022 yilindaki ¢alismasinda etkili bir goriintii sifrelemesi yapmak amaciyla yeni
yontemler olusturup denemislerdir. Bu calismada kaotik haritalar olarak bilinen “Lojistik Harita” ve
“Sintis Haritas1” temel alinarak yeni bir kaotik harita olusturulmustur. Ogras ve Tiir'iin olusturduklari
kaotik harita iyi bir sifreleme icin gerekli olan rastgeleligi olusturmay: basarmislardir. Calismada bit
tersine cevirme yontemi ve yeni kaotik harita kullanilarak daha fazla karmasikliga sahip ve
ongoriilemez sifrelemeler yapilmistir.

Somaraj ve Hussain [14] 2014 yilindaki calismasinda goriintii sifreleme ve desifreleme i¢cin XOR
isleminin iki yontemle kullanmislardir. Calismada tibbi goriintiilerin sifrelenmesi amaclanmistir. ilk
yontemde goriintii XOR islemi kullanilarak anahtar gériintii ile sifrelenmistir. ikinci yéntemde anahtar
gorlintlsiiniin bit diizlemlerinden biri orijinal goriintiide sifreleme icin kullanilmis ve karistirma
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yapilmistir. Kullanilan bu yontemler 6l¢ciim sonuglarinda basarili kabul edilmistir ve farkl goriintii
tirlerinde de uygulanabilirdir. Kang ve Choi [15] 2021 yilindaki calismasinda goriinti sifreleme
sisteminin hesaplama maliyetini azaltmay ve yeterli giivenlik saglamay1 amag¢lamislardir. Goértintiide
onemli gorilen bolge YOLO modeli ile tespit edilmis ve boylece sifreleme yapilacak ilgi alam
belirlenmistir. YOLO modeli ile tespit edilerek kirpilan bélge kaotik bazh ve yiliksek giivenlikli bir
sistem ile sifrelenmistir. Kang ve Choi sifreleme hizini arttirmak i¢in gériintiide piksel karistirma islemi
uygulamislardir.

Tim bu ¢alismalar goz oniine alindiginda ¢alismamizdaki olusturulan sistem, uctan uca (end-to-end)
guvenilir bir iletisim kanali iizerinden Lehmer algoritmasi tabanl sifrelenmis goriintiileri ve bunlarin
yani sira ilgili sahne hakkindaki tist veriyi (metadata) icerecek sekilde iletilir. Bu sistem son kullanici
tarafindan kullaniminda tekrar edilebilir ve siirdiiriilebilir giivenlik isteklerini karsilayabilecek bir
bilisim sistemi altyapisi i¢in tercih edilebilir olmaktadir.

3. Materyal ve Metod (Material and Method)

Bu boéliimde ¢alismamizdaki alt yapiy1 olustururken kullanilan metodlar, sifreleme, derin 6grenme
modelleri ve giivenli iletisim kanalinin olusturulmasindaki protokoliin detaylarina yer verilmektedir.

3.1. Lehmer algoritmasi ile rastgele say1 liretimi (Random number generation with lehmer algorithm)

Literatiirde sifreleme alaninda bircok calisma vardir. Ozellikle, “Sézde Rastgele Say1 Uretegleri”
(Pseudo Random Number Generator, PRNG) [16] rastgele say1 dizilerine yaklasan sayi dizileri iireten
tireteclerdir. Gercek rastgele sayi iiretimi icin ise dis bir kaynaktan veri almak gereklidir ¢iinkii dis
kaynaklar determinist degildir ve bilgi teorisinden bilinen olasiliksal karisiklik dl¢iiti olarak entropi
daha fazladir. Sicaklik, fare ve klavye hareketleri, saat bu tiretecler icin kaynak (tohum) olabilir. S6zde
Rastgele Say1 Uretecleri gercek hayattaki rastgelelige ve entropi degerlerine iirettigi say1 dizilerinde
yaklasmay1 hedefler. Bir baslangi¢c degeri yani tohum (seed) secilerek daha sonra bu tohuma tekrarl
olarak uygulanan algoritma ile yeni rastgele sayilar iiretilebilir.

Lehmer Algoritmasi [17], diger donanimsal ve yazilimsal yaklasimlara nazaran olduk¢a az hesapsal
karmagiklik ile yazilimsal sonuc iireten Soézde Rastgele Sayr Uretecleri'nden bir tanesidir. Bu
algoritmada kullanilan formiil 6zyinelemeli olarak devam etmekte boylece istenen sayida rastgele say1
tiretilmeye devam etmektedir. Algoritmanin sonucu olarak gercek rastgele sayilarin rastgeleligine en
yakin hale getirmeye calistigimiz rastgele say1 dizisi iiretilmektedir. Bu dizi daha sonra goriintiiniin
sifrelenmesi icin gerekli anahtar iiretiminde kullanilmaktadir. Sifrelenmemis haldeki ham goriintiiniin
matris bigcimindeki bilgisinin bit bazinda bu anahtara uygun olarak yiliksek karistirma oraniyla
sifrelenmesi ¢calismamizda hedeflenmistir. Lehmer algoritmasi, Dogrusal Eslesmeli Uretecler (Linear
Congruential Generator, LCG) [18] kategorisinde yer alir. Dogrusal Eslesmeli Uretecler’de iiretilen
rastgele sayisal deger ile sonraki konuma ayni algoritma kullanilarak yeni sayisal degerin liretilmesi
saglanir. Bahsedilen iireteclerde kullanilan genel formiil asagida Denklem (1)’de gosterildigi gibidir.

%, +1 = (ax; + ¢) X mod(m) (D)

Lehmer algoritmasinda Denklem (1)’deki ifadeye gore ise c sabiti sifir degeri alinir. Bu nedenle Lehmer
algoritmasinin genel formiilii asagida Denklem (2)’de gosterildigi gibidir.

x, + 1 = (ax;,) X mod(m) (2)

Denklem (2)’ye gore m terimine verilecek say1 asal veya asal bir sayinin tissii olmalidir. Buradaki a
terimi ise sabit bir carpandir ve yine asal say1 olarak segilir. Lehmer algoritmasina gore xo terimi genel
formiildeki xx terimine dayanarak tanimlamasi yapilan ve O<xo< m araliginda olmasi gereken bir
baslangi¢ degeridir. Bu terim degerleri incelenirken, m terimine gére modu alindiginda kalansiz
béltinmemesi i¢cin m ile xo aralarinda asal olmasina dikkat edilir. Buradaki, xo terimi tohum (seed)
olarak kullanilir. Bahsedilen Lehmer algoritmasindaki degiskenler ¢alismamizda sirasiyla; m i¢in 215,
c i¢in sifir degeri olurken, 2 ila 19997 araligindan segilerek formiile uygun olarak a ve xo terimleri igin
asal sayilar kullanilmistir. Calismamizda kullanilan her bir goériintii ti¢ kanal renkli olarak 256x256x3
boyutlarindadir. Buna gore deneylerimizdeki veri kiimelerinden alinan her bir goriintii toplam 196608
pikselden olusacak sekilde bu ¢oziiniirliige ayarlanmistir. Her piksel ise 0 ila 255 sayilar1 arasinda
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degerler almakta olup, bir piksel degeri 8 bit olarak belirlenmistir. Her bir piksel icin Lehmer
Algoritmasi ile S6zde Rastgele Say1 olusturulmustur. Bunun ardindan bu sézde rastgele sayilarin
normalizasyon islemi yapilir. Boylece tiim degerler 0 ila 255 araligina normalize edilmis olmaktadir.
Sozde rastgele say1 kullanilarak olusturulan degerlerle orijinal goriintiiden alinan 196608 adet pikselin
mevcut renk degerleri iizerinden bit bazinda (bitwise) mantiksal Ozel VEYA (eXclusive OR, XOR) islemi
yapilmaktadir. Bu sayede XOR isleminin ardindan sifrelenmis goriintii, orijinal goriintiiniin mevcut
bilgisi karistirilmis hale getirilerek elde edilmis olmaktadir.

3.2. Derin 6grenme ile nesne tespiti (Object detection with deep learning)

Derin 68renme altyapisinin olusturulmasinda temel olarak evrisimli sinir ag1 modelleri, metin ve
goriintl kodlayici (encoder) temelli derin sinir ag1 modelleri kullanilmistir. Bununla ilgili detaylara
asagida yer verilmektedir.

3.2.1. Sadece bir kez bak modeli (You only look once model)

Sadece Bir Kez Bak (You Only Look Once, YOLO) derin sinir ag1 modeli gercek zamanli nesne tespitinde
kullanilan bir derin 68renme modelidir [9, 12, 15, 19]. Nesne tespiti islemini, belirli nesnelerin
bulundugu goériintiideki konumunu belirlemenin yani sira bu nesneleri siniflandirmayi da icerir. Daha
onceki ¢calismalarda (Artikli Evrisimli Sinir Agi, Residual Convolutional Neural Network, R-CNN ve
varyasyonlari), bu islem birden fazla adimda bir islem hatti iizerinden yapilmaktadir, fakat her bir
bilesenin birbirinden ayri egitilmesi gerekliligi, calistirilma siiresinin uzunlugu ve eniyilenmesindeki
bazi1 zorluklar gibi kisitlayici unsurlar ortaya ¢ikmaktadir. YOLO modelinde bu islemler tek bir sinir
aginda gerceklesmektedir.

Calismamizda YOLO modelinin bir versiyonu olan YOLOv5 kullanilmistir. Calismamizda YOLOv5
modelinin ana katkisi gozetilerek sahne icerisindeki nesnelerin tespitinde kullanilmistir. Bunun sebebi
model boyutunun esnek kontrolii, 6zel bir aktivasyon islevinin uygulanmasi ve veri iyilestirmesi
yapabilmesidir [9]. Bu modelin bu versiyonu ti¢ temel bilesenden olusmaktadir. Bunlar; Bas (head),
boyun (neck) ve omurga (backbone) olarak bilinir. YOLOv5 modelinde bas bileseni YOLO katmanina,
boyun bileseni Yol Kiimeleme Agi'na (Path Aggregation Network, PANet), omurga bileseni Capraz
Asamalar Arasi Kismi Baglantilar’a (Cross-Stage-Partial-Connections, CSPDarknet) denk gelmektedir.
Omurga bileseni icerisinde Uzamsal Piramit Biriktirme (Spatial Pyramid Pooling, SPP) alt bileseni
bulunmaktadir. Bylece bu bilesen verilen goriintiiniin temel 6zniteliklerini tespit ederek ve bunlari
islenmesi adina evrisimli katmanlardan olusan agin bir pargasidir. DarbogazCSP (BottleneckCSP) alt
bileseni cesitli evrisim katmanlarindan olusarak model derinligini arttirarak 6znitelik kalitesini daha
da gelistirmektedir.

Omurga bileseni ilk 6nce ImageNet [20-22] gibi bir siniflandirma veri kiimesi ile egitilir ve algilama,
siniflandirmadan daha ince ayrintilar gerektirdiginden, genellikle son algilama modelinden daha diisiik
olan bir c¢oziiniirliikte egitilmektedir. Boyun bileseni icerisinde gerekli asamalarda Birlestirme
Fonksiyonu (Concatenate Function) kullanilmaktadir. Bu boyun bileseni, olasiliklar ve sinirlayici kutu
(bounding box) koordinatlariyla ilgili tahminler yapmak adina tamamen baglantili katmanlara sahip
omurgadaki evrisim katmanlarindan gelen 6znitellikleri kullanir.

Bas bileseni, transfer 6grenimi i¢in giris katmani ile ayni sekil (shape) degerlerine sahiptir, diger
katmanlarla degistirilebilen agin son ¢ikis katmanidir. Bas icin temel formiil olarak § x S x (K + (B * 5))
formiiliine sahip olan bir tensér verilmektedir. Orijinal YOLO makalesinde [9, 15, 19] belirtildigi gibi,
bu tensoriin boyutlar1 7 x 7 x 30 seklinde bir matristir. Béliinmiisliik boyutu S terimi ile ifade edilmekte
ve 7 olarak alinmaktadir. Sinifi ifade eden K terimi ise 20 degerini almakta ve 6ngoriilen sinirlayici kutu
terimi ise B olarak temsil edilmekte ve 2 degerini almaktadir. Anlasilacagi iizere modelin temel ii¢
bileseni, 6nce goriintiiden temel gorsel 6znitelikleri elde etme, ardindan siniflandirma islemi yapma ve
sahne igerisindeki iliskileri ortaya koyma adina birlikte ¢alismaktadir. Asagidaki Sekil 1 ‘de YOLOv5
modeline ait derin sinir ag1 mimarisi sematik olarak verilmektedir.
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Omurga: CSPDarknet Boyun: PANet Bas: YOLO Katmani
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Sekil 1. YOLOv5 modeline ait derin sinir ag1 mimarisinin blok diyagrami [19] (Block diagram of the YOLOv5 model’s deep neural
network architecture)

3.2.2. Z1t dil goriintl 6n egitimi modeli (Contrastive language-image pre-training model)

Z1t Dil Gériintii On Egitimi (Contrastive language-image pre-training, CLIP) derin sinir ag1 modeli [23,
24, 25], dogal dil denetimi ile ilgili goriintiileri eslestiren ve 6grenen bir yapay sinir agidir. Metin ve
goriintii eslesmesini tahmin etmek icin bir goriintii kodlayic1 ve metin kodlayic1 6nceden egitilir. Bu
egitim sifir 6rnekli (zero-shot) bir siniflandirici olusturmak icin kullanilir. Sifir 6rnekli 6zelligi
sayesinde 6nceden egitilmis 400 milyon goriintli ve metin ¢ifti veri kiimesinin egitimi ile herhangi
ozellestirilmis bir model egitimi yapmadan tahmin tiretebilmeyi saglar. Deneylerimizde, mevcut sahne
icin 6grenme sonucunda elde edilen temel yorumlamaya dayali etiketleme yapmak i¢in CLIP modeli
kullanilarak yiiksek dogrulukta nesne siniflar1 tahminlenmis, béylece bu bilgi bir iist veri olarak son
kullaniciya aktarilmistir.

4, énerilen Sistem (Proposed System)

Bu bdliimde sifreleme ve veri iletimi altyapisini olusturan sistemin hangi asamalari oldugu ve bu
asamalarin teknik detaylarinin, uygulama esaslarinin neler oldugu agiklanmaktadir.

4.1. Veri haberlesmesi (Data communication)

Literatiirde veri iletimi ile ilgili bircok protokol bulunmaktadir. Mesaj Kuyruklama Telemetri {letimi
(Message Queueing Telemetry Transport, MQTT) protokolii [2, 3] makinalar arasi olan (M2M) mesaj
tabanl bir iletisim protokolii olup daha ¢ok akilli ev (smart home) sistemleri gibi sistemlerde kullanilan
cihazlarin birbirleriyle giivenli ve hizli bir sekilde iletisim kurulmasini saglamaktadir. Bu iletisim
yonteminde en onemli aktéor MQTT Aracilar’dir (Broker). Aracilar'in asil gorevleri ise Aboneler’e
mesajlar gondermektir. Yayincr’dan (Server) mesajlar alinir ve Aracilar’a verilir. Aracilar ise gelen
mesaji hangi Istemci’ye (Client) gondermesi gerektigini mesaj igeriginde bulunan Konu’ya (Topic)
bakar. Aboneler’in ise abone olduklar1 Konu veya Konular vardir. Aracilar gelen mesajin Konu’suna
bakarak, o konuya abone olmus Istemciler’e mesaji yollamaktadir. Calismamizda, MQTT protokolii ile
goriintiilerin uctan uca ve akranlar arasi (end-to-end and peer level) iletiminin daha da giivenli hale
getirebilmek adina, “Lehmer Rastgele Sayr Uretim Algoritmast” ile iiretilen anahtarlar sayesinde
goriintiiler sifrelenip ilgili istemcilere belirli bir JSON paketi formatinda génderilmistir.
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4.2.Video iletimi (Video transmission)

Calismamizda bir¢ok cerceveden olusan videoyu tek seferde iletilmesinin iletim maliyetini ve islem
karmasikligini artiracak olmasindan dolay1 videodan anahtar cerceve elde edip daha sonrasinda bu
goriintiileri birlestirerek bir tasiyici ana ¢ergeve (container frame) elde edilmesi tercih edilmis, boylece
bunun iletim isleminin yapilmasi saglanmistir. Anahtar cercevelerin bir video pargasindan edinimi
islemi Python kiitiiphanesi olan Katna [26] modiilii ile gerceklestirilmistir.

Katna modiili videoyu, CIE 1976 L* u* v* renk uzayinda mutlak farkliliklari, elde edilen video
cercevelerinin parlaklik puani, elde edilen ¢ercevelerin entropi, kontrast puani, goriinti histogramlari
bilgilerini kullanarak isleme tabi tutmaktadir. Buna gore, video ¢ercevelerinin k-ortalama kiimelemesi;
Laplace isleci (goriintii bulanikligi ile ilgili islemler i¢in) ve degiskenligine gore kiimeler arasindan en
iyi cercevenin secilmesi gibi kriterlere ve islemlere tabi tutarak videodaki anahtar cercevelerin elde
edilmesini saglamaktadir.

Calismamizdaki deneylerde kullanilan videolar iizerinde Katna kullanilarak her bir video igin
belirleyici unsurlar iceren 16 anahtar gerceve elde edilir, bu cerceveler Python Goriintiileme
Kiitiiphanesi (Python Imaging Library, PIL) modiilii [27] kullanim1 yoluyla 4 x4’liik bir matris formunda
gorsellestirilen ¢oziintirliigii 1280x960 olan tek bir goriintiiniin olusturulmasiyla iletim islemine hazir
hale getirilmektedir. Bu tasiyici ana ¢ergeve diger tek cerceve (duragan goriintiiler) i¢in olan islemlerde
de oldugu gibi Lehmer algoritmasi tabanli sifrelemeyle ve MQTT bazh giivenli iletisimde
kullanilmaktadir. Calismamizda deneyler bu tasiyici ana ¢erceveler ile gergeklestirilmistir.

4.2. Sistem mimarisi (System architecture)

Calismamizda videolardan elde edilmis ¢esitli anahtar ¢ercevelerden olusan bazi coklu goriintii iceren
tasiyici ana cergeve goriintiiler ve farkli goriintii veri kiimelerinden elde edilen tek cergeve goriintiiler
kullanilarak nesne tespiti yapilmistir. Tek cerceve goriintiiler icin CLIP derin 6grenme modeli,
videolardan elde edilen tasiyici ana cergeve gorintiiler i¢in ise YOLO derin 6grenme modeli
kullanilmistir. Calismamizda gelistirilen sistem ii¢ ana kisimdan olusmaktadir. Bu kisimlar sirasiyla
sifreleme-desifreleme, veri iletimi ve nesne tespitidir. Buna dair tiimlesik sistemin blok diyagrami Sekil

2 ile verilmektedir.
Orijinal Gériinui

@Lehmer algoritmas:
ile anahtar Gretilir

Goriinta sifrelenir
XOR iglemi

CLIP veya YOLO ile !
nesne simif tespiti yapilir MQTT baglantss: ile sifreli veri
ve tespit edilen nesne bilgiler:

Sifrelenmis Goriinti

Sunucu

-

Basanlt  Ever Desifrelenmis Goriintil JSON formatina gevrilip mesaj
Gonderim*— paketi olarak gonderilir
Gortnty
desifrelenir
Eslesiyor my
Nesne bilgisi ayiklanarak *
x mesaj dogrulama adimina z XORiglemi  istemeci
Hatals gonderilir -

Gondenm Hayir
Sekil 2. Onerilen sistemin mimarisinin blok diyagram (Block diagram of the proposed system's architecture)

Sekil 2’den goriilebilecegi gibi deneylerdeki gorintiiler 3 kanal renkli girdi goériintiisii seklinde
verildikten sonra goriintii matris halinde renk uzayindaki her bir kanal kullanilarak olusturulan matris
bir boyutlu vektore doniistiiriilerek ilgili bilgiyi olusturan ikili (binary) dizi permiitasyon yoluyla
karistirilarak kullanilir. Bu karistirilmis goriintiiniin {izerine tohum (seed) yoluyla beslenen Lehmer
algoritmasi ile olusturulan hesapsal duyarlilifn 64 bit kayar nokta (floating point) double duyarlik
tipinde (veri temsili i¢in kullanilan Python programlama diliyle IEEE-754 standardina uygun bicimde
en 6nemli 53 bit temsiline indirgenerek kullanilmistir) [17] bir s6zde rastgele say1 tabanli anahtar
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kullanilarak goériintiideki ti¢c ayr1 renk kanalinin her birinin iizerine kanal bazinda bit seviyesinde
mantiksal Ozel VEYA (eXclusive OR, XOR) islemi yapilmaktadir [28]. Bahsi gecen IEEE-754 standardina
uygun tip indirgemesine bagiml olarak iiretilen anahtarin deger uzay: (key space) olusmaktadir. Bu
yolla, orijinal goriintiiniin sifrelenmis hali bu anahtarla olusturulmakta, sifrelenmis goériintii verisi
iletim paketi icerisine eklenmek iizere Base64 kodlama sematigine uygun olarak metin bazl hale
getirilmekte, eger varsa gorlintiideki nesnelerin tespiti ile ilgili bilgiler ve sifre anahtari, goriinti
format1 ve dosya ismi, derin 6grenme modeliyle yorumlanan sahne ile ilgili sinif etiketi gibi tist veri
(metadata) halindeki bilgiler metin bazli bir araya getirilerek JSON [29] paketi biciminde sunucudan
istekte bulunan istemcilere dagitilmaktadir. Calismamizdaki deneylerimizde YOLO modeli kullanilarak
sahnedeki nesnelerin sinif etiketleri tespit edilmis ve bu bir st veri olarak JSON dosyasi igerisinde
kaydedilmistir. Diger bir dogrulama yontemi olarak mevcut sahne icin 6grenme sonucunda elde edilen
temel yorumlamaya dayali etiketleme yapmak icin CLIP modeli kullanilarak ytliksek dogrulukta nesne
siniflar1 tahminlenmis, béylece bu bilgi bir iist veri olarak son kullaniciya aktarilmistir. JSON paketini
alan istemci yine ayni anahtar ve bilgilere dayanarak goriintiiyl desifre etmekte ve desifre goriintiideki
ist veri sonucunu son kullaniciya dogrulama eslesmesiyle gostermektedir.

Bu sistem literatiirdeki diger calismalardan farkli olarak mesaj iletiminde iist veri ile gonderilen
dogrulama bilgisini kullanarak sifrelenmis goriintiiniin dogru bir sekilde desifre edildigini garanti
etmektedir. Sistem ¢ farkli veri kiimesi tizerinden deneylerde ger¢cek zamanli olarak iletisim modeli
sayesinde denenmistir. Kang ve Choi [15] ¢alismasinda kaotik bazli ve yiiksek giivenlikli bir sistem ile
sifreleme yapilmasina ragmen bu c¢alismamizda kullanilan Lehmer algoritmasinin hesapsal
karmasikligina gore Kang ve Choi ¢alismasindaki karmasiklik daha yiiksek olmaktadir. Sifrelemeyi
sadece ROI kullanarak yapan Kang ve Choi'nin ¢alismasinin aksine c¢alismamizda tam olgekli
gorilintilerle sifreleme ve desifreleme yapilarak, sonucu dogrulama tiimlesik olarak basariyla
gerceklestirilmektedir. Yapilan ¢alismada deneylerde elde edilen sonug¢lar makalenin sonraki
béliimlerinde detayh olarak verilmektedir. Yapilan deneylerde Sunucu’dan Istemci'ye (Server to
Client) her bir gériintiiniin sifrelenip mesaj paketine déniistiiriiliip yollanmasi ve Istemci’nin aldig1
mesaj paketindeki goriintiiyii desifreleyip dogrulamasi ortalama olarak 50 Mbps hat iizerinden 24
milisaniye gecikme sartiyla toplamda ugtan uca 25 saniye siirmektedir.

5. Deneysel Sonuglar (Experimental Results)

Bu boliimde deneylerimizde kullanilan veri kiimelerinin detaylarina, basarim olciitlerine ve
degerlendirme sonuglarina yer verilmektedir.

5.1. Veri kiimeleri (Datasets)

Calismamizda kullanic1 deneyimi de goz 6ntine alinarak veri kiimelerinde sinif ¢esitliliginin artirilmasi
ve boylece genel bir kullanim imkani saglanmasi hedeflenmistir. Calismamizda ti¢ adet veri kiimesi
kullanilmistir. Bunlardan ilki, Massachussets Amherst Universitesi tarafindan hazirlanmis ve halka acik
kullanimla dagitilan Labeled Faces in the Wild (LFW) veri kiimesidir [30, 31]. ilgili veri kiimesi, 5749
farkli insandan alinan goriintiilerle olusturulan toplamda 13233 insan yiizii goriintiisi icermektedir.

ikinci veri kiimesi, Oxford PASCAL VOC 2012 [32-34] veri kiimesidir. Halka acik kullanimla
dagitilmaktadir. Veri kiimesinde arka plan (background) haricinde 20 farkli sinif bulunmaktadir. Bu
siniflara ait etiketler sunlardir: insan, kedi, inek, koyun, kopek, at, kus, ucak, bisiklet, tekne, otobiis,
araba, motor, tren, sise, yemek masasi, saksi bitkisi, kanepe, sandalye, tv/monitér. Bu veri kiimesinde,
11530 gortintii igerisinde 27450 adet isaretlenmis nesne ve 6929 bdéliitleme verisi bulunmaktadir.

Ugiincii veri kiimesi, Unsegmented Sports News Videos (CP Sports Minute, CPSM) [35, 36] veri
kiimesidir. Halka acik kullanimla dagitilmaktadir. Veri kiimesinde 10 farkl spor alanlarindan olusan
siniflar bulunmaktadir ve bu siniflar sunlardir: yiizme, Amerikan futbolu, futbol, tenis, voleybol,
beyzbol, golf, trekking, giires. Veri kiimesindeki videolar 60 ild 320 saniye uzunlugunda olabilen
240x320 ¢ozintrligiindeki 74 adet video parcasindan olusmakta ve bunlar {i¢ ayri spor bransini
icermektedirler.

5.2. Basarim olciitleri (Performance metrics)

Calismamizdaki veri kiimelerinden alinan goérintiiler ile yapilan veri sifreleme, desifreleme ve
iletimlerinde asagida bahsedilen dl¢iim yontemleri kullanilmis ve sonrasinda sonuglari verilmistir.
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Yapisal Benzerlik Endeksi Ol¢iimii (Structural Similarity Index Measure, SSIM) [37], goriintiilerin
algilanan kalitesini sayisal olarak 6l¢ebilmek icin veya iki goriintii arasindaki benzerligi anlayabilmek
icin kullanilan bir birimdir. Bu 6l¢ciimde kontrast, parlaklik ve goriintii yapisi SSIM kontrast, parlaklik
ve goriintil yapisini degerlendirerek bir sonug cikarir. SSIM, sifir ile bir arasinda deger alir. Deger bire
yaklastikea goriintiiniin kalitesinin arttig1 veya bir goriintii ile karsilastirilirsa 1 degerinde gortintiiyle
ayni oldugu anlamina gelir. Tepe Sinyal Giiriiltii Orani (Peak Signal Noise Ratio, PSNR) [38], goriinti
kalitesini 6l¢mek i¢in bilimsel arastirmalarda sik kullanilan bir 6l¢ii birimidir. PSNR 6l¢titii géz 6ntine
alindiginda, 6rnegin, 8 bitlik goriintii derinligi olmas1 halinde giiriiltii degerleri 30 ile 50 desibel (dB)
arasinda bir deger olmakta, 12 bitlik goriintiilerde ise 60 dB veya daha yiliksek degerlerde
olabilmektedir. PSNR degeri yiikseldik¢e gorlntiiniin kalitesinin arttifi ve parazitlerin azaldig
anlamina gelmektedir.

Denklem (3), Denklem (4) ve Denklem (5) sirasiyla Ortalama Kare Hatas1 (Mean Squared Error, MSE)
degeri, PSNR ve SSIM degerlerinin hesaplanmasinda kullanilan matematiksel formiilleri vermektedir.
Ortalama Kare Hatas1 tahmini ve gercek degerler arasindaki farki karesi alinmis hatanin ortalamasini
alarak olger. Denklem (3)’te giiriiltiisiiz bir mxn biyiikliigiindeki I gorintiisii icin K terimi gurilti
yaklasiklamasini ifade etmektedir. Denklem (4) ise MSE degeri tabanl olarak PSNR degerini bulmak
icin hesaplanmaktadir. Buradaki MAX? terimi goriintiideki olas1 maksimum piksel degerlerini ifade
eder ve 6rnek basina 8 bit kullanildiginda bu deger 255 olur. Denklem (5)’te goriintiideki genel
biiytkligi NxN olan denk boyuttaki iki pencere olarak verilen x ve y terimleri icin benzerlik 6l¢tisiidiir.
Buradaki, px terimi x goriintlisiine ait piksellerin, uy terimi y goriintiisiine ait piksel 6rneklem
ortalamasidir. o2 terimi x icin varyansi, 033 terimi terimi y i¢in varyansi ifade eder. Ayrica, o, terimi
ise x ve y icin kovaryansin hesaplamasidir. SSIM formiiliindeki C: terimi incelendiginde, C1=(k:1L)? ve
C2=(kz2L)? zayif payda ile boliinmeyi dengelemek i¢in kullanilan iki degiskendir. Buna gore; L piksel
degerlerinin dinamik araligidir. Buradaki k1 terimi 0,01 degerini alirken, k2 degeri ise 0,03 degerini
almaktadir.

MSE = — Yt S8, j] - K i, j1)? (3)
PSNR = 10logy, (424) 4)
SSIM(X, y) — (2 ty+C1) (205 +C2) (5)

(H3+u5+C1)(0F+05+C2)

Sifreleme ve desifreleme kalitesine yonelik literatiirdeki ¢alismalarda kullanilan; Piksel Sayis1 Degisim
Hiz1 (Number of Pixels Change Rate, NPCR) [39, 40] ve Birlesik Ortalama Degisme Yogunlugu (Unified
Average Changing Intensity, UACI) [39, 40] sifreyi kirmaya yonelik diferansiyel ve lineer saldiriya
dayaniklilik basarimini ve goriinti sifreleme yonteminin basarisini 6lgmek icin en sik kullanilan
olciitlerdir. iki goriintii arasindaki iliskiyi belirleyen NPCR degeri goz éniine alindiginda sifreleme
oncesi ve sifreleme sonras1 mevcut piksellerin degerleri birbirine esitse 0, esit degilse 1 degeri elde
edilmektedir. Buna gore iki goriintii arasindaki fark ne kadar fazla ise NPCR degeri 1 degerine o kadar
cok yaklasmaktadir.

Diiz metin (plain text) halindeki sifresiz orijinal goriintiideki her bir pikselin uygulanan sifreleme
islemi sonrasindaki maruz kaldig1 degisiklige gore sifrelemenin kalitesini 6lgebilmek icin odlciitlerle
degerlendirme yapilir. Buna gore sifresiz gorintiideki bir piksellik degisikligi gosterecek sekilde
sifreleme Oncesi ve sifreleme sonrasinda goriintiilerin sirasiyla C? ve C? oldugu kabuliine gore, C? ve (2
goriintilerindeki (i, j) piksel degerlerinin C1(i, j) ve C2(i, j) terimleri olarak alindig1 formiilde, D(i, j) cift
kutuplu dizisi iizerinden degisimin var olup olmadigina dair 6l¢limiin tanimlandigini varsayalim. NPCR
ve UACI dlciitlerinin degerleri bu bakis acisiyla hesaplanir. Buna dair matematiksel formiiller asagidaki
Denklem (6), Denklem (7) ve Denklem (8) ile verilmektedir. Bu formiillerdeki T terimi sifrelenmis
goriintiideki toplam piksel sayisini, F terimi ise sifrelenmis goriintii formatiyla uyumlu olan en biiyiik
desteklenen piksel degerini ifade eder. Denklem (8)’de gorintiiler arasindaki fark mutlak deger olarak
elde edilmektedir. Denklem (7) ve Denklem (8) ise ylizdelik oran olarak verilmistir. NPCR 6l¢iiti, sifre
kirmaya yonelik diferansiyel saldirilarda, sifreleme islemi sirasinda degeri degismis olan mutlak piksel
sayisina odaklanmaktayken, UACI 6lgiitii ise birbirleriyle eslestirilmis sirasiyla € ve €2 olarak verilen
iki goriintiiniin arasindaki ortalama farka odaklanmaktadir. NPCR dl¢iitlintin alabildigi degerler [0,1]
araliginda olmaktadir.
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0, if C'@ )= C*@))

D(,j) = ) 7 g 6

@) {1, if C1(i,)) # C%(i,)) (6)

NPCR: N (C",€?) = %,; 22 x 100(%) (7)
10 NV_r2(i i

UACL:U(CY, €?) = 5, 1T 5 190 (%) (8)

Bilgi teorisinde Shannon tarafindan tanimlanan entropi [41] o6l¢iitii, bilgi belirsizligi 6l¢ciimii olarak
kullanilir. Bilgi entropisi, belirli bir veriyi temsil etmek icin gereken minimum ortalama bit’i ifade eder.
Entropi, belirli bir goriintiiniin piksel degerlerinin olasiliksal dagilimindan elde edilebilir.
Calismamizdaki entropi degerleri verilen bir gortintiideki piksellerin X dagilim fonksiyonuna uygun
olmak iizere her bir pikselle iliskili ortalama belirsizlik 6lgiitii Shannon entropisi olarak H (X)
terimiyle asagidaki Denklem (9)’a uygun olarak hesaplanmistir. Elde edilen entropi degerleri
gorsellestirilerek 1s1 haritalar1 biciminde bir sonraki boliimdeki sekillerde gosterilmektedir.

HX) = = X2, plxlog, p(x) 9)

Buradaki p(xi) terimi, 7 indisi olasilik kitle fonksiyon degeri icin renk seviyelerinin sayisini
gostermekte iken bu seviyelerle iliskilendirilmis olasilik degerini ifade etmektedir. Genel olarak
256x256 gri seviyesinde 8 bit formatinda bir goriintiide (n=8), formiildeki H(X) ile gosterilen
entropinin maksimum degeri 8 olmaktadir. Bu maksimum entropi, piksellerden elde edilen 6nsel
bilginin belirsiz oldugu, diger bir deyisle bilginin “yeterince karistirilmis” oldugu anlamina gelmektedir.
Boylece, sifrelenen veri i¢in entropi degeri 8 'e ne kadar yakin olursa, sifreleme islemi o kadar iyi bir
karistirmaya sahip olmus anlamina gelmektedir. Bu yolla, sifreleme sonrasi orijinal veri hakkinda
dogrudan tahminleme yapilamayacak hale getirmek hedeflenmektedir. Bu nedenle, desifreleme
isleminde oldugu gibi goriintiiniin tekrar olusturularak (reconstruction) orijinal goriintiiniin elde
edilmesinde bu degerin minimize edilmesi ve boylece karmasikligin azaltilmasiyla orijinal bilgiye geri
donebilmek amac¢lanmaktadir.

Bilgi elde etme kurami (information theory) kapsaminda sahne icerisindeki nesnelerin tespitine dair
nesnel basarim olciitleri [19, 32] incelendiginde; bunlar arasinda Dogruluk (Accuracy), Duyarlik
(Precision), Anma (Recall), dlciitlerinin en temel 6l¢iim sonuclari olarak verildigi goriilmektedir. Bu
Olciitlerin detaylarina literatiirdeki ¢alismalarda yer verilmektedir [20, 32]. Ayrica, Kesisim Birlegsimi
(Intersection over Union, loU) o6l¢iitii YOLO ve benzeri diger modellerdeki tahminlenen nesnenin
goriintiide kapladig1 alanin tespitine dayanan bir 6l¢ii degeri olarak, sinif tahminlemesini yapan sinir
ag1 modeli tabanh siniflandiricilarda kullanilan bir basarim 6lgiitiidiir. Bu 6lciit, referans olarak alinan
(ground-truth) gercek simirlayici kutu (bounding box) ile tahminleme yoluyla elde edilmis sinirlayici
kutunun kesisiminin goériintii tizerinde ne kadarlik bir alan1 kapsadigini gostererek, bu kesisim alani ile
toplam birlesim alanin orani olarak ifade etmektedir [32]. Genel Ortalama Duyarlik (mean Average
Precision, mAP) 6l¢iitii, nesne tespitindeki tahminlenen ilgili tiim siniflar tizerinden alinan bu siniflara
ait Duyarlik degerleri ortalamalarinin genel bir ortalamasi seklinde verilmektedir. Bu bahsi gecen
Olciitlere temel olarak bilgi elde etmek kuramina ait bir siniflandirma islemindeki dogru pozitif (true
positive, DP), dogru negatif (true negative, DN), yanlis pozitif (false positive, YP) ve yanlis negatif (false
negative, YN) olciileri calismalarda nesne tespitinde siniflandirma dogruluk oraninin ve nesne tanima
orani hesaplanmasi icin kullanilmaktadir. Duyarlik 6l¢iitl, tahmin edilen pozitif érneklerin kaginin
gercek pozitif 6rnekler oldugunu ifade etmektedir. Buna gore; siniflandirma sonucunda DP degerinin
tahminlemede elde edilen DP ile YP degerlerinin toplamina olan orani olarak ifade edilir. Calismamizda
YOLO modelinin deneylerdeki veri kiimeleri i¢in elde ettigi nesne tespiti tahminleme sonuclar1t mAP
Olciitiiyle ve IoU esik degeri hem 0,5 hem de 0,5-0,95 araliginda alinarak hesaplanmis, boylece veri
kiimeleri iizerinden nesnel basarim degerlendirmesi yoluyla kiyaslanmistir. [uO esik degerinin
buradaki anlamy, referans alinan sinirlayici kutu ile tahminleme yoluyla elde edilen sinirlayici kutunun
kesisimi oraninin 0,5 degerinden biiyiik olup olmadigina bakilarak eger biiylikse tahminlemenin dogru
olarak kabul edilmesine dayanmaktadir.

5.2. Degerlendirme sonuclari (Evaluation results)
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Calismamizda secilen veri kiimelerindeki goriintii verilerinin 256x256 ¢oziiniirliigiinde girdi ve
ciktilar1 degerlendirilerek, sifrelemenin kalite yoniinden basarisi, basarim 6lgiitlerine gore
karsilastirilarak Tablo 1’de ortalama degerler ve standart sapma degerleri olarak verilmistir. Bu testler
icin Intel(R) Core(TM) i7-11370H model 3.30 GHz 64 bit islemcili, 16 GB RAM bellekli, nVidia Geforce
RTX 3050 Ti 4 GB bellekli ekran kartli ve Microsoft Windows 10 siirtimii 64 bit isletim sistemine sahip
bilgisayar lizerinde uygulamada Python v3.8 programlama dili kullanilmistir. Derin 6grenme modelleri
icin Tensorflow v2.10.0 altyapisi [34] kullanilmistir. Deneyler 6l¢iim sonuglarini dogrulamak igin {i¢
kez tekrarlanmistir. Tablo 1'de goriilebilecegi gibi calismamizdaki NPCR 6lgiitii ortalama degerlerinin
tlim veri kiimeleri i¢in yaklasik %99,61 olarak elde edilmis olmasi ve tiim veri kiimeleri i¢in UACI
6lciitl ortalamasinin %14,70 degeriyle elde edilmis olmasi, sifreleme islemi sonrasinda sifreli gériintii
ile orijinal goriinti karsilastirildiginda birbirlerine neredeyse hi¢ benzemedikleri anlamina
gelmektedir. Tablo 1'de PSNR, SSIM, NPCR ve UACI degerlerinin ti¢ veri kiimesi lizerinden ortalama
degerleri ve standart sapmalar1 gértilmektedir.

Tablo 1. Deneylerdeki goriintii kalite ve rastgelelik tabanl sifreleme bagarim sonuglari (Image quality and randomness based
encryption performance results in the experiments)

Veri kiimesi Betimleyici istatistik  PSNR SSIM NPCR(%) UACI(%)
LFW Ortalama oo 1 99,60 19,50
Standart sapma 0 0 0,0114 0,40
Ortalama oo 1 99,61 5,10
CPSM Standart sapma 0 0 0,0457 0,05
Ortalama oo 1 99,61 19,50
PASCAL VOC 2012 Standart sapma 0 0 0,0069 0,57

Tablo 2’de Entropi degerlerinin ti¢ veri kiimesi lizerinden ortalama degerleri ve standart sapmalari
goriilmektedir. Tablo 2’deki entropi analizi ile elde edilmis sonuglara gore sifrelenmis goriintiiler
bazinda LFW ve PASCAL VOC 2012 veri kiimelerinde dikkate alinan goriintii icerisindeki nesneler
gorlintiinlin biiyiik bir boéliimiinii homojen olarak kaplamaktadirlar. Bu nedenle ortalama entropi
degerleri yaklasik olarak birbirine yakin ¢cikmistir. Ayni tabloda ortalama standart sapma degerleri ise
oldukea kiiciik ¢ikarak goriintiide dikkate alinan nesnelerdeki renk dagilimlarina dair homojenitenin
yiiksek oldugunu gostermektedir. Tablo 2'deki sifrelenmis goriintiiler icin en yliksek ortalama entropi
degeri CPSM veri kiimesi i¢in 7,9999 olarak elde edilmistir. Bu bakis agisiyla bu veri kiimesi i¢in
calismamizda oOnerilen sifrelenme altyapisi sayesinde orijinal goriintiideki piksel degerlerinin
yeterince yliksek oranda karistirilabildigi anlasilmaktadir.

Tablo 2. Deneylerdeki sifrelenmis ve desifrelenmis goriintiiler i¢in entropi analiz sonuglari (Entropy analysis results for encrypted
and decrypted images in the experiments)

Veri kiimesi Betimleyici istatistik  Orijinal gériintii _Sifrelenmis goriintii Desifrelenmis goriintii
LFW Ortalama 7,3988 7,9990 7,3988
Standart sapma 0,3540 0,0001 0,3540
CPSM Ortalama 7,5802 7,9999 7,5802
Standart sapma 0,1509 0,0001 0,1509
Ortalama 7,4366 7,9991 7,4366

PASCALVOC 2012 Standart sapma 0,4447 0,0009 0,4447

MQTT baglantisi ile uctan uca iki bilgisayar arasinda yapilan testlerde 50 Mbps hat iizerinden 24
milisaniye gecikmeyle, ilk veri gonderimi ag trafigine bagh olarak ortalama 35 saniye ve diger veriler
ortalama 25 saniyede ulastig1 tespit edilmistir. Gonderimlerde bahsedilen veri kiimeleri kullanilarak
yaklasik 7000 goriintii verisi ile yapilan testte ugtan uca Gonderici ile Alic1 arasindaki mesaj iletim
dogrulugu ve tiretilen paketin tutarlilik kontrolii yapilmis, sonugcta tiim iletimdeki mesajlar tizerinden
islem %100 basarili sonug¢lanmistir. Sonug olarak gonderilen veri paketlerinin karsi tarafa hi¢cbir kayip
veya degisiklige ugramadan ulasmis oldugu garanti edilmistir.

Calismamizda kullanilan YOLO modelinin CPSM, LFW ve PASCAL VOC 2012 veri kiimelerindeki mevcut
nesne ve sahne siniflarina istinaden elde ettigi basarimlar olarak loU esik degeri 0,5 alinarak genel
ortalama duyarlik (mAP) degerleri deneylerimizdeki veri kiimeleri bazinda sirasiyla; %51, %91,52 ve
%73,12 olarak hesaplanmistir. Ayrica, loU esik degeri 0,5-0,95 araliginda alindiginda LFW ve PASCAL
VOC 2012 veri kiimelerinde genel ortalama duyarlik degerleri sirasiyla; %68,21 ve %54,8’dir. CPSM
veri kiimesi ile yapilan nesne tespitinde kullanilan goriintiiler tasiyici ana ¢erceve (container frame) ile
gosterildiginden IoU esik degerinin 0,5 olarak alinmasi basarim o6l¢limiinde yeterli olmustur.
Literatiirdeki Kang ve Choi [15] calismasi incelendiginde sifrelemede kullanilan ROI bélgesinin
ortalama olarak ¢oziliniirligl bizim ¢calismamiza (256x256) en yakin olan (Kang ve Choi deneyindeki
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"Image3" i¢in) 173x592 piksel ¢dziliniirliigiinde toplam sifreleme zaman karmasiklig 2,2421 saniyedir.
Calismamizda ise tam 6lgekli goriintii kullanilarak yapilan sifrelemedeki toplam zaman karmasikligi
0,2638 saniyedir. Bu agidan ¢alismamizdaki zamansal karmasikligin oldukea diisiik olmas1 nedeniyle
Onerdigimiz sistem son kullanici i¢in daha tercih edilebilir bir sistemdir.

Asagidaki Sekil 3 ve Sekil 4'te Oxford PASCAL VOC 2012 veri kiimesinden alinan gériintii 6rnekleri
lizerinden sifreleme ve desifreleme sonucunda goriintiideki renk kanallarindan elde edilen degerlerin
ortalamalarinin alinmasi ile hesaplanan goriintii olasilik yogunluk fonksiyonuna gore histogram
grafikleri verilirken, Sekil 5 ve Sekil 6’da ise sifrelenmemis goriintiilerin entropi degerlerine dair 1s1
haritasi olarak verilmistir. Sekil 3 ve Sekil 4’te (a) sikk orijinal goriintii, (b) sikki orijinal gériintiintin
sifrelenmis hali, (c) sikk: sifrelendikten sonra Alic tarafinda sifresi ¢6ziilmiis goriintiilerin érnekleri
gorillmektedir. Buradaki (a), (b) ve (c) sikkindaki goriintiilere ait sirasiyla ilgili histogram grafikleri
bunlarin altindaki (d), (e) ve (f) siklarinda verilmistir.
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Sekil 3. Oxford PASCAL VOC veri kiimesinden alinan birinci 6rnek goriintiiniin sonuglari (First sample image's results from the
Oxford PASCAL VOC dataset)
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Sekil 4. Oxford PASCAL VOC 2012 veri kiimesinden alinan ikinci 6rnek goériintiiniin sonuglari (Second sample image's results from
the Oxford PASCAL VOC 2012 dataset)

Sekil 3’'den Sekil 12’ye kadar olan sekillerden goriilecegi gibi sifreleme i¢in kullanilan Gonderici
taraftaki orijinal (sifresiz) goriintii ile Alic1 tarafta sifresi ¢oziilmiis (desifrelenmis) goriintiiniin hem
gorsel olarak hem de olasilik yogunluk fonksiyonuna goére histogram dagilimi olarak birebir ayni
oldugu anlagilmaktadir. Veri iletiminde bozulma olmamasy, sifreleme ila desifreleme altyapisinin ugtan
uca iletim sonucunda diizgiin ¢alistig1 bu agidan anlasilmaktadir. Bu sekillerde sifrelenmis goriintiilerin
histogramina dikkatlice bakildiginda tekdiize (uniform) bir dagilim oldugu, bu sayede tiim piksellerin
renk araligindaki tiim renklerle ifade edilerek karistirilabilmis oldugu ispatlanmaktadir. Buna gore,
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ilgili Sekil 3, Sekil 4, Sekil 7, Sekil 9, Sekil 11 ve Sekil 14 sekillerindeki histogram dagilimlarinin birikimli
dagilim fonksiyonuna gore uygunluk derecesi kirmizi ¢izgi ile ortaya konulmaktadir. Asagida Sekil 5’'te
Sekil 3'teki, Sekil 6'da Sekil 4’teki, Sekil 8'de Sekil 7'deki ve Sekil 10 ise Sekil 9'daki goriintiiniin Alict
tarafta desifrelenmesi karsiliginda olusan sonug goriintiilerinden 10x10’luk ¢erceve ile tanimlanmig
cekirdekle (kernel) elde edilmis entropi degerlerine dair 1s1 haritasi verilmistir. Buradaki iletim sonrasi
desifrelenmis goriintiilerdeki entropi degerleri ve bunlara dair 1s1 haritalari iletim 6ncesi mevcut
orijinal (sifresiz) goriintiilerin entropi degerleri ile birebir ayni olmaktadir.

Goriintiilerin sifreleme islemi dncesi ve sonrasindaki durumlarini kiyaslamak adina goriintii entropisi
[41], goriintiiniin belirli bir béliimiindeki karmasiklik seviyesini temsil eden bir deger elde etmede
kullanilabilir. Bu karmasiklik kaba kuvvet (brute force) saldirilarina kargsi sifrelemenin ne kadar
dayanikli olduguna dair bir 6l¢lim verir. Bir goriintliniin entropi degeri kullanilarak buna dair tretilen
histogram sifrelemenin saldiriya karsi dayamikliligi (resilience) ve giirbiiz (robust) oldugunu
gostermektedir. Histogram, goriintiideki farkl renk seviyesi olasiliklarini da gostermektedir.

200 250

Sekil 5. Sekil 3’teki goriintiiniin Alici tarafta desifrelenmesiyle alinan entropi sonuglarinin 1s1 haritasi (Heat map for entropy results
taken from the image in Figure 3 decrypted at Receiver side)

0

50 100 150 200 250

Sekil 6. Sekil 4’teki goriintiiniin Alici tarafta desifrelenmesiyle alinan entropi sonuglarinin 1s1 haritasi (Heat map for entropy results
taken from the image in Figure 4 decrypted at Receiver side)
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Sekil 7. Labeled Faces in the Wild (LFW) veri kiimesinden alinan ilk 6rnek goériintiiniin sonuglari (First sample image's results from
the Labeled Faces in the Wild dataset)

Sekil 8. Sekil 7’deki goriintiiniin Alic1 tarafta desifrelenmesiyle alinan entropi sonuglarinin 1s1 haritasi (Heat map for entropy
results taken from the image in Figure 7 decrypted at Receiver side)
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Sekil 9. Labeled Faces in the Wild (LFW) veri kiimesinden alinan ikinci 6rnek goriintiiniin sonuglari (Second sample image's results
from the Labeled Faces in the Wild dataset)
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Sekil 10. Sekil 9'daki goriintiiniin Alici tarafta desifrelenmesiyle alinan entropi sonuglarinin 1s1 haritasi (Heat map for entropy
results taken from the image in Figure 9 decrypted at Receiver side)
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Sekil 11. Unsegmented Sports News Videos (CPSM) veri kiimesinden alinan érnek tasiyici ana gergeve goriintiisiiniin
sonuglari (Sample container frame image's results from the Unsegmented Sports News Videos dataset)
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Sekil 12. Sekil 11’deki goriintiiniin Alic1 tarafta desifrelenmesiyle alinan entropi sonuglarinin 1s1 haritasi (Heat map for entropy
results taken from the image in Figure 11 decrypted at Receiver side)

Bu bolimdeki entropi degerlerinin 1s1 haritalarindan anlasilacagi {lizere, orijinal goriintiilerde,
birbirinden farkli bolgeler ile ¢esitli nesneler ifade edilmektedir. Bu durum sifrelemenin karmasikligini
arttirmaktadir. Bu nedenle entropi degerleri farkl veri kiimeleri i¢in farkli degerlerle elde edilmistir.

Sekil 13’te literatlirdeki ¢alismalarda siklikla kullanilan “Air Plane”, “Baboon”, “Barbara”, “Lenna” ve
“Peppers” test goriintiileri goriilmektedir. Baz1 ¢alismalarda "Lenna" goriintiisii "Lena" seklindeki
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yazimi ile ifade edilmektedir. Sekil 13’te (a), (b), (c), (d) ve (e) siklar1 i¢in sirasiyla “Air Plane”, “Baboon”,
“Barbara”, “Lenna” ve “Peppers” goriintiilerine ait olarak sekildeki satirlarda sirasiyla orijinal goriinti,
sifrelenmis goriintliniin kendisi ve desifrelenmis goriintiiniin ise elde edilen entropi degerlerine dair
1s1 haritalar gorilmektedir. Sekil 13'te verilmis bu goriintiiler i¢in ylizdelik oran olarak NPCR degerleri
sirasiyla; %99,6093 ile “Air Plane”, %99,6093 ile “Baboon”, %99,6095 ile “Barbara”, %99,6093 ile
“Lenna”, %99,6093 ile “Peppers” olarak hesaplanmistir. Yiizdelik oran olarak UACI degerleri ise
sirasiyla; %9,86 ile “Air Plane”, %10,39 ile “Baboon”, %8,63 ile “Barbara”, %9,77 ile “Lenna”, %9,79 ile
“Peppers” olarak hesaplanmistir. Bu goriintiiler i¢in UACI ortalamasi %9,68 olmaktadir. Deneylerdeki
denemeler lizerinden alinan ortalama entropi degerlerine yakindan bakildiginda, Sekil 13'te 256x256
¢oziliniirliikkte verilen orijinal test goriintlisiiniin ¢alismamizdaki Lehmer tabanlh rastgele anahtar ile
sifrelenmis halinin entropi degerleri sirasiyla “Air Plane” goriintisi i¢in 7,9264, “Baboon” goriintiisii
icin 7,9341, “Barbara” gorlntiisii i¢in 7,9401, “Lenna” goriintiisii i¢in 7,9303 ve “Peppers” goriintiisii
icin 7,9338 olarak elde edilmistir. Mesaj iletimi sonrasi desifrelenmis gériintiiniin ortalama entropi
degerleri sirasiyla “Air Plane” gorintisi i¢in 6,7039, “Baboon” goriintiisii i¢in 7,7853, “Barbara”
goriintiisii i¢in 7,7232, “Lenna” goriintiisii icin 7,7520 ve “Peppers” goriintiisii i¢in 7,7309 olarak elde
edilmistir.

(a)

Orijinal
goriinti

Sifrelenmis
goriintii

Desifrelenmis
goriinti
entropi h
1s1 haritas1

Sekil 13. “Air Plane”, “Baboon”, “Barbara”, “Lenna” ve “Peppers” goriintiilerinin orijinal, sifrelenmis ve Alici tarafta desifrelenmis
goriintliniin entropi degerleri 1s1 haritalari (Original, encrypted images and heat map for entropy results taken from the images decyrpyted
at Receiver side as given as “Air Plane”, “Baboon”, “Barbara”, “Lenna” and “Peppers")

Gonderici tarafa sifrelenmis ve Alici tarafta desifrelenmis goriintiilerdeki en yiliksek entropi
degerleri “Barbara” gorintiisii ile elde edilmistir. Buna goére “Barbara” igin sifrelenmis haldeki
goriintiide ortalama entropi degeri 7,9401 ve desifrelenmis haldeki goriintiide ise bu 6lgiit 7,7232
olarak hesaplanmis, bu sayede en yiiksek karistirma oranina sahip sifrelemenin bu goriintii i¢in
olustugu gozlemlenmistir. Tiim ortalama entropi degerleri Gonderici taraf ile Alic1 taraf arasinda veri
iletiminin ve sifreleme ila desifreleme isleminin sorunsuz olarak gergeklestirildigini kanitlamaktadir.
Asagidaki Sekil 14'te deneylerimizdeki en yiiksek entropi degerine sahip "Barbara" gorintiisiine ait
olasilik yogunluk fonksiyonuna gore histogram grafikleri sekildeki siklar olarak sirasiyla; (a) orijinal
goriinti, (b) sifrelenmis goriintii ve (c) desifrelenmis goriinti i¢in verilmistir.
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Sekil 14. "Barbara" goriintiisiiniin orijinal hali, sifrelenmis hali ve desifrelenmis haline dair histogram grafikleri (Histogram plots
for "Barbara" image as given as original image, encrypted image and decrypted image)

Sekil 14'ten goriilebilecegi gibi sifreleme ve desifreleme sonucunda "Barbara" goriintiisiinde hi¢bir
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bilgi kayb1 yasanmamis ve histogram ile ifade edilen goriintiiye dair piksel yogunluk dagilimlar1 Alict
taraftaki desifreleme ile tekrar olusturulan goriintiide basarili bir bicimde ayni1 kalmistir. Sifrelenen
gorlintiinlin histogrami ise orijinal goriintiiniin histogramina goére oldukca farkli elde edilmistir.
Sekildeki histogram dagilimlarinin birikimli dagilim fonksiyonuna gore uygunluk derecesi kirmizi ¢izgi
ile ortaya konulmaktadir. Calismamizda 6nerilen yontemimiz sayesinde histogram tabanlh sifre kirma
saldirilarina karsi yeterince dayanikli olabilecek bir sifreleme islemi yapildigi anlasilmaktadir.
Asagidaki Tablo 3'de literatiirdeki cesitli ¢calismalarla bizim ¢alismamizda elde edilen deneysel
sonuclar karsilastirilarak kiyaslanmaktadir. ilgili yaymin atifi altinda deneylerinde kullandiklar
gorilintl ¢oziiniirliigii de parantez icerisinde belirtilmistir (200x200 ve 256x256 ¢ozlintrliikte olarak).

Tablo 3. Literatiirdeki diger calismalarla basarim kiyaslama tablosu (Performance benchmarking table for other’s studies in the

literature)

GOriinti Basarim Pareek ve Zhuve Cavusoglu Hanif ve Calismamiz

olciitleri ark. [42] ark. [43] ve ark. [44] ark. [45] (256x256)
(200x200) (256x25 (256x256) (256x256)
6)

Entropi - - - 7,9954 7,9264

Air Plane NPCR - - - %99,65 %99,6093
UACI - - - %33,8155 %9,86
Entropi 7,9979 7,9968 7,9967 7,9952 7,9341

Baboon NPCR - - - %99,6521 %99,6093

UACI - - - %33,1627 %10,39
Entropi - - - - 7,9401

Barbarra NPCR - - - - %99,6095
UACI - - - - %8,63
Entropi 7,9996 7,9976 7,9958 7,9957 7,9303

Lenna NPCR - %99,62 %0,0015 %99,5743 %99,6093
UACI - %33,46 %0,0086 %33,0509 %9,77
Entropi 7,9984 7,9975 7,9963 - 7,9338
Peppers NPCR - - - - %99,6093

UACI - - - - %9,79

Literatiirdeki bu bes adet test goriintiisiinii 200x200 ve 256x256 ¢ozinurliikte olarak sifreleme
deneylerinde kullanan c¢esitli calismalara yakindan bakildiginda; Pareek ve arkadaslari [42]
calismasinda, onerdikleri sifreleme yontemiyle olusturulan sifreli goriintiinlin entropi sonuglarina
gore sirasiyla "Baboon" goriintisii icin 7,9979, "Lenna" goruntiisi i¢in 7,9996 ve "Peppers" goriintiisi
icin 7.9984 degerleri elde edilmistir. Zhu ve arkadaslar1 [43] calismasinda, 6nerilen kaos tabanli S
doniistim kutularina dayanan sifreleme yontemiyle olusturulan sifreli gériintiiniin entropi sonuglarina
gore sirasiyla "Baboon" goriintisii icin 7,9968, "Lenna" goruntiisi i¢in 7,9976 ve "Peppers" goriintiisii
icin 7,9975 degerleri elde edilmistir. Cavusoglu ve arkadaslari [44] ¢alismasinda, dnerilen kaos tabanlh
S doniistim kutular kullanan sifreleme yontemiyle olusturulan sifreli goriintiiniin entropi sonuclarina
gore sirasiyla "Baboon" goriintisii icin 7,9967, "Lenna" goruntiisi i¢in 7,9958 ve "Peppers" goriintiisi
icin 7,9963 degerleri elde edilmistir. Hanif ve arkadaslar1 [45] ¢alismasinda, 6nerilen piksellerin blok
seviyesi takasi ve kaotik sistem tabanli sifreleme yontemiyle olusturulan sifreli goriintiintin entropi
sonuclarina gore sirasiyla "Air Plane" goriintiisii i¢in 7,9954, "Baboon" goriintiisi i¢in 7,9952, "Lenna"
gorlintisi icin 7,9957 degerleri elde edilmistir. Hanif ve arkadaslarinin calismasinda ayrica NPRC
olciitl ile sirasiyla "Air Plane" gortntiisi icin %99,6518, "Baboon" gorintiisi i¢in %99,6521, "Lenna"
goruntisi igcin %99,5743 degerleri ve UACI ol¢iitii ile sirasiyla sirasiyla "Air Plane" gorintiisi igin
%33,8155, "Baboon" goriintiisii icin %33,1627, "Lenna" gorintiisii icin %33,0509 degerleri elde
edilmistir. Zhu ve arkadaslar calismasinda "Lenna" gortntiisii igcin NPCR olgtitii ile %99,62 degeri ve
UACI o6lgiitt ile %33,46 degeri elde edilmistir. Cavusoglu ve arkadaslar: ¢alismasinda ise hem NPCR
hem de UACI degerleri sifira oldukca yakin ¢ok kii¢lik degerler olarak elde edilmistir. Bu bahsi gegcen
calismalardaki tiim deneysel sonuglara dair degerler incelendiginde ¢alismamizda 6nerilen Lehmer
algoritmasiyla iiretilen rastgele say1 tabanli anahtari kullanan sifreleme yontemimizin literatiirdeki
calismalarla oldukea yakin sonuglar lirettigi, goriintii ve videolarin sifrelenerek giivenli bir bicimde
iletiminde tercih edilebilir bir yaklasim oldugu goriilmektedir.

6. Sonut,‘lar ve Tart1§ma (Results and Discussion)

Bilgisayar ortamina aktarilan goriinti ve video, igerdikleri ham verinin iletilmesinde c¢esitli
algoritmalarla giivenligin saglanmasina uygun matris yapilar ve ilgili matematik altyapi sayesinde,
zenginlestirilmis bilgi tasiyan giivenli iletim ortamlarinda siklikla kullanilmaktadir. Calismamizda, veri
guvenligi ve goriintii veya video icerisindeki nesnelerin bilgisinin ugtan uca iletiminde sifreleme ve
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desifreleme mekanizmasi kurulurken, rastgele say iiretimi tabanli anahtar ile sifreleme icin Lehmer
algoritmasinin kullanimi cesitli veri kiimeleri lizerinden denenmistir. Bu denemelerde giivenli iletim
ortami kurulmasinda MQTT protokolii sayesinde birbirini tamamlayan ug taraflar (end-to-end or
peer-to-peer) icin iletilen bilginin gilvenilirligi, tekrar edilebilirligi, siirdiiriilebilirligi ve son
kullanicinin bu bilgiyi elde edis bi¢imi 6n plana alinmistir. Deneylerimizde basarimin dl¢iilmesinde
sifrelemenin kalitesine dair basarim olciitleri (NPCR ve UACI) yani sira desifrelenmis goriintiiniin
orijinal goriintii ile arasindaki benzerlige ve hata miktarina dayali bozulma miktar:1 (SSIM ve PSNR)
olup olmadigi da kontrol edilmistir. Calismanin en 6nemli katkisi, Lehmer algoritmasinin hem gesitli
olceklerde goriintiiler icin bit bazinda kullaniminin hem de derin 6grenme modelleri tabanl (YOLO ve
CLIP) nesne tespit ve sahne yorumlama yontemleri ile harmanlanarak son kullaniciya giivenilir bir
bilisim sistemi altyapisi olusturulmasinda kullanilabilecek olmasidir. ileriki calismalarimizda derin
6grenme modellerinin sifreleme mekanizmasina katkisi arastirilarak, Lehmer haricinde uygun rastgele
say1 iireteci algoritmalarin sisteme entegrasyonu ve uctan uca sifrelemeye dair cesitli veri kiimeleri ile
daha genis kapsaml bir ¢alisma yapilmasi planlanmaktadir.
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ABSTRACT

Keywords: Deep Learning, Analysis of microscopic images is a reliable laboratory method that provides useful
Segmentation, information for disease diagnosis in medical field. Although advanced technological devices
Clas;iflc?jtlcor;i can help with blood disease diagnosis, a microscopic blood smear examination is required
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for a definitive diagnosis. Nowadays, technicians in many laboratories use microscope to
ar o detect anomalies in cells (defects in the cell, parasites, low or excess cell count, etc.).
Tescigl;i{;g];?:crjig g Experts' detection of anomalies provides critical information for disease diagnosis. For the
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Kan Yayma Goruntilerinin Mask R-CNN Tabanlh
Segmentasyonu ve Siniflandirilmasi

0Z

Mikroskobik goriintiilerin analizi, saglik alaninda hastalik teshisinde yararh bilgiler veren
giivenilir bir labaratuvar yontemidir. Kan hastaliklarinin teshisinde, ileri teknolojili cihazlar
onemli bilgiler verseler de kesin tani i¢in mikroskobik kan yayma incelemesine ihtiyac¢
duyulmaktadir. Giintimiizde, mikroskop bir¢ok laboratuvarda teknisyenler tarafindan
kullanilmakta ve hiicrelerdeki anomaliler (hiicredeki bozukluklar, parazitler, diisiik veya
fazla hiicre sayisi vb.) tespit edilmektedir. Uzmanlarin tespit ettigi anomaliler hastaliklarin
teshisinde onemli bilgiler sunmaktadir. Mikroskobik goriintiilerin analizi uzman icin
zaman alan ve hataya agik bir prosediirdiir. Bu nedenle, bu calismada uzman tarafindan
uygulanan incelemeyi hizlandiran ve otomatik hiicre tespit edebilen bir yontem
onerilmistir. Temel kan hiicrelerinin segmentasyonu ve siiflandirilmasi iizerinde
durulmustur. Veri seti olarak PBC veri seti kan yaymasi goriintiileri kullanilmistir. Sistemin
gelistirilmesinde bolge-tabanli evrisimsel sinir agi olan Mask R-CNN mimarisi
kullanilmistir. Mask R-CNN icin farkli omurga yapilar1 kullanilmis ve degerlendirilmistir.
Goriintiilerden elde edilen kan hiicrelerinin segmentasyonu, Mask R-CNN algoritmasinda
bulunan 6rnek boliitleme 6zelligi sayesinde farkli renklendirmeler yolu ile tespit edilmis,

Anahtar Kelimeler: Derin o o ;
hata oranlar1 yapilan testler sonucunda en aza indirgenmistir. Calismada sekiz sinif

Ogrenme,
Segmentasyon, tespitinde odaklanilmistir ancak ¢alisma daha fazla siniflar ile zenginlestirilerek ve farkl
Siniflandirma, acillardan elde edilen kan hiicresi goriintiileri kullanilarak gelistirilebilir ve daha iyi
Kan Hiicresi boliitleme yapilabilir.
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1. Introduction

The microscope has obviously had an indispensable place in the field of medical diagnosis since its
invention. Detection of microorganisms, not found in normal and healthy bodies yet in sick bodies,
eliminating the microorganisms and dismissing the symptoms of the disease is a well-known treatment
method. Moreover, conditions such as the lack of the required number of cells in the blood are
important in the diagnosis and treatment of diseases. In addition, the distortion of the shape of the cells
whose shape and properties are known (Amorphous Cell) is a mattering symptom for diseases. As can
be conceded from here, the analysis of microscopic images has a vital place in medicine.

The analysis of microscopic images is utilized in many fields of technology and medicine. Today,
technicians in many laboratories use the microscope to detect anomalies (defects in the cell, parasites,
low/over cell count, and other abnormal conditions) Important information such as the status and
number of cells or parasites distinguished by technicians are important in the diagnosis of the disease.
There is a need for a more agile, reproducible method than human examination and classification of
cells. For this reason, many image processing software has been developed to diagnose the disease and
to obtain useful information from medical images.

The lack of specific signs and symptoms of some diseases causes misdiagnosis. Therefore, manual
classification of blood cells is time-consuming and error-prone, making it difficult for experts to detect
and classify blood cells. Accordingly; different cells need to be identified quickly, accurately and
automatically.

The main blood cells examined in the peripheral smear are red blood cells (RBC), white blood cells
(WBC) and platelets [1]. In contrast to the similarity in shape seen in red blood cells and platelets,
leukocytes differ in cell type. Therefore, the analysis and classification of white blood cells in
microscopy have gained prominence.

Many studies on the analysis of microscopic blood images have been published in the literature. Blood
and urine analyses were performed in these studies, classification was made, and the diagnosis of some
related diseases was emphasized.

The three known red blood cells, Elliptocyte, Discocyte, and Echinocyte, were classified using
morphological methods in the 2010 study. As a result, a simple statistical analysis of each edge pixel's
distance from the centre of mass was used. This method was 95.36% successful in recognizing
Elliptocytes, 96.7% in recognizing normal Discocytes, and 98.63% in recognizing Echinocytes [2].

In a study, which was presented in 2013, the automated Otsu method and blood cell segmentation
method were proposed for WBC (white blood cell) segmentation, along with image enhancement and
arithmetic. The kNN classifier was used to classify blast cells from normal lymphocyte cells. The system
was applied to 108 images in the public image dataset for the study of leukaemia. This method provided
93% accuracy [3].

In another study, which was examined in 2013, proposed a method for recognizing and classifying
blood cells in microscopic images based on invariant moments and multi-class support vector
machines (SVM). The research is divided into four stages: pre-processing, feature extraction,
classification, and testing. Grayscale, median filtering, contrast, thresholding, and morphological-
logical processes are all part of the pre-processing stage. The constant moment values of the blood cells
are calculated during the feature extraction stage. In the classification phase, a multi-class support
vector machine (SVM) was used to classify the features extracted in the previous step. In the test phase,
the success rates of the proposed system were examined. As a result of the test, a total success rate of
98.4% was determined [4].

In 2014, L.Putzo et al. were presented a complete and fully automated method for WBC identification
and classification using microscopic images. Unlike other methods for defining the nucleus, the
proposed method isolates the entire leukocyte before separating the nucleus and cytoplasm. This
approach is required to thoroughly examine each cell component. Using a novel approach to remove
the background pixel, different features such as shape, colour and texture are extracted from each cell
component. This feature set was used to train various classification models to determine which one is
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best suited for leukaemia detection. Out of 33 images taken with the same camera and under the same
lighting conditions, 245 (92% accuracy) of a total of 267 leukocytes were correctly detected using this
method. Using different classification models, it was found out that the support vector machine with a
Gaussian radial-based core was the best model for leukaemia identification, with 93% and 98%
accuracy [5].

In 2016, a study was conducted on the classification and counting of white blood cells. The study
consists of image acquisition, image segmentation, feature extraction, classification and counting
stages. Segmentation consists of two stages: cell and nucleus. The image dataset consists of 70
microscopic images of a blood smear. There are 90 samples of leukocytes including Lymphocyte,
Neutrophil and Eosinophil. The classification was performed using the Neural Network Pattern
Recognition tool in MATLAB. The overall accuracy using this method is 98.9%. Eosinophils were
detected with 100% accuracy, Lymphocytes 96.7% and Neutrophils with 100% accuracy [6].

A software that can detect, count and classify blood cells (red and white) using various image
processing techniques on blood sample images acquired digitally in a microscopic environment was
developed in a 2018 study. The software employs various image processing techniques such as pre-
processing, adaptive thresholding, Watershed and Hough transform. Blood cells were detected with an
accuracy of 87-96% using the developed software [7].

In 2019, an effective image processing algorithm was designed to increase the probability of a diagnosis
of acute lymphocyte leukaemia (ALL) cells, which are rather common in children and can result in
death if left untreated. In the first step, the image is called up and converted to a grey-level image. Then,
a discrete-time wavelet transform is applied to the image and a grey-level co-occurrence matrix is
created for feature extraction and all features are written into the matrix. Features are extracted for
training and test data. In the classification phase, the SVM method was used. While the success rate was
95.700% for cancer data, it was calculated as 96.466% for non-cancer data [8].

In a study conducted in 2020, an automatic PBC (Peripheral Blood Cell) image classifier compatible
with mobile devices was designed. With its easy-to-implement lightweight structure and
computationally efficient architecture, the proposed ShuffleNet based model has achieved a good
solution for PBC classification. By eliminating manual feature extraction, the proposed system requires
the expert to only feed the model with raw input images. The proposed deep learning model has
reached an accuracy value of 97.94% while leaving behind the benchmark study with the same data
set [9]. In 2021, a study was conducted on peripheral blood smear classification by tuning to pre-
trained CNN architectures on the ImageNet dataset. Transfer learning is used by deep learning models
to use previously learned features and to learn new features. All 27 models achieved greater than 98%
accuracy in experiments, and 14 of them achieved greater than 99% accuracy. Thus, the study achieved
success compared to previous studies. The study will be useful for future studies with a basic approach
for blood cell classification in peripheral blood smear [10]. In a 2021 study, the Blood-Caps architecture
was used to classify cells in a peripheral blood smear. PBC dataset consisting of images of 8 blood cell
types was used. BloodCaps performed well for classification on limited datasets when tested.
BloodCaps architecture outperforms AlexNet, VGG16, ResNet18 and InceptionV3. This study yielded a
good result by classifying cells with 99.3% accuracy in blood smear microscopic examination [11].
Classification of blood cells is important for disease diagnosis and treatment. White blood cells also
play a key role in diagnosing critical illnesses. There are different types of these cells. When diagnosing
diseases related to white blood cells, experts need to distinguish the total number and types of the cells.
In one study, a pre-trained deep learning model was used to distinguish between different types of
WBCs. PBC dataset was used in this study. The best model on the data set was the Inception ResNetV2
model with Adam optimizer with 98.4% classification accuracy [12].

2. Material and Method

In this study, a segmentation study was performed on blood sample images obtained digitally in the
microscopic environment in the PBC data set. Mask R-CNN architecture, a region-based convolutional
neural network, was used for the segmentation and classification of cells on the PBC Dataset. Different
deep learning models can be used as backbones for feature mapping in Mask R-CNN architecture. The
backbone structure is a standard convolutional neural network and is used as a feature extractor. These
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are the architectures ResNet50, ResNet101, ResNet152, ResNeXt50, VGG19, DenseNet121 and
DenseNet169.

2.1. Deep Learning

Deep learning is a technology that is among the machine learning techniques. With deep learning, the
aim is to transfer the learning ability of human beings to computers in our daily life and to perform the
desired operations on the data. Deep learning algorithms are more advanced versions of artificial
neural networks (ANNs). Structures, defined as neurons in ANN systems, are modelled to be
interconnected in the same way that neurons in the biological nervous system interact with one
another. The distinguishing aspect of Deep Learning algorithms from existing algorithms in machine
learning is that they require a very high amount of data and hardware with very high computing power
that can process this high data with its complex structure [13].

input layer hidden layer 1 hidden layer 2 hidden layer 3

Figure 1. Deep network architecture with multiple layers[14]

Deep Learning methods learn distinguishing features on their own using a large number of inputs. The
system must be adequately trained for this feature learning process to be successful. The feature
learning phase is divided into layers. Lower-level features are less distinctive, whereas higher-level
features, which are formed by merging lower-level layers, are more distinctive. Lower-level features
serve as the foundation for creating more meaningful features. This method of learning differs from
traditional Machine Learning algorithms. Because the features determined by human must be
calculated prior to the training phase in traditional Machine Learning algorithms. The learning process
is guided by these calculated properties [13].

2.2. Mask R-CNN

Mask R-CNN is a deep neural network that aims to solve the instance segmentation problem in
computer vision. Mask R-CNN is a convolutional neural network that can segment different objects in
an image or video. It has been developed for object recognition, location finding and segmentation on
the image [15].

The first layer of the Mask R-CNN architecture is a convolutional neural network (CNN). In Faster R-
CNN, by extracting the feature map from the input images, the existing objects on the image are
classified and their locations are found. A regional recommendation network called the Region
Proposal Network (RPN) is used to identify regions of an image that potentially contain an object. Then,
the regional proposals are pooled and an estimate is made among the predetermined class or classes,
which is finally presented as input data to the fully connected layer for object estimation [16]. While
these processes are carried out more slowly in Fast R-CNN, faster results are obtained in Faster R-CNN
[17]. The Mask R-CNN algorithm colors the surface of the predicted object with high accuracy and
performs masking. In this segmentation process, instance segmentation feature is used. In example
segmentation, if there is more than one object belonging to the same type of object in the image, these
objects are separated from each other with different types of colours.

Mask R-CNN (regional convolutional neural network) consists of two stages. The image is scanned in
the first step, and suggestions are made for areas of the image that may contain objects. In the second
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stage, these suggestions are evaluated and classified, the bounding box detection is improved, and
segmentation masks are generated. Each stage depends on the backbone structure. The Mask R-CNN
architecture structure used is given in Figure 2.

Backbone
Structures

Densenet169

— ROI Align
y N\
( Resnet50 | /_L
= . Segmentation
’J T _ Resnet152 g S f i
0 ' o ROI3 i
D “ > ResneXt50 ECN Box
O . } 1 Coordinates
Feature Maps ) /
N X ° | ,
\ / . Class

Figure 2. Mask R-CNN architectural structure

The backbone is a convolutional neural network and is used for feature extraction. The feature map is
created by passing the image through the backbone structure. This feature map is given as the next
layers input value.

2.3. Backbone architectures
ResNet50, ResNet101 and ResNet152 Model

ResNet architecture is a CNN (Convolutional Neural Network) architecture that has been proposed to
solve deep and complex classification problems [18]. ResNet differs from traditional sequential
network architectures in that it has a microarchitecture module structure [19]. This model [20],
created by Microsoft team, was developed to eliminate the problem of gradient values converging to
zero in multilayer deep networks. In the ResNet architecture, a bridge is established between the lower
and upper layers by sequentially transferring the attribute information obtained from the lower layers
to the upper layers [18]. ResNet architecture has evolved into different architectures such as ResNet50,
ResNet101 and ResNet152 according to the number of layers used. Jumping between layers in ResNet
is called ResBlock. Thanks to ResBlock, even if nothing is learned in the previous layer, the information
from the old layer is applied to the new layer, making the model stronger.

The x layer is carried by the shortcut link to collect the input. Links that skip one or more layers are
known as shortcut links. Thus, blocks and inputs now propagate faster over the connections between

the layers.

Before using the shortcut link, it is multiplied by the weights of the input layer and added with a bias
term. Then it goes through the activation function and the output(H(x)) is obtained.

H(x) = f(wx + b) or H(x) = f(x) (1)
With the shortcut link;

H(x) = f(x) +x (2)
the output changes as (2).

In the second approach, additional parameter is used. The new output we created by adding additional
parameters is;

Hx) = f(x)+wl.x (3)

the output be as (3).
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VGG19 Model

This is a deep-learning model developed in 2014, which showed a very successful performance in the
ImageNet 2014 competition with an error rate of 7.3%. This architecture, designed by Simonyan and
Zisserman at Oxford University, revealed 6 different architectures. It consists of 11, 13, 16, 19
convolution layers in 6 different models [21]. Unlike the convolutions in previous deep learning
architectures, 2x2 and 3x3 filters are applied here. This architecture includes a 3-step fully connected
(FC FullConnected) layer. The last fully connected layer has 1000 neurons. In the last part of the
network, there is the classification layer, the SoftMax layer. Among these models, VGG16 and VGG19
models are more common in the literature [22].

ResNeXt50 Model

ResNeXt was created by Xie et al. (2016). This architecture was developed based on ResNet
architecture, which also uses the idea of residual blocks for maintaining information from previous
layers. The main difference between ResNeXt and ResNet is instead of having continual blocks one after
the other, ‘cardinality’, which is the size of transformations, was considered and implemented in the
architecture, inspiring from Inception/GoogLenet. Compared to ResNet, ResNeXt has fewer parameters
but better performance in ImageNet Challenge [23].

DenseNet121 and DenseNet169 Model

During the training of neural networks, since convolution and down sampling are performed, the image
feature decreases in feature maps and during transitions between layers. The DenseNet (Dense
Convolutional Network) system is [24] developed for more effective use of image feature information.
Thus, each layer provides information flow to all subsequent layers, and each layer can access the
property information of the previous layers. The biggest advantage of DenseNet architecture is that it
provides feature propagation and enables the reuse of the obtained features. This also reduces the
number of parameters in the network. There are versions with different layers such as DenseNet-121,
DenseNet-169 and DenseNet-201.

2.4. PBC (Peripheral Blood Cell) Dataset

The PBC dataset consists of a total of 17,092 normal cell images obtained using the CellaVision DM96
analyzer in the Core Laboratory at the Barcelona Hospital Clinic. The format of the images is jpg and
the size is 360x363 pixels. All images were obtained in the color space RGB. Dataset were labeled by
clinical pathologists at the Hospital Clinic [25]. Figure 3 shows examples of the eight types of normal
peripheral blood cells (Basophil, Eosinophil, Erythroblast, Lymphocyte, Mmy, Monocyte, Neutrophil,
Platelet) taken from the PBC dataset.

Basophil Eosinophil Erythroblast Lymphocyte
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Monocyte Neutrophil Platelet

Figure 3. Sample cell images from the PBC dataset
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As we told before, the PBC dataset consist of eight classes: neutrophils, eosinophils, basophils,
lymphocytes, monocytes, immature granulocytes (promyelocytes, myelocytes, and metamyelocytes -
Mmy in short), erythroblasts, and platelets. The cell informations (total number of images and
percentages) of PBC dataset is given in Table 1. Images were obtained from individuals who did not
have infection, hematological or oncological disease and did not receive any pharmacological

treatment.

Table 1. Types and number of cells in each group
Cell Type Total of Images by Type %
Neutrophils 3329 19.48
Eosinophils 3117 18.24
Immature Granulocytes
(Metamyelocytes, Myelocytes and 2895 16.94
Promyelocytes)
Platelets (Thrombocytes) 2348 13.74
Erythroblasts 1551 9.07
Monocytes 1420 8.31
Basophils 1218 7.13
Lymphocytes 1214 7.10
Total 17,092 100

In order to use the dataset in the deep learning model, firstly, the labeling process was performed. The
data labeling process was done with the MakeSense tool [26], which can be labeled online. The labeling
process is important in terms of giving deep learning algorithms to the training set where it can
distinguish the desired objects and train itself. After the dataset was separated as the training and
validation set, the necessary labels were made for the images in the train and validation set (Figure 4).
Eight classes in the dataset were added as labels. The cells in each image are marked as polygons and
the class label they belong to is selected.

Dataset
v v
[ train ] [ val ]
v v
/ N\ / N\
« picl.png « pic3.png
« pic2.png * pic4.png
- labels json - iabels json

o J o S

Figure 4. Dataset file structure

2.5. Performance Metrics

The segmentation performance of an object detection model is evaluated using measurement criteria
such as IoU (Intersection over Union), Precision, Recall, Average Precision (AP) and mean Average
Precision (mAP).

IoU: 10U is an evaluation metric used to measure similarity between Ground Truth and model
prediction. The metric is calculated as given in equation (4).

Area of Union

IoU = (4)

Area of intersection
Average Precision (AP): AP is measurement metric that includes precision and recall metrics used to

evaluate object detection performance. It is a number metric that summarizes the Precision-Recall
curve by averaging the recall values from 0 to 1. The metric is calculated as given in equation (5).

1
AP = HZTE(0,0.LO.Z,...,I) Pinterp(r) (5)

mAP: The mAP value is obtained by summing the APs of each class and dividing by the number of
classes. The metric is calculated as given in equation (6).
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mAP = — Y, AP, (6)

Measurement metrics such as sensitivity, specificity, and accuracy are used to evaluate the
performance of classification models. Data from the confusion matrix are expressed as TP, TN, FP ve
FN to calculate evaluation metrics. TP is the number of correctly detected instances of the class. FN is
the number of instances belonging to the class but detected as a different class. TN is the number of
correctly identified instances that do not belong to the class. FP is the number of samples that do not
belong to the class but are determined to belong.

Accuracy: Accuracy is calculated by dividing the correct predictions detected against all detected
predictions. The metric is calculated as given in equation (7).

TP+TN
Accuracy = (TP+TN+ FP+FN) (7)
Precision: Precision is calculated by dividing the correctly predicted positive samples against all
predicted positive samples. The metric is calculated as given in equation (8).

TP
(TP+FP) (8)

Precision =

Recall: Recall is obtained by dividing the correctly predicted positive samples to all samples in the real
class. The metric is calculated as given in equation (9).

TP

Recall = (9)
(TP+FN)

F1-Score: F1-Score is calculated by taking the weighted average of Precision and Sensitivity. The metric
is calculated as given in equation (10).

Precision*Recall

F1 — Score = (10)

Precision+Recall

Specificity: Specificity is a evaluation metric used to measure the proportion of true negatives predicted
as negative. The metric is calculated as given in equation (11).

TN
(TN+ FP) (11)

Specificity =

Total loss in the training process; change of general error in cell detection, loss of validation; reduction
of the error in determining the zones where the objects are located, frame loss; variation of the error
of the boxes delineating the zones in which the objects are located, loss of classification; classification
error and masking loss on the training set; shows the change of masking error on the training set.

3. Experimental Results

Mask R-CNN is a state-of-the-art algorithm capable of accurately detecting and segmenting the target
object. In this study, an improved Mask R-CNN structure was proposed, and this structure was used to
segment and classify the blood cell data set. The Mask R-CNN architecture's results in cell detection in
the PBC dataset with eight different classes were evaluated, and the results- findings were analysed.

To train the deep network, a large number of labelled images is required. As a result, each class in the
PBC dataset is labelled in the image's cells. A total of 4000 images were used for the training set,
including 300 images from each class, 100 for validation, and 100 for testing.

In this study, 4000 images from the PBC dataset were trained using the Mask R-CNN algorithm with
100 iterations in each step for a total of 240 iterations to determine the cells in the dataset image. To
begin, the images in the data set were divided into three datasets: training, validation and test, and the
cells in each image were labelled using the Makesense.ai image labelling tool. The coordinates of the
cells in the training and validation sets were determined by drawing them polygonally. Furthermore,
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the error rates can be observed according to iterations using the Tensorboard graphical interface in
the Tensorflow library to determine the error rates at the end of the training. The study was trained
using a 12 GB RAM GPU in the Google Colaboratory cloud service. In addition, the study was written in
Python programming language, and at the same time Keras [27] and Tensorflow [28] libraries were
used.

The primary goal of this study is to investigate the effect of using different backbone network
architectures during training for cell segmentation in the dataset and how the measurement values
change as a result. The backbones used in this study consist of ResNet50, ResNet101, ResNet152,
ResNeXt50, VGG19, DenseNet121 and DenseNet169. Many studies in the literature have used ResNet,
ResNeXt (a different version of ResNet network), VGG19 and DenseNet networks with positive results.
At the same time, these deep networks were used in the ImageNet competition as they did well. ResNet
and DenseNet architectures have been tried and evaluated for networks of varying depths to achieve
the best results.

Table 2. Settings specified for the Mask R-CNN model

Hardware Feature Description

Backbone ResNet50 vb. Backbone network model

Gpu Count 2 Number of GPUs

Image min dim 512 Image minimum edge length

Image_max dim 512 Image maximum edge length

Train rois per image 100 Estimated number of regions to be extracted from each image
Max gt instances 50 Maximum number of regions that can be found in an image
Images per gpu 2 Number of images per GPU

Num classes 9 Number of classes (8 cell classes + 1 background)

Steps Per Epoch 100 Number of repetitions per round

Epoch Count 240 Number of tour

Threshold 0.75 Threshold of object detection considered successful

Table 2 shows the special settings, including the parameters used for the Mask R-CNN model in this
study. These settings have been tested and determined to produce the best results in experimental
studies. The success of the tests has confirmed that the optimal iteration number is 100 and the number
of rounds is 240 for trials with dual GPUs. Simultaneously, various improvements for test reviews and
training were made using the model developed on the open-source framework.

Table 3. Loss rates

Backbone Total Loss Validation Loss Frame Loss Classification Loss  Masking Loss
ResNet50 0.09887 0.1062 0.01586 0.01282 0.05166
ResNet101 0.08486 0.07841 0.01382 0.01157 0.04641
ResNet152 0.1480 0.2893 0.0273 0.0365 0.0491
ResNeXt50 0.2387 0.1041 0.0499 0.04812 0.08295
VGG19 0.2493 0.2989 0.02605 0.1076 0.06895
DenseNet169 0.3681 0.1986 0.08537 0.04326 0.1055
DenseNet121 0.4103 0.1994 0.0667 0.0167 0.1356

Within the scope of this study, the error variation of the loss functions that occur during the training
phase with the use of different backbones in the Mask R-CNN based model proposed on the dataset,
depending on the tour number, is presented in Appendix 1. The loss rates obtained according to
different backbone structures are given in Table 3. Segmentation performance results obtained with
the validation set are given in Table 4.

Table 4. Consequences of backbone architectures

Backbone mAP (0.5) mAP (0.7) mAP (0.9) mAP (0.5- mAR F1-Score
0.95) (%)
ResNet50 0.8902 0.8877 0.8443 0.8340 0.932 0.9105
ResNet101 0.9139 0.9089 0.8645 0.8505 0.953 0.9329
ResNet152 0.7572 0.7535 0.6707 0.6848 0.871 0.8102
ResNeXt50 0.6151 0.6107 0.4824 0.5429 0.784 0.6894
VGG19 0.2481 0.2393 0.1518 0.2060 0.313 0.2768
DenseNet169 0.4784 0.4596 0.3236 0.4057 0.624 0.5416
DenseNet121 0.7688 0.7563 0.5741 0.6802 0.907 0.8323
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The dataset is trained using different backbones. The classification accuracy rates were evaluated using
a test set of 100 images from each cell and a total of 800 images. The confusion matrix obtained for
each spine is given in Appendix 2. Mask R-CNN structure achieved classification accuracy of 0.9898
with ResNet50 backbone, 0.9931 with ResNet101, 0.9688 with ResNet152, 0.9590 with ResNeXt50,
0.9580 with VGG19, 0.9638 with DenseNet121 and 0.9291 with DenseNet169. The performance metric
results are given in the Table 5. The classification results according to the backbones used are given in
Figure 5. The segmentation results of some cells on blood cell images are shown in the Appendix 3.

Table 5. Classification performance metrics

Backbone Accuracy Presicion Recall F1-Score Specificity
ResNet50 0.9898 0.9575 0.9600 0.9575 0.9942
ResNet101 0.9931 0.9725 0.9737 0.9687 0.9961
ResNet152 0.9688 0.8250 0.8937 0.8275 0.9823
ResNeXt50 0.9590 0.7500 0.7425 0.6562 0.9778
VGG19 0.9580 0.4600 0.4037 0.4300 0.5687
DenseNet169 0.9638 0.8500 0.8637 0.8475 0.9707
DenseNet121 0.9291 0.6155 0.7537 0.5968 0.9265

Table 6 draws bigger picture of the overall performances of the whole scenario in the study. As it is
clear from the overall performance measurements, the proposed method achieved an accuracy of

99.31%.
Table 6. Overall performances of the whole scenario
Studies Accuracy Presicion Recall Specificity
Proposed Study 0.9931 0.9725 0.9737 0.9961
[9] 0.9794 0.9794 0.9794 0.9971
[29] 0.9620 0.9700 0.9600 0.9680
[30] 0.9519 0.9232 0.9039 0.9525
[31] 0.9560 0.9840 0.9500 0.5687
743

200 731

700 610 632

600 520 539

500 374

400 279

300 17g 211

101 107
200 138 1 36 89 0 51
100
0
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Figure 5. Backbone architectures classification results

4. Conclusion and Discussion

The Mask R-CNN algorithm was used in this study to detect blood cells using the PBC data set. The
sample segmentation feature in the Mask R-CNN algorithm was used to determine the segmentation of
blood cells obtained from images, and the error rates were minimized as a result of the tests. The study
focused on the identification of eight classes, but it could be expanded to include more classes and used
for a variety of purposes. Furthermore, better segmentation can be achieved by passing images
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containing more blood cells or different cell structures obtained from various angles during the
training process.

Many studies on blood cells using various methods have been proposed in the literature on the PBC
open data set used in this study. However, comparing previous studies on computer-aided cell
segmentation on blood cell images is rather hard as the data sets are not the same, the algorithms are
diverse and dissimilar similarity measures are used. This study presented a structured deep-learning
method for assisting experts in the interpretation of PBC dataset images. Simultaneously, the Mask R-
CNN segmentation method was trained and evaluated using various backbone architectures. To extract
feature maps from images, backbone architectures are used. As the backbone architecture, deep
learning architectures ResNet50, ResNet101, ResNet152, ResneXt50, VGG19, Densenet121 and
Densenet169 were used. When the results of experimental studies using different backbone
architectures are compared, it is clear that the segmentation results obtained using the ResNet101
backbone architecture of the Mask R-CNN method are relatively more successful. Although the metric
results confirmed that very high segmentation performances were obtained on the data set, the
segmentation of some cells on blood cell images is not at the expected level in tests performed with the
proposed Mask R-CNN model.

Although the image segmentation results are reasonable, this and similar issues can have a variety of
causes. Many factors can be considered, including the presence of noise in the related images, the
intertwining of the textural colours of the non-segmented cell and other cells, the similarity of their
structural features, and an insufficient number of rounds in the Mask R-CNN network's training to
detect the cells in these images. When the segmented images are not successful, it can be seen that the
cell overlaps with the cells around it, the characteristics of the cells such as structure, shape, texture
and intracellular saturation are similar to other cells, the colour tones of the cell types are close to each
other, the edges of the cells are not sharply defined, the cell nuclei are similar. In such cases, it was
understood that the images could not be fully segmented. In some cases, cells were segmented but
resulted in classification failure due to similarities in cell types.

The contribution of computer-assisted secondary tools to assist physicians in segmenting cells on
digital images of blood cells has been growing in recent years. It is observed that the segmentations
made manually by physicians contain too many time-consuming procedures that are prone to human
error. Therefore, automatic segmentation of cells on blood cell images has noteworthy advantages in
terms of both time and cost. In this study, a method including Mask R-CNN-based current technologies
that can help physicians and specialists for blood cell segmentation is proposed. In the experimental
studies on the PBC dataset, the proposed method was found to be quite successful in the segmentation
of cells. In addition, the results of Mask R-CNN supported by the flexible parameter selection proposed
for the region of interest, and the effectiveness and validity of the proposed method have been verified.
The contributions of this study can be summarized as follows. (1) In this study, which is proposed for
the segmentation of cells on blood cell images in the PBC data set, performance evaluation was made
using different backbones and supported by the flexible parameter selection recommended for the
region of interest, for ResNet101 in experimental studies conducted with Mask R-CNN model;
segmentation performance metrics of mAP(0.5), mAP(0.7), mAP(0.9), mAP(0.5-0.95), mAR and F1-
Score (%) were calculated as 0.91, 0.90, 0.86, 0.85, 0.95 and 0.93, respectively. (2) As a secondary tool,
a computer-aided support system to assist physicians in segmenting blood cells is presented. In the
future, it is planned to create a new dataset with microscopic images obtained from blood and urine at
various resolutions, sizes, and scanners, and to achieve high detection performance in the studies to be
performed on this dataset.

Thus, it is predicted that the studies can be used by experts as a tool in the recognition of blood cells.
As aresult, it has been demonstrated that appropriate deep-learning models can be used for blood cell
segmentation and classification, as well as anomaly detection. In addition to the easy classification of
blood cells using the model created with deep learning libraries, if a data set with a sufficient number
of images is available, the recognition of cells in microscopic images of many blood cells other than
eight blood cells can also be achieved. This allows the cells in the blood to be identified in less time. A
data set can be created from microscopic images of blood and urine sediment for the detection of
specific diseases and applied to deep learning networks for this purpose.
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Appendix 1. Loss and validation loss graphics of ResNet50 (a), ResNet101 (b), ResNet152 (c), ResNeXt50 (d), VGG19 (e),
DenseNet121 (f) and DenseNet169 (g)
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Appendix 2. Confusion Matrix of ResNet50 (a), ResNet101 (b), ResNet152 (c), ResNeXt50 (d), VGG19 (e), DenseNet121 (f) and
DenseNet169 (g) Model
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PT{ 0 0 1 5 0 . PT{ 0 0 0 2 0 O
BA EO ERY LY MMY MO NEU PLT BA EO ERY LY MMY MO NEU PLT
Predicted label Predicted label
_ (c) _ (d)
Confusion Matrix: N=800 Confusion Matrix: N=800
BA{0O 0 0 0 0 2 3 o0 0 BA 6 1
Eo{0 0 0 0 0 1 0 1 - EO 80
ERYq 0 0 n 0 0 © 8 7 60 ERY
% y{o0 o0/ 22 0 0 0 0 0 50 % Ly &0
v | 20 v
ZMMy{0o 0 0 0 0 0 0 0 2 MMy o
Mo{ o0 o o o o E 1 0 3 MO
NU{ O O 0 0 0 o0 . 0 2 NEU 2
10
pT{0 0 4 0 0 0 o0 pPLT 0
O S S R 0 e
BA EO ERY LY MMY MO NEU PLT BA EO ERY LY MMY MO NEU PLT
Predicted label Predicted label
(e) ) ) (f)
Confusion Matrix: N=800

BA 31 0 0 2 1
EO 0 0 0 2 0 80
ERY 1 0 0 0 0 16
= 60
T w{o 0o 6 2 0 0 0 1
]
o
ZMMY{3 4 2 0 6 0 0 0 0

mMo{41 0 3 0 4 2 0 1

NEU-1.001061 20

PT{ 0 0 11 0 0 0 O

BA EO ERY LY MMY MO NEU PLT
Predicted label

(8)
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Appendix 3. Cell samples detected with (1) ResNet50, (2) ResNet101, (3) ResNet152, (4) ResNeXt50, (5) VGG19, (6)
DenseNet121, (7) DenseNet169 models

(1) @ -3 (4) (S

o' o o'ovc o'ove o' < o'ove 0',“e 0'°
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ABSTRACT

In Tirkiye, many destructive earthquakes have occurred on the seismic zones (North
Anatolian-Eastern Anatolian fault lines) up to now. Due to the repetition of these
earthquakes in certain periods, necessary structural repair and strengthening should be
made. While structural damage up to the collapse of buildings may occur in an earthquake,
economical losses, serious injuries and even deaths occur as a result of damage to non-
structural elements in buildings which is still standing on. In this study, overturning
analyzes of slender items such as refrigerators, bookshelves, wardrobes, which have a
height/width (H/B) ratio greater than 2.00 and may be at risk against overturning, were
carried out for 40 different situations, taking into account 8 different earthquake peak
ground acceleration (PGA) levels in between 0,1g-0,8g and 5 different soil classes in our
country. In addition, to prevent the overturning of items, a simple approach is presented in
order to raise awareness in determining the number of anchors, depending on load carrying
capacity of anchor type and size to be used and also the type of wall material to be anchored.

Depremde Ev Esyalarinin Devrilme Analizi

0Z

Ulkemizde gegmisten bugiine kadar deprem kusaklar1 (Kuzey Anadolu-Dogu Anadolu Fay
hatlar1) tizerinde bircok yikici deprem meydana gelmistir. Bu depremlerin belli
periyotlarda tekrar etmesinden dolay1 gerekli yapisal onarim ve giiclendirme tedbirleri
alinmasi gerekmektedir. Depremde binalarin yikilmasina kadar giden yapisal hasarlar
meydana gelebilirken, yikilmayan binalarda ise tasiyici olmayan elemanlardaki hasarlar
sonucunda, esyalarin devrilmesi nedeniyle maddi kayiplar, ciddi yaralanmalar ve hatta
olimler meydana gelmektedir. Bu ¢alismada, yiikseklik/genislik (H/B) orami 2,00’den
biiyiik olan ve devrilmeye karsi riskli olabilecek buzdolabi, kitaplik, gardirop gibi narin
esyalarin lilkemizde meydana gelebilecek depremlere ait 0,1g-0,8g araligindaki 8 farkl
maksimum yer ivmesi ile 5 farkli zemin sinifin1 dikkate alan 40 farkli durum igin devrilme
analizi yapilmistir. Ayrica, esyalarin devrilmemesi icin, ankraj yapilacak duvar
malzemesinin cinsine bagh olarak, yapilmasi gereken ankraj tipine ve boyutlarina bagh
tasima kapasitesi de dikkate alinarak ankraj adedini belirlemede farkindalik
olusturabilmek icin basit bir yaklasim sunulmustur.

To cite this article: M. A. Kalayli, 0. Dogan and H. N. Kog, “Overturning Analysis of Household Goods
During Earthquake,” Gazi Journal of Engineering Sciences, vol. 9, no. 1, pp. 144-152, 2023.
do0i:10.30855/gmbd.0705059
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1. Gll"ls (Introduction)

Ulkemizde niifusun tamamina yakini deprem bélgesinde yasamaktadir ve depremler periyodik olarak
devam etmektedir. Binalarda depreme bagl hasarlar yapisal ve yapisal olmayan olmak iizere iki farkli
sekilde meydana gelmektedir. Yapisal hasarlar biiyiik depremlerde tasiyici sistemde olusurken, yapisal
olmayan hasarlarin en kiiciik depremlerde bile olma ihtimali vardir. Ciinkii, binalar bélgenin
depremselligi ve zemin durumu dikkate alinarak her bolge i¢in ayr1 ayri tasarlanirken, mimari olmayan
elemanlarin tasariminda kullanilabilirlik én planda tutulmaktadir. Insanlarin bélgenin depremselligi
ve binanin bulundugu zemin durumunu bilmediginden, depremde esyalarin devrilmemesi i¢in nasil ve
ne kadar 6nlem alacagl konusunda bir agiklama bulunmadigindan depremlerde, binalar hi¢ yapisal
hasar gérmese de bina i¢indeki ¢ogu esya deprem etkisiyle devrilerek hasar gérmektedir.

23.11.2022 tarihinde, Saridere-Golyaka-Diizce (40.8175° K, 30.9868° D) merkez iissiinde, yerel saatile
04:08’de meydana gelen ve aletsel biiyiikligi M1=6.0 (Mw=6.0) olan depremde [1], binalarda ¢ok fazla
yapisal hasarin meydana gelmedigi, ancak evlerde bulunan egyalarda maddi hasarlarin meydana
geldigi [2] ve hatta esyalarin insanlarin lizerine diigerek insan canina zarar verdigi bilinmektedir.
Ornegin, Sekil-1’de goriildiigii lizere, Diizce Universitesi Cahit Zarifoglu KYK Erkek Yurdu’ndaki
gardiroplarin devrilerek kagis yollarini tikadigi [3] goriilmektedir.

Sekil 1. Diizce depreminde devrilen gardirop (Overturned cabinet in Diizce earthquake) [3]

Esyalarin devrilmesi ile ilgili olaylara diinya genelinde rastlanmaktadir. ABD’de2015-2016 yillar1
arasinda, diinyanin en biiyiik mobilya iireticisi olan IKEA magazasinin [4] liretmis oldugu Malm serisi
sifonyerin kolayca devrilmesi nedeniyle iki yasindan kii¢lik {i¢ ¢ocugun 6liimiiyle sonug¢lanan kaza
sonrasl, mobilya firmasinin 50 milyon dolar tazminat ddemis; magazanin sattif1 29 milyon esyanin
magaza tarafindan geri toplatilmis ve bu olaydan sonra mobilyalarin sabitlenmesi i¢in kullanilacak
aparatlar iicretsiz verilmeye baslanmistir.

S e

Sekil 2. Sifonyerin devrilme $eki (Drsser overturn mechanism) f4]

Bu calismada esyalarin devrilmemesi i¢in esyanin sabitlenmesinde kullanilacak diibelin ¢ap1 ve adedi;
esyanin yiikseklik/genislik (H/B) oranina ve agirligina, binanin oturdugu zemin sinifina, deprem
bolgesindeki PGA’sina ve esyanin sabitlenecegi duvar malzemesinin cinsine gore belirlenmeye
calisilmistir.
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Literatiirde konu ile ilgili yapilan calismalar incelendiginde, Biiyiikkaragoz ve Cantirk [5], sanayi
yapilarindaki yapisal olmayan raf, cephe kaplama, yakit tanki vb. elemanlarin deprem etkisi altindaki
davranisini incelemis ve bu elemanlarda deprem etkisinde olusabilecek risklerden ve alinabilecek
tedbirlerden bahsetmistir. Alic1 [6], yapisal olmayan faktorlerden kaynakl riskler ile deprem ve
mobilya iligkisini arastirmis ve deprem unsurunu dikkate alarak mobilya tasarim 6nerileri sunmustur.
Besir ve Dereci [7], konutlarda bulunan yapisal olmayan elemanlardan duvar, tavan, pencere,
aydinlatma elemanlari ile mobilya ve ekipmanlarin olusturabilecegi risk ve hasarlari tanimlayarak her
bir elemana bagh olarak degiskenlik gosteren dnlemleri belirlemeye calismistir.

Kalaycioglu ve dig. [8], mobilyalarda uygulanacak standartlar hakkinda yaptiklar1 calismada
mobilyalarin devrilmemesi i¢in alinmasi gereken dnlemleri belirlemistir. Deprem faktoriiniin mobilya
kullanimu iizerine etkisini arastiran Ulay ve dig. [9], 2011 yilinda Van depremini yasayan Van ili TOKI
konutlar1 sakinleri ile yapmis oldugu arastirmada, i¢c mekanlardaki mobilya kullanim tercihleri ve
alinan tedbirleri incelemis ve depremden sonra insanlarin evlerinde aldig1 tedbirlerin yeterli diizeyde
olmadigin1 gorerek, insanlarin depreme karsi evlerinde aldig1 6nlemlerin arasinda, mobilyalarin
sabitlenmesi, hafif malzeme kullanimi, mobilya 6dlciilerinde ve yerlesiminde, resim, tablo ve cerceve
gibi elemanlarda degisiklik yaparak onlem almaya ¢alistigini gérmiistiir. Ayrica, yapisal olmayan
elemanlarla ilgili yapilan ¢alismalar siirli sayida olup [10-16], yapisal olmayan bina elemanlarinin
sismik hesabi ve yer degistirmelerin sinirlandirilmasina iliskin 2018 TDBY Boéliim-6 [17] kapsaminda
degerlendirmeye alinsa da esya H/B oranina gore devrilme analizi ve esyalarin sabitlenme sekillerinin
hangi malzeme tiiriine nasil ve ne sekilde sabitlenecegi ile ilgili bir hususa ayrintili olarak
deginilmemistir. Ek olarak, ev egyalarinin deprem etkisine, zemin cinsine, esya H/B’sine ve deprem
maksimum yer ivmesi (PGA)’sine bagl olarak depremde devrilme analizine konu olan bir ¢calismaya da
rastlanilmamistir.

2. Materyal ve Yontem (Material and Method)
Bu calismada oncelikle illerin en yiiksek PGA degerleri Tiirkiye Deprem Tehlikeleri Haritas’'ndan [18]

almarak Tablo-1 olusturulmustur. Tablo-1'den de anlasilacagi iizere Ulkemiz niifusunun biiyiik
boliimiiniin riskli deprem fay hatlarina yakin yerlerde yasadigi anlasilmaktadir.

Tablo 1. illere gore en yiiksek PGA degerleri (g cinsinden) (The highest PGA values of cities) [18]

iL PGA L PGA iL PGA L PGA L PGA iL PGA
Karaman 0.1 Edirne 0.3 Agr1 0.4 Afyon 0.5 Canakkale 0.6  Tekirdag 0.7
Mardin 0.1 Giresun 0.3 Antalya 0.4 Burdur 0.5 Denizli 0.6  Tunceli 0.7
Nevsehir 0.1 Glimiishane 0.3 Ardahan 0.4 Bursa 0.5 Diizce 0.6  Bingol 0.8
Aksaray 0.1 Igdir 0.3 Batman 0.4 Corum 0.5 Erzurum 0.6  Erzincan 0.8
Kirikkale 0.2 Kayseri 0.3 Bilecik 0.4 Diyarbakir 0.5 Hatay 0.6  Mus 0.8
Kirsehir 0.2 Kirklareli 0.3 Bitlis 0.4 Hakkari 0.5 Karabiik 0.6  Tokat 0.8
Mersin 0.2 Ordu 0.3 Cankiri 0.4 istanbul 0.5 Maras 0.6
Nigde 0.2 Osmaniye 0.3 Eskisehir 0.4 {zmir 0.5 Yalova 0.6
Sanlurfa 0.2 Rize 0.3 Gaziantep 0.4 Manisa 0.5 Amasya 0.7
Trabzon 0.2 Samsun 0.3 Isparta 0.4 Mugla 0.5 Bolu 0.7
Adana 0.3 Siirt 0.3 Kars 0.4 Usak 0.5 Elaz1g 0.7
Ankara 0.3 Sinop 0.3 Kilis 0.4 Van 0.5 Kastamonu 0.7
Artvin 0.3 Sivas 0.3 Konya 0.4 Adiyaman 0.6 Kocaeli 0.7
Bartin 0.3 Yozgat 0.3 Kiitahya 0.4 Aydin 0.6 Malatya 0.7
Bayburt 0.3 Zonguldak 0.3 Sirnak 0.4 Balikesir 0.6 Sakarya 0.7

Sekil 3’te goriildigl iizere, depremde esya lizerine gelen etki sonucunda direnen ve deviren kuvvetler
meydana gelmektedir. Burada depremde esyay1 devirmeye calisan yatay deprem kuvvetine karsi
direnen kendi agirligina (W) ek olarak, esyanin iistiinden yapilacak ankraj kuvvetinin (Fankraj)
olusturacag1 direng¢ kuvveti ile esyanin stabilitesi saglanmak istenmektedir. Direnen momentlerin
(Muirenen) toplami Baginti 1 ile hesaplanmistir.

Mdirenen = (W .B/2) + (Fankraj .H) (D

En olumsuz kosullar gz 6ntinde bulundurularak, giivenli tarafta kalmak adina, tasiyici sistem davranis
katsayis1 R=1.00, yap1 6nem katsayisi1 [=1.00 ve en olumsuz bina periyodu dikkate alinarak, kisa periyot
harita spektral ivme katsayisi (Sps) ve kisa periyot tasarim spektral ivme katsayisi (Fs) icin, depremde
esyanin devrilmesine sebep olan yatay deprem kuvveti (Fdeprem), Fdeprem=W.Sps denklemiyle belirlenmis
ve devrilme momenti (Mdeviren) Baginti-2 ile hesaplanmistir.
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Mdeviren =W . H . SDS (2)

Depremde esyalarin denge durumunda kalabilmesi i¢in belirlenen smir deger, denge limiti
durumundaki Bagint1 3 ile ifade edilmektedir.

Mdirenen / Mdeviren = 1.00 3)

Esyalarin devrilmemesi i¢in segilen giivenlik limiti ise, Bagint1 4 ile temsil edilmekte ve diisey deprem
etkisi, depremin tekrarli dinamik etkileri ve yer degistirmelerin sinirlandirilmasi da géz 6niine alinarak
giivenlik sayis1 1,50 alinmigtir.

Mdirenen / Mdeviren = 1.50 4)

Calismaya esas teskil eden esyalar olarak, her evde bulunan ve devrilme ihtimali yiliksek olan buzdolabi,
gardirop ve kitaplik secilmistir. Bu esyalarin boyutlar1 standart olmadigindan dolay1 olabilecek esya
boyutlari arasindan en biiyiik H/B oranlar1 se¢ilmistir. Tablo-2’de buzdolabina, Tablo-3’te gardiroba,
Tablo-4’te de kitapliga ait boyut ve agirliklara ek olarak, zemin sinifi ve deprem PGA’larina gore
depremin Sps’si, deviren ve direnen momentler, denge limiti olan 1,00 ve devrilmeye kars: giivenlik
limiti 1,50 i¢in esyalarin sabitlenmesi i¢in gerekli ankraj kuvvetleri ayri ayr1 verilmistir

Tablo 2. Buzdolab i¢in devrilme hesabi (Refrigerator overturning calculation)

o o G.S=1.50
BUZDOLARl Zemin H B ap Loom Sps  Marenen Macuren If)’u'r;:mu g:}‘,’l:‘l'k ;&:1.00 icin
smfi (m) (m) m) (kg) Gam) Om) 005" (05 T S
7A 213 076 28 1 200 1586 76 33782 1 15 12292 20222
7B 213 076 28 1 200 1785 76 38021 1 15 142.82 23207
PGA=08g  IC 213 076 28 1 200 2380 76 50694 1 15 20232 32132
7D 213 076 28 1 200 1983 76 42238 1 15 162.62 26177
7E 213 076 28 1 200 1586 76 33782 1 15 12292 20222
7A 213 076 28 1 200 1382 76 29437 1 15 10252 171.62
7B 213 076 28 1 200 1554 76 33100 1 15 11972 197.42
PGA=0.7g  IC 213 076 28 1 200 2072 76 44134 1 15 17152 275.12
7D 213 076 28 1 200 1727 76 36785 1 15 137.02 22337
7E 213 076 28 1 200 1382 76 29437 1 15 10252 171.62
7A 213 076 28 1 200 1170 76 24921 1 15 8132 139.82
7B 213 076 28 1 200 1317 76 28052 1 15 96.02 161.87
PGA=0.6g  IC 213 076 28 1 200 1756 76 37403 1 15 13992  227.72
7D 213 076 28 1 200 1463 76 31162 1 15 11062  183.77
7E 213 076 28 1 200 1192 76 25390 1 15 83.52 143.12
7A 213 076 28 1 200 0953 76 20299 1 15 59.62 107.27
7B 213 076 28 1 200 1072 76 22834 1 15 71.52 125.12
PGA=0.5g  IC 213 076 28 1 200 1429 76 30438 1 15 107.22 17867
7D 213 076 28 1 200 1219 76 25965 1 15 86.22 147.17
7E 213 076 28 1 200 1128 76 24026 1 15 77.12 133.52
7A 213 076 28 1 200 0.768 76 16358 1 15 4112 79.52
7B 213 076 28 1 200 0.864 76 18403 1 15 50.72 93.92
PGA=04g  IC 213 076 28 1 200 1152 76 24538 1 15 79.52 137.12
7D 213 076 28 1 200 1071 76 22812 1 15 71.42 124.97
7E 213 076 28 1 200 1.087 76 23153 1 15 73.02 127.37
7A 213 076 28 1 200 0530 76 11289 1 15 17.32 43.82
7B 213 076 28 1 200 059 76 12695 1 15 23.92 53.72
PGA=03g  IC 213 076 28 1 200 0818 76 17423 1 15 46.12 87.02
7D 213 076 28 1 200 0841 76 17913 1 15 48.42 90.47
7E 213 076 28 1 200 0954 76 20320 1 15 59.72 107.42
7A 213 076 28 1 200 0377 76 8030 1 15 2.02 20.87
7B 213 076 28 1 200 0424 76 9031 1 15 6.72 27.92
PGA=0.2g  IC 213 076 28 1 200 0612 76 13036 1 15 25.52 56.12
7D 213 076 28 1 200 0670 76 14271 1 15 31.32 64.82
7E 213 076 28 1 200 0.839 76 17871 1 15 4822 90.17
7A 213 076 28 1 200 0185 76 3941 1 15 1718 -7.93
7B 213 076 28 1 200 0208 76 4430 1 15 1488  -4.48
PGA=0.1g  IC 213 076 28 1 200 0300 76 6390 1 15 5.68 932
7D 213 076 28 1 200 0370 76 7881 1 15 132 19.82
7E 213 076 28 1 200 0554 76 11800 1 15 19.72 47.42
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Tablo 3. Gardirop i¢in yapilan ankraj hesabi (Anchor calculation for cabinet)

Zemi H B L m Muirene Maeut Limit Guvenlik L.D.=1.0 glsl:nls
GARDIROP n m  (m) H/B m) (k) Sps n (k:v;:; Durumu Sayisi 0 icin F‘;
Siifi (kg.m) . (L.D.) (G.S.) Fant(Kg) (kg‘)‘
ZA 23 055 42 1 400 1586 110 229'5 1 1.5 269.37 427.97
7B 23 055 42 1 400 1.785 110 821.1 1 1.5 309.17 487.67
PGA=0.8 7C 23 055 42 1 400 2380 110 éO% 1 1.5 428.17 666.17
& 912.1
ZD 23 055 42 1 400 1983 110 o 1 1.5 348.77 547.07
729.5
ZE 23 055 42 1 400 1586 110 6 1 1.5 269.37 427.97
635.7
ZA 23 055 42 1 400 1.382 110 ) 1 1.5 228.57 366.77
714.8
7B 23 055 42 1 400 1554 110 1 1 1.5 262.97 41837
gGA:OJ 7C 23 055 42 1 400 2072 110 253'1 1 1.5 366.57 573.77
794.4
ZD 23 055 42 1 400 1.727 110 5 1 1.5 297.57 470.27
635.7
ZE 23 055 42 1 400 1382 110 ) 1 1.5 228.57 366.77
ZA 23 055 42 1 400 1.170 110 538.2 1 1.5 186.17 303.17
7B 23 055 42 1 400 1317 110 205'8 1 1.5 215.57 347.27
807.7
PGA=0.6 7C 23 055 42 1 400 1.756 110 6 1 1.5 303.37 478.97
& 672.9
ZD 23 055 42 1 400 1463 110 e 1 1.5 244.77 391.07
548.3
ZE 23 055 42 1 400 1.192 110 5 1 1.5 190.57 309.77
4383
ZA 23 055 42 1 400 0.953 110 8 1 1.5 142.77 238.07
493.1
7B 23 055 42 1 400 1.072 110 ) 1 1.5 166.57 273.77
gGA:O'S 7C 23 055 42 1 400 1429 110 2573 1 1.5 237.97 380.87
560.7
ZD 23 055 42 1 400 1219 110 A 1 1.5 195.97 317.87
518.8
ZE 23 055 42 1 400 1128 110 8 1 1.5 177.77 290.57
353.2
ZA 23 055 42 1 400 0.768 110 8 1 1.5 105.77 182.57
397.4
7B 23 055 42 1 400 0.864 110 A 1 1.5 124.97 211.37
gGA:M 7C 23 055 42 1 400 1.152 110 329'9 1 1.5 182.57 297.77
492.6
ZD 23 055 42 1 400 1.071 110 . 1 1.5 166.37 273.47
500.0
ZE 23 055 42 1 400 1.087 110 5 1 1.5 169.57 278.27
ZA 23 055 42 1 400 0.530 110 243.8 1 1.5 58.174 111.17
7B 23 055 42 1 400 0.596 110 274'1 1 1.5 71.374 130.97
PGA=0.3 7C 23 055 42 1 400 0.818 110 376'2 1 1.5 115.77 197.57
& 386.8
ZD 23 055 42 1 400 0.841 110 P 1 1.5 120.37 204.47
438.8
ZE 23 055 42 1 400 0954 110 4 1 1.5 142.97 238.37
173.4
ZA 23 055 42 1 400 0377 110 ) 1 1.5 27.574 65.27
195.0
7B 23 055 42 1 400 0.424 110 1 1.5 36.974 79.37
4
PGA=0.2 2815
g 7C 23 055 42 1 400 0612 110 5 1 1.5 74.574 135.77
ZD 23 055 42 1 400 0.670 110 308.2 1 1.5 86.174 153.17
ZE 23 055 42 1 400 0.839 110 285'9 1 1.5 119.97 203.87
ZA 23 055 42 1 400 0.185 110 85.1 1 1.5 10826 7.67
PGAZ0.1 7B 23 055 42 1 400 0.208 110 95.68 1 1.5 62261 14.57
g 7C 23 055 42 1 400 0300 110 138 1 1.5 12.174 4217
ZD 23 055 42 1 400 0370 110 170.2 1 1.5 26.174 63.17
ZE 23 055 42 1 400 0.554 110 254'8 1 1.5 62.974 118.37
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Tablo 4. Kitaplik icin yapilan ankraj hesabi (Anchor calculation for bookcase)
Limit Giivenlik L.D.=1.00 G.S.=1.50

: Zemin H B L m Mairenen Mdeviren . S
KITAPLIK H/B Sps Durumu Sayisi icin icin
Smifi - (m)  (m) (m) (kg (kgm) (kgm) by (GS) Faniekg)  Fank (kg)
ZA 2 0.3 6.7 1 300 1.586 45 475.8 1 1.5 215.4 334.35
ZB 2 0.3 6.7 1 300 1.785 45 535.5 1 1.5 245.25 379.13
PGA=0.8g ZC 2 0.3 6.7 1 300 2.380 45 714 1 1.5 334.5 513.00
ZD 2 0.3 6.7 1 300 1.983 45 594.9 1 1.5 274.95 423.68
ZE 2 0.3 6.7 1 300 1.586 45 475.8 1 1.5 215.4 334.35
ZA 2 0.3 6.7 1 300 1.382 45 414.6 1 1.5 184.8 288.45
ZB 2 0.3 6.7 1 300 1.554 45 466.2 1 1.5 210.6 327.15
PGA=0.7g ZC 2 0.3 6.7 1 300 2.072 45 621.6 1 1.5 288.3 443.70
ZD 2 0.3 6.7 1 300 1.727 45 518.1 1 1.5 236.55 366.08
ZE 2 0.3 6.7 1 300 1.382 45 414.6 1 1.5 184.8 288.45
ZA 2 0.3 6.7 1 300 1.170 45 351 1 1.5 153 240.75
ZB 2 0.3 6.7 1 300 1.317 45 395.1 1 1.5 175.05 273.83
PGA=0.6g ZC 2 0.3 6.7 1 300 1.756 45 526.8 1 1.5 2409 372.60
ZD 2 0.3 6.7 1 300 1.463 45 4389 1 1.5 196.95 306.68
ZE 2 0.3 6.7 1 300 1.192 45 357.6 1 1.5 156.3 245.70
ZA 2 0.3 6.7 1 300 0.953 45 285.9 1 1.5 120.45 191.93
ZB 2 0.3 6.7 1 300 1.072 45 321.6 1 1.5 1383 218.70
PGA=0.5g ZC 2 0.3 6.7 1 300 1.429 45 428.7 1 1.5 191.85 299.03
ZD 2 0.3 6.7 1 300 1.219 45 365.7 1 1.5 160.35 251.78
ZE 2 0.3 6.7 1 300 1.128 45 338.4 1 1.5 146.7 231.30
ZA 2 0.3 6.7 1 300 0.768 45 230.4 1 1.5 92.7 150.30
ZB 2 0.3 6.7 1 300 0.864 45 259.2 1 1.5 107.1 171.90
PGA=0.4g ZC 2 0.3 6.7 1 300 1.152 45 345.6 1 1.5 150.3 236.70
ZD 2 0.3 6.7 1 300 1.071 45 3213 1 1.5 138.15 218.48
ZE 2 0.3 6.7 1 300 1.087 45 326.1 1 1.5 140.55 222.08
ZA 2 0.3 6.7 1 300 0.530 45 159 1 1.5 57 96.75
ZB 2 0.3 6.7 1 300 0.596 45 178.8 1 1.5 66.9 111.60
PGA=0.3g ZC 2 0.3 6.7 1 300 0.818 45 245.4 1 1.5 100.2 161.55
ZD 2 0.3 6.7 1 300 0.841 45 2523 1 1.5 103.65 166.73
ZE 2 0.3 6.7 1 300 0.954 45 286.2 1 1.5 120.6 192.15
ZA 2 0.3 6.7 1 300 0.377 45 113.1 1 1.5 34.05 62.33
ZB 2 0.3 6.7 1 300 0.424 45 127.2 1 1.5 411 72.90
PGA=0.2g ZC 2 0.3 6.7 1 300 0.612 45 183.6 1 1.5 69.3 115.20
ZD 2 0.3 6.7 1 300 0.670 45 201 1 1.5 78 128.25
ZE 2 0.3 6.7 1 300 0.839 45 251.7 1 1.5 103.35 166.28
ZA 2 0.3 6.7 1 300 0.185 45 55.5 1 1.5 5.25 19.13
ZB 2 0.3 6.7 1 300 0.208 45 62.4 1 1.5 8.7 24.30
PGA=0.1g ZC 2 0.3 6.7 1 300 0.300 45 90 1 1.5 225 45.00
ZD 2 0.3 6.7 1 300 0.370 45 111 1 1.5 33 60.75
ZE 2 0.3 6.7 1 300 0.554 45 166.2 1 1.5 60.6 102.15

Tablo 2, 3 ve 4’ten de anlasilacagi lizere deprem maksimum yer ivmelerine (PGA) ve zemin siniflarina
gore esyalarin sabitlenmesi i¢in gereken ankraj kuvveti, denge limit degeri olan 1,00 icin Baginti-5 ile

gosterilmistir.
Fankraj /H = (Mdeviren — Mdirenen) (5
Esyalarin devrilmemesi icin gereken ankraj kuvveti, giivenlik sinir degeri olan 1,50 i¢in Baginti-6 ile
gosterilmistir.
Fankraj /H = (1.50Mdeviren — Mdirenen) (6)

Bu ¢alisma kapsaminda esyalar, diibel yardimiyla yap1 elemanlarina sabitlenmektedir. Tablo 5 ve 6’da
Fischer firmasina ait [19] iki farkl diibel cesidinin farkli yap1 elemanlarinda tasiyabilecegi maksimum
ankraj kuvvetleri yer almaktadir. Diibel tasima kapasitesi, esyalarin sabitlenecegi malzemenin cesidine
gore farklilik gostermektedir. Ankraj adedi, sabitlemenin yapilacagi yapi malzemesi ve secilen diibelin
boyutuna gore degismektedir. Diibel ebadi segildikten sonra diibel sayisi Baginti-7 ile
hesaplanabilmektedir.

ndiibel = Fankraj / Fdiibel (7)

Tablo 3 ve 4’te hesaplanan ankraj kuvvetleri esyalarin 1,00 metretiili i¢in yapilmistir. Bu esyalarin
devrilmemesi i¢in gerekli olan toplam ankraj sayisi, esyanin metre cinsinden uzunlugu ile hesaplanan
ankraj sayisi carpilarak bulunabilmektedir. Dinamik carpma etkilerinden dolayi gerekli diibel sayisinin
1 adet bulunmasi durumunda en az 2 adet diibel kullanilmasi dnerilir. Ayrica, diibeller esit ve diizgiin
araliklar ile esya boyunca tepesinden sirali bir sekilde duvara tutturulmalidir.
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Tablo 5. SX kodlu genlesmeli plastik diibel tasima kapasiteleri (SX coded expansion plastic dowel carrying capacities) [19]
Genlesmeli Plastik Diibel SX
Yiikler
Tek bir ankraj i¢in 6nerilen en yiiksek yiikler 1).

Verilen yiikler, belirtilen ¢aptaki aga¢ vidalari i¢in

gecerlidir.
Model: Genlesmeli plastik diibel SX (4 yonli Birim <+ Q umooo® 3 © » » o] » »
genlesmeli) B BB B8 xBHaB HCOSECSEIRESS
Ahsap vida ¢ap1 (delme c¢ap1) [mm] 3 4 5 6 8 8 10 12 12
Bet(.)n minimum kenar mesafesi cmin (min. delik [mm] 20 25 35 40 50 50 65 100 120
derinligi)
ilgili ana malzemede 6nerilen yiikler Frec2)
Beton >(20/25 [kg] 16 30 65 70 120 120 170 200 260
Masif tugla (harman tuglasi) =Mz 12 [kg] 11 25 30 60 65 120 70 80 90
Ié";is)'f kum-kireg tuglast 2KS 12 [ke] 17 30 50 60 120 120 170 200 260
Gazbeton > AAC 2 (G2) [kg] 3 3 3 4 9 20 14 30 40
Gazbeton > AAC 4 (G4) [kg] 7 9 9 14 30 60 45 50 60

. R >Hlz12 (r=1.0
Diisey delikli tugla (kirmizi) kg/dm?) [kg] 13 7 7 17 17 50 26 40 60
Delikli kum-Kkire¢ tugla >KSL 12 [kg] 15 17 30 35 30 80 35 30 40
Alg1 blok tugla [kg] - - - 26 37 - 100 100 -

1) Gerekli glivenlik faktorleri goz 6niinde bulundurulur.
2) Herhangi bir acida ¢ekme yiikii, kesme yiikii ve egik yiik
icin gecerlidir.

Tablo 6. SX kodlu genlesmeli plastik diibele ait parametrik dzellikler (Parametric properties of SX coded expansion plastic dowel)

Ozellikler — lgzhy o+t +d
5 (]
Delme Cap1 (mm) do 4 D
L
Min. Delik Derinligi (mm) h: 25 d" I \\
TTT P
Q
N . o
Diibel Uzunlugu (mm) 1 20 O
AN
Ahsap ve Sunta Vidalar1 (mm) ds 2.0-3.0

Tablo 7. SX kodlu genlesmeli plastik yesil diibelin tasima kapasiteleri (Carrying capacities of SX coded expansion plastic green
dowel) [19]

T T el
L Y

Genlesmeli Plastik Diibel SX Yesil
Yiikler
Tek bir ankraj i¢in 6nerilen en yiiksek yiikler 1)

Verilen yiikler, belirtilen ¢aptaki aga¢ vidalari i¢in gegerlidir.

Model: Genlesmeli plastik diibel SX (4 yonlii genlesmeli) BES BNES NES I NES BHES
Ahsap vida ¢ap1 (delme c¢ap1) [mm] 4 5 6 8 10
Beton minimum kenar mesafesi cmin (min. Delik derinligi) [mm] 25 35 40 50 65
ilgili ana malzemede 6nerilen yiikler Frec2)

Beton >(20/25 [kg] 30 65 70 120 170
Masif tugla (harman

tuglast) >Mz 12 [kg] 25 30 60 65 70
Masif kum-kire¢

tuglast (gri) >KS 12 [kg] 30 50 60 120 170
Gazbeton > AAC 2 (G2) [kg] 3 3 4 9 14
Gazbeton > AAC 4 (G4) [kg] 9 9 14 30 45
Diisey delikli tugla 3

(karmizi) >Hlz 12 (r = 1.0 kg/dm?) [kg] 7 7 17 17 26
Delikli kum-kire¢

tugla > KSL 12 [kg] 17 30 35 30 35
Alg1 blok tugla [kg] - - 26 37 100

1) Gerekli glivenlik faktorleri goz 6niinde bulundurulur.
2)Herhangi bir agida cekme yiikii, kesme yiikii ve egik ytik i¢in
gecerlidir.
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Tablo 8. SX kodlu genlesmeli plastik yesil diibele ait parametrik 6zellikler (Parametric properties of SX coded expansion plastic
green dowel) [19]

Ozellikler — lzh o+t +d
D -—
Delme Cap1 (mm) do 5 D K" boc
, 99 ()
L]
Min. Delik Derinligi (mm) h 35 d° \\
. 1 —
TTT I v -
SRS
Diibel Uzunlugu (mm) 1 25 @) \ O @
NEADIaNYI
Ahsap ve Sunta Vidalar1 (mm) ds 3.0-4.0 h 1= he' t"" K
1

3. Sonuglar ve Tartlsma (Results and Discussion)

Daha once yapilan calismalarda, esyalarin sabitlenmesi gerektigi ile ilgili bilgilere rastlanilmasina
ragmen, esya ebadi ve kiitlesi, zemin sinifi, deprem ivmesi, diibel cinsi ve esyanin sabitlenecegi duvar
malzemesi cinsine goére bir ayrim yapilarak birgok parametreyi inceleyen bir c¢alisma
bulunmamaktadir.

Bu ¢alisma, depremde binalarin herhangi bir yapisal hasar almamasina ragmen, konutlarin icindeki
esyalarin depremde yer degistirerek ya da devrilerek zarar gérmemesi icin yapilmistir. Bu calisma
kapsaminda depremlerde siklikla devrilerek can ve mal kaybina sebep olan ve bu calismaya esas teskil
eden ii¢ cesit ev esyasi secilmistir. 81 ilimizin, en yliksek deprem PGA degerlerine gore tablolastirilmis
ve her PGA degerinin deprem ivmesi olan SDS degeri ZA, ZB, ZC, ZD ve ZE zemin smiflari icin
belirlenmistir. Calismada kullanilan {i¢ adet esya icin yapilan devrilme analizleri neticesinde, esyalarin
devrilmemesi icin gereken ankraj kuvvetleri ayr1 ayri hesaplanmistir. Bu ¢alisma ile esya sabitlemek
icin kullanilmasi gereken diibel sayisi, esyalarin sabitlenecegi duvar malzemesinin cinsine bagh olarak
belirlenmistir.

Bu calisma ile ayrica insanlarin yasadiklari il ve esya tiiriine gére hangi uzunlukta ve kac adet diibel
kullanarak esyalarin1 sabitleyeceklerini kolaylikla bulmalari hedeflenmistir. Zemin siifinin
bilinmemesi durumunda ise en kétii zemin olan ZE zemin sinifi alinabilir.

Sonug olarak, depremde devrilme olayini engellemek amaci ile bir esyayi sabitlemek i¢in piyasada ¢ok
farkli standartlarda ankrajlama aparatlarinin oldugu goz 6niine alindiginda, bu aparatlarin hangi duvar
malzemesinde ne kadar yiik tasiyabilecegi bilinmediginden bu ¢alismanin en azindan ev esyalarini
sabitlemek adina bir 6l¢iit olusturacag: diisiintilmektedir. Bu calisma, bilinen bir diibel markasinin
sadece iki modeli i¢in yapilmis olup, daha farkli marka ve modellerdeki ankraj aparatlari i¢in yapilarak
arastirma genisletilebilir.
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